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Today, the trend of doing business concerns not only the efficiency but also the sustainability of product and the health of environment. In order to reduce waste generation and improve product or product development process in term of time, cost and quality, organization focuses more and more on Product lifecycle sustainability. It helps reducing waste, conserving resources, using recycling materials, designing product for easy disassembly and avoiding using hazardous material. This paper proposes a knowledge management architecture, based on a multi-agent system, which focuses on the "sustainability" in order to manage knowledge in each stage of the product lifecycle, and particularly in the recovery process.

The aim of this research work is to distribute the environmental knowledge about sustainability (e.g. environmental regulations, rules, norms…) by using multi agent system architecture. The proposed system will make the link between the agent's knowledge base and PLM (Product Lifecycle Management) systems. It will help the decision makers in each stage of the lifecycle and make them take into account the environmental impact of their decisions. The proposed architecture will be illustrated on an industrial case study.

generation [START_REF] Ayres | Ecoefficiency, asset recovery and remanufacturing[END_REF]. That means that the organizations can create their profitability from returning products [START_REF] Giuntini | Master the six R's of reverse logistics[END_REF]. Therefore, reverse logistics has been increasingly used by organizations as a competitive advantage [START_REF] Marien | Reverse Logistics as competitive strategy[END_REF].

Reverse 

  one of a strategy. Reverse logistics is not just reusing pallets or recycling bottles but it is also concerned by the redesign process of using less materials or avoided the use of In general, the current PLM systems are designed to support user from the beginning at the design stage up to the point of delivery to customers [1, 2] The concept of Closed-loop PLM allows all the users to access and manage the information throughout the whole product lifecycle including the product information at its end-of-life [3]. However, they are not designed to manage the information in reverse logistics. In the past, organizations have been asked to develop products and services for a better quality, less expensive within a timely manner and the environmental effects have been ignored during the design and production process. sustainability, by using efficiently of raw materials in production process; which include reusing materials from the used product and at the same time reducing costs of production and waste
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  Fig-1. Product lifecycle stage in forward and reverse logistics The numbers of environmental legislations and regulations are increasing from last decades. They are established in order to protect and control materials and outputs which have an effect on our environment. These legislations vary by each country, in European Union, directives have been introduced such as Waste from Electrical, Electronic Equipment (WEEE) [8] was introduced to prevent, to reuse, to recycle and to dispose the waste of EEE; Restriction of Hazardous Substances (RoHS) [9] was developed to consider the possibility of hazardous
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 32 Fig-2. The link between agents and PLM system -Inspect agent: This agent is responsible for analyzing the returned product. For example, the BOM (Bill Of Material) is received from the PLM system. Then, the agent looks for the solution (e.g. how to replace battery, recycle circuit board, repair LCD) in its problem solving base and its knowledge base (see Table-1) which contains rules for inspecting BOM and solutions in order to help user extending the returned
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 3 Fig-3.Ex. Inspect agent messages to other agents -Recover agent: After receiving the message from Inspect agent that the returned product needs to be recovered. The Recover agent looks into its knowledge base (KB) for the solution. Its KB contains rules and information about standards, environmental laws and regulations. For example, bicycle's frame needs to be fixed by repainting but painting is bad for environment, waste of resource and poisonous to human's health. The information in the KB will help user on how to use less dangerous toxic chemical in painting with less effect to environment or how to protect human from hazardous gas or substance. -Dispose agent: This agent will classify the problem of parts/components in the environmental impacts point of

  agent will help organization reducing the use of resources and energy by reusing materials or parts for the second life. For example, in case of reusing bicycle's frame, it needs to be repainted, and the paint may contain lead or mercury substances. The Dispose agent sends message to redesign agent that both lead and mercury substances should be listed on the label in order to reduce time and cost of recycling

