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Introduction

To ensure a low-carbon future based on clean and safe energy for all, the energy sector is currently evolving from the phase-out of the massive use of carbon energies to the deployment of renewable energy sources [START_REF] Sovacool | How long will it take? Conceptualizing the temporal dynamics of energy transitions[END_REF]. This transition calls for more decentralised energy systems in which citizens become more active [START_REF] Berka | Taking stock of the local impacts of community owned renewable energy: A review and research agenda[END_REF][START_REF] Johnson | Community energy and equity: The distributional implications of a transition to a decentralised electricity system[END_REF]. One way through which citizens can take an active part in the energy transition is by participating in an energy community.

By definition, an energy community involves a group of citizens, social entrepreneurs, public authorities and community organisations who participate directly in the energy transition by jointly investing in, producing, selling and distributing renewable energy (Interreg Europe, 2018).

Energy communities are expected to play a crucial role in the energy transition by contributing to finance decentralised renewable energy production [START_REF] Johnson | Community energy and equity: The distributional implications of a transition to a decentralised electricity system[END_REF][START_REF] Yildiz | Financing renewable energy infrastructures via financial citizen participation -The case of Germany[END_REF], by increasing the acceptability of new local infrastructures and technologies (Azarova et al., 2019;Interreg Europe, 2018;[START_REF] Rogers | Public perceptions of opportunities for community-based renewable energy projects[END_REF][START_REF] Viardot | The role of cooperatives in overcoming the barriers to adoption of renewable energy[END_REF] or by increasing energy literacy and contributing to fighting energy inequalities and energy poverty [START_REF] Brummer | Community energy -benefits and barriers: A comparative literature review of Community Energy in the UK, Germany and the USA, the benefits it provides for society and the barriers it faces[END_REF][START_REF] Capellán-Pérez | Renewable Energy Cooperatives as an instrument towards the energy transition in Spain[END_REF][START_REF] Saintier | Community Energy Companies in the UK: A Potential for Sustainable Development in[END_REF].

Extent literature on energy communities concerns longitudinal case studies that gather empirical data from one individual community to assess their potential and replicability [START_REF] Lakshmi | The "power" of community renewable energy enterprises: The case of Sustainable Hockerton Ltd[END_REF][START_REF] Lehtonen | Energy cost reduction creates additional socioeconomic benefits-The case of Eno Energy Cooperative, Finland[END_REF][START_REF] Mahzouni | The role of institutional entrepreneurship in emerging energy communities: The town of St. Peter in Germany[END_REF][START_REF] Rogers | Public perceptions of opportunities for community-based renewable energy projects[END_REF][START_REF] Yalçın-Riollet | Energy autonomy in Le Mené: A French case of grassroots innovation[END_REF]. Moreover, another strand of literature takes a country specific prism and screens the energy communities at the national level to get a better understanding of their organization or institutional structure, financing, and membership. The EU countries that have been largely covered by scholar include the pioneering countries Germany [START_REF] Brummer | Community energy -benefits and barriers: A comparative literature review of Community Energy in the UK, Germany and the USA, the benefits it provides for society and the barriers it faces[END_REF][START_REF] Herbes | Responding to policy change: New business models for renewable energy cooperatives -Barriers perceived by cooperatives' members[END_REF][START_REF] Holstenkamp | What are community energy companies trying to accomplish? An empirical investigation of investment motives in the German case[END_REF][START_REF] Kalkbrenner | Citizens' willingness to participate in local renewable energy projects: The role of community and trust in Germany[END_REF][START_REF] Yildiz | Financing renewable energy infrastructures via financial citizen participation -The case of Germany[END_REF][START_REF] Yildiz | Renewable energy cooperatives as gatekeepers or facilitators? Recent developments in Germany and a multidisciplinary research agenda[END_REF] and the United Kingdom [START_REF] Mirzania | The impact of policy changes: The opportunities of Community Renewable Energy projects in the UK and the barriers they face[END_REF][START_REF] Seyfang | A thousand flowers blooming? An examination of community energy in the UK[END_REF][START_REF] Schwencke | A grassroots sustainable energy niche? Reflections on community energy in the UK[END_REF] where the movement started more than a decade ago. Our review reveals that very few academic publications focus on energy communities in the French context, with the exception of [START_REF] Yalçın-Riollet | Energy autonomy in Le Mené: A French case of grassroots innovation[END_REF] that conducted an in-depth case study on the energy community located in Le Mené.

We argue that France represents an interesting and particular context in which to study energy communities. France has been pushed by the EU to liberalize its energy market for three decades now and the liberalisation has been completed since 2007. However, the electricity market is still ranked among the most centralized ones. Indeed the historical national electricity incumbent EDF leads the market on both market and grid levels. The French electricity mix that is characterised by a low carbon intensity due to the dominance of nuclear and a high share of hydroelectricity is also unique in the European Union. This makes France an interesting context to study as the original motivation of energy communities is to show it is possible to produce electricity differently from nuclear, in addition to produce energy locally and for the territory.

This paper aims to provide and in-depth analysis of French energy communities. To do so, the paper presents EU and French policy frameworks surrounding energy communities and discusses the differences between participatory financing and participatory investment. Focusing on the later, the paper provides an overview of French energy community movement as of end 2019. This overview is based on the database of Energie Partagée, the association that has been chosen to map French energy communities. The database includes information about the kind of energy produced, the type and volume of production from each community, the region where it is located, the status, scope, and the date of creation. To embrace the diversity of initiatives that exist, the paper proposes a typology of energy communities based on the type of governance and on the size of the project that are developed. Finally, the paper discusses the barriers faced by energy communities and that type of support they can currently draw on. This analysis is based on a total of 21 semi-structured interviews conducted between January and December 2019 with energy communities (#14), supporting organisation (#3) and experts (#4). The typology of energy communities presented in this paper, as well as the screening of existing tools and barriers that communities are facing have been discussed and validated by an expert in charge of animating energy communities in Auvergne-Rhône-Alpes region.

