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Introduction

This paper aims to contribute to the ecological economic discourse through a new concept of innovation which we call "convivial innovation." Observation of four sustainable communities in France led us to look at Ivan Illich's notion of conviviality through a new lens.

The members of the communities that we interviewed, even without mentioning the word "conviviality," talked about their search for the autonomy, self-sufficiency, and personal achievement that arises from living a simpler life. They focused on reducing their consumption and production through waste recovery and the design of technologies using the materials at their disposal. When we gather these characteristics into a formal definition, this is very similar to Illich's definition of conviviality: I choose the term "conviviality" to designate the opposite of industrial productivity. I intend it to mean autonomous and creative intercourse among persons, and the intercourse of persons with their environment; and this is in contrast with the conditioned response of persons to the demands made upon them by others, and by a man-made environment. I consider conviviality to be individual freedom realized in personal interdependence and, as such, an intrinsic ethical value. I believe that, in any society, as conviviality is reduced below a certain level, no amount of industrial productivity can effectively satisfy the needs it creates among society's members. (Illich, 1973: 11) Through the idea of conviviality, Illich envisioned "a life style and (…) a political system which gives priority to the protection, the maximum use, and the enjoyment of the one resource that is almost equally distributed among all people: personal energy under personal control" (Illich, 1973: 11-12). He called for "the substitution of industrial tools with convivial tools" (Illich, 1973: 12) and he criticized "the enslavement of man to his tools" (Illich, 1973: 12). As he further explained:

People have a native capacity for healing, consoling, moving, learning, building their houses, and burying their dead. Each of these capacities meets a need. The means for the satisfaction of these needs are abundant so long as they depend primarily on what people can do for themselves, with only marginal dependence on commodities. (Illich, 1973: 68) Thus, a tool is convivial if it can be used without pain as often as needed for a freely chosen end. Its use is open to others and does not require credentials.

Illich's definition of what is convivial is very broad: I use the term "tool" broadly enough to include not only simple hardware such as drills, pots, syringes, brooms, building elements, or motors, and not just large machines like cars or power stations; I also include among tools productive institutions such as factories that produce tangible commodities like cornflakes or electric currents, and productive systems for intangible commodities such as those which produce "education," "health," "knowledge," or "decisions." (Illich, 1973:20) The new concept which we define in this paper is that of "convivial innovation," which is the creation of convivial tools that can be understood across social and material dimensions. This creation is a permanent process of finding solutions, of adapting and imagining new ways to satisfy needs and achieve personal fulfillment in communities. Some existing technologies can be adopted and adapted by the villagers in their own manner; some have already been tested and developed many miles away, in a different community, without them being aware.

Convivial innovation is intended to replace the market with self-reliance and autonomy, which makes it distinct from eco-innovation. Growth-oriented eco-innovation focuses on a dynamic of selling and buying more, whereas convivial innovation breaks from this dynamic.

The communities in our case study focus on being less market-dependent because the community, labor, and nature provide the necessary goods and services. Of course, market relations are not completely eliminated, but we emphasize the dynamic of self-reliance versus commodification and consumption in this context. Our use of the terms "innovation" and "technology" may be questioned because they imply the application of a market-based approach to sustainable communities. Many current studies give the concepts of social innovation and eco-innovation a broader scope (e.g., the term "eco-innovation" is a keyword in the European Union 2020 strategy). We could have chosen to use a new term, such as "implementation of tools for conviviality," instead of "convivial innovation." However, the advantage of the term "convivial innovation" is that we can avoid creating a new vocabulary which could be even more confusing. It is also useful to compare "convivial innovation" with the well-established concept of "eco-innovation" and with "frugal innovation." Frugal innovation (jugaad in Hindi) is similar in that it involves production from scrap using locally available, low-cost materials and basic skills, but it is market-based and is specifically designed for multinational corporations in poor countries [START_REF] Radjou | Frugal Innovation: How to Do More with Less? The Economist in Association with Profile[END_REF]. This paper attempts to introduce the "convivial innovation" concept as a strategy for economic degrowth as "an equitable downscaling of production and consumption that increases human well-being and enhances ecological conditions at the local and global level, in the short and long term" (Schneider et al., 2010: 512). Unlike market-oriented, for-profit strategies to increase consumption, convivial innovation reduces a community's material throughput and can be compatible with economic degrowth. The general idea of degrowthoriented innovations can be found in Schneider et al. (2010: 512-513): "research and technological innovations for consuming less through lifestyles, political measures and technologies which embody appropriate and chosen limits, rather than continuous innovation to spur consumption." Convivial innovation can be considered as one type of degrowth-oriented innovation.

Convivial innovation is adaptable, accessible, and locally available, and it is seen as a means to satisfy community needs. This concept is clearly different from the "market" and "technology" bias in mainstream innovation theory. The technological system converts means into ends (Illich, 1993). In sustainable communities, innovation is a means, not an end. Thus, conviviality incorporates both the kind of innovation that is being developed in these communities and its purpose, that is, to satisfy needs and achieve survival, justice, and creative autonomy. Sustainable communities can be seen as bottom-up initiatives toward a future degrowth society.

