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Renewable energy communities (RECs) are clean energy, emergent initiatives that invest in people cooperation in order to meet consumption needs and achieve environmental goals. The main aim of the study is to explore the potential of the renewable energy community in Italy by identifying a methodological perspective to describe the development processes and encourage the diffusion of multi-stakeholders’ initiatives across the Italian territory. To do so, we propose a general analysis of the renewable energy community framework, starting with the regulatory and technical–administrative state of the art that regulates renewable energy communities in Italy, based on information from the literature. Then, we interpret the procedure of REC initiatives by systematizing the steps of energy community formation and their characteristics, coming from a literature review of experiences achieved at a national level. Much literature is available on renewable energy technologies, but existing research lacks assessments regarding the description of the formation process of local energy systems applied to realized experiences. To do this, two strategies for the energy community are proposed through a comparative case study analysis to provide a framework for the emerging phenomenon and analyze and define the types of renewable energy communities based on realized experiences in Italy.
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1 INTRODUCTION
Continuous growth of renewable energy systems has brought about a significant change in the structure of the power system, also influencing the procedures and business models related to the energy sector. As global energy consumption is expected to increase 54% from 2001 to 2025, providing clean energy to the global population is one of the greatest challenges in the 21st century in reducing energy-related pollution and greenhouse gas emissions.
In 2018, the European Directive RED-II on the promotion of the use of renewable energy sources has introduced the concept of renewable energy communities (RECs), identified as participatory local energy initiatives having positive benefits for acceptance of energy transition (European Commission, 2018). RECs are emergent initiatives with the potential to change the relations between end-users and other actors in the energy sector, such as citizens, social entrepreneurs, public authorities, and community organizations. Participants are active in the energy transition by jointly investing in producing, selling, distributing, and consuming renewable energy. The benefits of energy communities are expected to contribute to contrasting the climatic change, including positive regional, economic, and environmental impacts, which are identified as a major driver of public acceptance (Cohen et al., 2016).
Local citizen participation in renewable energy projects through renewable energy communities has resulted in substantial added value in terms of local acceptance of renewable energy (European Commission, 2009). However, participation and public acceptance in local energy communities are not only limited to the adoption of one specific energy technology or installation but also to the acceptance of all administrative and technological elements needed for an efficient local energy system.
The most advanced countries in this context are Germany, Denmark, and the Netherlands. However, in the last decade, Italy has emerged as an important country in the field of RECs (Azarova et al., 2019).
The roles and interactions of energy communities have been examined in the literature of the last 10 years as an emerging social phenomenon (Arentsen and Bellekom, 2014; Dóci et al., 2015). The agents of energy transition and concrete activities that can lead to community formation have been described (Bauwens, 2019; Bilardo et al., 2020). A very detailed framework to identify the studied factors for emergence of ECs is reported in Boveldt et al. (2022).
An accurate literature and regulatory review has been carried out to better understand and describe RECs in their highlights, particularly in reference to the strategic valorization of cooperation between citizens and local public entities.
In addition, we introduce an in-depth analysis of two realized REC experiences in Italy to show the potential of using RECs as a new strategy to address home energy savings in the current housing stock by assessing actions and measures that would help in coaching householders to achieve energy savings and low carbon goals.
We address the question as to how renewable energy communities can be practically realized and have the potential to contribute to energy transitions. To answer this question, we introduce two case studies for measuring the potential of social innovation and energy transition.
2 METHODOLOGY AND KPI DEFINITION
For assessing the transition potential of renewable energy communities, it is necessary to start with exploring how RECs develop in a local-scale network. One of the main aims is to show how separate communities connect, learn from each other, use the same practices, and join for achieving a common goal. In the following sections, we provide a broader picture of the regulatory literature and procedures.
