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Abstract


Energy communities (ECs) have emerged across the EU, with the Clean Energy Package providing the legal foundation for the establishment of energy communities. The actual transposition is up to the member states, leading to heterogeneous regulatory approaches. The national frameworks often provide financial support mechanisms like local grid tariffs, along with regulatory limitations on size and membership, which significantly influence the business case for ECs. This paper analyzes the economic feasibility of ECs under different national frameworks in Spain, Portugal, France, Italy, and Austria. Two scenarios were evaluated by means of a case study, consisting of households and two public entities. The first scenario compares national incentives under uniform conditions, while the second considers country-specific factors like PV irradiation and electricity costs. Results show that energy communities can only partially decouple electricity prices from market dynamics. The study concludes that financial incentives lead to adequate financial savings for the members in most countries; however, the level of incentive does not necessarily relate to the number of established energy communities. Electricity grid benefits could be created by promoting demand response measures in the EC.
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1. Introduction


In the last years, energy communities (EC) have emerged in several EU countries; however, currently, energy markets are still dominated by traditional actors [1]. The Clean Energy Package, more precisely the recast of the Renewable Energy Directive (RED-II) and the Electricity Market Directive, provides the legal playground for “Renewable Energy Communities (RECs)” and “Citizen Energy Communities (CECs)”, enabling new actors to become viable players in the energy market. The national transposition is up to the member states, and the regulatory frameworks differ quite widely in the EU at the moment. Proposed supporting financial mechanisms include net metering, local grid tariffs, or direct subsidies. Moreover, different regulatory limitations regarding the size, location, and membership are defined by the member states [2].



Several papers analyze the status of the regulatory framework of energy communities. These papers mostly focus on the transposition status, the boundary conditions, such as the locality of the energy community, and potential challenges. Tarpani et al., for example, compare the implementation status between pioneer and laggard countries with the example of Italy and the Netherlands [3]. Losada-Puente et al. analyze the progress and barriers for energy communities in Spain, Italy, and Greece [4]. Krug et al. evaluate the progress, delays, and gaps in implementation frameworks for energy communities in nine different countries [5]. Frieden et al. [2] and Comodi et al. [6] analyze the status of energy communities and collective self-consumption schemes in the European Union, while Cejka et al. [7] qualitatively compare different grid tariffs. Other studies have conducted quantitative calculations regarding the economic feasibility of energy communities [8,9,10,11]. De la Hoz et al. analyze the economic impact of different regulatory frameworks, such as feed-in tariffs, net metering, and self-consumption schemes on the economic feasibility of energy communities [12]. Barbaro and Napoli compare the economic feasibility of an energy community in Italy and Spain, highlighting higher economic benefits in the Italian set-up [13]. Eisner et al. simulated the economic feasibility for different sharing keys for Austria [14].



On one side, the literature suggests that energy communities are suited to unburden the grid [15]; on the other side, authors are more cautious given the current regulatory frameworks and question the over-promotion of energy communities by lowering community grid tariffs too much without having a clear understanding of grid and cost impacts [16,17]. Indeed, limited evidence is available on energy communities unburdening the grid and, in general, on the interactions between energy communities and energy markets [18]. While independence from market prices is often claimed as a benefit of energy communities [19], also the clear market dependency of the internal price formation of energy communities is acknowledged in the literature [20]. Overall, there is no comprehensive picture of how internal price formation is made in practice and how strong these market dependencies are.



While previous studies have examined the status of national regulatory frameworks for energy communities and others have assessed economic case studies, few have combined both. This research seeks to fill this gap by combining the analysis of regulatory frameworks across EU member states with the impact on the savings of energy communities. Moreover, not only the savings but also the resilience to market volatility as well as potential electricity grid benefits of energy communities are assessed. To address this objective, three hypotheses were formulated. H1: National support schemes impact the savings of energy communities to different degrees. H2: Energy communities allow for increasing resilience towards electricity price market volatility. H3: Energy communities bring electricity grid benefits to the electricity grid. The findings hold practical implications for policymakers by highlighting the impact national incentive schemes have on the savings of energy communities and could potentially guide countries without a national incentive scheme at the moment towards suitable strategies. In summary, this research contributes to the field by providing a deeper understanding of the impact of the national regulatory incentive scheme for energy communities, giving insights into the impact on savings, resilience to market vitality, as well as grid benefits. These insights could guide future developments for national incentive schemes for energy communities.



The following section presents an overview of regulatory frameworks for energy communities in EU countries. Section 2 presents the underlying data as well as the applied methodology regarding the calculation of the economic feasibility of the energy community in the set-up under different national regulations. Section 3 presents the results and Section 4 the discussion. Section 5 highlights the conclusions of this paper.




2. Overview of Regulatory Frameworks for Energy Communities in EU Countries


All member states have transposed energy communities and collective self-consumption into their national law, in a very diverse manner and with strongly differing levels of detail. In a few member states, such as Croatia or Bulgaria, basic legislation is in place, but details are missing, not yet allowing for an implementation of energy communities. A few countries, such as Spain, focus on collective self-consumption concepts beyond the building level rather than on energy communities in their national framework [2].



While the Clean Energy Package requests the proximity of members to the production facilities, different approaches have been taken. Some member states have defined proximity alongside grid typologies, others via administrative boundaries, or spatial limitations. A few member states have introduced specific support schemes, such as a reduction in grid fees, while many member states have subsidies for specific technologies only. Table 1 highlights a possible connection between the physical boundaries of an energy community and national support schemes. Energy communities that are defined along boundaries on grid levels can reduce grid fees with the argument that higher grid levels are not used. In the table below, n.a. refers to countries without a national incentive.



While Sweden has not yet transposed the EU energy community provisions, in Bulgaria, Cyprus, Denmark, Germany, Malta, Slovakia, Finland, Estonia, the Netherlands, and Romania, detailed provisions are still missing.



Reduced grid fees fulfil the requirements for member states to set cost-reflective tariffs and should not be seen as subsidies for energy communities. In practice, energy community deployment is the driver for setting such tariffs.



The table above shows the heterogeneity across countries. In most member states, frameworks were introduced several years ago. In some countries these are regularly updated, such as in Spain, where the radius for collective self-consumption has been widened over time. In Greece, the virtual net metering scheme for energy communities was abandoned in 2024 and replaced by a 15 min net billing scheme for households and energy communities, which is less advantageous in terms of energy cost savings (Law 5106/2024).



In addition, other framework conditions impact the savings of energy communities, such as the energy-sharing key. For energy communities, most countries have proposed static and dynamic sharing coefficients (Austria, Portugal), and some have variable sharing coefficients that are set ex ante (Spain). Static coefficients mean the allocation of energy is fixed for participants, independent of their actual energy needs; variable coefficients take into account forecasted demand patterns, while dynamic coefficients are based on real-time data and specific allocation formulas, improving self-sufficiency and economic performance. A few countries have only static coefficients so far and will move to dynamic ones in the future (Czech Republic, Finland). While in a range of EU countries energy sharing is already operationalized, only a few EU countries, such as Belgium, allow peer-to-peer trading.



An emerging trend that can be observed is the linkage of collective self-consumption schemes, or energy communities, to larger interconnected trading systems, expanding the scope, reducing the cost, and making consumers more independent of individual suppliers. In 2024, Austria introduced a scheme for the participation in up to five renewable citizen energy communities. The Czech energy law adopted in 2024 established sharing groups (located within the territory of three neighboring municipalities) that can be under the umbrella of a larger energy community.



Based on the presented assessment, Austria, France, Italy, Portugal, and Spain were chosen as exemplary countries for further assessment, as those countries set their boundary conditions alongside the grid topology, allowing them to apply a grid fee-related incentive scheme. Moreover, the regulation has been in place in these countries for some period, allowing energy communities to form. Austria defines the physical boundaries for RECs according to the LV/MV; Italy extends it to include HV, while in France a distance of 20 km is set for collective self-consumption. In Spain, CSC is limited to 2 km, while in Portugal the physical boundaries depend on the system relation. Other countries that set their boundaries according to the grid topology do not yet have clear incentives for energy communities and were therefore disregarded.



The analysis highlights that the implementation status as well as the legislations of national policies for energy communities vary quite widely, which could also explain the difference in the number of energy communities established in different member states. Figure 1 presents an overview of the number of energy communities for EU countries, where energy communities are already taking off. Austria has the highest number of energy communities, with over 1300 energy communities [21]. France, Sweden, Finland, and Italy have established over 100 energy communities or collective self-consumption schemes [22,23,24]. Germany, the Netherlands, and Denmark have over 500 energy communities [24]. In Spain, Belgium, Greece, Ireland, and Portugal, energy communities are just picking up [24]. Zooming in on the countries assessed in this paper, the figure suggests that the environment for energy communities is friendlier in Austria, France, and Italy in comparison to Spain and Portugal.