Information gathered is used to propose policy recommendations that could help French energy communities increase their impact on the energy transition.

Energy communities in France, policy framework

2.1. Energy communities: a transposition of European policy framework in the French context As part of the "Clean Energy for All Europeans" package, EU member states revised the Renewable Energy Directive (RED II) in an effort to both boost the use of renewables and help the bloc meets its obligations under the Paris Agreement. The new directive established a new binding renewable energy target for the EU for 2030 of at least 32%. RED II provided that each Member State sets its national contribution to collectively achieve the overall objective of the EU. RED II also recognized the substantial added value of citizens and participatory projects "in terms of local acceptance of renewable energy and access to additional private capital which results in local investment" (Interreg Europe, 2018). Article 22 includes for the first time a definition of a 'renewable energy community': "A legal entity: i) which, according to applicable national law, is based on open and voluntary participation, is autonomous, and is effectively controlled by shareholders or members that are located in the proximity of the renewable energy projects owned and developed by that community; ii) whose shareholders or members are natural persons, local authorities, including municipalities, or SMEs; iii) whose primary purpose is to provide environmental, economic or social community benefits for its members or the local areas where it operates rather than financial profits." (Interreg Europe, 2018). This new directive aims to foster member states to develop strategies to foster energy communities.

The first transposition for France of these European ambitions was done in the Energy Transition Law for Green Growth (LTECV) initially adopted in 2015.

Regarding global environmental objectives, the latest energy and climate law adopted in November 2019 ambitions to achieve carbon neutrality by 2050, by reducing fossil fuels consumption by 40% by 2030-instead of the previous 30% target adopted by France-and by closing coal-based electricity generation by 2022.

The law provides that nuclear power's share of electricity production in France should be reduced by 50% by 2035. In addition to these reduction targets, the law contains various measures to support the development of renewable energies and various measures to improve the energy efficiency of housing in order to reduce energy consumption by reducing heat loss. The package targets renewables will attain a 33% share of the total energy used in France by 2030.

Regarding the role given to energy communities, France was the first EU Member State to introduce, in 2015, dedicated incentives to promote the financial participation of local actors in renewable projects (L. 314-28, article 111). This resulted from the lobby realized by the Collective for Citizen Energy (le "Collectif pour l'énergie citoyenne" in French) which gathers French actors in the fields of environmental protection, energy and the social and solidarity economy that lobby the French government to adapt the legislative and regulatory framework to facilitate the emergence of citizen-led renewable energy projects. In particular, the law simplified the juridical conditions for setting up citizen renewable energy production projects by offering the possibility for joint stock companies and cooperative companies willing to develop renewable energy production projects to propose to inhabitants or municipalities to take a share of their capital, or to participate in the financing of the project (Energie [START_REF] Partagée | Énergie Partagée et Enercoop: Cap sur le circuit court de l'électricité et du gaz ! Énergie Partagée[END_REF]. This facilitated the emergence of energy communities throughout the country. In November 2019, in the frame of the Energy and Climate law, energy communities have first been mentioned by the French government in its Article 40. The French definition of energy communities follows the abovementioned RED II definition.

Energy communities: distinguishing participatory financing from participatory investment

If European Commission and France now acknowledge the existence of renewable energy communities, their definition opens to two forms of energy communities that are neither driven by the same objectives nor a similar philosophy. In particular, there is a notable difference between two types of participatory models, namely the participatory investment and the participatory financing [START_REF] Rüdinger | Les projets participatifs et citoyens d'énergies renouvelables en France. État des lieux et recommandations[END_REF].

"Participatory financing" refers to the financing of large-scale projects, led by industrial developers via crowd-funding platforms (through debt). These projects do not give access to the project governance and its decision-making process. In 2018 « participatory financing » projects represented 39 M€ against 21 M€ collected in 2017 [START_REF] Carpenè | Projets citoyens dans les renouvelables, où en est la France ? The Conversation[END_REF][START_REF] Rüdinger | Les projets participatifs et citoyens d'énergies renouvelables en France. État des lieux et recommandations[END_REF]. "Participatory investment" projects concern an investment in capital giving access to project governance -it is a crowd equity.

These projects are thus "citizen-led" based on the sustainable involvement of local inhabitants and local public actors in the governance and financing of projects (buying into the capital). "Participatory investment" projects has been multiplied by five in five years and represented in 2019 240 communities (Energie Partagée,

2019).

Participatory model accounts for around 3% of installed wind power capacity in 2015, and 1% for photovoltaics [START_REF] Devisse | Quelle intégration territoriale des énergies renouvelables participatives? -Rapport final[END_REF]. These figures are still very far from Germany performance, where 43% of the total renewable electrical capacity is held by citizens (32%) and farmers (11%). And when looking more closely to the figures, this movement has been principally driven by the development of crowdfunding platforms since 2014 -i.e. by the increase in "participatory financing" projects [START_REF] Rüdinger | Les projets participatifs et citoyens d'énergies renouvelables en France. État des lieux et recommandations[END_REF]. If participatory financing projects represent an easy way to leverage citizen investment for renewable projects, it does not encourage citizen involvement and appropriation of renewables in their territories. Indeed participatory investment projects, led by citizen, although longer and more complex to set up because they require territorial animation and mobilization, are part of a real process of local control of projects in coherence with the territory, generating a social dynamic and local added value that participatory financing can hardly reproduce [START_REF] Rüdinger | Les projets participatifs et citoyens d'énergies renouvelables en France. État des lieux et recommandations[END_REF]. As such the National citizen-led energy community Federation, Energie Partagée, has been lobbying for dedicated incentives to favour "participatory investment" projects. This article focuses on "participatory investment" projects, i.e. the citizen-led ones.

For the sake of simplicity, we call a "citizen-led" or "participatory investment" projects an "energy community".