Section 2 describes the status of the current implementation of the REC model in Italy to identify the principal characteristics, such as the existing legislation and the incentive systems of REC regulatory aspects. A framework of renewable energy communities is defined, starting from the regulatory and technical–administrative state of the art that regulates renewable energy communities and other issues related to the transposition of European legislations in Italy.
Environmental and energy-based key performance indicators (KPIs) are frequently used to provide a neutral assessment of projects in the field of smart grids or smart district upgrades (Giordano et al., 2014; Bianco et al., 2021).
KPIs are used to formally identify key conditions to achieve local community involvement in forming REC initiatives, outline possible skills and strategies that can be tested within the emerging sector of energy communities, and evaluate the outcomes of REC strategies.
Key performance indicators represent a common framework to evaluate different sites from energy and environmental perspectives while also considering financial and social issues. Therefore, considering the complexity represented by energy communities, different energy vectors, and different stages of energy conversion, the defined KPIs are used to achieve uniform outcomes.
The following KPIs are defined in order to assess a specific site from a technical, environmental, and economic point of view; they are summarized in Table 1.
TABLE 1 | KPI definition to evaluate different renewable energy community sites.
[image: Table 1]Section 3 presents two experiences of renewable energy communities in Italy. By means of the investigation of the selected case studies, the roles of several actors in the process (project managers, communities, and other local stakeholders involved at different stages in the development of the initiatives) are examined. Furthermore, an appropriate set of KPIs have been identified to establish a common framework to assess and compare different RECs, taking into account technical and environmental aspects.
Two case studies have been selected and analyzed through application of the KPI approach, representing a methodological approach to the regulatory context and experiences in Italy, and the presentation and discussion on possible weaknesses identified by the authors, especially in relation to the size of the plants and the extension of the group of actors involved in the implementation of the RECs.
3 REGULATORY CONTEXT AT EUROPEAN LEVEL AND TRANSPOSITION IN ITALY
In Europe, energy communities were initially promoted by the 2009/28/CE (RED-I) and then improved by the Directive 2018/2001/EU (RED-II) on the use of energy from renewable energy sources (RESs) and the Directive 2019/994/EU on common rules for the internal electricity market.
The European Directives aim to promote renewable energy use by setting a production target share of at least 32% and an increase in energy efficiency of 32.5% by 2030 (European Commission, 2018). These directives promote the establishment of two different types of energy communities: RECs and citizen energy communities (CECs). Both the RECs and CECs are legal entities based on open and voluntary participation, effectively controlled by shareholders or members, with the purpose of achieving environmental, economic, and social benefits rather than financial profits (European Commission, 2009; 2018).
According to European Directives, energy communities have the right to produce, consume, store, and sell electricity; exchange energy within the same community; and access energy markets in a non-discriminatory way (European Commission, 2018; European Parliament and Council, 2019). Moreover, the emerging role of prosumers and renewable energy communities is supported, indicating the willingness to give citizens a leading role in the ambitious process of the energy transition to climate neutrality by 2050. In the energy production sector, the prosumer is the main actor of the energy revolution due to active participation in the energy market by consuming self-produced energy and injecting the surplus into the grid.
The recent international tensions, particularly related to the war in Ukraine, have heightened the need to accelerate the spread of renewable energy in the European Union to gradually eliminate dependence on fossil fuels. On the 18th of May 2022, the REPowerEU Plan was promoted to modify the Directives with the aim of speeding up the procedures and accelerating the green transition (European Commission, 2022).
Italy is one of the European countries to have significantly promoted the installation of RESs in the last 10 years, with a great focus on community self-consumption. On the basis of the RED I Directive, the National Guidelines on Renewable Energy (Decree 28/2011) have been adopted to define the framework of permissions and procedures for renewable installations.
Afterward, the RED-II Directive was partially transposed by Decree-Law 162/2019, which established a transitory regime stating the characteristics of jointly acting self-consumers or RECs. According to this Decree, physical persons, companies, local authorities, and local communities are allowed to participate in RECs, but participation must not constitute the main professional activity (Decree-Law 162/2019, 2019). The emerging role of prosumers and communities is supported, indicating the willingness to give citizens a leading role in the ambitious process of the energy transition to climate neutrality by 2050.