The following sections give a closer look into the national framework of selected countries and assess the economic incentives for energy communities.



2.1. Austrian Regulatory Framework


In Austria, RECs can either be local (network behind the low voltage transformer) or regional (network behind the medium voltage transformer). On the local level, a reduction in the grid tariff of 57% and, on the regional level, a reduction of 28% are applicable, incentivizing the formation of energy communities [25]. The renewable energy surcharge, being part of the grid tariffs, is, however, currently omitted for all consumers since the beginning of the energy crisis, slightly reducing the relative benefits from a REC. As most energy communities have a rather low self-sufficiency, the Austrian regulator stated in 2024 that there are no clear electricity grid benefits yet visible in terms of grid unburdening while Austria had over 400 energy communities by the middle of last year [26].



Starting April 2024, it is permitted for energy community members to join up to five different energy communities. The combination of all types of energy communities is allowed (CECs and RECs (local and regional)) and settled by the means of a participation factor. Participation in several different energy communities allows increasing the self-consumption ratio and may make consumers more independent from a specific supplier [27].



The price structure for Austria reveals a high difference between the electricity price and the revenues for excess electricity as shown in Table 2.



In Austria, there is no discussion yet on local flexibility markets; however, a transition to more capacity-based tariffs has been ongoing. Austria was strongly hit by the energy crisis in 2021/2022 with high electricity prices. While the government took measures to limit the electricity prices for consumers, the revenue for surplus electricity was high and more favorable for producers than selling electricity to an energy community.




2.2. French Regulatory Framework


In 2021, France implemented Ordinance n° 2021-236 [30] establishing the legal framework for RECs and CECs. Energy sharing is enabled as part of the collective self-consumption scheme, which was introduced under Article L315-2 of the energy code [31].



To promote the uptake of such schemes, a special grid tariff (TURPE) is introduced, reducing the grid costs for collectively self-consumed electricity, however raising the grid costs for electricity consumed from the grid. This sets the incentive to dimension the photovoltaic (PV) unit in a way to cover most of the demand. CSC members can choose between the normal grid tariff and this special grid tariff. The TURPE is defined according to four different periods as visualized in Table 3.



Table 4 presents the TURPE for a consumer (CU4) and the TURPE for a member of a collective self-consumption scheme. Within the self-consumption scheme, the TURPE is divided into:



	
TURPE for the electricity from the grid (CU4 collective, part from the grid)



	
TURPE for the electricity collectively consumed (CU4 collective, part self-consumed)






The management component for collective self-consumption installations is increased for all participants without a PV system to 20.64 EUR/year (from 16.56 EUR/year) without VAT. For prosumers, this rate is increased to 24.26 EUR/year [34].



Table 5 presents the electricity costs for France. The grid costs include the abovementioned TURPE as well as the electricity tax TIFCE.




2.3. Italian Regulatory Framework


In 2020, Italy set-up an incentive scheme targeting self-consumption of renewable energy sources (RES) geographically limited to the same medium voltage/low voltage substation or at a condominium level (collective self-consumption (CSC) of RES). In both cases, within a “virtual” model, RECs and CSC schemes can join and exchange electricity through the public low-voltage electricity network. As part of this legislation, the boundaries for energy communities were extended to the medium voltage/high voltage substation, and the size of the RES plant was increased to 1 MW. In 2024, the law was updated.



The distribution system operator evaluates the shared energy, and the economic incentive for the REC is calculated [38]. Italy introduced a premium tariff for collective self-consumption schemes and energy communities with installations up to 1 MW. This premium tariff is paid for each kWh of self-consumed energy from the Gestore dei Servizi Energetici (GSE) to the energy community, which is recognized for 20 years and has a value of between 60 EUR/MWh and 120 EUR/MWh, depending on the size of the plant and the market price of the energy. As a sliding premium, a higher incentive is paid to the EC in case market prices for excess electricity drop, reducing the financial risk of an energy community. The structure of this incentive therefore reduces the risk, as a minimum incentive is guaranteed over 20 years, while the variable part allows minimizing market fluctuations. Incentives of 4 EUR/MWh for central Italian regions and 10 EUR/MWh for Northern Italian regions are added, respectively, to make up for lower solar irradiation. Additionally, a refund of 8.48 EUR/MWh is offered for each hour of self-consumed electricity to account for the reduction in costs to balance the grid. EC can therefore share electricity under the same medium voltage/low voltage substation using the public grid, paying normal grid tariffs while receiving remuneration for each kWh self-consumed. The total incentive is paid on an annual incentive to the community, and the community can decide how to share it. The EC must ensure that any surplus from the support tariff is used exclusively for the benefit of consumers other than businesses and/or for social purposes that have an impact on the areas in which the installations are located.



The costs for electricity for 2024 in Italy are presented in Table 6 [39].




2.4. Portuguese Regulatory Framework


The Portuguese legislator has started the transposition of the EU framework introducing RECs and CSC schemes in Decree Law 162/2019 [42] and further refined in Decree-Law15/2022 [43]. With this legislation, the Portuguese government renewed the previous regulatory framework on individual self-consumption, introducing the concepts of RECs and CSC. As RECs are defined as part of this CSC framework, their scope is currently limited to generation and self-consumption of electricity.



Collective self-consumption is exempt from the CIEG (a surcharge related to general economic interest cost), which is normally part of the grid tariff [44]. The CIEG exemption is either 50%, in the case of individual self-consumption, or 100%, in the case of collective self-consumption. The costs for electricity for 2024 in Portugal are presented in Table 7.




2.5. Spanish Regulatory Framework


Collective self-consumption was introduced in the Spanish Royal Decree 244/2019; for shared energy within an energy community, no taxes are paid, and grid fees are set to zero (Article 17 [1] and Article 18 [2]) [47]. CSC schemes must fulfil the following requirements according to Article 3:




	
Their low-voltage distribution lines must be connected to the same secondary substation (low voltage to medium voltage),



	
Both production and consumption connection points must be within a geographical range of 500 m,



	
Their cadastral reference must be under the same sector (first 14 digits).








With the Royal Decree 20/2022, the geographical range was expanded to 2.000 m only for PV systems on the roofs of one or more buildings, industrial areas, or artificial structures whose main objective is not electricity generation. This may lead to cases where two potential participants are in proximity but registered in two different sectors and hence are not able to form a CSC. With the Royal Decree 23/2020 [48], Spain has introduced a regulation for RECs, and with the Royal Decree 5/2023, Spain has introduced a regulation for CECs but without providing many details. A royal decree providing all the details for RECs and CECs was published for consultation in 2023, pending approval.



Spain’s electricity tariff is composed of an energy term that is paid for the total volume consumed and a power term defined by the highest peak in a year for off- and on-peak times (on-peak 08:00–0:00, off-peak 1:00–07:00, and weekends). It is therefore beneficial to reduce consumption/generation peaks. For the volumetric grid costs, P3 is on weekends from 00:00–24:00 and weekdays from 00:00 to 08:00; P2 is from 08:00–10:00, 14:00–18:00, and 22:00–00:00; and P1 is from 10:00–14:00 and 18:00–22:00. Table 8 presents the electricity price composition in Spain.




2.6. Comparison of the Structure of Electricity Prices


This section presents an overview of the electricity tariff structure in different countries (Figure 2). This is essential for the incentive design as well as for the possible savings for energy communities without national incentives, solely due to lower production costs of PV. For this comparison, the volumetric as well as the capacity-based parts of the electricity costs are regarded. It should be mentioned that only energy-related expenses are considered, and no additional fees that are combined with the electricity bill are included.



The grid tariffs make up between 22% (0.04 EUR/kWh) and 31% (0.08 EUR/kWh) of the electricity bill. This is of interest as it highlights the potential savings a reduction in grid costs can entail. If grid costs only make up a small percentage of the overall electricity costs, the potential savings are limited. While a reduction in grid costs can set an incentive to form an energy community, the reduction should also reflect the benefits an energy community brings to the grid. While the Austrian grid operator did not find any benefits of energy communities for the electricity network [26], in Belgium benefits are identified in the form of shifting their demand (EVs, electric heating) towards times with PV production in the energy community and therefore reducing the induced peak [51]. The degree of reduction in the contribution to peak (in average number of kW per participant) is a still uncertain parameter.