We study four cases in France to better understand the theory. We aim to reconcile the general with the particular through abductive reasoning [START_REF] Niiniluoto | Defending abduction[END_REF]. Ketokivi and Choi (2014: 236) explain that "in case research, abductive reasoning involves modifying the logic of the general theory in order to reconcile it with contextual idiosyncrasies." This study therefore explores the scope for applying a non-market, low-tech approach to address innovation processes in sustainable communities from a different perspective and to suggest a new tool for conceptualizing and analyzing these processes, i.e. conviviality.

The remainder of the paper proceeds as follows. Section 2 presents the theoretical framework, and Section 3 explains the data collection method. The four case studies are presented in Section 4. We discuss our findings and conclude in Section 5.

Theoretical framework

The understanding of sustainable communities as catalysts for social and ecological transformation has been central to many sustainable development studies [START_REF] Carroll | Twenty-five years in the making: Why sustainable development has eluded the U.N., and how community-driven development offers the solution[END_REF][START_REF] Gesota | Ecovillages as models for sustainable development: A case study approach[END_REF][START_REF] Irrgang | A Study of the Efficiency and Potential of the Ecovillage as an Alternative Urban Model[END_REF][START_REF] Wagner | Ecovillage research review[END_REF][START_REF] Zamchevska | Sustainable development principals in a community setting: A case study of O.U.R ecovillage[END_REF]. Prior studies have analyzed the transition towards a "green economy," defined by the United Nations (UNEP, 2011) as "a low carbon, resource-efficient and socially inclusive" economy, from a multi-level perspective by considering local innovation capacities [START_REF] Smith | Innovation studies and sustainability transitions: The allure of the multi-level perspective and its challenges[END_REF]. Innovation studies have increasingly attempted to incorporate grassroots initiatives in a variety of ways (Moulaert et al., 2017;[START_REF] Wagner | Ecovillage research review[END_REF].

In parallel with social innovation, the notion of eco-innovation has developed from the perspectives of sustainable development and green growth. As Rennings (2000: 322) states, "Eco-innovations can be developed by firms or non-profit organizations, they can be traded on markets or not, their nature can be technological, organizational, social or institutional."

According to the OECD (2009: 14), eco-innovation applies to products, processes, marketing methods, organizations, and institutions which are defined as "broader societal area(s) beyond a single organization's control, such as institutional arrangements, social norms and cultural values." Eco-innovation can be material or non-material, and it includes social innovation. We can consider eco-innovation as the primary target for green growth and sustainable development on innovation policy agendas. For example, eco-innovation is a central target of the European Union Strategy 2020, which aims to create market value while increasing the environmental performance of products. Thus, eco-innovation is not limited to firms and technology.

Similarly, sustainability is not limited to technology, as it also encompasses the relationships between humans and nature. According to [START_REF] Norgaard | Development Betrayed[END_REF], development becomes unsustainable when technology outpaces social change. [START_REF] Rennings | Redefining innovation -eco-innovation research and the contribution from ecological economics[END_REF] contends that most innovation studies have a "technological bias." However, this focus on technological change can be misleading, as sustainability also requires appropriate institutional arrangements [START_REF] Vatn | Institutions and the Environment[END_REF].

Alternative, degrowth-focused approaches to technology are being developed amidst intense debates between technology supporters and sceptics. Degrowth and technology research explores new concepts, such as "degrowth technology" and "degrowth society." [START_REF] Kerschner | Degrowth and technology: Towards feasible, viable, appropriate and convivial imaginaries[END_REF] provide various perspectives on technology and degrowth. This study uses two theoretical perspectives. The first is the concept of sustainable communities and eco-villages

The second is [START_REF] Illich | Tools for Conviviality[END_REF] notion of tools for conviviality, reformulated by [START_REF] Vetter | The matrix of convivial technology -Assessing technologies for degrowth[END_REF] as convivial technology, from which we derive the concept of convivial innovation (or innovation for conviviality). We discuss both perspectives in this section.

Sustainable communities

There are many different types of sustainable communities. Small-scale communities include sustainability transitions, low carbon communities, community land trusts, eco-villages [START_REF] Gesota | Ecovillages as models for sustainable development: A case study approach[END_REF][START_REF] Hall | The ecovillage experience as an evidence base for national wellbeing strategies [online[END_REF][START_REF] Kirby | Redefining social and environmental relations at the ecovillage at Ithaca: A case study[END_REF][START_REF] Losardo | New ways of living, as old as the world": Best practices and sustainability in the example of the Italian Ecovillage Network [online[END_REF], and initiatives involving the construction of eco-sites [START_REF] Forrest | Learning from success: Toward evidence-informed sustainability transitions in communities [online[END_REF]. They can have different origins, visions, motives, and resources. They can be human-scale settlements, such as small villages, as well as small towns or neighborhoods (e.g., co-housing). A good location or well-chosen site (for new settlements) plays an important role, as does access to diverse natural resources.

