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INTRODUCTION

The purpose of this document is to aid in the development of standards or criteria that would be used in an assessment tool for electronic product end-of-life management.  It compiles design-for-environment (DfE) criteria or standards relative to end-of-life management from a variety of different existing systems. The following programs or documents are included:

· The German Blue Angel eco-label – The standard quoted is for Environmentally Acceptable Workstation Computers. Standards exist for portable computers, TVs, printers and other appliances.

· The Nordic Swan eco-label of the Nordic countries

· The European Computer Manufacturers Association, technical report on product-related environmental attributes

· A paper on DfE by the American Electronics Association

· The TCO ’99 Swedish eco-label program

· Siemens: “SN 36350-1, Environmentally Compatible Products”. A corporate standard. See sources.

· Japan PC Green Label System, Japan Electronics and Information Technology Industries Association.

· Others, including miscellaneous elements not mentioned in the above, and in some cases included in proprietary standards

All these documents include other DfE criteria.  Only design-for-end-of-life criteria are included here.

GENERAL PRODUCT DESIGN CHARACTERISTICS

General principles

These sources identify general objectives of design for end-of-life management and highlight the importance of a product end-of-life plan and of the end-of-life hierarchy.

AEA DfE Paper

Product design specifications:

· A product or some of its components should have value even after several consumer lives
· Part or all of the product should be reusable after first customer use. 
· Product life should be extended as much as possible cost effectively. 
· Alternative uses for the product and its component parts should be considered.
· Recyclable materials should be used so that materials can be reclaimed at end-of-life.
· Recycled materials should be used to generate demand for recyclable materials. 

Hierarchy for business equipment

· The primary objective is to reuse the products and/ or its non-wear components as much as possible.
· When this is not possible, remanufacture of the same product or its components is usually next.
· An offshoot of product reuse and remanufacture may also be reuse or remanufacture of modules and components for use in product variants, or release into secondary markets.
· At end-of-life for parts or for the entire product, materials reclaim action should be accomplished to avoid or minimize possibilities of disposal.
Enablers

· A product plan should be developed in concept stage that incorporates all potential post-consumer applications for the product and its component parts including reuse.
· Expected component lives, wear-out modes, and failure rates need to be established for all parts to be able to determine when parts and components need replacement, and which parts and components should be considered for recycling.
· An understanding of the tradeoffs between unit manufacturing cost and life cycle cost is desirable to make cost-effective environmental decisions. 
· Testing procedures and inspection practices utilized for new equipment and components should be employed for refurbished equipment and components to assure quality.
Siemens

Marketing, planning and development aspects: 

· Develop a concept for the end of life treatment of the product (reuse, recycling, disposal) with estimated costs.

Procurement and manufacturing aspects:

· Minimize the amount of materials used

· Minimize the number and variety of product parts (components)

· Employ recycled plastics where possible

Product usage aspects:

· Design products to have a long useful life

· Design products to be easy to repair and upgrade

· Draw attention to the environmentally compatible disposal of consumables (batteries, toner, etc.)

· Draw attention to the environmentally compatible disposal of the product at the end of its useful life

Integration into product planning and development:

· The product features achieved as a result of environmentally compatible product design are to be documented.

· Experiences from the subsequent manufacturing, sales, product usage, maintenance and disposal phases should be gathered and evaluated in order to improve the process of environmentally compatible product design.

Others

Product end-of-life should be managed in accordance with the following hierarchical strategy:

· Reuse of equipment

· Reuse of assemblies and components

· Recycling of materials

· Incineration with energy recovery

· Incineration without energy recovery

· Landfill 

Design for waste reduction and for reuse of product and/or components

These standards address product longevity, extension of lifetime, upgradability, maintainability, modularity, and refurbishability.
Blue Angel

The controller must have a modular design allowing the user to change the modules without any special tools (for instance, by means of plug connections). The appliance shall provide for an expansion of performance at least for the following purposes:

-Expansion of the processor performance (optional)

-Extension of the main memory capacity

-Extension of the internal CPU cache (optional)

-Installation, exchange, expansion or attachment of a mass storage unit 

-Extension of the graphics performance (optional)

-Appliance for at least one empty slot

For the purpose of the modular design the integrated storage media of the system must be exchangeable.

Nordic Swan

The system unit should be built and designed on a modular basis. A module is a part, which can be separated from the product and that, can be treated as a single unit for the purpose of recycling. A modular structure facilitates disassembly and also makes repair work easier.

