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For decades, the problems of resources availability and environmental impacts continue to grow. Actions are needed to remedy it. Several foundations propose to change the economy to move towards a circular economy. This economy considers that resources are in finite quantity and waste do not exist. It is inspired by nature and talks about regeneration paradigm. In our works, we study this concept to apply it to the industrial world. This study brings to light the necessity to add new stakeholders to the classic supply chain: the decomposers. They impose new requirements to the other stakeholders of a system. We propose to study the impact that their requirements may have on other stakeholders and to monitor them to maximize the regeneration. For this, we use the processes of maintenance (monitor, detection and prognostic). To sum up, this paper presents realized works and develop directions for future works.

1

Problem Statement

Context

The concept of sustainable development is a development that meets the needs of the present without compromising the ability of future generations to meet their own needs.

In other words, the sustainable development must meet the issues concerning climate change, increase of greenhouse gases and goods consumption, exhaustion of natural resources, accumulation of waste, etc. In this sense, several conferences and projects (UNCSD, Rio+20, COP2, Europe 2020 project) are organized to remedy these issues. One conclusion of these conferences is that the current economic model (take-makedump) is not sustainable. It must be changed. However, before this, studies must approach new economic models, new ways of producing and consuming, etc. That is why; the sustainable development issues also affect the world of research and are the subjects of much research.

Therefore, our works are in a context of sustainable development, especially in a paradigm shift. Indeed, they are based on the regeneration paradigm initiated by the circular economy. Moreover, our works focus on its inclusion in the industrial environment through maintenance.

State of art

1.2.1 Circular economy One of economy studied is the circular economy (make-use-return infinitely). This economy is an economy breaking with the current economy. It considers that the natural resources are in limited quantity and that the notion of waste does not exist [START_REF] Foundation | Report Version 1, 2 & 3 : Towards the Circular Economy[END_REF]. The main idea is to transform waste into resources by creating closed loops for reuse the manufacturing goods as long as possible. The circular economy can be also called "regeneration paradigm". Its principle is based on several schools of thought:

-Biomimicry [START_REF] Benyus | Biomimicry[END_REF] is the study of nature to design goods and to develop new technologies. For example, the eagle form has inspired the high-speed train; -Industrial Ecology [START_REF] Ayres | A Handbook of Industrial Ecology[END_REF] is the study of material and energy flows through the industrial system to add value to waste produced by a firm. A good example of this concept is the Kalundborg area; -Regenerative Design [START_REF] Cole | Regenerative design and development: current theory and practice[END_REF] is the study of the environment and communities of a place to design in harmony with them. The permaculture is an example. -Cradle-to-Cradle [START_REF] Mcdonough | Cradle to Cradle: Remaking the Way We Make Things[END_REF] is the popular term of regenerative design and uses the biomimicry approach to design a good. The authors consider the materials as nutrients (organic and technical). With this perspective, they want to highlight the fact that industry must operate as nature. These schools of through are oriented design and consider a perfect exchange of waste between different firms. Moreover, with all these concepts, the regeneration paradigm is difficult to set up. We can use some concepts move towards the regeneration.

1.2.2

Eco-design One of design fields that shows the idea of circular economy is the eco-design called also design for environment. This design is sustainable design. Actually, the main idea of eco-design is to reduce the environmental impacts from the design phase, i.e., to reduce the production of waste and the consumed resources and energies over the product lifecycle, and to use resources more healthy for the environment [START_REF] Knight | Adopting and applying eco-design techniques: a practitioners perspective[END_REF]. It is a multi-step and multi-criteria approach, which the stakeholders are raw materials suppliers, manufacturer, transporters, recycler and environment. In the literature, several tools and methods exist to apply the eco-design. The more used is the lifecycle assessment. It allows identifying and assessing environmental impacts of a product or process by considering every life phase. Furthermore, it is the subject of standard, and of many tools. Checklists and guidelines are also tools to apply ecodesign. Some of them focus on one lifecycle phase. It is the case for the "design for X" ("X" corresponds to studied phase). The most papers are interested in the end-of-life phase (remanufacturing, disassembly and recycling). Nevertheless, even if the retirement is studied, few papers consider it from design phase [START_REF] Balanca | Development of a design for end-of-life approach in a strongly guided design process[END_REF]. Even in the eco-design, the question of the retirement is often considered in end-of-life of the system. In the best case, the system is designed for one retirement process, principally recycling process. The possibility to multiply the number of retirement processes is not present. Another point, this design stops its thinking at these processes. It is not considering other life cycles.