These communities are oriented towards alternative ways of living, such as seeking selfsufficiency and independence. They are generally community-driven [START_REF] Forrest | Learning from success: Toward evidence-informed sustainability transitions in communities [online[END_REF], and conviviality is essential to their development. According to Cattaneo (2015: 198), "eco-communities provide insights as to how a degrowth society might look." By pursuing their well-being through more sustainable lifestyles, sustainable communities achieve voluntary simplicity, which is an aim of degrowth. Crafts, permaculture, own production, selfconstruction, do-it-yourself (DIY) practices, energy conservancy, reusing, recycling, and repairing are among the "nowtopias" [START_REF] Carlsson | Nowtopia: Strategic exodus?[END_REF] implemented in these communities. Through nowtopias, people are taking back control of their time and technological know-how in a genuine shift to escape from market life [START_REF] Carlsson | Nowtopia: How Pirate Programmers, Outlaw Bicyclists, and Vacant-Lot Gardeners are inventing the Future Today[END_REF].

Eco-villages are a type of sustainable community. According to Gilman (1996a: 1), "An ecovillage is a human scale, full-featured settlement, in which human activities are harmlessly integrated into the natural world in a way that is supportive of healthy human development and that can be continued into the indefinite future." [START_REF] Losardo | New ways of living, as old as the world": Best practices and sustainability in the example of the Italian Ecovillage Network [online[END_REF] mentions that the concrete definition of an eco-village is still being developed. However, eco-villages are unique in their pursuit and practice of sustainability [START_REF] Losardo | New ways of living, as old as the world": Best practices and sustainability in the example of the Italian Ecovillage Network [online[END_REF]. The Global Ecovillage Network (GEN, 2016) has registered more than 700 types of eco-villages worldwide.

Eco-villagers usually have a vision based on practices and innovative technologies that combine personal, social, and environmental sustainability goals. Eco-villagers decide to change their lifestyles completely and move to sustainable communities because, as Kirby (2003: 324) states, "at the same time there has been an increasing sense of the community principles breakdown as the modern life in the city has become even more segmented. This has resulted in feelings of isolation and disconnectedness." [START_REF] Kunze | Social innovation and the global ecovillage network[END_REF] emphasize the radical nature of the eco-village movement as it takes a holistic approach, including to lifestyle, community, and personal transformations.

They argue that eco-villages contribute to "social innovation, change and transformation," explaining that they: … provide laboratories of social innovation that trigger new systems of organization, governance and regulation which creates an autonomous infrastructure and basic services which, again, provides a laboratory for social innovation. If system innovations spread outside the ecovillage and outside the ecovillage movement, they can foster societal transformation. (Kunze and Avelino, 2015: 111) Forrest and Wiek (2014) claim that "grassroots" niches, i.e. small community initiatives, play an important role in the transition to sustainability at the local level. They confirm the potential of small-scale community sustainability transitions by highlighting improvements such as reductions in CO2 levels and increased accessibility to different parts of the community, civic engagement, and social cohesion. However, they also note that their study provides little empirical evidence of the effectiveness of transitions [START_REF] Forrest | Learning from success: Toward evidence-informed sustainability transitions in communities [online[END_REF].

They believe that new social practices develop and lead to wider societal change through the replication of these small changes and improvements. [START_REF] Johanisova | A comparison of rural social enterprises in Britain and the Czech Republic[END_REF] claims that governments do not focus enough on sustainability. She views sustainable transition as being the responsibility of local grassroots initiatives or, more broadly, any local organization. The main objective of such initiatives is to show that is it possible to become more, if not fully, self-sufficient and independent [START_REF] Hall | The ecovillage experience as an evidence base for national wellbeing strategies [online[END_REF][START_REF] Johanisova | A comparison of rural social enterprises in Britain and the Czech Republic[END_REF]. [START_REF] Hargreaves | Grassroots innovations in community energy: The role of intermediaries in niche development[END_REF] argue that a new sustainable community project must emphasize the local external context. Despite the internal similarities of sustainable communities, few practices can be easily replicated because of inconsistencies and dissimilarities among their external contexts [START_REF] Hargreaves | Grassroots innovations in community energy: The role of intermediaries in niche development[END_REF].

Within our four case studies, we identify a very wide range of practices and technologies despite initial similarities in their visions and aims. Several factors, such as location choice, the use of individual or collective decisions, and many more, clearly play important roles.

Convivial tools and innovations

Following [START_REF] Illich | Tools for Conviviality[END_REF] definition of "tools for conviviality" and Vetter's (2017) definition of "convivial technology," we use the term "convivial innovation," which refers to the creation of new tools for conviviality. These can be material tools or new ways to interact or organize village life.