Finally, the RED-II Directive has been transposed into law by Decree Law 199/2021, which has been in force in Italy since 15th December 2021. The Decree introduces a set of rules in cooperation with the recent Resilience and Re-start National Plan (PNRR) (Decree Law 199/2021, 2021).
On 1 April 2020, ARERA, the Italian Energy Regulatory Authority, published a consultation document containing guidelines for the regulation of economic transactions in jointly acting self-consumption schemes and RECs, introducing important innovations and establishing an economic incentive for participants in the self-consumption schemes linked to the reduced use of electricity from the grid (ARERA, 2020):
• The electricity produced is the electricity fed into the grid after deduction of the conventional loss coefficients.
• The electricity consumed is intended to come from the grid.
• Shared electricity for self-consumption (or simply shared electricity) for each hour is the minimum between the sum of the electricity produced and the sum of the electricity consumed through the connection points of the jointly acting self-consumers or a REC.
On 22 December 2020, the Gestore Servizi Energetici (GSE), the Energy Services Manager operating in Italy, issued a document containing the technical rules for accessing the incentive tariff for jointly acting self-consumers and RECs and providing important clarifications about roles and responsibilities. This document represents, currently, the most recent regulations for self-consumption in Italy (Gestore Servizi Energetici, 2020).
Effective from 24 January 2024, a new decree is designed to encourage the proliferation of collective forms of energy production and self-consumption from renewable sources. The decree introduces important issues to promote the development of RECs in Italy. The decree also introduces an incentive tariff on renewable energy produced and shared, applicable nationwide, to stimulate the generation and sharing of renewable energy throughout the country (MASE, 2024).
Finally, there is a situation changing from region to region regarding the implementation of self-consumption schemes in Italy. Piemonte, Puglia, and Liguria have regional laws and a permanent technical table between the energy communities and the region to acquire data on the reduction of energy consumption and identify ways for more efficient management of the power network (Consiglio Regionale Piemonte, 2018). Table 2 summarizes the legislative framework at European and national levels.
TABLE 2 | Main regulatory framework at the European and Italian levels.
[image: Table 2]4 ESTABLISHMENT AND MANAGEMENT OF RECS
The establishment and management of renewable energy communities require knowledge and compliance with multiple rules of legislative, regulatory, technical, and economic aspects. Moreover, in the planning stage, the long-term goals of the community and any possible changes in external conditions should be taken into account.
According to the definition provided by Directive RED-II, a renewable energy self-consumer is “A final customer operating within its premises located within confined boundaries or, where permitted by a Member State, within other premises, who generates renewable electricity for its consumption, and who may store or sell self-generated renewable electricity, provided that, for a non-household renewables self-consumer, those activities do not constitute its primary commercial or professional activity” (European Commission, 2018). Moreover, the Directive (EU) 2019/944 establishes common rules for the generation, transmission, distribution, energy storage, and supply of electricity, as well as consumer protection provisions, with a view to creating competitive, consumer-centered, flexible, fair, and transparent electricity markets.
RECs are often locally situated in close social proximity to residents and are already part of local structures, with great potential to raising awareness locally and gaining public support for low-carbon energy and energy-saving projects. In the energy production sector, the prosumer appears as the main actor of the energy revolution, as he actively participates in the energy market by consuming self-produced energy and injecting the surplus into the grid. The shareholders and members could be natural persons, small–medium enterprises (SMEs), as well as local authorities, including municipalities (Di Silvestre et al., 2021).
Differently from the European REC, the Italian REC can only manage electricity by renewable energy sources and requires that its members be individually connected to the public distribution grid. The Energy Services Manager (the Italian GSE) provides an incentive rate of 11€/kWh for each kWh of community’s shared electric energy, evaluated as the hourly minimum between the overall electricity fed into the grid by the REC and the overall electricity withdrawn from it (Gestore Servizi Energetici, 2020).
The main characteristics of an REC in Italy can be summarized as follows:
• Main actors. By following the legislation, both private users of the residential sector and SMEs are free to participate in renewable energy community initiatives. In Italy, the share of SMEs among all enterprises is higher than the average European value, accounting for 57% of the national production of goods and services (Dal Cin et al., 2022). SMEs can participate only if the activity does not constitute the main commercial or industrial activity. In addition, public bodies (e.g., municipalities), research institutions, and religious bodies are admitted actors.