It must be possible to expand the processing or memory capacity by changing processors and memory units (hard disk, floppy disk, etc) and update graphics. Reserve sockets have to exist in the computer, to allow the expansion of the computer's functions.

ECMA

The system is upgradable/extendible as follows: 

· Processor 
· Video 

· Memory
· Hard disk capacity

· Cache 
· Slots ….

· RAM 
· Bays …

The manufacturer offers:

· spare parts availability 
.... years after end of production

· service availability 
.... years after end of production

· warranty 
.... years

AEA DfE Paper

Complex subassemblies that cannot be repaired should be avoided; they increase maintenance costs and generate unnecessary waste when they must be discarded.

Mechanical parts, such as levers and linkages, should be individually repairable or replaceable.

Modules should be designed for customer removal and remittance to the manufacturer: refurbished (and upgrade) modules should be customer-installable and economic.

Products and customer-maintained subsystems should be designed to require the least toxic cleaning and maintenance processes possible, or, better yet, to require no maintenance at all.

If there are certain maintenance processes which require toxic materials or generate substantial environmental impacts (e.g., potential release of chlorofluorocarbons to the environment), the design and product support systems should encourage performance of those operations only by trained, competent entities. In some cases, this may require the manufacturer to assume those maintenance obligations, or provide close customer support, or assume responsibility for the resultant waste streams.
Others

Products must be designed with consideration of upgradability. Modular designs (for example: expansion slots and bays, upgradeable processor and drives, dual processor support, expandable memory, options bays) extends product life. Common building blocks (for example: common chassis design, system cards, power supplies, fans, etc.) provide economies of scale and extend product life.

Design for disassembly and recycling

These standards define practices to facilitate disassembly at end-of-life, reuse of components, and recycling of materials at their highest value.

Nordic Swan

The system unit, display and keyboard must be constructed to make dismantling easy: The requirement consists of the following requirements. Requirement follows adapted principles according to the VDI 2243
 outline.

Requirements:

1. modules must be easily separable

2. qualified personnel must be able to dismantle the equipment

3. it must be possible to carry out the dismantling without special tools. Special tool is a tool, which is not commercially accessible

4. there must be sufficient space to insert tools at fixing points

5. joints between different materials must be easy to find for example by means of visible marking on the product or by disassembly information on data sheets

6. non-separable joints such as glued or welded joints between different materials may not be used

7. single plastic parts ( over 25 g) in the housing and chassis must consist of one type of polymer (homopolymer or copolymer) or recyclable plastic blend

8. plastic parts (over 25 g) may contain metallic inlays provided that these can easily be separated without the use of special tools

9. the housing and chassis may contain no more than two different types of plastic or plastic blend and these must be separable

10. large plastic parts ( over 25 g) may not be painted

11. labels (incl. marks and stickers) must be made of the same material as the parts to which they are affixed or they have to be separable and fulfill VDI 2243, part 11 table 2.

ECMA

The system is designed for disassembly, by using:

e.g. marking of plastic parts >25 g according to ISO 11469

e.g. screws one type

e.g. snap-in features

...

AEA DfE Paper

Product assembly should be designed with easy disassembly in mind

· Materials should be identified by label (molded on, embossed, or printed with compatible inks)
· Joining should allow disassembly and not mix incompatible materials - use snap fits, break out inserts, or screws; don't use adhesives.
Blue Angel
The appliances must comply with the principles of the VDI Directive 2243 "Konstruieren recyclinggerechter technischer Produkte" (Design of recyclable technical products) (In German only) on the basis of characteristic features which can be seen from the Check List "Recyclable Design" (cf. Appendix 1 to the Basic Criteria of RAL-UZ 78) and which have been set by the manufacturer taking the future reuse and material utilization processes into account. Such characteristic features are among others:

· Avoidance of non-separable connections (e.g. by gluing, welding) between different materials, existence of easily separable mechanical connections;

· Avoidance of coatings and composite structure materials;

· Easy detachability of appliances and modules, also for the purpose of easy repair;

· Reduction of the multitude of materials.

NOTE: The referenced Check List includes the following detail:

· Are modules made of incompatible materials connected separably or via separable aids?

· Are components containing harmful substances easily traceable and removable?

· Are the connections to be separated easily traceable?

· Can disassembly be done with all-purpose tools exclusively?

· Is the product equipped with the necessary points of application and working spaces for disassembly tools?

· Are all separable connection elements axially accessible? 

· Are uniform screw heads used for the connection of modules?