Taxes and surcharges account for 12% to 27% of the overall electricity bill. In general, it is visible that the biggest part of the energy costs relates to the energy costs. This highlights the impact a change in the cost of energy, such as in 2022, has on the overall bill. It also emphasizes the possibility of energy communities to generate electricity at lower costs. A study by Santecchia et al. simulates the levelized cost of electricity (LCOE) for different generation types in EU countries [52]. For solar PV, which is the predominant source of electricity within an energy community, the LCOE for Austria is 130 EUR/MWh, for France 101 EUR/MWh, for Italy 91 EUR/MWh, for Portugal 71 EUR/MWh, and for Spain 69 EUR/MWh. The difference between the LCOE and the energy costs paid from the grid is the savings for energy communities that can be achieved without an additional incentive. Forecasts show that in 2040, the LCOE will be between 3.58 and 6.77 c/kWh for small rooftop systems [53], potentially creating higher benefits if the level of market prices stays constant. The diverse LCOE for solar PV in the countries also indicates a different level of needed incentives.





3. Materials and Methods


Figure 3 presents the methodological steps undertaken in this paper. In the first step, data regarding regulatory frameworks for energy communities in EU countries as well as electricity price composition were collected by means of a literature research, interviews with research partners from the EU Horizon Projects COMPILE and DECIDE as well as energy communities across the EU.



In the second step, the economic feasibility study of selected use cases was conducted, including the definition of different scenarios and the calculation of savings for the community and individual members. Based on the information gathered within the first two steps, the level of support, the resilience to market prices, as well as the electricity grid benefits of energy communities were analyzed and validated. Resilience to market prices is defined as the possibility of energy communities to offer electricity prices as well as revenues for excess electricity that are decoupled from market prices. To assess the resilience to market prices, an indicator that highlights the percentage of the savings of the energy community that is resilient to changes in the market prices. This part relates to the national incentives that are usually fixed over a longer period of time and therefore stay constant even if market prices change.



To assess the impact of the regulatory frameworks on the economic feasibility of an energy community, an exemplary energy community (Table 9) is introduced. Data is taken from the COMPILE project [54]. The energy community consists of nine members, of which seven are residential members and a library and a kindergarten. Five members own a PV system. This set-up was chosen to represent a typical energy community, based on insights from different European projects we were involved in, such as COMPILE and DECIDE. PV is the most common source of electricity within an energy community, and households are the main members of an energy community. Approximately half of all members own a PV, with a regular size of 5 kWp and the kindergarten with 30 kWp. Moreover, two public entities were included to have more heterogeneous load profiles.



Energy is shared between the members according to a dynamic sharing coefficient, which is based on the hourly individual demand (Demand_ind) and the hourly energy community demand (demand_EC) at time t. The same principle holds true for the supply, determining who is allowed to sell what amount of their excess electricity to the energy community in a given hour.


  s h a r i n g   c o e f f i c i e n t _ D =    D e m a n d _ i n d ( t )   D e m a n d _ E C ( t )     



(1)








   s h a r i n g   c o e f f i c i e n t _ S =    S u p p l y _ i n d ( t )   S u p p l y _ E C ( t )      



(2)





Two different scenarios are calculated. The electricity demand stays constant for scenario 1 and scenario 2. In scenario 1, all parameters but the regulatory incentives (Table 10) for an energy community are the same for all countries. This scenario allows singling out the heterogeneous impact related to the regulatory frameworks.



Table 11 and Table 12 present the country-specific parameters for scenario 1. The electricity tariff in scenario 1 is 0.289 EUR/kWh (EU average household electricity price 2023) [55]; the grid fees are 0.1445 EUR/kWh, and the revenues for surplus are 0.089 EUR/kWh (average EU wholesale electricity price) [56]. The grid fees are the difference between the wholesale market price of 0.089 EUR/kWh and the electricity price without taxes (0.24 EUR/kWh). The yearly irradiation for Spain with 1 717 kWh/kWp/year is assumed for all countries. The EC electricity price states the price that EC members have to pay for exchanged energy. The EC revenues for surplus electricity state the price prosumers receive from the EC for exchanged energy. While there is a big difference between the electricity price and the revenues for excess electricity, the actual benefits are minor. This is due to the fact that there are quite high grid fees (0.14 EUR/kWh) in place limiting the benefits. As the incentive in Italy does not relate to the grid fee but to the amount of self-consumed energy, higher savings can be achieved. The grid costs in scenario 1a are reduced according to the absolute reduction as foreseen in the national regulatory frameworks or, for the Italian case, the absolute value for exchanged electricity. Grid costs in scenario 1b are reduced according to the percentage reduction to the local grid tariff as foreseen in the national regulatory frameworks. For both scenarios 1a and 1b, the national absolute national incentives are the bases for calculation. The percentage approach is applied to account for different levels of the national electricity costs.



In scenario 2, the surrounding parameters of the specific country are regarded to assess the country-specific economic feasibility of the energy community. The yearly irradiation is based on hourly data obtained via PV GIS. Table 13 highlights the differences regarding the shared electricity, electricity prices, revenues for surplus energy, and the implications for the energy community in scenario 2.



For both scenarios, only the impact of the volumetric grid charges is regarded.




4. Results


This section presents the results of the economic feasibility of the previously introduced energy community. The first subsection presents the savings for the energy community without a national incentive. Revenues solely relate to the span between the electricity price, the revenues for surplus electricity, as well as the grid fees. In scenario 1, all external parameters are kept constant to highlight the difference of the impact of the incentive. In scenario 1a the absolute reduction is considered, while in scenario 1b percentage reductions are used to account for lower price levels of countries. Scenario 2 takes country-specific parameters into consideration.



4.1. Savings Without Considering National Incentive Schemes


Before diving into the exemplary assessment of the impact of national incentives on energy communities, this subsection describes the benefits for energy communities without national incentives.



The savings of an energy community are described in the following formula:


  S a v i n g s   f o r   E C [ € / k W h ] = e l e c t r i c i t y   c o s t s − g r i d   f e e s − r e v e n u e s   f o r   s u r p l u s   e l e c t r i c i t y  



(3)







Electricity costs refer to the electricity costs energy community members pay for electricity from the grid; grid fees include all fees that have to be paid when exchanging electricity within the community, and revenues for surplus electricity refer to the revenues prosumers get for feeding electricity into the grid. The higher this difference is, the higher the savings are. Low grid tariffs for the exchanged electricity within the EC therefore benefit the community. The electricity price and the revenues for the excess electricity do not necessarily correlate, as many households do not yet have variable grid tariffs; a change in one of the two affects the overall savings.



Table 14 sets this span into the context of the analyzed countries. It is visible that Austria comes with the highest span, followed by Portugal and Italy. The span can either be increased by a big difference between the electricity price and the revenues for excess electricity or by low grid costs. It could be argued that countries with a higher span may need lower national incentives. It should, however, be mentioned that the span is usually dependent on market prices and therefore may change, while the national incentives should provide benefits over a longer period and therefore reduce the risk. Savings of 100 EUR/year for the energy community members is reached for all but one member without an incentive in Portugal and Austria, while in Italy and Spain three members do not reach 100 EUR/year. In France, six members do not reach savings of 100 EUR/year due to a low gap between the electricity price and the revenue for excess electricity as well as a low solar irradiation.




4.2. Results Scenario 1


This section presents the results of scenario 1, in which only the regulatory incentives vary for each country. This aims to compare the impact of the different national incentives for energy communities. The electricity flows do not differ by country, as the same irradiation is considered for all. Within the community, 29,408 kWh/year of electricity are exchanged, 64,918 kWh/year are consumed from the grid, and 22,153 kWh/year are fed into the grid. The self-consumption ratio is 57%, and the self-sufficiency ratio is 31%.



4.2.1. Scenario 1a—Absolute Reduction


Figure 4 presents the savings of the EC in the respective regulatory set-up of each country, taking the absolute reduction in the national incentive into consideration. It is shown that the savings in the Spanish and French set-ups are minor; the EC in the Austrian, Portuguese, and Italian set-ups comes with significantly higher savings. If no regulatory incentives prevail, the savings accumulate to 1617 EUR/year, attributed to the difference between the current electricity price assumed and the revenues for surplus electricity (Figure 4—reference without incentive). The additional savings in the other countries relate to the regulatory incentives.



Figure 5 presents the savings on the level of the individual energy community members for scenario 1a. This could be of interest, taking into account that the creation of an energy community usually is related to costs (smart meter, contracts, EC manager…) and effort, and therefore it could be argued that members with very low savings may not profit from becoming energy community members. It is visible that the savings for households 4–7 are quite small, as these are entities without a PV system and quite low demand. Member 4 uses most of their own PV directly and therefore does not benefit from the energy community to a wide extent. If we assume 100 EUR/year to be the minimal incentive for new members to join, this would mean that one member in the Austrian, Portuguese, and Italian, two members in the Spanish, and three members in the French set-up are not incentivized to join the energy community. It should, however, be mentioned that Member 6 comes with a very low overall demand (2661 kWh/year), which explains the rather small savings.