French energy communities

3.1. State of the movement French energy communities focus on collecting investments of citizens in order to buy, install, operate and sell through power purchase agreements local renewable energy capacities. Because of regulatory constraints and tax obstacles, very few projects concern collective self-consumption to date and according to the national database censing energy communities in France ("Energie Partagée"), there is only one self-consumption community. Energy communities fit well the objective of the government to draw on citizen savings to finance the energy transition (see for instance (Ministère de la transition écologique et solidaire, 2019). French energy communities are however less diversified than their European counterparts that may also be involved in supplying electricity, helping members becoming more energy efficient and sometimes even working on mobility services (REScoop.eu, 2019).

At the end of year 2019, Energie Partagée Association identified 240 energy communities in France. Among them, 47% are operational and already producing energy, 37% are in development and 16% are emerging. In total, these projects represent 382 MW of installed electric capacity and 786 GWh of electricity is supplied per year. Citizens can buy shares that cost between 30 and 500 euros. Energy communities gather between 25,000 and 30,000 citizens for a total of 370 million euros of investments (Energie Partagée, 2019). Since 2014, the number of these initiatives was multiplied by five (Energie Partagée, 2019) (see figure 1). Energy communities developing wind power plants represent 16% of the energy communities and the remaining 10% split equally between small hydro, biogas or biomass projects (Energie Partagée, 2019). However, in terms of total installed capacity, wind plants represent the majority (64% of total installed capacity of French energy communities), followed by solar that counts for 22% (Figure 2). We observe unequal geographical distribution of energy communities across France (see Figure 3.a.). The highest concentration of projects is located in Occitanie (47 projects), Auvergne-Rhone-Alpes (39 projects), and Britany and Pays de La Loire (each 31 projects). Biophysical conditions under which the project is developed shape the type of the community according to the availabilities of local renewables resources [START_REF] Kooij | Between grassroots and treetops: Community power and institutional dependence in the renewable energy sector in Denmark, Sweden and the Netherlands[END_REF]. As a result, we observe a higher number of wind energy communities in Brittany or Pays de La Loire where wind speed is higher (Figure 3.b.), and more solar PV communities in the South of France, like in Occitanie, where solar hours are higher (Figure 3.C.). But physical conditions do not explain entirely the over presence of communities in some regions rather than others, as for instance some regions (like PACA) benefit from very favourable sunny conditions and have significantly less communities compared to Occitanie.

Reversely, some regions that are not particularly well known for their sunny conditions, such as Grand-Est, launched a significant number of solar PV projects.

There is thus a need to see more specifically the barriers and tools that communities can use. In the following, we will dissect these movements to understand and explain these differences and what constraint its acceleration. 

Typology of energy communities

Interviews with energy communities' initiators revealed that even though their ambitions are similar -they want to contribute to the energy transition and to energy democracy -energy communities differ depending on two characteristics: their governance and their eligibility for support schemes granted by the French Energy Regulator (CRE). We propose a typology based on these two main characteristics.

-Axe 1: shareholder equality (one man, one vote) versus proportional governance. Energy communities have different governance structures. On the one hand, some opt for granting voting rights independently of the subscribed capital and based on the equality principle "one member, one vote" logic. These communities are mainly driven by citizens and have a governance structure that secures that these actors have an important say in how the community functions. On the other hand, other energy communities offer members a legal and financial responsibility proportional to their capital contribution.

-Axe 2: Eligible for feed-in tariff (purchase obligation) versus feed-in premium (tendering procedure). Renewable electricity generation is promoted through a feed-in tariff scheme. Project eligibility to this scheme is evolving over time and depends on its technology and capacity1 . To comply with EU requirements, the government also introduced a feed-in premium mechanism to support the development of renewables for power plants over the feed-in tariff capacities thresholds eligibility. These projects should reply to call for tenders launched by the Energy French Regulator (CRE) that selects projects according to best purchase price offer and project capacity. This mechanism favour projects located in very sunny or windy regions where projects can offer more competitive prices. The first type corresponds usually to small solar roof-tops projects initiated by a group of local activists often in collaboration with local public actors such as the mayor. These projects can be either individual rooftops or a cluster of rooftop of grouped together in the same investment to save costs but also to dilute the risks of individual operation. At the onset of the movement, type 1 first rooftop solar projects had a capacity comprised between 9kWc and 36kWc. Since the 2017 decree that defined new purchase conditions, very small projects became financially unattractive and energy communities started concentrating on bigger projects usually between The second type corresponds mostly to wind farms, but includes also some micro wood plants or "big" PV projects, that despite the large scale investment needed (up to a few million euros for wind farms) have opted for an equality governance and put a strong emphasis on collective decision-making. Operational wind farm projects of this type can be found in Brittany and Pays de la Loire regions. They gather between 200 and 800 citizens and have a capacity ranging from 2 to 18 MW. These energy communities focus on using wind project to strengthen the local economy and the local identity (EPV EnR citoyennes, 2019b). They communicate returns on investment between 4 and 6%. These projects require a long incubation time (the first project called Bégawatts took more than 10 years) and strongly depend on the support of local authorities (department and region) to finance all the upfront investments (e.g. environmental and technical studies). Beyond energy production, these communities also have a strong educational dimension, sensitizing residents to the potential of local renewable energy and energy savings. Only 10% of energy communities correspond to this type 2, however because of the individual capacity of each type 2 projects, it corresponds to 34% of the total capacity (or 146 MW).