1.2.3

Maintenance and sustainable development Maintenance turns also towards the sustainable development. Among the emerging concept, we can quote green maintenance [START_REF] Ajukumar | Evaluation of green maintenance initiatives in design and development of mechanical systems using an integrated approach[END_REF] and maintenance-centered circular manufacturing [START_REF] Takata | Maintenance-centered Circular Manufacturing[END_REF]. The first concept focuses on the elimination of waste produced and associated with maintenance. For this, it practices the pollution prevention, reduces the use of toxic products and is based on the ecodesign. Several approaches are proposed to evaluate the green maintenance efficiency. They use a multi-criteria decision-making and various sustainable requirements. The second concept is based on a circular manufacturing and assumes that manufacturing, reuse and maintenance can be integrated. Here, maintenance as the core of manufacturing. In other words, maintenance is the only process being related to the use. Other works focus on the use of maintenance tools to predict the time to remanufacturing a system. Indeed, to preserve the potential of a system and these parts, [START_REF] Song | Proactive remanufacturing timing determination method based on residual strength[END_REF] propose to make a proactive remanufacturing. They study the most critical component of a system to determine when to remanufacture the studied system. Similarly, [START_REF] Hu | Remanufacturing Decision Based on RUL Assessment[END_REF] propose a methodology to choice a remanufacturing process according to the system's RUL (Remaining Useful Life). These various papers show that maintenance is very important in the sustainable development.

Regeneration paradigm

The concept of circular economy talks about the regeneration concept, but it does not explain its origin. We want to understand what it means and how to apply it in the industrial world. This part is the subject of a conference paper [START_REF] Diez | Maintenance as a Cornerstone for the Application of Regeneration Paradigm in Systems Lifecycle[END_REF]. The biology literature defines "regeneration" as a process "to grow again". It uses to define the regeneration organic tissue (lizard's tail grow back), and trophic organization (food web). Only the second case interests us. Indeed, in this organization, the concept of waste does not exist; all is nutrient. Each entity (living being) feeds another entity (Fig. 1). Even organic matters produce by each entity is nutrient. Decomposers (fungi, worms, bacteria) eat them and transform them in new nutrients (mineral). Finally, the essential elements are decomposers. Without them, nature would be similar to the linear industrial organization. Therefore, we must add "industrial decomposers" in the industrial world to transform produced waste in resources and to become circular (Fig. 2). Thus, wastes become nutrients for other enterprises. These decomposers are new companies and new business. Moreover, contrary to nature, they can supply different industrial sectors, and increase the number of possibilities to regenerate waste. We can compare the industrial decomposers with existing retirement processes. Later our paper, the notion "product" can be replaced by the term "system, sub-system or component". [START_REF] Govindan | Reverse logistics and closedloop supply chain: A comprehensive review to explore the future[END_REF] have identified four technical decomposers:

-Repair process: it is a physical action taken to restore a required function of a faulty product. This process preserves the product functionalities; -Reuse process: it is defined as an exhaustion of the items lifetime. This process makes a transformation in space and preserves the product functionalities; -Remanufacturing process: this term is not clearly defined and includes many processes (disassembly, cleaning, control, etc.). This process makes a transformation of space and shape and does not preserve the product functionalities. Nevertheless, the functionalities of these sub-products must be preserved; -Recycling process: this process includes the material and energy recovery. The energy recovery does not allow the indefinitely regeneration of resources. Therefore, we focus on the material recovery. This process makes a transformation of space and shape and does not preserve any functionalities. To represent this total destruction of functionalities, we name it "destructuring process". In addition, we add the "detechnification process". This process is similar to destructuring process, but it is able to clean a product to make it healthy for nature (Fig. 3).

Fig. 3. Interactions between maintenance and decomposers in supply chain

However, we have identified another process essential for the regeneration: maintenance process. Indeed, this process includes repair decomposer, but it is also able to manage the regeneration. It knows everything about a product.

Research questions

To fulfil its manager role and support the regeneration, maintenance needs to know what and how to monitor. For this, we need to determine the regeneration requirements (decomposers and environment). In our work, we concentrate on those of decomposers. Indeed, in the literature, many papers focus on how to meet the environmental requirements, but few of those decomposers.

Eco-design provides some requirements to meet the sustainable development, which concerns all phases of the lifecycle. With these requirements, it is possible to design a product meeting those of regeneration. However, how to consider these new requirements and to accept to the enterprises? What is happening to the other phases? How to determine if a user meets these requirements? Moreover, all products are not eco-designed. Indeed, if a user want to regenerate its products, how to take account of these new requirements? What impacts will they on existing requirements?

Once the requirements and their impacts identified, we can monitor them. However, each decomposer is different and have not the same needs. We must find a way to visualize each decomposer requirement in function of the product state. Moreover, to ensure maximum possibilities of regeneration, it could be interesting to predict the time when a product will not be regenerable by a decomposer. To go further in the regeneration, we might consider the future product lives to choice a decomposer. For this, we can use the prognostic used by maintenance. It will allow determining when to stop the use of a product and which decomposer to use.

Work plan

From an industrial point of view, there are two ways to make the regeneration. The first is to have direct exchanges between enterprises (user and future user). The user (enterprise that uses the product and wants to regenerate it) regenerates its products for sale to the future user (enterprise that uses a regenerated product). The second is to have intermediary firms, the decomposers. Thus, the user sells its used products to decomposers that regenerate and sell them to the future user. In the first case, the user plays the role of decomposers, so he knows its own requirements to regenerate its products.

In the second case, the user must know the decomposers needs to ensure proper regeneration of its products. In our work, we study the second case.