• Producer. A producer is a natural or legal person who produces electricity and does not necessarily coincide with the owner of the production plant. He must have obtained the electrical workshop license or company code required by current legislations and signed the operating regulations.
• End user/customer. All consumers, including those with low income or vulnerable, can participate in an open and voluntary manner. The end customer must be the owner of the connection point of the consumption unit and, therefore, the holder of the electricity bill.
• Financial contributions. These can be paid for a period of 20 years, starting from the commercial start date of the system. For each KWh of shared electricity, the GSE recognizes a unitary contribution, equal to the transmission tariff for low-voltage users, and a premium contribution regulated by the current legislation.
The main steps that characterize a renewable energy community formation process are reported in Table 3. The planning stage concerns the first actions taken to establish an energy community and ensure the achievement of goals for decision-makers: the composition of existing and prospective consumers is defined, the analysis of the energy resources is performed, and the calculation of electrical loads is carried out. Based on an analysis of the energy resources of the area, the energy community can include the individuated energy sources. A second planning stage concerns developing alternative energy community configurations by using dedicated software specifying different sets of energy sources available for use (Gjorgievski et al., 2021).
TABLE 3 | Main steps that characterize a renewable energy community process.
[image: Table 3]In the management stage, the business and operator models are defined. An economic scenario (initial capital cost and investment cost) and an energy scenario (CO2 emissions, power balance, load shedding, and load peak smoothing) are modeled. The community configuration, taking into account the choices of the decision-makers, ensures that the sustainability of the project is defined. A management community platform in the local energy market can help end users significantly reduce their overall electricity consumption: consumers can form coalitions with other consumers to buy their excess generation directly. An optimization model can be built by using artificial intelligence from open-source and free software to create multi-criteria management systems.
The active development of local energy communities in the EU establishes new practices that implement both advanced economic and social principles. For example, the so-called co-assembly principle enables the platform management of aggregated sets of distributed energy. Such practices can be used both at the local level within microgrids (where such platforms form a co-assembled energy community) and at the national and even regional levels of large energy systems. In this case, platform solutions are used to create virtual power plants and integrate electricity storage devices and controlled loads into wholesale market facilities (Tomlin et al., 2022).
Some projects propose an energy consultant business model to support local energy communities (GECO, 2020). The creation of a regulatory framework for the operation of microgrids to develop business practices and their integration into communities is of significant practical importance for consumers included in these microgrids since it solves the problem of increasing electricity prices (Walker et al., 2021).
Other examples of energy communities that implement the co-development principle are eco-villages (Homan et al., 2019), in which houses in the neighborhood are generally equipped with solar panels, micro-combined heat and power (CHP), heat pumps, power storage systems, charging stations for electric vehicles, and a tie line connecting to the grid. A microgrid based on these energy and flexibility sources is managed by smart integrated decentralized energy systems for optimal management. The company also provides peer-to-peer electricity trading between microgrid facilities belonging to different owners.
5 CASE STUDY IN THE ITALIAN TERRITORY
Two case studies in the Italian territory have been compared through the application of the proposed KPIs.
The analyses have been developed in Pianura Padana (the large plain in northern Italy). This siting shifts the focus of CERs to photovoltaic (PV) plants, i.e., solar sources, since the availability of water head or wind resources is very limited in most of the sites of this geographical area (i.e., in Pianura Padana, there are not many height gaps that can be exploited for hydropower, and wind dynamics are limited by the geographical shape of the whole area). Biomass plants are also complicated and have been disregarded in this study since their success is strictly dependent on the availability of a reliable and continuous supply chain.
The selected cases are as follows: i) Rolo Municipality PV CER and ii) Dismano PV CER.
The first initiative has been planned by a public entity to mitigate its energy expenditure, whereas the second initiative has been promoted by a local independent power producer (IPP) to provide CER energy delivery services to the industries settled in the industrial area of Cesena Nord.