Convivial technology originates from the notion of "grassroots technology," or technology developed outside the market and independent of profit-oriented strategies. It has five core dimensions: relatedness, adaptability, accessibility, bio-interaction, and appropriateness. [START_REF] Vetter | The matrix of convivial technology -Assessing technologies for degrowth[END_REF] introduced an assessment tool, the "matrix of convivial technology" (MCT) (found at convivialtechnologies.org). The MCT is a convivial tool which "helps in selfreflecting central issues of degrowth thinking" (Vetter, 2017: 7). It is correlated with four elements of the life cycle: materials, production, use, and infrastructure. Convivial technology is the result of convivial innovation. An important distinction between eco-innovation and convivial innovation is that, whereas eco-innovations are intended to prevent environmental harm, convivial innovations address environmental damage through bio-interactions (e.g., biodynamic technology in agriculture) or eco-reversibility. We summarize the main differences between "convivial innovation" and "eco-innovation" in Table 1. 

Accessible and adaptable

Users of convivial tools aim to be autonomous and creative both in their relations with each other and in their relations with their environment and seek freedom from control by specialists. However, industrial production is limited rather than abolished to rebalance convivial (e.g., bicycles) and non-convivial tools (e.g., cars). Convivial tools help to free individuals from the need to buy products in the market. Individuals can therefore live creative and autonomous lives and still improve the efficiency of their tools. The users of these tools are not merely machine operators or clients of stores that sell devices which use the tool. Instead, convivial tools foster and expand the natural abilities of their users.

According to Illich:

Tools foster conviviality to the extent to which they can be easily used, by anybody, as often or as seldom as desired, for the accomplishment of a purpose chosen by the user.

The use of such tools by one person does not restrain another from using them equally.

They do not require previous certification of the user. Their existence does not impose any obligation to use them. They allow the user to express his meaning in action. (Illich, 1973: 22) A crucial difference between industrial innovations (which include "eco-innovations") and "convivial innovations" or "renewal of convivial tools" is, in Illich's terms, that "Industrial innovations are planned, trivial, and conservative. The renewal of convivial tools would be as unpredictable, creative, and lively as the people who use them." (Illich, 1973: 75). Convivial innovation is a "small-scale renewal:"

In the present scheme of large-scale obsolescence a few corporate centers of decisionmaking impose compulsory innovation on the entire society. Continued convivial reconstruction depends on the degree to which society protects the power of individuals and of communities to choose their own styles of life through effective, small-scale renewal. (Illich, 1973: 73) Essential values are the very basis of a convivial structure, regardless of its culture. Illich mentions three essential values: survival, justice, and self-defined work. Survival is a necessary but not sufficient condition for justice, as survival is possible in prison. The conditions for the just distribution of production inputs (e.g., energy and scarce resources) is a necessary but not sufficient condition for convivial labor, as an individual can be enslaved by the tool. Autonomy encompasses the values of survival and justice, and it defines convivial labor. User autonomy is the power to control the flow of energy as users wish. In the postindustrial era, one individual's creativity should not impose work, knowledge, or consumption on another person. Each of these values therefore limits tools differently, and social and material aspects are both involved in determining how individuals interact.

Illich stresses the importance of building convivial structures for justice preservation:

In the age of scientific technology, the convivial structure of tools is a necessity for survival in full justice which is both distributive and participatory. This is so because science has opened new energy sources. Competition for inputs must lead to destruction, while their central control in the hands of a Leviathan would sacrifice equal control over inputs to the semblance of an equal distribution of outputs. Rationally designed convivial tools have become the basis for participatory justice. (Illich, 1973: 13) Vetter ( 2017) extended Illich's tools for conviviality by designing the MCT. She identified five dimensions:

(1) Relatedness refers to being part of the ecological cycle (e.g., composting toilets).

Regeneration requires increasing the supply of renewable ecosystem services while decreasing the demand for resources [START_REF] Fleming | Design Education for a Sustainable Future[END_REF]. Fleming and Roberts (2019: 80) explain that "this can include, but is not limited to, generating more energy onsite, using landscape systems to store and clean storm-water and clean the air, configuring the building to increase daylighting and natural ventilation, specifying renewable, biodegradable and locally available materials, and restoring structurally sound historic or industrial sites for new purpose."

(2) Accessibility is the pooling of resources (e.g., in tool libraries), which offers access to "material and immaterial necessities to build or use a technology" (Vetter, 2017: 5).

(3) Adaptability is the ability to determine the independence or interdependence of the technology being used. It depends on the scale of operations. For example, permaculture technologies are small-scale and slow. Many tools can be built from scratch (e.g., small wind turbines).

(4) Bio-interaction relates to the technology's interaction with nearby living organisms.

Regenerative technologies can enhance air, water, and soil quality [START_REF] Fleming | Design Education for a Sustainable Future[END_REF].

(5) Appropriateness relates to the local availability of materials and skills. Recycled, repaired, and reusable materials can be low-tech inputs for building or re-building structures (e.g., bicycles, buildings, sewing machines, etc.).