4.2.2. Scenario 1b—Percentage Reduction


Figure 6 presents the savings of the EC based on the percentage reduction. It is shown that the savings vary widely between the different countries and are higher than in scenario 1a. This is because the grid fees are quite high (0.15 EUR/kWh), and therefore the impact of the percentage reduction is very pronounced. Only for France are savings lower; this is due to the percentage increase in costs for electricity from the grid, which is higher than savings for electricity exchanged. For France, both scenarios come with minor savings. This is due to the structure of the national incentive increasing the costs for each kWh from the grid and a low self-sufficiency rate of 31% in the French demo set-up. In the Italian case, the incentive is 140% of the grid tariffs and therefore entails high benefits for the energy community. The same holds true for Spain, where the grid fees are reduced by 100%.



Figure 7 presents the savings for the individual households for scenario 1b. It is visible that the savings for households 4–7 are quite small, as these are entities without a PV system and quite low demand. Member 4 uses most of their own PV directly and therefore does not benefit from the energy community to a wide extent. It is visible that all members, but member 6 for all but the Italian case and member 4/5 in the French case, reach minimum savings of 100 EUR/year.





4.3. Results Scenario 2


Scenario 2 presents the results taking the country-specific features (solar irradiation and electricity prices components) into consideration. Figure 8 shows the impact of the difference in solar irradiation on the energy exchanged within the community. In countries with a higher irradiation, more PV is produced, and therefore more PV can be shared between the EC members. Table 15 presents the self-consumption and self-sufficiency rates for the different countries.



Figure 9 presents the savings of the energy community per year. It is visible that even though the EC in the Austrian set-up comes with the lowest amount of energy exchanged within the EC, the second highest savings can be achieved. This is largely attributed to the currently wide gap between the electricity costs and the revenues for surplus electricity in Austria. Even without a reduction in grid fees, the energy community would save 3441 EUR/year. Similar savings are reached in Portugal, where the higher solar irradiation is counterbalanced by a lower incentive. Italy and Spain have very similar savings without considering the national incentive; while Spain comes with a higher solar irradiation, Italy has a wider span between the electricity tariff and the revenues for surplus electricity. The EC in the Italian set-up comes with the highest benefits, as the incentive for self-consumed electricity is very high (0.11 EUR/kWh). Since the structure of the French incentive aims to promote self-sufficiency, and in the demo set-up, a self-sufficiency ratio of only 19% is reached, the savings of the energy communities are reduced. In this specific set-up, it would therefore make sense to opt for the conventional structure of the grid tariff and not the one designed for collective self-consumption. The overall savings vary between 24% in Portugal and 5% in France in comparison to the reference case without an energy community. Scenario 2 highlights the impact of country-specific parameters on the overall savings of an energy community.



In Italy, the savings are similar to scenario 1a. For Austria, the grid fees are lower, and the span between the electricity tariff and the revenues for surplus electricity is bigger than in scenario 1a, and therefore higher savings can be achieved, even with a lower solar irradiation. In Spain and Portugal, the electricity price is lower, and therefore the impact of the absolute incentive is higher. For France, the savings are lower due to a lower solar irradiation than in scenario 1a.



Figure 10 presents the savings on the level of the individual energy community members. If we assume 100 EUR/year to be the minimal incentive for new members to join, this would mean that one member in the Austrian, Italian, Spanish, and Portuguese set-up and five members in the French set-up may not profit economically from joining the energy community.





5. Discussion


The comparison of the incentives for energy communities highlights different national approaches. In Austria, Spain, and Portugal, grid fees are reduced. A reduction in grid fees is usually based on spatial boundaries for energy communities on the low, medium, or high voltage grid, as it can be argued that higher grid levels are not used. Italy, in contrast, offers a premium for each kWh of exchanged electricity. France offers a specific scheme for grid fees that supports each kWh collectively consumed but penalizes electricity taken from the grid.



The different schemes set different incentives for energy communities. A reduction in grid fees, considering only the cost for grid levels used, incentivizes the exchange of electricity locally and increases self-consumption within the community. The Italian scheme subsidizes the self-consumption of the produced electricity within the energy community. This could potentially incentivize demand response measures to increase the self-consumption rate while at the same time giving room to unreasonable demand response measures, such as heating in summer to receive benefits for self-consumption in contrast to feeding electricity into the grid for (potentially negative) market prices. France incentivizes a high self-sufficiency rate, as otherwise, it makes more sense to stick to the normal grid tariffs. This scheme, on the one hand, incentivizes shifting demand towards times with PV production while, on the other hand, could also lead to oversizing PV systems to cover most of the demand. This in turn could lead to high midday peaks in summer or discourage the formation of energy communities with smaller PV plants. This highlights how the objective of the energy communities depends on the design of the regulatory incentive. While the key aim in France would be to increase self-sufficiency, the other incentives promote the collective consumption of the production.



The differentiation of the incentive scheme also varies between countries. The Italian framework takes the size of the PV plant, the location, as well as market prices for the definition of the incentive into consideration. Austria adapts the incentive according to the proximity of the EC, while the other countries have a more generalized approach.



Scenario 1 highlights the impact of the national regulation within a uniform environment (same PV production and electricity price composition). As in scenario 1, grid fees are quite high in relation to the span between the electricity price and the revenues for surplus electricity; the potential for savings without a regulatory incentive is rather limited. As the absolute savings of the national legislation are considered, effects may be bigger in countries with lower electricity tariffs. Therefore, scenario 1b is calculated where the percentage reduction regarding the grid fees is considered. Italy profits significantly as the incentive for each kWh is almost 140% of the grid tariff. Spain also comes with high savings under the current regulatory framework, as no volumetric grid fees have to be paid. Overall, this approach shows very diverse savings for the different countries.



Scenario 2 shows the benefits for the energy community members in the country-specific set-up. It is shown that while the energy community in Austria almost consumed 35% less within the energy community than in the Spanish set-up, the absolute savings are higher due to a more favorable regulatory framework and higher electricity costs. The percentage savings highlight very similar savings for Italy, Spain, and Portugal of around 22–24%. Austria comes with savings of 13% and France with savings of 5%. It could be argued that the national incentive of France is not sufficient, as five members do not reach a minimum of 100 EUR/year. This is partly related to the structure of the incentive, where the highest benefits are awarded in winter, where there is a lower PV production, but usually the time with the highest grid problems in France. This proves H1 that national incentives impact the savings of energy communities.



5.1. Level of Support


The comparison between scenario 1b and scenario 2 highlights the importance of defining a national incentive considering the surrounding national parameters. In scenario 1, the savings for the set-up in different countries are quite pronounced. Scenario 2 produced more homogenous results. France and Italy are notable exceptions, with a very high level of support in Italy and no support in France. Scenario 1a also comes with quite homogenous savings, as the level of the absolute reduction already indicates the level of the electricity tariff in the respective country. The structure of electricity tariffs is essential for the regulatory effect, as shown in scenario 1, where a reduction is applied without considering the structure of the electricity tariff, leading to very different savings in the various countries. In general, the results show that all but the French case generate savings of more than 100 EUR/year for all members but member 6, assuming this may be the minimum incentive to join an energy community. Moreover, 100 EUR/year is also reached for all but one member without an incentive in Portugal and Austria.



The results also show that several factors determine the economic feasibility of the energy community. First of all, the gap between the electricity tariff and the revenues for surplus electricity is a decisive factor. The higher the gap is, the higher the benefits for the energy community members are. In most member states, the revenue for surplus electricity is volatile, the region of Brussels even defines a zero-injection tariff encouraging decentralized electricity consumption. Furthermore, low grid tariffs for exchanged energy increase the financial benefits of the energy community.



Based on the results, it could be argued that countries with a higher PV irradiation, low grid fees, and a higher span between the electricity tariff and feed-in need lower regulatory incentives. This is already regarded in the Italian regulatory framework, where energy communities located in areas with lower solar irradiation (Northern and Central Italy) receive higher incentives. This could be a logical approach, especially in countries with different levels of solar irradiation. In the same manner, it could be argued that larger PV plants need lower incentives, as the LCOE is lower, and therefore higher savings can be achieved. Countries, such as Italy, have specified that any financial surplus from the support tariff needs to be used for consumers and/or social purposes locally.



If the national regulatory framework allows for participation in several different energy communities, such as in Austria, further (financial) benefits can be created. This allows for an increase in the self-consumption rate further due to the combination of different load profiles as well as renewable sources in the different energy communities, such as PV in summer and wind and water in winter. Consumers are also less dependent on the price formation in a specific community.