Furthermore, the choice of these plants is very interesting since they belong to two different plant typologies: the first is ground-mounted and the second is rooftop-integrated. The fact that the plants belong to different categories of photovoltaic installations allows for investigating the best sizing for each, enabling developers to optimize both the energy and financial payback of the investment.
Once the plant construction costs are gathered and the expected revenues are calculated, one can determine the energy and financial payback of the initiatives. The availability of a large amount of similar data collected from other plants of different sizes built during the same period helps in defining the best power range that must be chased to maximize the investment benefits, highlighting a size effect. Finally, the causes of these size patterns have been explained in the next section, demonstrating that the two chosen case studies can be considered ideally planned.
5.1 Rolo CER
Rolo CER has been promoted by Comune di Rolo to mitigate the risk of purchasing electricity from the grid at uncontrolled prices because of exogenous factors such as the war in Ukraine or the COVID crisis. The Municipality, therefore, commissioned a study from the Department of Architecture at the University of Ferrara to find out the best site to host a PV plant large enough to meet its daytime energy demand, together with the demand for few other possible actors interested in limiting their electricity supply risk (Bizzarri, 2023).
The study found that the best site, among the ones in the availability of the Municipality, was an area of approximately 5,000 m2, in the proximity of an existing larger PV plant in operation since 2010 (Figure 1). This localization is particularly desirable due to the possibility of sharing existing infrastructure with a nearby plant, such as surveillance and monitoring systems, and the presence of an adjacent electric distribution cabinet, which lowers connection costs. The PV design has been developed considering that the future PV plant will have to meet an expected production target ranging between 100 and 150 MWh/year, in line with the yearly daytime energy requirements of the Municipality of Rolo. It is important to remember that the target of the CER is to seek self-production that matches the electricity demand of the actors involved in the community. The fact that the solar plants produce electricity entirely during the daytime leads to a focus on the demand from daytime public activities, such as schools and public offices, neglecting the requirement of public lighting being asynchronous to the CER electricity self-production. Given the available land area, the result of the analyses leads to a PV plant size of approximately 100/120 kWp to be connected directly to the near distribution cabinet through the local low-voltage grid. This is of pivotal importance since the possibility of avoiding the necessity of current transformation into medium voltage, with the related significant expenses (e.g., cabinet, trafo, and cells), would significantly increase the plant’s general costs.
[image: Figure 1]FIGURE 1 | Rolo PV CER selected area (red one) among the other possible plant locations.
The PV CER electric single-line diagram, as shown in Figure 2, demonstrates that the plant displays a very easy connection scheme, avoiding all the complexity related to medium-voltage plants.
[image: Figure 2]FIGURE 2 | Rolo PV CER electric single-line diagram.
It is finally important to underline that this solution is also compliant with the first CER norms, which limited access to the CER mechanism to plants only connected to the low-voltage grid.
A cost analysis has then been developed, asking for specific quotations from the main suppliers of the sector (e.g., module and inverter manufacturers and frame suppliers), finding a probable overall cost of 150,000 euros for the PV plant and CER implementation, as a result of 35 k€ for PV modules, 5 k€ for inverters, 30 k€ for module support frames (ground-mounted), 15 k€ for plant BOS; 25 k€ for installation activities, 10 k€ for civil works (e.g., fences), and 30 k€ for other general costs. If the plant exceeds the power compliant with a low-voltage connection, additional costs of at least 50 k€ (from supplier quotations) should be considered, making this option less desirable unless much higher installed power is necessary. The reason for these extra costs is that once one connects to a medium-voltage grid, the necessity of installing additional devices and civil works must be considered: trafo, electric panels and cells, disconnectors, cabinets, etc., but these are seldom necessary in low-voltage plants. These costs can be mitigated if the plant sizes are large enough to mitigate them through much larger production.
The energy simulation, as shown in Figure 3, has been run using very reliable software PVsyst 7.2 (currently one of the most used in the sector). This simulation used the solar radiation and meteorological data from the CMSAF Meteo Database, compiled from satellite and other meteorological recordings spanning the period 2008–2016. This analysis estimates an available solar resource and specific electricity production of 1,300 kWhe/kWp, resulting in an expected CER production of 150 MWh/year. It should be noted that this software program and the CMSAF database have been adopted as they are highly suitable and reliable for the selected case study. At the same time, other calculation tools, such as PVGIS, or other good, referenced databases, such as Meteonorm (built over 1990–2006 data), might also be considered. The sensitivity analyses of the predictions that can be obtained through different software programs represent a very interesting topic that deserves a specific dissertation. However, for the sake of remaining focused on the main subject of the current research in this paper, we avoid the risk of going off-topic. The authors decided to simply present data obtained through computations provided by PVsyst 7.2 software using the CMSAF Meteo Database.