According to [START_REF] Vetter | The matrix of convivial technology -Assessing technologies for degrowth[END_REF]:

The dimensions of MCT refer not to efficiency or economic performance but to conviviality, therefore it can change views about which technologies are desirable and which are not. Because of its form the MCT can help to structure discussions and to avoid simple dichotomies between techno-optimism and techno-pessimism. Vetter (2017: 8-

9)

The MCT is a convivial tool which can be used both to assess existing technologies and to shape the vision of future projects, especially in terms of accessibility. The absence of patenting and, generally, of any market-driven investment strategies ensures the transferability of technologies between communities, as convivial innovation is not motivated by profit. There are no financial boundaries between innovators and potential users. The pooling of resources related to the accessibility condition drives the free circulation of ideas in material and immaterial forms, which are highly adaptable and userfriendly. The keyword in this new frame could be co-creation. People involved in the convivial innovative process are cooperative and open to available information about existing technologies and their potential developments. Therefore, the focus is on adaptability of convivial innovations to local conditions rather than on bringing novelty to consumers.

Method and data

This study uses multiple case studies to develop theory [START_REF] Eisenhardt | Theory building from cases: Opportunities and challenges[END_REF].

The first phase of research involved a literature review. Online research, mainly using the official websites and blogs of various communities and the GEN, provided further information. The final dataset was obtained from guided visits, simple observations of each site, and semi-structured interviews. The research was based on the triangulation of interviews, secondary data, and direct observations.

We studied four settlements or projects in southeastern France. These case studies were chosen because of their similar cultures and aims (i.e., moving towards a more sustainable way of living, focusing on environmental preservation and eco-reversibility, creating a healthy lifestyle and community redevelopment, and achieving self-sufficiency and autonomy). They have similar scales and capacities in terms of their motivation, experience, support from the municipality, and financial, technical and construction resources. However, they differ in age, in the practices they use, and the technologies they implement. The sustainable communities are of similar size, with up to 500 inhabitants or participants, but they differ in their type of settlement. We consider one eco-village, one alternative village, one eco-site, and one city in transition in which a small group has initiated a similar project.

An eco-site is an activity center focusing on development, innovation, and knowledge transfers related to a sustainable development agenda. It can evolve into an eco-village when the community grows and begins to settle at the eco-site location. The eco-site is therefore integrated into a village.

The four settlements are located at different levels of the mountain foothills. They are at different altitudes, ranging from 200 meters (Hameau des Buis), to 399 meters (Montbrison-Forez), 827 meters (Karma Ling Institute) and 980 meters (Éourres). This makes a difference in terms of accessibility, proximity to resources (wood, water, food, shelter), and weather conditions between the four locations.

In each case, we observed the physical location in detail before and after carrying out semistructured interviews (with the exception of the Montbrison-Forez case, which we were unable to visit before the interview). It was important to visit the location before the interview in order to collect information without having any preconceived ideas. Postinterview visits were conducted to confirm the observational data collected. Each interview lasted between two and four hours, and, on each occasion, the interviewer was introduced to new inhabitants or members and, in some cases, was invited for lunch. Table 2 summarizes the four case studies. 

* Nine founding members

We observed extreme differences in the proportions of villagers engaged in the community project (90% in Éourres, 10% in Karma Ling and Hameau des Buis, 3% in Montbrison-Forez).

These differences reveal certain characteristics of involvement and interaction with the external communities.

Éourres is the most remote location in the alpine area, and its rural population intentionally Nevertheless, none of the four communities has achieved full autonomy. Their members still buy products and services (energy supply) from companies; they also take jobs outside of the community. According to Illich, autonomy is an important achievement of convivial tools as they free the users from control by experts. But conviviality does not require full autonomy because it cannot completely abolish industrial production. We would like to emphasize that Illich envisioned a rebalancing of convivial and non-convivial tools (such as carpooling and the use of solar panels to produce electricity).

In all four cases, convivial tools (Table 3) share the following characteristics:

-They can be modified to include mass-produced products (e.g., solar panels or electricity).

-They can be maintained and developed by the inhabitants.

-Some are material and some are not (e.g., chambre chaude system in Éourres).

-They focus on simplicity (e.g., voluntary simplicity or happy sobriety, as mentioned by Emmanuelle from Éourres).

-They are financially autonomous (no or very little public funding).

-They are accessible to non-members (e.g., through education, training, visitors, DVDs, and networks).

-They still depend on monetary flows and commodity markets. 

The four cases

Éourres

Éourres is a small village in the south of the Hautes-Alpes department situated at 980 meters of altitude. In 1977, a group of young people with common aspirations for a better, simpler life discovered a near-ruined village that had lost most of its population after the Second World War. According to Emmanuelle, an inhabitant of the village, "we wanted to turn to a sustainable lifestyle, including dematerialization, a certain level of austerity, or asceticism."