The third type corresponds to communities that have small production capacities (i.e.

they can benefit from feed-in-tariffs) and that place a stronger emphasis on profitability. Citizens have a role in the governance of these projects but it is proportional to their level of investment. This type includes mini-hydro projects, of which many were initiated by the company Ercisol specialised in the refurbishment of small old hydro power plants. We find small solar farm projects initiated by a local public actor, for instance elected officials (e.g. a mayor) willing to implement energy communities on their territory in association with local citizens. Lastly we find four biogas projects (below 500 kW capacity) initiated by local agricultures that open investment to citizens. The motto of Ercisol "neither demagogue nor angels", summarizes well the vision of these type 3 energy communities. Having in mind that not all shareholders are motivated by the ethic or the green impact of renewable energy projects, the objective of these energy communities is to carefully select and develop project that will allow distributing dividends to shareholders. These projects advertise average return on investment between 4 and 6%. can currently draw on. We have structured the analyses in three phases representing the main stages of development of energy communities: 1) the initiation phase; 2) the financing phase; 3) the exploitation and follow up phase. The analyses revealed that while many challenges are shared by all types of energy communities, some challenges differ depending on the size of the projects. Similarly, while some support can be drawn by all energy communities, others may be dedicated to energy communities of a certain size. A summary of the results is available in table 2. To recall aforementioned typology, small projects concern project eligible to feed-in tariff and gather energy communities included in type 1 and 3, while bigger projects concern those that are eligible for feed-in premium and represent type 2 and 4. Association (EPA) that proposes online tools and organises training and networking events. Moreover, dedicated regional or local centres financed by the region have been created to help energy communities get started (see also [START_REF] Wokuri | Consumer (Co-)Ownership in Renewables in France[END_REF]).

Here regional differences exist depending on the resources that these centres can mobilize. In Occitanie for instance, the centre called ECLR plays a central role in the development of energy communities and is the only regional centre that has both the capacity and the mission to support communities individually.

Similarly, very early in the initiation phase, initiators have to conduct activities that can be time consuming. They have to assess the appetite of local citizens to take part of a citizen-owned renewable power plant (e.g. thanks to opinion survey) and coordinate citizens mobilisation. Early development stages are also risky in that energy communities have to finance technical and economic studies for projects that may not be feasible. Project developers usually cover these costs by developing a portfolio of project, the benefit from successful projects covering the costs of feasibility studies for unrealised ones. However, energy communities cannot do that and these studies can represent real burdens on their financial sustainability and prevent projects from being realized. We found that several Regions grant subsidies to help finance these studies and decrease the risk faced by energy communities. In complement or alternatively to regional grants, ADEME can also support some actions, like communication. Moreover, following a consultation with various organizations supporting energy communities, the French government has set-up in 2018 a special fund, EnRCiT, to finance the financial phase of big energy community projects (Type 2 & 4) that is risky and crucial for the success of these projects. EnRCiT is operated by Energie Partagée and co-invests alongside citizens, communities and other shareholders. The objective is to provide adequate financial resources during the development phase, in order to carry out the technical, economic and regulatory studies of projects with a view to obtaining the required authorizations prior to construction. Finally, recent developments show that Enercoop -Enercoop supplies electricity generated 100% by renewables of which a part is generated by energy communities -proposes risk mitigating support to energy communities that fall under type 4. Enercoop builds the application file needed to apply to the tender procedure set-up by the French Energy regulator, CRE. When the project starts being constructed, Enercoop sells its part to the energy community.

That way energy communities can use the expertise of Enercoop to respond to call for tenders and increase their chance to win projects.

We also found mentoring to be very important as operational energy communities help emerging ones in their surroundings by sharing knowledge, best practices and access to their networks. One interviewee for instance explained that they invited an existing energy community to one of their first public meeting to present what they had achieved: "they gave us their statutes, their charter, their tools to make the financial plan and we started with this". Successful projects often inspire and provide support for others in their surroundings. This is for instance an important element in explaining the predominance of wind energy projects in Bretagne and Pays de Loire as few projects followed the successful realization of Begawatts, the first citizen wind project erected in France.

Moreover, we also found one additional type of support specifically dedicated to type 1 energy communities (solar clusters): the association Centrales Villageoises. This association centralises and mutualises information, best practices, and propose a tool kit to energy communities in the East of France. Its support is conditioned on one important characteristic: energy communities are bound to the charter of the association which places a lot of emphasis on using local resources and competences (social and solidarity economy) and reinvesting money on the development of new renewable energy projects, following predefined procedures. As expressed by one of the founders of Centrales Villageoises, being part of the network is a "guaranty of quality". In 2019, the "Centrales Villageoises" gathered 26 energy communities.

Finally, interviews also highlighted that type 1 energy communities, especially when they try to develop energy project on public roof-tops in urban areas, have to interact with various stakeholders from the local authorities. This is challenging as both sides have to learn to work with each other. One the one hand, energy communities feel that are facing severe administrative constraints. As one interviewee explained: "the urbanism department blocks us, the juridical department blocks us, the architects first says yes and then no". These additional constraints can result in lengthier projects or projects that do not get realised at all. On the other hand, energy communities are unusual partners and perceived as "a happy band of amateurs not well aware of administrative constraints". That may explain why public administrations pose sometimes very demanding constraints on the energy community before they agree to realize the project. This should improve as more projects are successfully realized in urban areas that can serve as exemplar for others.

Financing phase

Second, the financing phase is especially challenging for energy communities: they have to validate the financial plan of their project, raise crowd-equity, and obtain a loan. This often requires members of energy communities to gain skills and competences in financial planning. Similar to the initiation phase, energy communities can draw support from EPA or from the Centralles Villageoises (if they have obtained their label) to gather information or send members to training sessions.

Moreover, many energy communities express the difficulties to obtain bank loan, even those that benefit from feed-in-tariffs that are fixed for 20 years. As one interviewee explained: « banks are reluctant because of the governance structure and the presence of multiple shareholders ». Moreover, type 1 energy communities may also have difficulties raising money from local stakeholders because they are not able or willing to propose attractive returns on investment. As one interviewee explained: "we do not do that for the bucks". This statement is quite representative of the mind-set of members of type 1 energy communities. This however surely limits the attractiveness of the energy communities to people with very strong environmental convictions. Local authorities can play an important role by offering bank warranty thereby increasing the credibility of energy communities' projects towards banks. Besides, some region also offer investment grants and can increase the financial feasibility of projects. Region Occitanie for instance offers 1 euro per euro of citizen invested (with a maximum of 500 euros per citizen). This grant offers a higher profitability to project, and helps attract shareholders that are not motivated only by the ethic or the environmental impact of the project. In other cases, regional grants can support energy communities that want to test new technologies. Buxia energie for instance developed the first citizen-owned solar thermal plant thanks to the investment subsidy granted by AURA region.