[image: Figure 3]FIGURE 3 | Rolo PV CER energy simulation.
Environmental benefits have also been evaluated in terms of GHG emissions, specifically in terms of CO2. Benefits coming from electricity self-production have been determined in all the cases presented in the article, adopting the emission coefficient provided by ISPRA (the National Environmental Agency) in its periodic bulletin (ISPRA et al., 2024). The most recent data show gross benefits that might be estimated at 270 g/kWhe; this value has been increased by 10%, up to 300 g/kWhe, if one considers that electricity from CERs is used in the neighborhood and is therefore not affected by high-voltage transmission losses, which might be evaluated at about 10%.
A financial analysis has been carried out under the following assumptions:
- Full equity investment.
- Inflation rate: 2%.
- Utilization ratio, i.e., percentage of CER contribution to the overall plant production: 70%.
- Electricity value (gross price), linked to inflation: 8 €cent/kWh;
- CER financial contribution fixed over 20 years: 12 €cent/kWh applied over 70% of the production.
- Operating expenditures (OpEx) for plant operation and management (O&M), 30% of the revenues.
Without entering the rationale of the benefit distributions among the CER participants, ruled by the specific statute, the financial analysis in a full equity scheme helps provide a full picture of the quality of the general investment under stress test conditions, being the most conservative scenario, since it does not benefit from the help given by the financial leverage on debt. Results yield an internal rate of return (IRR) of 15% and a payback period of 7 years, demonstrating the sustainability of the general investment.
The main CER data and the results of the analysis in terms of KPIs are summarized in Table 4.
TABLE 4 | Rolo CER Case study: assumptions and KPIs.
[image: Table 4]5.2 Dismano CER
Dismano CER has been promoted by Bequerel Spa, a local independent power producer (IPP), to provide CER energy delivery services to the industries settled in the industrial area of Cesena Nord.
This plant is a rooftop-integrated photovoltaic system, built over the south slope of a warehouse in the Cesena industrial area of Via Dismano.
In this case, Bequerel self-financed and built the whole plant, making it available to the nascent CER, which should include some industrial prosumers settled in the area who seek to limit their electricity supply risk. Other customers also show a direct interest in attending the community, and the same municipality of Cesena has encouraged the IPP to broaden the participation of other local customers.
The plant, sized at 11,972 kWp, is currently in the final stage of construction (see Figure 4, where the Dismano PV CER. Construction works; PV plant view from above is represented).
[image: Figure 4]FIGURE 4 | Dismano PV CER. a) construction works; b) PV plant view from above.
As in Rolo, Via Dismano plant benefits from the possibility of connecting to the low-voltage local grid using an existing cabinet operated by the local distributor. This helps in reducing the overall cost of the plant since there is no necessity of providing it with conversion units and trafo (see single-line diagram in Figure 5).
[image: Figure.. 5]FIGURE. 5 | Dismano PV CER electric single-line diagram.
In this case, the plant being in the final phase of construction, a precise cost report is already available, giving an overall cost of 120,000 euros for the PV plant, as a result of 35 k€ for PV modules, 5 k€ for inverters, 10 k€ for module support frames (ground-mounted), 15 k€ for plant BOS, 15 k€ for installation activities, 10 k€ for civil works, and 30 k€ for other general costs.
The energy simulation has been developed using PVsyst 7.2 software, referenced over the CMSAF Meteo Database, built over data from satellite and other meteo recordings spanning the period 2007–2016, obtaining a specific electricity production of 1,150 kWhe/kWp, for an expected CER production of 140 MWh/year.
For the financial analysis, the same assumptions used in Rolo are considered, finding an IRR of 17% and a payback period of 6 years, which confirm the sustainability of the general investment as well.
The main CER data and the results of the analysis in terms of KPIs are summarized in Table 5.
TABLE 5 | Dismano CER assumptions and KPIs.
[image: Table 5]Again, the possibility of avoiding the voltage transformation section, thanks to the possibility of connecting to the low-voltage local grid, leads to a general savings of approximately 50 k€, according to the quotation received from the major sector supplier. Similarly to Rolo, one can demonstrate that in that case, payback is protracted by 2.5 years and that IRR decreases to 11% (still satisfactory).
6 RESULTS
In order to provide a full picture of the current Italian market, some other case studies are presented; even though they are not described in the same detail as the two illustrated in Section 5, their main data and the related KPIs are given. These plants are currently at a different stage of development, or their possible status of CER has been abandoned due to the barriers that have stopped the CER formation process.