  contact (REACH-cadmium, CAS No 7440-43-9) -Safety-POV(cadmium): Treatment: -Give info/disposal to user on the risk of these substances and their effects to env. and human (RECAH) -Labeling to indicate type of materials on product (WEEE) -Redesign agent: Once the Inspect agent analyzes and finds out that the returned product needs to be redesigned for environmental performance. The solutions from Redesign agent's KB will be presented taking into , 19] and the solutions from agents (e.g. use a few type of materials in product, use low complexity of components or substitute hazardous materials with materials less effect to environment), agents such as Redesign agent may propose the changes of the product design to use more modularity components or minimizing number of parts in a product for an easily removable during the disassembly process. These will help saving time, cost and energy in the recycling process.
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 4 Fig-4. An example of
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 4 An illustrative of case study In the case study, we will focus on electrical and electronic product sector. Products in this sector have the similar type of BOM and type of materials used. To validate our architecture, we propose an example of product lifecycle of cell phone. According to the proposed system, each of the returned cell phone will be inspected and checked by the Inspect agent. The Inspect agent makes the connection to PLM system and gets the information of this returned product such as family model, BOM, date of manufacturing, etc. Then the cell phone's problem (e.g. shorten battery's life, LCD no display or malfunction on circuit board) will be analyzed with information derived from the "problem solving base" by matching to the previous experiences in the Inspect agent's knowledge base. The Inspect agent will also apply its problems with its knowledge base to extend this cell phone's useful life as long as possible in order to reduce cost, resources and energy and mainly to reduce the environmental impacts. For example, a cell phone is returned when it reached to its End-Of-Life, the Inspect agent analyzes this returned product and it's components and determines if they will be reused or recycled, for example, LCD and battery need to be discarded. After receiving the message from the Inspect agent that this returned product needs to be recycled, the Dispose agent looks for the technical data of this cell phone such as what are the type of materials made of each component (circuit broad, LCD, battery, etc.), numbers of component composed of or any toxic substances (mercury, lead, cadmium, etc.) are used in cell phone. This product information can be retrieved from the PLM @directives that give information to user during the decision making process. Therefore, the case of recycling or discarding a cell phone's battery which contains materials such as nickel and cadmium or a LCD that composed of glass or plastic which contains mercury, the Dispose agent may propose the solutions managing the risks posed by chemicals and provide the appropriate safety information for the user such as the disposal information on how to discards or eliminate these hazardous substances, what are the negative environmental effects and how to discard them safety to human and environment. And also to give the information of what are the recycled materials should be reused again in cell phone manufacturing. (see Table-

  3).

  of returned cell phone having the same kind of problem. Redesign agent introduces solutions that help the designer in product design. For example, customers may return back their cell phones earlier because of a shorten life time of battery due to the extra charge. The additional time, after it has already successfully charge up, causes the cell phone's life time battery depletion. This will increase the amount of the returned cell phones back to organization even they do not reach their end of life. The Redesign agent may suggest a new idea to the designer by designing the cell phone to properly charge and eliminate any extra charging or by developing a new function to record any missed calls while the cell phone is off. With the concept and the practice of
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1.Ex. Inspect agent and its

Knowledge Base

Table -

 - 

		2.Ex. Dispose agent and its
	KnowledgeBase
	Agent's	Agent's	Agent's Knowledge Base
	Propert	Behaviors	
	y Agent	AnalysisProduct()	ProblemSolvingCase
	name:	-IdentifyProduct	-ExistingCase
	Dispose	-AnalysisBOM	-Solutions
	agent	TreatMaterialPart() -AppProblemCase -AppRuleInKBase	Disposal(Battery): -Environment-POV(cadmium): Treatment: -Shouldn't be disposed of in a landfill or Incinerator, disposal cadmium
		SendingMessage()	following document (WEEE-Annex II) -Health-POV(cadmium):
			Treatment: -Hazardous substances such
			cadmium, should be labeled to avoid risk of

Table - 3

 - .Example of solutions and environmental impacts

	Agent	Decision making	Environmental impacts
	Inspect	Cell phone's destination = recycle	Extend component's life
	Disposal	Listing type of materials composed of LCD on label (lead,	Reduce energy used by save operation time virgin raw
	(recycle)	mercury, copper, etc.) (ISO 14062 or the EU Eco-label)	material usage
		Information of how to disposal lead, mercury, copper, etc.	Less emission hazardous gas to environment because of
		List of reusable parts/materials (speaker, microphone,	the disposal instruction (REACH and RoHS)
		lead, copper, aluminum, etc.)	
		List of substitution materials	Reduce recycling time and safety repair (ISO 14062 and
		List of type of battery on its label	REACH)
		Reduce disassembly time	Reduce resources and energy used during disassemble
			phase (ISO 14062)