The technologies and practices in the community differ across houses and families. Different materials are used for buildings, including straw, timber frames, lime-hemp and raw trunks, mud, and thatch. Villagers make use of common heating and laundry facilities and enact strong ecological resistance (e.g., refusal to use power-line communications, antennas for mobile signals, or smart grid devices to collect usage data). They practice composting, tree planting, and pasture revitalization. The community has insufficient high-quality soil, and, thus, there is a project to revitalize the afforested pastures and arable land where black pines were previously planted. Black pines are being replanted elsewhere to reduce erosion caused by overgrazing. The wood is used for heating and building, and some members have even mined coal. The revitalized land is being cultivated using organic farming practices (i.e.,

France's AB label).

Villagers are also grafting fruit trees onto wild trees of the same type to hasten the growing process and increase the trees' chance of survival because fruit trees demand more care and resources. They have grafted more than one hundred trees throughout the village, which in a decade will provide plenty of fresh fruit to pick. Another convivial innovation in Éourres is the so-called chambre chaude system. Local farmers bring their products to the chambre chaude storehouse, to which the villagers can go whenever they wish and take only the food they need. They note the weight of their food on the sheet that corresponds to their name and they receive a bill at the end of the month. This system avoids the need for packaging and contributes to lower levels of waste, as villagers do not need to store excessive amounts of food at home. This easily applicable and well-functioning system makes them independent of the opening hours of grocery stores. The system is autonomy-focused, adaptable, and accessible. It is also small-scale and easy to use. However, it requires farmers to trust the customers, and the customers must be able to rely on the farmers.

Karma Ling

The Karma Ling project began in 1979, when a spiritual, cultural, and historical location in the heart of the Savoyard forest inspired Kyabje Kalu Rinpoche, a prominent Tibetan master, and Lama Denys Rinpoche, her oldest Western scholar. They called the location Karma Ling, which refers to the study of the teachings of Buddha. The Karma Ling Institute, together with the Garuda Ling Retirement Center and the Rimay Nalanda University, was established in 1984.

The location is somewhat isolated, at 827 meters of altitude in the Alps. Although the closest village, Avillard, is around five kilometers away, the location is relatively difficult to access, and the eco-site is well hidden in the Savoyard forest. Along with the forest, a stream from the mountains provides the eco-site with the necessary resources. To begin with, a ruined ancient catholic monastery (La Chartreuse de Saint Hugon) was renovated by volunteers. A Tibetan stupa and the first wooden houses, which were well insulated by straw bales, were then constructed. The community is discussing the future use of windmills and a wind power plant as well as hydrothermal or geothermal power.

The members are responsible for all of the community's needs. Local employment in the community makes it autonomous as it needs a variety of skills, such as those for teaching at the university, teaching yoga, aikido and massage, construction, agriculture (e.g., lumberjacks, farmers, orchardists, etc.), as well as for reception, cooking, and working in the visitors' book store. According to one representative of the Karma Ling Institute:

"It was intended that the institute would employ all its inhabitants and it has the capacity to do so, yet there are some who chose to work externally. As the eco-site is developing constantly, new buildings are being constructed, and a new piece of land is being transformed into a plant bed. In this way, we are constantly working on building efficiency improvement, implementation, or new techniques and practices in agriculture, forestry, energy production, and consumption. In addition, the university, with its enormous number of courses, offers many employment opportunities."

There are different forms of convivial innovations in Karma Ling, such as new courses, new ways of interacting with people in circles for mindfulness practice, as well as new activities created in situ and knowledge creation.

Karma Ling has a high emphasis on sustainability, and the eco-site is implementing permaculture techniques to achieve self-sufficiency. Members share strong environmental values rooted in Buddhism. All students come from outside the community and, thus, disseminate these values and practices.

Hameau des Buis

In 2001, the La Ferme des Enfants school, operated by Sophie Rabhi-Bouquet (Pierre Rabhi's daughter), had been operating for two years and was already questioning its future. The initial concept had been for a place where pupils could interact with the elderly in a rural area. Coincidentally, a great opportunity arose, as a neighboring farmer was selling an old farmhouse close to the Chasserac River. Sophie Rabhi-Bouquet held meetings to present her idea, motivation, and feasibility plan. In 2003, a group of partners -the future villagers -was formed and, together with the La Ferme des Enfants association, created the civil society SC le Hameau des Buis. They received a loan of 10,000 euros to purchase the land for construction and agriculture, and each future villager contributed 30,500 euros to finance the construction. However, the budget was limited and did not allow for construction by a building company. Thus, the project was redesigned to incorporate construction by the group members.

Bioclimatic construction and low-impact development have been used, and at least 80% of the materials are sourced locally to reduce energy use from transportation and transformation. The primary material employed is high-quality Canadian wood from a local plantation in Ardèche, and straw is another principal material. This type of construction aims to be healthy and cheap, but it is labor-intensive. Each building is carefully insulated using bundles of straw, an innovative technique that has been adapted locally. Villagers continue to experiment with different techniques using straw and clay to avoid moisture and mold.