· Are at least half of the separable connections between plastic components plug or snap connections?

· Will one person be able to separate connections which are to be separated simultaneously?

· Can the supporting surface be maintained during the entire disassembly work?

· Is the case free from electronic modules?

· Did the manufacturer carry out a check disassembly and prepare a disassembly report listing the weak points? 

· Is the variety of materials forming components of similar function limited to one material?

· Are all components made of one sort of plastic been dyed uniformly and compatibly?

· Is the direct labeling of plastic components limited to a minimum?

· Have materials and material components been used which are recyclable by the material on a high level?

· Is the proportional use of recyclate possible?

· Have the plastic parts been labeled according to ISO 11469?

· Has the material selection been recorded in writing?

· Does the product have a modular structure?

· Is the basic system ready for expansion of the system performance?

· Is the system ready for a functional expansion?

· Is the product ready for the use of processed modules and do the specifications allow such an installation?

And even more detail can be found in an Annex.

AEA DfE Paper

· All screws should be of similar head configuration, wherever possible.
· "Snap technology" should be preferred over screw /bolt assembly.

· Threaded inserts as embedments should be eliminated (for plastic recycling). 

· All plastic should be dearly marked (by molding, no labels) with ASTM, ISO or other recognized identifiers to allow for recycling.

· Variations of types of materials in the same design should be eliminated or minimized.

· Plastics should have no paint or sprayed metallics on the surfaces.

Siemens

Disassembly and disposal

· Draw up disassembly and disposal instructions to include details on the type and distribution of materials in accordance with SN 36350-2.

· Design product components containing materials cited in SN 36350-2 in such a way that they can be removed easily and without their destruction.

· Minimize the number and variety of connections.

· Design all connections in such a way that they can be dismantled easily and non-destructively.

· Design all connections that require dismantling to be readily identifiable and easily accessible.

· Minimize the number of steps necessary for disassembly. 

· Enable disassembly using a small number of standard tools and with few changes of position.

· Enable the reuse or further use of products or components, for example through standardization.

· Employ recyclable materials.

· Mark plastic components suitable for recycling.

· Take account of compatibility between materials with respect to recycling (SN 36350-3,4).

· Avoid non-recyclable composites and coatings.

· Use company logos and labels made from the same material as the body of the products or a compatible material.

Conformity with a national take-back system

The following labeling standard aligns with the national law and stipulates conformance with provisions of that law.

Japan PC Green Label System

The company must have a system that complies with related laws and regulations of PC recycling.

An Environmental Design Assessment must be conducted to minimize used products disposal.

The company must have a system for providing the appropriate environmental information for users, local governments, maintenance service contractors, recycling and disposal contractors.

3R conscious design assessment must be carried out based on JEITA guidelines (JEIDA-G-19-2000): Design for reduce, design for reuse, design for recycle.

Reduce and recycle must be considered for user’s manual and packaging materials. 

CHARACTERISTICS OF MATERIALS AND COMPONENTS

Simplification of material content

The following are examples of standards that encourage reduction in the variety of materials, especially plastic resins, used in a product in order to aid the recycling process.

TCO ‘99

Mandate: All plastic components weighing more than 100 grams shall be made from the same type of plastic material. Plastics containing chlorinated or brominated polymers, e.g. PVC, are not accepted in plastic components of any size.

Exception: The use of two different plastics or plastic blends is permitted for parts weighing more than 100 grams in the monitor, one for the stand and one for the housing.  The plastic light guide is not subject to this requirement.

Blue Angel

Large-size case parts made of plastics shall consist of a homopolymer or a copolymer. Polymer blends (polymer alloys) shall be allowed. Polymer blends are special mixtures of two or more plastics offering better properties than the plastics contained in the mixture as such. The plastic cases shall consist of two separable polymers or polymer blends at the most. Large-size case parts made of plastics must be so designed as to ensure the reutilization of the plastics used on the basis of existing technologies for the production of high-quality and long-lived plastic products.

AEA DfE Paper

Reduce material diversity in the product:
· Limit the number of materials specified

· Limit the number of fillers within each material or component
· Limit the number of colors for each material
Use thermoplastics, not thermosets, and make sure compatible plastics are used in composite structures.
Contamination of recyclable materials

These standards discourage painting, metallization and mingling of materials that will reduce recyclability of plastics.