We also found support dedicated to certain types of energy communities. For instance, the cooperative bank, la Nef, in association with Energie Partagée proposes a financing solution dedicated to type 1 projects that have difficulty to find a loan in a classical bank. Larger projects (type 2, 4 and sometimes 3) that demand high equity can use crowd-equity raising platforms such as Energie Partagée Investissement (EPI). This platform helps organize crow-equity raising campaigns and manage distribution of dividends to their shareholders. This second element is especially important given that the money energy communities raise comes from citizens who invested part of their savings in the energy community. Furthermore, energy communities also have difficulties managing the costs of their project and many, especially type 1 and 2 energy communities, highlighted grid connection costs as being problematic. Cost of grid connection can vary between 1,000 € and several tens of thousands of euros and this has a very important impact on the economic feasibility of the project. This leads to frustrations as expressed in the following quote: "what explains the lengthiness of this project and also almost killed it is the grid connection cost of Enedis (the French national DSO) which is absolutely not viable". It is however important to stress that important differences exist depending on the geographical location of the project and as one interviewee explained "even if a project makes sense locally, [grid connection cost] is a barrier and mainly in more rural areas". Indeed, the grid has historically been design in a descending manner with large centralised power plants producing power transported up to very remote areas in rural areas. When a new renewable energy production plant needs to be connected to the grid, project developers have to pay for grid reinforcement. These costs are usually much higher in rural areas where the grid has less capacity and can compromise the economic feasibility of many projects. Here we observed that local authorities can also play a role by including grid-reinforcement costs in other local development projects.

Finally, another difficulty experienced by many energy communities is to find an affordable insurance, especially when they want to develop project on roof-tops (usually type 1). And when they find one, they are often asked to pay high insurance premium. This is because insurance companies do not have standard offers for these types of projects and as one interviewee explained "do not understand what energy communities want". Because they rent the roofs on which the PV panels are installed, they are conducting project on buildings that do not belong to them. Some interviewees explained that they were asked to take the insurance normally proposed to prime contractors which has a very high premium even when they were not performing that role. Others said they had to pay the insurance of a service provider which is also very expensive. Here informal networks play an important role as energy communities share contact and best practices with one another.

Exploitation and follow up phase

As soon as a project is operational, it starts generating revenue by selling kWh of renewable electricity. As stipulated earlier, depending on their size, projects developed by energy communities can benefit from either feed-in tariffs (FIT) or feedin premium. Until 2016, energy communities had to sell they energy to EDF to benefit from the FIT. They can now choose to sell to the cooperative energy supplier Enercoop which has been authorized by decree to purchase at these regulated rates (with a maximum of 75 contracts and installed capacity of 100 MW in total). Moreover, big projects (type 2 and 4) can benefit from the participatory bonus introduced in 2015. This bonus grants additional public support (between 1 and 3 euros per MWh) to project that respects significant thresholds in terms of participatory financing (10% of the total financing or 40% of the equity capital provided by citizens and local authorities) for a minimum period of 3 years. The attractiveness of this bonus is now well established: all sectors combined, 36% of the winning projects have committed to the bonus, a rate that rises to more than 70% for the ground-based photovoltaic power plant sector [START_REF] Rüdinger | Les projets participatifs et citoyens d'énergies renouvelables en France. État des lieux et recommandations[END_REF].

In this phase, the challenges faced by energy communities mainly relate to organizational issues typical in the life of any volunteer-based organization: managing existing volunteer base, finding, training and integrating new volunteers, improving internal procedures, setting priorities on what to do next, etc. We observed that urban energy communities tend to have more difficulties keeping volunteers over long periods of time. One interviewee for instance explained: "we have people that are more mobile. […] It is a real problem for us. We have a high turnover of sometimes less than 3 months". This creates specific needs for information and knowledge management not to lose all the knowledge that volunteers accumulated when they leave and be able to transmit it to new members. We also observed that energy communities are conscious that their volunteer base is mostly composed of men with a technical background and are looking for ways to attract more diverse profiles. Some try to achieve this by initiating non-technical projects related to energy efficiency or by communicating about their project on social media that are more likely to touch a younger population. Interviews and field observations also revealed that many energy communities are assessing possibilities to move to an employeebased organisation to increase stability. To achieve that however, energy communities need to scale up and how this should be done can be source of important and not always easy discussions as this touches upon existential questions regarding what members expect from the energy community and what motivated them to participate in the first place.

Last but not least, a recent survey found that 75% of French consumers are interested in buying electricity directly from local producers and that half of French people are interested in investing in an energy community [START_REF] Leroy | Energie: Le consommateur, objet de toutes les attentions?[END_REF]. However, this does not reflect yet in people's willingness to participate and support energy communities. As one interviewee explained: "it is weird when we see the mobilisation against climate change. There are many people mobilised for these types of events. But when it is about implication on the question on collective energy production, it is less strong". Interviewees revealed that energy communities have difficulties finding attractive ways to communicate about who they are, why they were created and the projects they are conducting, even when they are considered as rather successful by their peers. As explained by another interviewee, "people who took part in the energy community are people that are quite sensitive to the subject. We do not mobilize the broader public, far from that".

Conclusion and policy implications

This research shows that energy communities are growing in France and that this has been enabled by supporting policy schemes. Moreover, similar to energy communities in other European countries, French communities still face a number of barriers. However, the analysis also reveals that the French energy community movement is gaining in maturity -the type of support that energy communities can draw on has diversified -and the movement has been able to obtain the creation of additional supporting tools (such as EnRciT) that can help further accelerate the movement. We would like to come back to two elements that explain the specificities of the energy community's movement in France.