Straw bale insulation is not new; the first straw houses can be traced back to the Paleolithic era in the African plains. The technology was revived in the 1990s as a sustainable building method with good thermal properties for energy passive houses. Thus, it can be considered to be a newly rediscovered construction technology. The technology is convivial: autonomy driven, accessible and adaptable, easy to use and repair, and uses an environmentally friendly material, sourced locally, at very small scale. It reduces carbon footprint and energy consumption due to its thermal properties. The University of Bath is currently conducting research on straw building on a large scale via the "modcell" system of prefabricated panels. to the mainstream education system. The community contributes to the renewal of convivial practices inside and outside the eco-village. There is an emphasis on children's autonomy and personal fulfillment through creativity.

In a convivial spirit, the eco-villagers favor local producers of food, materials, and products and naturally gravitate toward shared equipment and assistance. One interviewee described the form of government as "neither a community project nor a doctrinaire theory. It is an organization with diverse personalities, opinions and skills that complement each other and cooperate together." In addition, using solidarity financing they may buy materials for the construction of a storm-water recovery basin to catch and store extra water for later use.

Their main focus is on avoiding product waste in order to reduce consumption and packaging. They recycle and compost whenever possible. They use a sewage collection network, replacing individual septic tanks and two phyto-purification stations. The network operates through reeds planted in a bed of gravel; it does not require electricity or adjuvants and does not generate sludge. Here, convivial innovation is the result of a combination of existing techniques and ongoing experimentation. The renewal of convivial tools through adoption and local implementation liberates the community from the necessity of managing sophisticated and costly installations.

Montbrison-Forez en Transition

Montbrison-Forez is still at the planning stage and is preparing for implementation. For now, the main objectives of the Montbrison-Forez en Transition project are public education and raising awareness of sustainability goals. The community seems to have been successful, although one interviewee said, "It's going too slow." The members organize free events, such as animations, films, and discussions, and people are invited to leave their email addresses if they are interested in receiving further information. Thus far, they have collected contact information from approximately 500 people. Their main achievements are a shared garden, which serves as a laboratory for permaculture, and a solar oven for cooking. The association is currently planning a group habitat. Everything is created from locally available materials in the spirit of "happy sobriety" (the French term sobriété heureuse was introduced by Pierre Rabhi, 2010), which is a very similar term for conviviality. They believe that a simpler life outside of consumerism can bring joy and personal accomplishment. "Happy sobriety" is a well-known idea in France, advanced by the Colibris movement founded by Pierre Rabhi.

Conclusion

A limitation of our study is that the four cases are situated in the same region of France, which represents a narrow empirical field. Further research is necessary. Future approaches could focus on the articulation of conviviality and sustainability. Operational research, such as complexity management analysis, would also be useful. Our approach could be completed by the study of the factors that help to maintain a spirit of innovation.

The villagers do not consider themselves as "innovators" but rather as seeking solutions to live more simply and sustainably. They are not innovation-focused; instead, they practice convivial innovation, which is spontaneous based on opportunities and needs, with no focus or expertise.

They use DIY and adaptable approaches to satisfy their shelter, energy production, food, and water needs. They search for autonomy and self-production to become self-reliant and reduce their need to consume goods from the market. Unlike firms, sustainable communities do not seek comparative advantage or profits. Moreover, convivial innovators (producers)

and adopters (clients) are members of the same community. The convivial innovation process negates market relationships and for-profit strategies. This difference to current economic models, which view innovation as an engine for growth through profits, is crucial.

Here, market-based value creation is replaced by a form of commitment and social value creation within a community, which also benefits non-members. Exchange of ideas does not necessarily imply market relations or high costs, such as research and development investments. Patenting and innovation strategies are not relevant in this environment.

The four cases can be viewed as laboratories for future degrowth societies implementing convivial technology, as villagers tend to limit their material use to decrease both production and consumption. Even if we lack empirical evidence on the trends in material and energy consumption over time, we can show that convivial innovation is related to the quality rather than the quantity of throughputs.

  settled there from its origins in the 1970s. Its population has different backgrounds and nationalities. The village is the oldest and the smallest of the four. It is also the only one that has no need to justify itself to an external community with which it shares the village. The other three communities are part of a broader surrounding region with which they have regular interactions.Despite its remote, alpine location, the Karma Ling Institute attracts many visitors to its Buddhist research and teaching center. It is considered as an eco-site in the proximity of the Arvillard village. The Hameau des Buis is similar in size to Karma Ling. It is part of the Berrias-et-Casteljau village in Ardèche, an accessible and attractive place with a Mediterranean climate. The members are very active in involving European volunteers and civic services. They are pedagogy oriented and also offer training sessions for the construction of eco-villages. Montbrison-Forez en Transition is currently in the implementation phase. It is an association created in the small city of Montbrison, with the aim of becoming a sustainable community in a peri-urban location.Despite all these differences, the four cases share a common vision. The initiation phases of the four sustainable community projects were carefully planned by their members. Their main goals were environmental protection and eco-reversibility (i.e., protecting and restoring natural resources), supported by a shared vision of a sustainable lifestyle based on trust, solidarity, sharing, non-exploitation, and living and educating children in a natural, healthy environment. Additional aims included creating a community-life project; becoming self-sufficient in production, consumption, and energy use; and becoming independent of the current unsustainable political, economic, and social systems by developing local trade and implementing convivial technology. They do not use the term convivial, but the term can be analytically assigned to their activities.