The number of energy communities established indicates that other barriers, besides the economic feasibility, may be in place hampering the implementation of energy communities, such as in Italy, where the highest incentive is found; however, this does not necessarily transpose towards the highest number of energy communities established. Higher incentives may also be a way to counteract technical, social, or organizational barriers.



The design of the incentives should, on the one hand, foster the establishment of energy communities while, on the other hand, reflect potential grid benefits energy communities provide.




5.2. Resilience to Market Volatility


The price formulation within the energy communities for scenario 1 and scenario 2 was done on the basis that the same benefits should occur to the one selling and the one buying electricity. The price formulation can be designed by the energy community members after any principle. In general, it would be sensible that the ones selling to the EC receive a higher remuneration than from selling to the grid, and the ones buying from the EC pay less than from the grid. Price formations depend, however, on the involved actors and can be different in every energy community. Prices in energy communities are normally lower than market prices, but market prices often serve as a benchmark. This does therefore not allow reducing the dependency on market prices significantly as presumed in H2. In price formations, however, other benefits, such as an enhanced ESG investment portfolio, could make companies sell their excess electricity for less than they would get from market prices or allow all benefits to go to energy-poor members of the energy community.



As countries are phasing out fixed feed-in tariffs, energy communities provide an alternative to selling surplus back to the grid for low market prices. Energy communities could also offer models where part of the electricity is sold for fixed conditions, while the other part is sold for market prices. This allows taking advantage of opportunities that arise from potentially high market prices and, at the same time, protects against risk in case the market prices fall again. This is also the scheme of the Italian national incentive, where part of the incentive is fixed over 20 years, while 1/3 of the incentive depends on the market prices, which ensures that energy communities are less exposed to market fluctuations. Table 16 presents the percentage of the savings that refers to the national incentive and is therefore not impacted by changes in the market prices. As visible in the table below, 20% and 27%, respectively, of the savings are related to national incentives in the Austrian, Spanish, and Portuguese cases, while for Italy this number rises to 57%. It could therefore be argued that energy communities in Italy are more resilient to market prices than countries in Austria, Spain, and Portugal. For the French case, the negative impacts of the national incentive are further highlighted.



An increasing deployment of PV installations will increase midday peaks towards low or even negative market prices. If it comes to negative market prices, it would make sense to employ demand response schemes within the energy community or curtail electricity instead of feeding electricity into the grid. For energy community members with hourly fluctuating electricity prices, the benefits of an energy community would be minimal, as prices in hours with excess PV would already be very low.



In general, we see a trend towards an ongoing volatile electricity system with fluctuating prices. As it is impossible to decouple entirely from market developments without storage or long-term contracts, energy communities need to react and adapt to changes in the market and consequently adjust their price formulation to provide an attractive model for consumers and prosumers. The market structure, as well as the dependency of the EC on developments in the market, provides a difficult environment for investors. If regulatory incentives are set over a longer time period such as the 20 years in Italy, the risk of forming an energy community can be reduced because the Italian approach of premium support reduces the market dependency and therefore reliably reduces the costs of the exchanged electricity within an energy community. This is especially interesting as long contract durations with fixed prices are becoming less common.




5.3. Electricity Grid Benefits


The higher the exchanged electricity in the community and, therefore, self-consumption rate, the higher the benefits stemming from national incentives. It is therefore either advisable to form an energy community with heterogeneity between demand and supply of the individual members or set, as part of an energy community, incentives for energy community members to shift their demand towards hours with PV production. This would subsequently reduce the midday as well as the evening peak, which could create benefits for the electricity network. Further electricity grid benefits can be created if the energy community decides to invest in a community battery, which would further help reduce midday and evening peaks. So far, no relevant grid benefits of energy communities have been observed in EU countries contradicting H3, even in countries with hundreds of energy communities [26], such as Austria. The linkage of smaller RECs with CECs or the possibility of participating in multiple energy communities leads to an optimization of assets and prevention of overinvestment in decentralized technologies and reduced dependency on individual actors. Importantly, energy communities need to be accompanied by additional incentives for demand response, increasing self-consumption/self-sufficiency and potentially adding another revenue stream, such as flexibility offers for energy communities. However, currently, only a few member states, such as Slovenia, are discussing suitable frameworks for demand response for small-scale prosumers and on a local level.




5.4. Limitations of the Analysis


This paper focuses on the comparison of regulatory incentives regarding the volumetric electricity price composition and does not consider investment costs and national funding opportunities for technologies, such as PV systems. These costs could vary between the different countries and could therefore have an impact on the overall economic feasibility of the energy community set-up. Moreover, it is assumed that no additional taxes have to be paid for profits made by the community. In Austria, for example, if the community creates a profit of above 35,000 EUR/year, taxes would apply. The most recent electricity prices were considered, but the drivers for the energy costs are beyond the scope of the papers. Furthermore, it is assumed that the demand is the same for all countries. It should be considered that the self-consumption rate in countries with, e.g., a higher cooling demand in hours with PV production could be higher.





6. Conclusions


The comparison reveals significant variation in how countries incentivize energy communities. Austria, Spain, and Portugal reduce grid fees, whereas Italy provides direct financial benefits for each kWh of electricity exchanged. France offers a unique model that supports collective consumption but penalizes drawing from the grid. The effectiveness of these incentives is also shaped by the structure of electricity tariffs and the level of regulatory detail. Italy’s framework, which considers PV plant size, location, and market prices, offers more tailored incentives compared to the generalized approaches seen in other countries.



The design of these incentives significantly influences the objectives and behavior of energy communities. For instance, reduced grid fees encourage local electricity exchange, while Italy’s approach promotes self-consumption, potentially leading to demand response measures that align consumption with production. In contrast, France’s model may drive the oversizing of photovoltaic systems to maximize self-sufficiency, possibly leading to midday peaks and discouraging smaller communities.



Several factors are crucial for the economic viability of energy communities. A larger gap between electricity tariffs and surplus revenues increases community benefits. Lower grid tariffs for exchanged energy enhance financial benefits. Higher self-consumption rates within the community improve overall savings, underscoring the importance of a balanced mix of demand and supply among members. It is shown that the national incentives need to take the electricity price structure and PV potential in the respective country into consideration. In general, it can be concluded that all but the French national incentive framework offer sufficient benefits for average members to save 100 EUR/year.



It is furthermore shown that energy communities cannot significantly reduce market dependencies, as price formulations within the EC still depend to different degrees on market prices. National incentives that are not based on market developments and are in place over several years can reduce the financial risk of energy communities.



The analysis demonstrates that while the regulatory framework can drive significant savings, the design of these incentives must carefully consider the local context to maximize the benefits for community members while at the same time ensuring that the incentive reflects the grid benefits an energy community could create. These benefits mostly refer to demand response action, shaving midday as well as evening peaks, and should be better taken into account in future regulatory frameworks and incentive schemes.
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	EC
	Energy community



	LCOE
	Levelized cost of electricity



	PV
	Photovoltaic



	RECs
	Renewable energy communities



	RED-II
	Renewable Energy Directive



	RES
	Renewable Energy Sources







References


	



Standal, K.; Leiren, M.D.; Alonso, I.; Azevedo, I.; Kudrenickis, I.; Maleki-Dizaji, P.; Laes, E.; Di Nucci, M.R.; Krug, M. Can renewable energy communities enable a just energy transition? Exploring alignment between stakeholder motivations and needs and EU policy in Latvia, Norway, Portugal and Spain. Energy Res. Soc. Sci. 2023, 106, 103326. [Google Scholar] [CrossRef] [Scilit]

	



Frieden, D.; Tuerk, A.; Antunes, A.R.; Athanasios, V.; Chronis, A.-G.; d’Herbemont, S.; Kirac, M.; Marouço, R.; Neumann, C.; Catalayud, E.P.; et al. Are We on the Right Track? Collective Self-Consumption and Energy Communities in the European Union. Sustainability 2021, 13, 12494. [Google Scholar] [CrossRef] [Scilit]

	



Tarpani, E.; Piselli, C.; Fabiani, C.; Ilaria, P.; Eelke, K.; Pioppi, B.; Pisello, A.L. Energy Communities Implementation in the European Union: Case Studies from Pioneer and Laggard Countries. Sustainability 2022, 14, 12528. [Google Scholar] [CrossRef] [Scilit]

	



Losada-Puente, L.; Blanco, J.A.; Dumitru, A.; Sebos, I.; Tsakanikas, A.; Liosi, I.; Psomas, S.; Merrone, M.; Quiñoy, D.; Rodríguez, E. Cross-Case Analysis of Energy Communities in Spain, Italy and Greece: Progress, Barriers, and the Road Ahead. Sustainability 2023, 15, 14016. [Google Scholar] [CrossRef] [Scilit]