A large predominance of solar cluster projects

The French energy community movement is largely dominated by small solar clusters. This may be explained by the high acceptability of solar PV technology in France (see for instance [START_REF] Qualit'enr | Les français et les énergies renouvelables-Baromètre 2018. Qualit'EnR[END_REF]. Moreover, interviews revealed that initiators of energy communities view solar roof-top projects as the easiest and quickest way to develop renewable energy projects locally. Small solar roof-tops projects allow members to gain hands-on experience with rather simple and not too risky projects that they are able to manage on their own (they require raising little equity for instance). This also helps gain trust both internally -by showing that active members can do this with the resources that they are able to mobilize -and externally -by demonstrating that it is possible to develop citizen-led renewable energy projects. This predominance of small solar clusters may also be explained by the fact that energy communities are often initiated by activists that distrust historical energy actors and that ambition to propose an alternative to prevailing energy system. As such collaborating with incumbent from the energy sector can feel unnatural or even contradict the very raison d'être of these energy communities. One the website of EPA we can for instance read: "projects financed by Énergie Partagée (and citizen project more generally) need to accept to sell their energy, often reluctantly, to EDF" (Énergie Partagée, 2017 -translated from French). Solar clusters offer the opportunity for citizens to fulfil their ideals in terms of energy democracy and to do that autonomously.

Besides, incumbent actors also look at these initiatives with distrust. The secretary general of Enedis for instance co-authored a tribune arguing that citizen energy communities can be detrimental to access to electricity [START_REF] Derdevet | Les communautés énergétiques citoyennes et l'autoconsommation peuvent se révéler néfastes pour l'accès à l'électricité[END_REF]. Similarly, energy communities feel that developers consider involving citizens in renewable energy projects as an additional constraint. As expressed by one interviewee: "for developers, citizens do not understand anything and are time consuming". Developers seem to undermine the facilitating role that energy communities can play -especially in increasing the acceptability of large renewable energy production projects -and prefer limiting the participation of citizens to the financing of projects instead of involving them in their governance as well. This may also explain why relatively few projects are co-developed with the private sector.

However, as mentioned in section 3.2, policy support schemes have evolved and made very small projects unattractive financially. Many interviewees fear that this push towards bigger projects will increase the entry barrier for citizens to initiate such projects, especially as citizens often consider large projects to be out of their scope.

Developing renewable energy production is demanding in terms of skills and even more so as project size increases. One could argue that that public money is more efficiently spent if it finances bigger projects that can help France reached its renewable energy targets. However, this way of evaluating energy communities disregards the fact energy communities can play a role well beyond renewable energy production but also in aspects such as energy literacy or energy efficiency. In fact many interviewees explained having started (or considering starting) such diversifying their activities because they realize that renewable energy production in only part of the solution.

Recent policy changes. We can expect that energy communities will become even more dependent on the presence of supporting organisations that can help initiators develop bigger and more risky projects. This may increase the geographical disparities, as projects may be more difficult to initiate in regions where local dedicated energy agencies do not exist and few projects have been realized that can serve as exemplar for others. Moreover, we argue that making it more difficult for energy communities to be initiated could represent a missed opportunity to benefit from the full potential that energy communities represent.

Explaining regional disparities

Our data clearly show that energy communities do not develop homogeneously across the country. Energy communities are particularly concentrated in three geographical zones, namely the Armorica (that includes pays de la Loire and Britany), the Occitanie and the East of France (including Auvergne-Rhône-Alpes and grand Est). These geographical differences cannot fully be explained by local biophysical conditions. We argue that these differences can be explained by the local historical contexts and the existence of dedicated regional schemes.

The predominance of type 2 projects in Armorica can be explained by the fact that Begawatts was the very first wind citizen project erected in France. In order to support the development of Begawatts, an association -Energies citoyennes en Pays de Vilaine -has been created. It also centralises the knowledge and expertise accumulated when realising Begawatts with the ambition to be able to support the emergence of similar initiatives. To this date three type 2 projects have been developed by the same association locally (EPV EnR citoyennes, 2019a). Moreover, these projects showed that renewable energy projects are never too big for citizens and inspired the development of similar projects in other parts of the Armorica region.

The predominance of type 1 projects in the East of France can be explained by the pioneering role played by the capacity builder association Centrales Villageoise. This association was jointly created by 5 regional natural parks and the regional environment and energy agency of Rhônes Alpes region (Centralles Villageoises Association, 2019). Thanks to the support of local public agencies, the association has been able to spread its PV cluster model (type 1) throughout first Rhônes Alpes region and more recently the North East as well.

The observed dynamic in Occitanie came later and has been pushed by a tailored regional call for tenders that granted 1 euro of subsidy per euro of citizen invested and that made it very attractive to develop energy communities in the region.

Besides, as aforementioned, Occinanie is the only region that gave the necessary resources to its regional environment and energy agency to provide tailored support to emerging energy communities locally.

In all cases, energy communities are highly dependent on regional financial schemes. Table 3 summarizes the type of support that is granted by the various regions. When correlating the number of energy communities and the existence of different schemes at the regional level, we find that regions with the lowest number of energy communities correspond to the regions granting the lower number of dedicated programs or aids as presented. This is for instance the case in regions like Centre or Normandy. Reversely, the geographical zone that are highly supported by their administrative region count for the highest number of energy communities, such as in the three above-mentioned geographical zones. Table 3: Existence of regional support schemes

Policy recommendations

Based on our analysis, we would like to make two policy recommendations.