Table 1 "Convivial innovation" versus "eco-innovation"

 1 

	Eco-innovation	Convivial innovation
	Market, competition, and profit driven	Autonomy driven
	Marketing strategies	A means to an end: conviviality
	Investments needed	No capital-intensive infrastructure
	Planning	DIY, often produced from scrap
	Research and development	Low-tech
	Expertise needed	Easy to use and repair
	Patenting	

Table 2

 2 The four case studies

					Montbrison-
	Name	Éourres	Karma Ling Institute	Hameau des Buis	
					Forez
		Provence-Alpes-Côte			Auvergne-Rhône-
	Region		Auvergne-Rhône-Alpes Auvergne-Rhône-Alpes	
		d'Azur			Alpes
	Department	Hautes-Alpes	Savoie	Ardèche	Loire
	City/village	Éourres	Arvillard	Berrias-et-Casteljau	Montbrison
	Size	26.47 km 2	29.28 km 2	26.42 km 2	16.33 km 2
	Altitude	980 m	827 m	200 m	399 m
	Population	131	842	724	15,010
	Status	Alternative village	Institute/Eco-site	Eco-village	Association
	Foundation	1977	1984	2007	2012
	Number of				
		120	90	80	(9)* -500
	participants				

Table 3

 3 Convivial technology in four sustainable communities in France

	Vital	elements/	Éourres		Karma Ling			Hameau des Buis	Montbrison-Forez
	Communities					
	Water		No	rainwater	Water from the	Rainwater recovery	In planning.
			collection system.	mountain stream,	roof	vegetation
			No dry toilets.	recovery system on	system.
					buildings.			Storm-water
					Dry toilets.			recovery basin.
								Dry toilets.
	Shelter		Houses	designed	Wooden	houses	Eco-housing with	In planning.
			and built using low-	well insulated by	natural cooling in
			impact		straw bales.			summer	(roof
			development and				vegetation)	and
			local materials.				heating in winter
								(direct	solar).
								Bioclimatic,	LID
								(Low-impact
								development)
								construction.
								Insulation	with
								straw bundles and
								double-glazing.
	Energy		Solar panels.	Windmills and wind	Solar water heating	Solar ovens.
					power	plants,	and	renewable
					hydrothermal	or	energy provided by
					geothermal energy	Enercoop.
					in planning.		
	Food		Biodynamic	Permaculture.		Permaculture	Permaculture.
			agriculture.			

  Companies are investing in research and development to improve straw technology for market purposes, driving an eco-innovative strategy in parallel with the convivial innovation implemented locally by eco-villagers. This balancing of convivial (if the straw is locally processed, as in Hameau des Buis) and non-convivial tools (where prefabricated panels are bought from private companies which produce them on a large scale) fits Illich's definition of convivial technology. Straw bale insulation is, in Illich's terms, a "renewal of a convivial technology".The settlement benefits from direct solar heating, and double-glazing helps to maintain warmth and dryness. Technologies also provide solar water heating, rainwater recovery, and a roof vegetation system for insulation and water capture. The community uses a waste management technique based on dry toilets, a natural purification system, and reuse of fertilizer residue and soil enrichment through nitrogen. These techniques are continuously improved, adapted, and combined in original ways. Villagers experiment with new materials and new forms. The design is innovative, and new ideas can arise, for example, for making use of sawdust, dead leaves, peat moss or whatever usable organic matter is available. We can characterize these strategies as convivial innovations.The construction of the village began in 2007 and took two years. The Hameau is composed of 20 houses, a mas (i.e., farmhouse), a bakery, several yurts and caravans belonging to the school, and space for volunteers and apprentices. More settlers join the eco-village every year. The farm is fully functional, with a dairy in the basement of the mas. One eco-villager handles the goat's milk and cheese production. Three bakers from the eco-village operate the organic bakery, which has a wood oven. Two other eco-villagers manage agriculture, growing vegetables in the orchard and re-cultivating the garden. They use permaculture, making use of organic fertilizers, manure and grits, and planting perennials. The main focus of convivial innovation in permaculture is regeneration and efficiency.In Hameau des Buis, the members organize regular open and free visits, with attendance ranging from 12 to 60 people per visit. The members are available for discussion, questions, and suggestions, and they produce books and DVDs. They place great emphasis on local schools and sustainable education, which may impact the surrounding area as more than 60% of the communities' schoolchildren come from outside the village. Convivial innovation is developed in education, which is a convivial tool according to Illich. La Ferme des Enfants

	has initiated a synthesis between alternative pedagogies (Montessori, Freinet, Steiner), non-
	violent communication (Rosenberg), and other psychological and philosophical alternatives