This basket of initiatives is of interest since it allows extending the focus to a larger array of plants spread over the Italian territories, characterized by larger peak power.
The main data and the related KPIs of these other initiatives are provided in Table 6; values in green show the best figures according to each KPI, and red values are the worst in the sample.
TABLE 6 | Case studies, general data, and related KPIs (see Excel file).
[image: Table 6]Results show that, theoretically, all PV plants in Italy might have solid financial fundamentals and a certain financial feasibility; the good solar resource, together with the current cost of technology, always justifies the adoption of PV plants. The possibility of sharing electricity within CER, of course, boosts the financial indexes, facilitating the adoption of these plants. The main barrier, so far, has been the lack of a reliable regulatory framework that has led investors and IPPs to prefer standard plant configurations rather than investing time and money in the fulfillment of CERs.
The two selected cases show some recurrent patterns that should be underlined. At first, low-voltage plants are characterized by sustainable costs and benefit from a scale effect given by their simple electric configuration (no need to install medium-voltage plant units); however, at the same time, they yield a limited amount of electricity to the grid. Therefore, their attractive potential in terms of CERs is soon exhausted, showing a scarce potential in terms of CER capacity to assent customer adhesion requests.
To summarize the potential of these, small plants stay in their good energy and financial indexes, and their limit is in their scarce potential in terms of CER attractiveness.
Larger plants have the potential to share more electricity, but at the same time, they show the worst KPIs for plants whose peak power stays in the range of 150–400 kW.
As a first comment, one might consider that in the case of a limited number of CER applicants, small PV plants whose power allows a connection with the low-voltage grid should represent a desirable option, whereas in the case of large numbers of possible CER participants, one should dimension the CER plant in order to have the highest possible power installed (within the current limit of 1 MW).
This analysis is a first step, and the collection of operational data will help confirm or further specify these early findings. However, some of the considerations above might already be taken as a practical guideline to define the better size of a rising CER in case the promoter has to dimension it according to the cost and parterre of possible customers.
7 DISCUSSION AND CONCLUSION
The result of this work is first to describe the methodological perspective with which it is possible to analyze the local development processes carried out by energy communities. Second, a full description of two rising energy communities is provided. These two case studies are particularly relevant since they belong to two different typologies of renewable plants and are driven by different actors, public and private, hence demonstrating that the CER scheme presents a wide range of feasibility schemes.
The energy and financial analyses that have been carried out demonstrate that both plants show satisfactory energy and economic payback, even in the absence of bank financial support (i.e., full equity investment), independently of the future governance policy that the CER would adopt in relation to its statute.
Finally, it has been demonstrated that plants whose power is limited to low-voltage grid connections (i.e., according to the Italian grid code, lower than 120 kWp), result in being particularly cost-effective since they have the possibility of reducing the investment payback period by at least 2 years if compared to plants having higher power but connected to a medium-voltage grid.
In general, developing simpler configurations of RECs–as in the proposed case studies, allows prosumers to substantially improve the economic and environmental benefits with respect to what they would obtain if they operated independently, while achieving results in line with more complex configurations. A simple consumer, not owning any conversion or storage unit, can join and benefit from the EC. The simple consumer allows for improving the community level of self-consumption and, therefore, economic savings.
The limitation of these small plants is, however, that they do not fit with many CER adhesion requests. In this case, the limited amount of electricity given by their operations soon entails a shortage of shared resources. In this case, larger plants are more desirable.
As a last consideration, since the RECs are modeled as organizations of prosumers and no district heating network is considered, the thermal demand, differently from the electrical demand, must be individually fulfilled by each prosumer. Further improvements to this work should consider the design of a possible district heating network that connects the community’s members to verify whether sharing thermal energy can facilitate a wider exploitation of centralized units that fulfill the aggregated heating demand of the entire community.
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Unit