First, current policies suggest that French policy makers view citizens as a means to help finance the energy transition. Citizens can invest part of their savings in renewable energy projects developed by their local energy community or by private developers. From this rationale, it makes sense to favour the development of increasingly bigger projects for which subsidies are more efficiently used. We argue however that this vision is very reductive and does not reflect the full potential role that energy communities can play in the energy transition. Energy communities have a role to play in allowing citizen take full ownership of the transition. This goes well beyond producing renewable power but also touches on issues of fostering energy literacy and energy efficiency for instance. This is especially important because citizens are expected to substantially modify their energy behaviour to realize a sustainable energy transition [START_REF] Steg | Understanding the human dimensions of a sustainable energy transition[END_REF]. Policy makers should recognize the plural role that energy communities can play locally and develop support schemes that reflect this plurality instead of pushing for ever bigger projects. This could for instance be done by introducing a participatory bonus similar to what exist for project that respond to call for tenders but for projects that benefit from feed-in-tariff.

Moreover, we posit that one of the reasons why energy communities face difficulties raising interest beyond people with a strong ecological mindset relates to their limited scope of action. More specifically, energy communities are not able to meet the growing demands for locally sourced renewable energy (see Leroy) because they can only offer people a possibility to invest money. They do not offer members the possibility to consume the energy that is generated by the community and to directly link that to their own energy bill. This is because to benefit from feed-in-tariffs, energy communities have to sell their power to EDF (and to Enercoop under very specific conditions). We argue that making it possible for energy communities to benefit from FIT disregarding which energy supplier they sell their power to would make it possible to create local energy cycles, make citizens contribution more tangible and create greater sense of ownership. The success of the postcode scheme [START_REF] Schwencke | A grassroots sustainable energy niche? Reflections on community energy in the UK[END_REF] for instance that enables members of Dutch energy communities to benefit from lower energy bills and reduced taxes on the electricity they consume when it is produced in the same or a neighbouring postal code, shows the appetence of citizens for this kind of projects.
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Text in English (528 words)

Frey's procedure corresponds to a pancreatic decompression by enucleation of the pancreatic head with pancreatic-jejunal anastomosis.

The main indication for this surgical procedure is the presence of chronic pancreatitis with predominant lesions at the cephalic level (hypertrophy of the head of the pancreas ≥ 35 mm) associated with many pseudocysts and calcifications, responsible for disabling pain [START_REF] Frey | Local resection of the head of the pancreas combined with longitudinal pancreaticojejunostomy in the management of patients with chronic pancreatitis[END_REF][START_REF] Roch | Frey Procedure in Patients with Chronic Pancreatitis: Short and Long-term Outcome from a Prospective Study[END_REF]. This video shows the case of a 55-year-old patient with chronic calcific pancreatitis of alcoholic origin weaned with a large pancreatic head (antero-posterior diameter 42mm) responsible for disabling pain episodes (Morphinic 120mg/day) with biliary and pancreatic compression. After failure of endoscopic biliary and pancreatic decompression procedures, the patient was referred for surgical management.

The video shows the different steps necessary to perform this surgical procedure [START_REF] Pessaux | Frey procedure in the treatment of chronic pancreatitis: short-term results[END_REF]. The exposure of the anterior surface of the pancreas is performed with section of the gastrocolic ligament and lowering of the right colonic angle and root of the transverse mesocolon.

After complete opening of the lesser sac cavity, a Kocher maneuver is performed allowing to evaluate the consistency and thickness of the pancreatic head. The dissection of the lower edge of the pancreas and identification of the superior mesenteric vein (SMV) is performed with particular interest to the VMS right edge at the lower edge of the uncus.

An enucleation of the pancreatic head (Figure 1) is performed and care should be taken to avoid duodenal injury, arterial and mesentericoporteal axis bleeding and posterior pancreatic perforation. The enucleation is started on the right with preservation of 5mm of pancreatic tissue to avoid duodenal injury. The median limit of enucleation is the right part of the SMV axis, emphasizing the need for earlier identification.

In case of venous bleeding, injury should be repaired in situ (the bleeding being controlled by digital compression) without attempting to clamp the SMV or the portal vein because dissection for clamping could be harmful and lead to overaccidents. The anterior pancreatic-duodenal arch is ligated at the upper and lower edges of the pancreas. The posterior plane is regularly checked by manual cephalic grip made possible by Kocher's maneuver. The main risk at this stage is retroperitoneal pancreatic perforation potentially leading to a pancreatic fistula. The pancreatic incision should be horizontalized to preserve a posterior thickness of pancreatic parenchyma of 5 to 8 mm corresponding to the posterior part of the enucleation area. In this video, enucleation of the pancreas head was extended to remove the biliary prosthesis with bacteriological analysis. The bile duct was reimplanted (Figure 2) to avoid the occurrence of postoperative inflammatory biliary stenosis.

Choleystectomy and external biliary drainage were performed to temporarily reduce biliary flow. Incision and longitudinal opening of the main pancreatic duct from the body to the tail was about 10 cm long. A V-shape incision was made to remove an anterior part of pancreatic parenchyma (Figure 3). Then, a latero-lateral pancreatic-jejunal anastomosis was performed with 60 to 70 cm long Y-shaped jejunal loop (according to Roux) passed trans-mesocolically (Figure 4).

Postoperatively, this patient had no abdominal pain symptoms, with a weight gain of 2 kg at 3 months. This video shows surgical steps necessary to perform a Frey procedure in a patient with chronic pancreatitis. Source: The authors, adapted from EPA.
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 1 Figure 1: Annual launches of energy communities in France; Source: Authors Many energy communities have a collegial governance with the following types of stakeholders: i) citizens (shareholders, associations, salaries); ii) public authority (local authority and agency); and iii) private stakeholders/investors. The large majority (76%) of energy communities develop solar (rooftop PV) power plants.

Figure 2 :

 2 Figure 2: Distribution of communities by technology in number (left) and in installed energy capacity (right) ; Source: Authors adapted from Energie Partagée

Figure 3 :

 3 Figure 3: Geographic distribution of energy communities by Region in France; Source: Authors adapted from Energie Partagée, maps elaborated based on data from in December 2019.