	



Krug, M.; Di Nucci, M.R.; Schwarz, L.; Alonso, I.; Azevedo, I.; Bastiani, M.; Dylag, A.; Laes, E.; Hinsch, A.; Klavs, G.; et al. Implementing European Union Provision and Enabling Frameworks for Renewable Energy Communities in Nine Countries: Progress, Delays, and Gaps. Sustainability 2023, 15, 8861. [Google Scholar] [CrossRef] [Scilit]

	



Comodi, G.; Rossi, M.; Romagnoli, A.; Tafone, A.; Tuerk, A. Validation of Energy Hub Solutions Through Simulation and Testing in a Lab Environment and Real World. In Integrated Local Communities: From Concepts and Enabling Conditions to Optimal Planning and Operation; Di Somma, M., Papadimitriou, C., Graditi, G., Kok, K., Eds.; Wiley: Hoboken, NJ, USA, 2024. [Google Scholar]

	



Cejka, S.; Frieden, D.; Kitzmüller, D. Implementation of self-consumption and energy communities in Austria’s and EU member stats’ national law: A perspective on system integration and grid tariffs. In Proceedings of the 26th International Conference & Exhibition on Electricity Distribution (CIRED), Online, 20–23 September 2021. [Google Scholar]

	



Petrichenko, L.; Sauhats, A.; Diahovchenko, I.; Segeda, I. Economic Viability of Energy Communities Versus Distributed Prosumers. Sustainability 2022, 14, 4634. [Google Scholar] [CrossRef] [Scilit]

	



Ruggieri, G.; Gambassi, R.; Zangheri, P.; Caldera, M.; Verde, S. Key Economic Drivers Enabling Municipal Renewable Energy Communities’ Benefits in the Italian Context. Buildings 2023, 13, 2940. [Google Scholar] [CrossRef] [Scilit]

	



Fina, B.; Auer, H. Economic Viability of Renewable Energy Communities Under the Framework of the Renewable Energy Directive Transposed to Austrian Law. Energies 2020, 13, 5743. [Google Scholar] [CrossRef] [Scilit]

	



Gjorgievski, V.; Cundeva, S.; Georghiou, G. Social arrangements, technical designs and impacts of energy communities: A review. Renew. Energy 2021, 169, 1138–1156. [Google Scholar] [CrossRef] [Scilit]

	



de la Hoz, J.; Alonso, A.; Coronas, S.; Martín, H.; Matas, J. Impact of Different Regulatory Structures in the Management of Energy Communities. Energies 2020, 13, 2892. [Google Scholar] [CrossRef] [Scilit]

	



Barbaro, S.; Napoli, G. Energy Communities in Urban Areas: Comparison of Energy Strategy and Economic Feasibility in Italy and Spain. Land 2023, 12, 1282. [Google Scholar] [CrossRef] [Scilit]

	



Eisner, A.; Neumann, C.; Manner, H. Exploring sharing coefficients in energy communities: A simulation-based study. Energy Build. 2023, 297, 113447. [Google Scholar] [CrossRef] [Scilit]

	



Mariuzzo, I.; Fina, B.; Stroemer, S.; Corinaldesi, C.; Raugi, M. Grid-friendly optimization of energy communities through enhanced multiple participation. Renew. Sustain. Energy Rev. 2025, 208, 115028. [Google Scholar] [CrossRef] [Scilit]

	



Gautier, A.; Jacqmin, J.; Poudou, J. The Energy Community and the Grid; CESifo Working Paper No. 10254; CESifo: Munich, Germany, 2023. [Google Scholar]

	



Fuentes González, F.; Sauma, E.; van der Weijde, A.H. Community energy projects in the context of generation and transmission expansion planning. Energy Econ. 2022, 108, 105859. [Google Scholar] [CrossRef] [Scilit]

	



Sudhoff, R.; Schreck, S.; Thiem, S.; Niessen, S. Operating Renewable Energy Communities to Reduce Power Peaks in the Distribution Grid: An analysis on Grid-Friendliness, Different Shares of Participants, and Economic Benefits. Energies 2022, 15, 5468. [Google Scholar] [CrossRef] [Scilit]

	



Johler, M. (Renewable) Energy Communities Under the Clean Energy for All Europeans Package—An Instrument for Price Stability? 2022. Available online: https://fsr.eui.eu/renewable-energy-communities-under-the-clean-energy-for-all-europeans-package-cep-an-instrument-for-price-stability/ (accessed on 14 October 2024).

	



Dynge, M.F.; Berg, K.; Bjarghov, S.; Cali, Ü. Local electricity market pricing mechanisms’ impact on welfare distribution, privacy and transparency. Appl. Energy 2023, 341, 121112. [Google Scholar] [CrossRef] [Scilit]

	



Fischer, H.; Haas, R.; Ajanovic, A.; Radosits, F. Energiegemeinschaften—Eine EVALUIERUNG Bisheriger Erfahrungen und Zukünftiger PERSPEKTIVEN für Österreich. Available online: https://energiegemeinschaften.gv.at/wp-content/uploads/sites/19/2024/05/EnComm_Endbericht_Fertig.pdf (accessed on 28 August 2024).

	



Rinnovabili. Comunità Energetiche Rinnovabili in Italia, a che Punto Siamo? Available online: https://www.rinnovabili.it/energia/comunita-energetiche-rinnovabili-in-italia-2/ (accessed on 28 August 2024).

	



Vernay, A.-L.; Sebi, C.; Arroyo, F. Energy community business models and their impact on the energy transition: Lessons learnt from France. Energy Policy 2013, 175, 113473. [Google Scholar] [CrossRef] [Scilit]

	



Kultunov, M.; Pezutto, S.; Bisello, A.; Lettner, G.; van Sark, W.; Louwen, A.; Wilczynski, E. Mapping of Energy Communities in Europe: Status Quo and Review of Existing Classifications. Sustainability 2023, 15, 8201. [Google Scholar] [CrossRef] [Scilit]

	



Österreichische Koordinationsstelle für Energiegemeinschaften. Benefit Tool—Erneuerbare Energiegemeinschaft. Available online: https://www.energieinstitut.at/tools/benefit/ (accessed on 28 August 2024).

	



E-Control. Kosten-Nutzen-Analyse gemäß §§ 79 Abs. 3 und 90 Abs. 4 Erneuerbaren-Ausbau-Gesetz. Available online: https://www.e-control.at/documents/1785851/1811582/Kosten-Nutzen-Analyse_StromGas_Final.pdf/72838f8b-2eee-c48c-6230-17d8582639d8?t=1711022863061 (accessed on 28 August 2024).

	



Österreichische Koordinationsstelle für Energiegemeinschaften. Mehrfachteilnahme. Available online: https://energiegemeinschaften.gv.at/mehrfachteilnahme/ (accessed on 28 August 2024).

	



Energie Steiermark. SteirerStrom Fix. Available online: https://www.e-steiermark.com/fileadmin/user_upload/downloads/E-Steiermark_Tarifblatt_Privatkunden_SteirerStrom_Fix.pdf (accessed on 28 August 2024).

	



OeMaAG. Neuigkeiten. Available online: https://www.oem-ag.at/de/home/ (accessed on 28 August 2024).

	



Ministère de la Transition Écologique. Ordonnance no. 2021-236. Available online: https://www.legifrance.gouv.fr/download/pdf?id=cFWaUdZ4qP3LGyY0ndqelpZs_3KMj9xajCizzdM1aic= (accessed on 28 August 2024).

	



Ministère de la Transition Énergétique. Self-Consumption for Industrial and Commercial Sectors. Available online: https://energie-fr-de.eu/de/veranstaltungen/leser/online-konferenz-zum-thema-pv-und-eigenverbrauch-im-gewerblichen-und-industriellen-bereich.html?file=files/ofaenr/02-conferences/2023/231129_PV_autoconsommation/Presentations/01_Simon_Molina_MTE_OFATE_DFB (accessed on 28 August 2024).

	



Dieme, F.B. Deploying Collective PV Self-Consumption in France: System Design, Barriers, and Policy Recommendations. Available online: https://www.diva-portal.org/smash/get/diva2:1423696/FULLTEXT01.pdf (accessed on 28 August 2024).

	



ENEDIS. Tarifs d’Utilisation des Réseaux Publics de Distribution d’Électricité. Available online: https://www.enedis.fr/sites/default/files/documents/pdf/enedis-essentiel-turpe6.pdf (accessed on 28 August 2024).