Identification and impacts of regeneration requirements

To improve the regeneration possibilities, the user must consider the decomposers requirements. Each decomposer has requirements to regenerate a product. Some are identical to a different satisfaction level and others are specific to a decomposer. The user knows these req. and must meet them. For this, he must identify which of his requirements are affected by those of decomposers. Indeed, each stakeholder has a requirements repository. It is established for each product and is divided into several categories (functional, interface, performances, operational and constraints). This repository may depend on the stakeholder and the phase in which the product is. For example, in the design phase, the user wants a product that does what he requests it, it adapts to its operating environment, etc. The user focuses on all requirements categories. While, in the use phase, he wants to be profitable, and focuses on performances (principally productivity), functional and operational requirements. Firstly, to determine the decomposers requirements, we use guidelines and methods developed in the eco-design literature. Some are usable only by design phase. However, we can base us on them and adapt them on the use phase. For example, the design requirement "the product must be disassembly" could become "the product must stay disassembly" for the user. The addition of "stay" term obliges the user to supervise each interface of the product. Moreover, if the decomposers want to make profits and to sell their production, they must find a purchaser. To find a purchaser, they must meet his requirements. These requirements affect those of decomposer and indirectly, those of user, which increases the difficulty in meeting the regeneration requirements.

Secondly, we will propose a method to identify the affected requirements by those of decomposers. For each of his requirements, the user must consider whether it is affected by any decomposer requirement. If this is the case, the user can link the two requirements. For this, he could use a matrix, and check the box at the intersection of both.

Then, for each checked intersection he must consider how each of his requirement is affected and what consequences this may have. In function of this, the user can improve his repository; implement new actions plan, etc. The same method can be used with the environment requirements and can be applied on all lifecycle.

In the same time, we will study the repository evolution in function of the decomposer. Indeed, the decomposer requirements are not always the same or change at the time.

For example, for the repair decomposer, the functionality of the product must be conserved, but for the destructuring decomposer is not necessary. The current user needs a certain productivity level, while another user needs a lower level than the first. With these first observations, we suppose that the regeneration requirements can be deleted, transformed, degraded or conserved intact. We want to model these evolutions. Before this, we need to determine which tool is the most adapted for our problem.

With this model, we will be able to identify the critical requirements for the regeneration, which must be monitored to maximize the regeneration possibilities.

Monitoring and evaluation

With these critical requirements, the regeneration failures appear. The regeneration failures are defined as "the fact that an item cannot meet decomposer requirements, and consequently, removes regeneration possibilities". In other words, a product must always be regenerable by the destructuring decomposer. To avoid these failures, we propose to use the maintenance capacities, and more particularly, the processes used by the PHM community. Only maintenance is able to provide information on the state of a product. It can know the evolution in real time of each critical item. One of maintenance capacities that interests us is the prognostic. It is defines as a process that "analyses the products of faults to predict future condition and residual life within design parameters". In the regeneration paradigm, it can also be used to predict when an item must be stopped to no exceed the regeneration threshold. In addition, we want to maximize the number of lifecycles. For this, we will use also prognostic capacities. Indeed, prognostic can help decision-making to select a decomposer in function of product state and regeneration requirements but also in function of the future regenerations.

In first, we propose to visualize the evolution of these requirements over time by using a radar chart. Indeed, this representation is the most adapted to visualize different data on the same chart. This chart could be created for each item of a product or a subproduct, which are identified as critical in the regeneration perspective. These items will be principally the structures. Undeniably they are the more expensive to make in economy or ecology perspective, but they are also the most resistant. However, the others items should not be neglected. Particularly for the items that are not or hardly destructurable, and must be landfilled. The radar chart must represent different data: data on the user requirements, in other words, the minimum use thresholds to no exceed, data on the decomposers (one line by decomposer), and data on the current state of the system, sub-system or component. The decomposers line can be represented on different charts but on each chart will have to appear user and current state data (Fig. 4). The environmental data can be also added to the chart as the requirements, or create a chart, especially for the environment. This chart will allow to pilot the product exploitation and to provide a decision-making. In second, to maximize the regeneration, we propose to use the prognostic capacity to evaluate a scenario proposed by decision-making process. Here, the challenge is to have a product that remains efficient, productive and economically viable in each lifecycle while respecting the regeneration requirements. Indeed, initially, we can suppose that the repair process is best to able to maximize the number of the lifecycles. Nevertheless, it is possible that this decomposer and the product use (with always the same cadences) degrade quickly its different items. In this case, by choosing the disassembly decomposer after two repairs could have been better. To make this, decision-making process must be able to produce various scenarios in function of product state and the respect of regeneration requirements.

The decomposers can also use this approach to orienting an item toward the best customer (after regeneration) in function of the level of requirement satisfaction.

Conclusion

The first part of these work are accepted in two conferences. The first, CSDM 2015, presents the work about the regeneration paradigm and the nutrient view in the industrial world. The second, AMEST 2016, presents the work of the contribution of maintenance in the regeneration paradigm and conversely. In the near future, we aim to publish them a journal (Journal of Cleaner Production, Production Planning & Control, or Journal of Quality in Maintenance Engineering).

To finalize our work, we could apply it to a concrete example, requalify every regenerate product and consider the requirement environment.
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