  36kWc and 99kWc. Type 1 energy communities that have completed multiple clustered projects can gather an installed capacity up to 1 MW (e.g. Grési 21 energy community). This type of community is generally launched with 40 citizen shareholders, and established ones can gather up to 500 participants. These projects place a strong emphasis on using local resources and competences and people involved in the projects are mostly motivated by energy transition and participative democracy since the profitability (return of investment) of these structures is low (max 2%) and may even be null for certain energy communities. Active memberships are essential for sustaining communities' actions and growth, particularly for the smaller projects for which many tasks are done by volunteers. The large majority of the projects take place in rural areas with a few exceptions in cities like Paris, Lorient, Grenoble or Lyon. This type is the largest when considering the number of projects, 63% of energy communities censed in Energie Partagée. Because of the limited individual capacity supplied by this type, they count only for 9% of the total energy communities' capacity in France (or 37 MW).

Finally

  , it is interesting to mention that most energy communities we interacted with expressed their interest in diversifying their activities beyond the pure production of energy. Promoting energy efficiency for instance is a recurring theme where they think they could play a facilitated role even though view have identified in what way they could contribute exactly. Last but not least, figure 4 shows the distribution of energy communities by region and by type. It is worth to notice in particular that large projects (type 2 and 4) are proportionally over represented in Pays de la Loire compared to other regions, and that half of type 1 communities are concentrated in Occitanie, Auvergne-Rhône-Alpes and Grand-Est regions.

Figure 4 :

 4 Figure 4: Distribution of energy communities by French administrative regions and type; Source: Authors

4. 1 .

 1 Initiation and development phaseEnergy communities are initiated by a small group of citizens and/or public authorities. In the initiation phase, initiators have to overcome typical challenges faced by citizen-led energy projects such as gathering support from a minimum number of citizens, identifying and agreeing on what the first project should be, under which legal status and governance structure, etc. To help them getting started, they can draw support from knowledge sharing platforms such as Energie Partagée

Type 2: never too big for citizen

  

		Equality governance (1 man = 1 vote)	Proportional governance
	Eligible for feed-in tariff	Type 1: citizen PV cluster • (cluster of) roof top PV & 1 micro-hydroelectricity plant, all	Type 3: "neither demagogue nor angels" • PV, biogas , micro-
		led by citizen • 63% of communities, or 9% of total capacity of energy	hydroelectricity plants initiated by public actor. • 9% of communities, or 2% of
		communities	total capacity of energy
			communities
	Eligible for feed-in premium	• Mainly wind plants, micro wood or solar plants led by citizen • 10% of communities, or 34% of	Type 4: co-developed with public/private actors • Wind plants, micro wood or solar plants co-developed with public
		total capacity of energy communities	or private actors • 17% of communities, or 55% of
			total capacity of energy
			communities

Table 1 :

 1 French energy communities typology

  The municipality (Pratz de Mollo located in the French Pyrenees) and its DSO want to develop 100% of renewable energy produced throughout its territory by 2021 with a multi-energy approach (micro-hydro, photovoltaic and biogas projects). In total, type 4 counts 17% but represents the large majority of the total capacity of French energy communities, 55% or 236 MW.

That way they aim to attract more easily citizens in their capital or to get more easily citizens engaged in local project development. In total, this type represents 9% of energy communities, or 2% of energy communities capacity.

The fourth type corresponds to big projects, such as wind and solar PV farms or wood chip district heating, co-led by public and private actors in which investment is open to citizen. Because of the large-scale investments and administrative burden, these projects are often developed and initiated by companies that design, build, finance and operate the project under a 15 or 20 year contract, with energy sale based. Forestener offers such a model to Lucinges city located in the French Alps. It looks like a classical wood chip district heating system, except citizen can invest and participate to project governance. Other projects take the form of public-private partnership with a majority public involvement (51% to 85% of the capital), the "sociétés d'économie mixte" (SEM). The SEM thus derive from communities and not from the industry stakeholders. Pratz Enr is one of the four SEM censed in Energie Partagée database:

Table 2 :

 2 Summary of the challenges faced by energy communities and the type of support they can draw on.

Table 2 :

 2 French renewable energy communities typology

		Equality governance (1 man = 1 vote)	Proportional governance
	Smaller projects eligible for	Type 1: citizen PV clusters • (clusters of) roof top PV & 1 micro-hydroelectricity plant, all	Type 3: "neither demagogue nor angels" • PV, biogas, micro-
	FIT	led by citizens • 63% of communities, or 9% of total capacity of renewable	hydroelectricity plants initiated by public actors • 9% of communities, or 2% of
		energy communities	total capacity of CREPs
	Bigger projects eligible for feed-in premiums	Type 2: never too big for citizens • Mainly wind plants, micro wood or solar plants led by citizens • 10% of communities, or 34% of total capacity of CREPs	Type 4: co-developed with public/private actors • Wind plants, micro wood or solar plants co-developed with public or private actors • 17% of communities, or 55% of
			total capacity of CREPs

Table 3 :

 3 Regional support schemes and dedicated agencies

	French		Financial schemes		CRE agencies
	administrative region	Communic ation subsidies	Feasibility study subsidy	Investment subsidies	Bank warranty	Call for projects	Name	Initiation date
	Grand Est			x			GECLER	2019
	Auvergne-							
	Rhône-Alpes	x	X	x		x	AURACLE	2013
	(AURA)							
	Bourgogne -Franche-Comté	x		x			Etincelle	2018
	Bretagne	x		x			Taranis	2011
	Centre	x					Energie Partagée	2016
							Centre	
	Haut-de-France	x					Under construction	
	Île-de-France	x		x			Energie Partagée Ile	2015
							de France	
	Occitanie	x	X	x	x	x	ECLR	2015

According to last CRE revision in

2016, are eligible only solar plants installed on buildings whose installed capacity does not exceed 100 kW; small hydroelectricity or biogas plants with and installed capacity below 500 kW.
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