MWhe/MWp*year [heq/year]

LG Description

KPI: Energy Expected yearly electricity production per year and per installed power. Describes the site potential in
terms of electricity production.

KPL: Expected yearly avoided CO; emissions divided euro spent. Describes the effectiveness of the Capex

Environmental-economical in terms of GHG abatement.

KPIs: Economical Specific plant cost. Gives a focus on the effectiveness of Capex spent in relation to the site installed
power.

KPL: Social Economic number of customers potentially served 3-report the expected electricity production

versus the potential parterre of actors that show interest in the CER.

KPI: Financial Financial parameter to help a first financial assessment of the CER asset in terms of IRR and payback
period
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Description KPI
Location Rolo, Province of Reggio Emilia, Emilia-Romagna Region - -
44°52'47.20"N-10'50'46.82"E.
Climate data Semi-continental type, with cold, humid winters and hot, sultry summers - -
Plant technical characteristics Ground-installed PV plant using monocrystalline bifacial modules - 120 kWp
Plant construction and CER implementation 150000 - EURO (€)
costs.
Expected yearly electricity production 150 Energy KPI, MWh/year
12200 heq
Expected yearly avoided CO, emissions s Environmental Tons of CO,
0and3 K Tons of CO,/ké
Plant cost 150,000/120 Cost KPI, Euro per kWp
1and 25 @wp
Number of customers served 3-1 public (i, the municipality), 1 association, and 1 other Social KPI, 50 Mwiy
customer
Financials IRR and Financial KPI, 15% and
payback 7 years
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EUROPE

ITALY

Regulati

Directive 2019/994/EU common rules for the internal electricity market

2009/28/CE (RED-I)

2018/2001/EU (RED-IT)

REPowerEU Plan 2022

Decree law 162/2019

Decree law 199/2021

Decree law 8/2020 ARERA

Decree 24 01 2024

Reference

European Parliament and Council. Directive (EU) 2019/994 of the European
Parliament and Council on common rules for the internal market for electricity
and amending Directive 2012/27/EU. Official Journal of the European Union
2019 https://eur-lex.europa.eu/legal-content/ EN/TXT/?uri=uriserv:OJ.L_.
2019.158.01.0125.0LENG. [accessed October 2023]

European Commission, 2009. Directive 2009/28/EC of the European
Parliament and the Council on the promotion of the use of energy from
renewable sources amending and subsequently repealing Directives 2001/77/
EC and 2003/30/EC. Off. J. Eur. Union 140, 16-62

European Commission, 2018, Directive 2018/2001 of the European Parliament
and Council on the promotion of the use of energy from renewable sources.
Official Journal of the European Union 2018, 328, 82-209. https://eur-lex.
europa.eu/legal-content/EN/TXT/PDF/?uri = CELEX:3201812001&from = fr
[accessed October 2023]

European Commission, 2022, Key-Documents RePowerEU, https://
commission.europa.eu/publications/key-documents-repowereu_en [accessed
November 2023]

Decree Law 162/2019, Presidenza del Consiglio dei Ministri, https://www.
normattiva.it/uri-res/N2Ls?urn:nir:stato:decreto.legge:2019;162 [accessed
November 2023]

Decree Law 199/2021, Presidenza del Consiglio dei Ministri, https://www.
normattiva.it/uri-res/N2Ls?urn:nir:stato:decreto legislativo:2021;199

ARERA. Documento di consultazione 1/04/2020 112/2020/R/eel. 2020. https://
‘www.arera.it/it/docs/20/112-20.html

MASE, CER Decree, https://www.masegov.it/sites/default/files/Decreto%
20CER pdf

ITALIAN
REGIONS

Situation changing from region to region regarding the implementation of
self-consumption schemes in Italy. Piemonte, Puglia, and Liguria have
regional laws and a permanent technical table between the energy
communities and the region to acquire data on the reduction of energy
consumption and identify ways for more efficient management of the
power network
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Planning stage

Data recognition Analysis of energy resources
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Development of planning strategies Calculation of energy loads
Definition of economical and technical parameters

Assessment of the performance of alternative energy community configurations

‘ Management stage

Assess the performance of the renewable energy community | Definition of the economic scenario (initial capital cost and investment cost)

Definition of environmental scenario (CO; emissions, power balance, load shedding, and load peak smoothing)

Finalize the energy community operator model Validation and selection of the optimized management strategy
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Title Descripti LGl

Location Cesena, Province of Cesena, Emilia-Romagna Region - -
44'11'43.48"N-1212'5134"E

Climate data Semi-continental type, with cold, humid winters and hot, sultry summers - -

Plant technical characteristics Rooftop-installed PV plant using monocrystalline modules - 120 kWp

Plant construction and CER implementation 120,000 - EURO (€)

costs.

Expected yearly electricity production 140 Energy KP1, MWh/year
1167 heq

Expected yearly avoided CO, emissions 2 Environmental Tons of CO,
0and 35 e Tons of CO,/kE

Plant cost 120000/120 Cost KPI euro per kWp
1 €wWp

Number of customers served 5: 2 SME, 2 association, 1 other Social KPI, 28 MWh/

customer

Financials IRR and Financial KPl 17% and

payback 6 years
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