	



Photovoltaique.info. Grilles Tarifaires. Available online: https://www.photovoltaique.info/fr/tarifs-dachat-et-autoconsommation/couts-reglementaires/couts-dacces-au-reseau-turpe/#grilles_tarifaires (accessed on 28 August 2024).

	



Photovoltaique.info. Modèle Économique. Available online: https://www.photovoltaique.info/fr/tarifs-dachat-et-autoconsommation/autoconsommation/autoconsommation-collective/#tab-content (accessed on 28 August 2024).

	



EDF. Grille de Prix de L’offre de Fourniture D’électricité <<Tarif Bleu>>. Available online: https://particulier.edf.fr/content/dam/2-Actifs/Documents/Offres/Grille_prix_Tarif_Bleu.pdf (accessed on 28 August 2024).

	



Photovoltaique.info. [Arrêté S21] Augmentation des Volumes Objectifs et Baisse des Tarids d’Obligation d’Achat. Available online: https://www.photovoltaique.info/fr/actualites/detail/arrete-s21-augmentation-des-volumes-objectifs-et-baisse-des-tarifs-dobligation-dachat/ (accessed on 28 August 2024).

	



Chamber of Deputies and the Senate of the Republic. Law 28 February 2020, n.8. Chamber of Deputies and the Senate of the Republic. 2020. Available online: https://www.gazzettaufficiale.it/eli/id/2020/02/29/20G00021/sg (accessed on 22 July 2024).

	



ARERA. L’Aggiornamento delle Condizioni di Tutela I Trimestre 2024 nel Dettaglio. Available online: https://www.arera.it/fileadmin/allegati/schede/231228st.pdf (accessed on 28 August 2024).

	



CISA Consulting. Renewable Energy Communities—Incentives and Contributions. Available online: https://cisaconsulting.eu/en/2023/03/17/5997/ (accessed on 28 August 2024).

	



GSE. Le comunità Energetiche Rinnovabili “in Pillole”. Available online: https://www.gse.it/servizi-per-te/autoconsumo/le-comunita-energetiche-rinnovabili-in-pillole (accessed on 28 August 2024).

	



Diário da República. Decree Law No. 162/2019. Available online: https://diariodarepublica.pt/dr/en/detail/decree-law/162-2019-125692189 (accessed on 28 August 2024).

	



Diário da República. Decree Law no. 15/2022. Available online: https://diariodarepublica.pt/dr/en/detail/decree-law/15-2022-177634016 (accessed on 28 August 2024).

	



European Energy Network. Energy Agencies and Renewable Energy Communities: A New Path for Energy Decentralization. Available online: https://enr-network.org/wp-content/uploads/EnR-Study-RenewableEnergyCommunities-Annexes.pdf (accessed on 28 August 2024).

	



ERSE. Tarifas Acesso_Autoconsumo. Available online: https://www.erse.pt/media/yntlpuwr/tarifas-se_2024.xlsx (accessed on 28 August 2024).

	



Galp. Galp & Continente Electricidade Verde (DD). Available online: https://casa.galp.pt/planos-eletricidade-e-gas (accessed on 28 August 2024).

	



Ministerio para la Transición Ecológica. Real Decreto 244/2019, de 5 de abril, por el que se Regulan las Condiciones Administrativas, Técnicas y Económicas del Autoconsumo de Energía Eléctrica. Available online: https://www.boe.es/buscar/doc.php?id=BOE-A-2019-5089 (accessed on 28 August 2024).

	



Real Decreto-ley 23/2020, de 23 de Junio, por el que se Aprueban Medidas en Materia de Energía y en Otros Ámbitos para la Reactivación Económica. Available online: https://www.boe.es/buscar/doc.php?id=BOE-A-2020-6621 (accessed on 28 August 2024).

	



ENDESA. Solar Simply with Virtual Battery. Available online: https://www.endesa.com/en/catalog/light/tempo/self-consumption-tariff-with-solar-surplus-simply (accessed on 28 August 2024).

	



Boletín Oficial del Estado. Resolución de 21 de Diciembre de 2023, de la Comisión Nacional de los Mercados y la Competencia, por la que se Establecen los Valores de los Peajes de Acceso a las Redes de Transporte y Distribución de Electricidad de Aplicacón a Partir del 1 de Enero de. Available online: https://www.boe.es/boe/dias/2023/12/25/pdfs/BOE-A-2023-26251.pdf (accessed on 28 August 2024).

	



Brugel. Coûts-Avantages Relatifs aux Communautés d’Energie et au Partage d’Electricité. Available online: https://brugel.brussels/actualites/consultations/couts-avantages-relatifs-aux-communautes-denergie-et-au-partage-delectricite-578 (accessed on 28 August 2024).

	



Santecchia, A.; Castro-Amoedo, R.; Nguyen, T.-V.; Kantor, I.; Stadler, P.; Maréchal, F. The critical role of electricity storage for a clean and renewable European economy. Energy Environ. Sci. 2023, 16, 5350–5370. [Google Scholar] [CrossRef] [Scilit]

	



Kost, C. Levelized Cost of Electricity—Renewable Energy Technologies. Available online: https://www.ise.fraunhofer.de/content/dam/ise/en/documents/publications/studies/EN2021_Fraunhofer-ISE_LCOE_Renewable_Energy_Technologies.pdf (accessed on 28 August 2024).

	



COMPILE Project. Available online: https://www.compile-project.eu/ (accessed on 28 August 2024).

	



Eurostat. Electricity Prices for Household Consumers. Available online: https://ec.europa.eu/eurostat/databrowser/view/nrg_pc_204/default/table?lang=en (accessed on 28 August 2024).

	



European Commission. Quarterly Report on European electricity markets. Available online: https://energy.ec.europa.eu/system/files/2023-12/New_Quarterly_Report_on_European_Electricity_markets_Q2_2023.pdf (accessed on 28 August 2024).








[image: Energies 17 06441 g001] 





Figure 1. Number of energy communities in EU countries (own graph, based on [21,22,23,24]). 






Figure 1. Number of energy communities in EU countries (own graph, based on [21,22,23,24]).



[image: Energies 17 06441 g001]







[image: Energies 17 06441 g002] 





Figure 2. Comparison of the structure of electricity prices in different EU countries (own graph, based on data presented above and capacity-based tariff components). 
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Figure 3. Applied methodology (own graph). 






Figure 3. Applied methodology (own graph).
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Figure 4. Savings of the EC in scenario 1a—absolute reduction (own figure). 
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Figure 5. Savings for the individual households, scenario 1a—absolute reduction (own figure). 
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Figure 6. Savings of the EC in scenario 1b—percentage reduction (own figure). 
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Figure 7. Savings for the individual households, scenario 1b—percentage reduction (own figure). 
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Figure 8. Electricity flow of EC, scenario 2 (own figure). 
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Figure 9. Savings of the EC in scenario 2 (own figure). 
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Figure 10. Savings for the individual households, scenario 2 (own figure). 
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Table 1. Overview of proximity definitions and incentive schemes for energy communities (Source: National laws and regulations).






Table 1. Overview of proximity definitions and incentive schemes for energy communities (Source: National laws and regulations).





	Country
	Approach to Physical Boundaries
	Incentives





	Austria
	LV/MV (REC)
	Removal of consumption-based renewables surcharges and electricity tax, reduced grid utilization fee depending on the grid level



	Belgium/Wallonia
	LV/MV and distance
	n.a.



	Belgium/Flanders
	LV/MV and activity
	n.a.



	Croatia
	Municipality, LV/MV
	n.a.



	Czech Republic
	LV, MV
	Consideration of reduced grid fees



	France
	Distance (up to 20 km) (CSC)
	Special tariff for collective self-consumption



	Greece
	Regional or system-related, depending on location.
	n.a.



	Hungary
	MV/HV
	n.a.



	Ireland
	LV, MV
	Investment subsidies



	Italy
	MV/LV/HV
	Reduction in TSO grid charges, premium scheme for energy sharing



	Latvia
	Area of one DSO
	n.a.



	Lithuania
	Municipality
	n.a.



	Luxembourg
	Max 300 m (REC)
	Reduction in grid fees



	Poland
	Area of one DSO
	n.a.



	Portugal
	System relation, individual decision (RECs, CSC)
	Reduction in consumption-based surcharges (policy costs CIEG: 100% for CSC, 50% for individual self-consumption in the first 7 years)



	Slovenia
	LV/MV
	Consideration of reduced grid fees



	Spain
	LV, cadastral area, distance (2000 m) (CSC)
	No grid fees for CSC within a 500 m limit between production and consumption connection points (neither capacity-based nor consumption-based fees)










 





Table 2. Electricity price data Austria (06/2024) [27,28,29].






Table 2. Electricity price data Austria (06/2024) [27,28,29].





	
Grid costs [EUR/kWh] [27]

	
Energy Costs [EUR/kWh] [28]

	
VAT Taxes

	
Total with Taxes [EUR/kWh]

	
Revenues for Excess Electricity [EUR/kWh] [29]




	
Without EC

	
Regional EC

	
Local EC






	
0.0753

	
0.0558

	
0.0365

	
0.199

	
20%

	
0.33

	
0.0577











 





Table 3. Time periods of the TURPE [32].






Table 3. Time periods of the TURPE [32].





	Peak hours
	09:00–13:00

18:00–23:00



	Low hours
	00:00–08:00

14:00–17:00










 





Table 4. TURPE [33].






Table 4. TURPE [33].












	
	High Season—Peak
	High Season—Valley
	Low Season—Peak
	Low Season—Valley





	CU4 [c/kWh]
	6.67
	4.56
	1.43
	0.88



	CU4 collective, part self-consumed [c/kWh]
	1.64
	1.29
	0.77
	0.37



	CU4 collective, part from the grid [c/kWh]
	7.23
	4.42
	2.29
	0.86










 





Table 5. Electricity costs France [35,36,37].






Table 5. Electricity costs France [35,36,37].





	
Grid Costs

	
Energy Costs [EUR/kWh]

	
VAT

	
Total with Taxes [EUR/kWh]

	
Revenues for Excess Electricity [EUR/kWh]




	
Consumer [EUR/kWh]

	
Collective Self-Consumption [EUR/kWh]






	
TURPE: see Table 1

TIFCE: 0.021 [35]

	
TURPE: see Table 4

TIFCE: 0.021

	
0.145 [35]

	
20% [36]

	
0.2395

	
0.13 [37]











 





Table 6. Electricity price data Italy [39,40,41].






Table 6. Electricity price data Italy [39,40,41].





	
Grid Costs [EUR/kWh]

	
Energy Costs [EUR/kWh]

	
Taxes [EUR/kWh]

	
Total with Taxes [EUR/kWh]

	
Revenues for Excess Electricity [EUR/kWh] [40]

	
Premium Tariff for Self-Consumed Electricity [EUR/kWh] [41]




	
Costs for Transport and Meter

	
System Charges

	
Energy Supply

	
Retail Marketing

	
VAT and Excise Duties






	
0.0453

	
0.0324

	
0.1221

	
0.0216

	
14%

	
0.2524

	
0.08

	
0.1085











 





Table 7. Electricity retail costs Portugal [45,46].






Table 7. Electricity retail costs Portugal [45,46].





	
Grid Costs [45]

	
Energy Costs [EUR/kWh]

	
VAT

	
Total with Taxes [EUR/kWh]

	
Revenues for Excess Electricity [EUR/kWh]




	
Normal Grid Costs [EUR/kWh]

	
With CIEG Reduction [EUR/kWh]






	
0.0444

	
0.0106

	
0.1226

	
23%

	
0.205

	
0.0398











 





Table 8. Electricity price composition Spain [49,50].






Table 8. Electricity price composition Spain [49,50].





	Power Costs [EUR/kW/year] [49]
	Grid Costs [EUR/kWh] [50]
	Energy Costs [EUR/kWh] [49]
	VAT [49]
	Total with Taxes [EUR/kWh] [49]
	Revenues for Excess Electricity [EUR/kWh] [49]





	On-peak: 38.61

Off-peak: 14.18
	P1: 0.033

P2: 0.0192

P3: 0.0006
	0.1094
	21%

Electricity tax of 5.11%
	0.1615
	0.0754










 





Table 9. Composition of the energy community [54].






Table 9. Composition of the energy community [54].











	
	Type
	Demand [kWh/year]
	PV Installed [kWp]





	Member 1
	Residential
	4190
	5



	Member 2
	Residential
	5405
	5



	Member 3
	Residential
	2509
	5



	Member 4
	Residential
	7903
	5



	Member 5
	Residential
	6685
	0



	Member 6
	Residential
	2661
	0



	Member 7
	Residential
	25,868
	0



	Member 8
	Library
	41,646
	30



	Member 9
	Kindergarten
	31,731
	0










 





Table 10. Regulatory incentives for each country (own table, based on information presented in Section 2).






Table 10. Regulatory incentives for each country (own table, based on information presented in Section 2).





	Country
	Scheme





	Austria
	Reduced grid tariff



	France
	Special CSC tariff



	Italy
	Incentive for self-consumed electricity



	Portugal
	Reduced grid tariff



	Spain
	Elimination of volumetric grid tariff










 





Table 11. Overview of country-specific parameters, scenario 1a—absolute reduction (own table, based on data presented in Section 2).






Table 11. Overview of country-specific parameters, scenario 1a—absolute reduction (own table, based on data presented in Section 2).













	
	Austria
	France
	Italy
	Portugal
	Spain





	Regulatory incentive [EUR/kWh]
	0.047
	−0.009

(average)
	0.1085
	0.042
	0.023



	Grid fees within EC [EUR/kWh]
	0.11
	0.12 (average)
	0.145
	0.11
	0.13



	EC electricity price [EUR/kWh]
	0.24
	0.25 (average)
	0.26
	0.24
	0.25



	EC revenues for excess electricity [EUR/kWh]
	0.14
	0.13 (average)
	0.08
	0.13
	0.13










 





Table 12. Overview of country-specific parameters, scenario 1b—percentage reduction (own table, based on data presented in Section 2).






Table 12. Overview of country-specific parameters, scenario 1b—percentage reduction (own table, based on data presented in Section 2).













	
	Austria
	France
	Italy
	Portugal
	Spain





	Reduction in grid fees [%]
	52%
	44%
	Bonus for each kWh self-consumed: 140% (of grid fees)
	76%
	100%



	Grid fees within EC [EUR/kWh]
	0.07
	0.095

+0.02 for elec. from grid
	0.145
	0.035
	0



	EC electricity price [EUR/kWh]
	0.22
	0.24 (average)
	0.26
	0.21
	0.19



	EC revenues for excess electricity [EUR/kWh]
	0.15
	0.14 (average)
	0.12
	0.17
	0.19










 





Table 13. Overview of country-specific parameters, scenario 2 (own table, based on data presented in Section 2).






Table 13. Overview of country-specific parameters, scenario 2 (own table, based on data presented in Section 2).













	
	Austria
	France
	Italy
	Portugal
	Spain





	Yearly radiation [kWh/kWp/year]
	1151
	1170
	1398
	1667
	1717



	Shared electricity [EUR/kWh]
	18,920
	19,588
	24,194
	27,999
	29,408



	EC electricity price [EUR/kWh]
	0.22
	0.20 (average)
	0.21
	0.13
	0.12



	EC revenues for surplus [EUR/kWh]
	0.17
	0.17 (average)
	0.12
	0.11
	0.12



	Electricity price from the grid [EUR/kWh]
	0.33
	0.24
	0.25
	0.21
	0.16



	Revenues for surplus [EUR/kWh]
	0.06
	0.13
	0.08
	0.04
	0.075










 





Table 14. Overview of the potential savings for ECs without national incentives (own table, based on data presented in Section 2).






Table 14. Overview of the potential savings for ECs without national incentives (own table, based on data presented in Section 2).












	
	Electricity Price (Variable Part) [EUR/kWh]
	Revenues for Excess Electricity [EUR/kWh]
	Grid Costs with Taxes [EUR/kWh]
	Potential Savings Without National Incentives [EUR/kWh]





	Austria
	0.33
	0.06
	0.09
	0.18



	France
	0.25
	0.13
	0.06
	0.06



	Italy
	0.25
	0.08
	0.09
	0.08



	Spain
	0.16
	0.08
	0.02
	0.06



	Portugal
	0.21
	0.04
	0.06
	0.11










 





Table 15. SCR and SSR, scenario 2 (own table).






Table 15. SCR and SSR, scenario 2 (own table).










	
	Self-Consumption Ratio
	Self-Sufficiency Ratio





	Austria
	59%
	18%



	France
	63%
	19%



	Italy
	59%
	24%



	Spain
	57%
	31%



	Portugal
	56%
	29%










 





Table 16. Resilience to market prices incentives (own table, based on data presented in Section 2).






Table 16. Resilience to market prices incentives (own table, based on data presented in Section 2).











	
	Potential Savings Without National Incentive
	Savings of Incentive (Without VAT)
	%





	Austria
	0.06
	0.05
	20%



	France
	0.13
	−0.01
	−18%



	Italy
	0.09
	0.11
	57%



	Spain
	0.02
	0.02
	27%



	Portugal
	0.06
	0.04
	27%
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