TCO ‘99

Mandate: No plastic component weighing more than 25 grams shall be painted, lacquered or varnished so that the paint, lacquer or varnish, as dry matter, increases the weight of the plastic component by more than 1% (one percent) by weight. In-mould decoration (IMD) is not allowed in any plastic component that weighs more than 25 grams.

Exception: It is not permitted to use any metallic paint, metallic lacquer or metallic varnish on plastic components of any size.

Mandate: The plastic housing shall not have internal or external metallization, or molded-in metal parts or glued metal parts.

Exception: The plastic housing in the case of a portable computer is permitted to be metallized or containing molded-in metal parts or glued metal parts.

Nordic Swan

The housing and chassis must not contain chlorine-based plastics.

The flame retardants based on polybrominated organic compounds may not be used in the plastic parts (over 25 g) in the housing and chassis. Flame retardants used in the plastic parts (over 25 g) in the housing, chassis and printed circuit boards must be specified with CAS no.

Cadmium or lead may not be actively added to plastic parts (over 25 g)

AEA DfE Paper

Reduce material diversity in the product:
· Limit "contaminants" (coatings, films, platings or flame retardants, performance additives -lead stabilizers in PVC)
Use of recycled and recyclable materials

The following standard emphasizes closing the loop. Similar items are included in some of the lists of criteria in previous sections.

AEA DfE Paper

· Specify recycled materials where possible 

· The material you use in your product is valuable and can be recycled and reused if your design permits it

· In general, thermoset plastics should be avoided if possible, as their cross-linked structure makes recycling very difficult, if not impossible

· Encourage use of recycled materials in products

TAKE-BACK AND RECYCLING REQUIREMENTS

Recycling services 

The following standards require cooperative arrangements for recycling or take-back. See also the earlier section on “Conformity with a national take-back system”.

TCO ‘99

Mandate: In order to be able to apply for TCO '99 labeling the applicant company, or a company associated with the applicant company, shall have entered into a cooperative agreement with at least one professional electronics recycling company concerning post-consumer waste anywhere in the world.

Recommendation: In order to be able to apply for TCO '99 labeling, the applicant company, or a company associated with the applicant company, shall enter into a cooperative agreements with professional electronic recycling companies concerning post-consumer waste in all countries where recycling companies operate. This applies under the precondition that there is not already a national or other established system to handle obsolete computer equipment in the country.

Nordic Swan

For every eco-labeled unit sold, the licensee should offer the buyer the opportunity to deposit corresponding used product for recycling* (repair, re-use, materials recycling or energy recovery if materials recycling is not commercially possible), irrespective of origin. The used product has to be taken back for recycling free of charge, for example a used display can be handed in when buying an eco-labeled display. The applicant for environmental labeling rights has to have a system for recycling of the used products or must be connected to an official take-back system.

* Requirement doesn’t concern countries which have an official system for collection of electronic waste.

The following must be documented:

How the collection system works 

Which recycling companies are used.

The applicant must certify in the application that the following recycling requirement is met for eco-labeled stationary personal computers: It has to be technically feasible to recycle as material 90% (weight) of plastics and metals in the housing and chassis. “Recycle as material” does not include recycling of heat energy from incineration.

Blue Angel

The applicant undertakes to take his/her appliances marked with the Environmental Label back after use in order to forward them to reuse or material utilization respectively. Non-recyclable appliance parts shall be forwarded to proper disposal. The appliances marked with the Environmental Label shall be returned in a condition that corresponds to the intended use. The appliances may be returned to an appliance return station (e.g. dealer) to be named by the applicant. Such appliance return stations must be located in Germany. The customer must be able to return his/her appliance either personally or by mail.

The User Manual of the appliance shall include information on the possibility to return used appliances.

ECMA

The supplier offers take back and recycling services for products and consumables in many locations throughout the world. Customers are advised to contact their supplier representatives for information.

PROVIDING INFORMATION AND DATA FOR END-OF-LIFE MANAGEMENT

Instructions for users regarding end-of-life disposition

The following standard specifies that the manufacturer provide information to the consumer or user to facilitate life extension and recycling.

Nordic Swan

Technical information shall also include information on the construction of equipment and expansion of, for example, the processor, memory, clock frequency, graphics

The instructions for use shall also give information on how to recycle or dispose of used product and its packaging in an environmentally acceptable manner (reclamation, handling and recycling as well as scrapping) by the manufacturer or third person. 

In addition information should be given on where the user is able to dispose of the used products.

The instructions for use must state that the regulations in force in the respective country/municipality has to be followed in discarding batteries/accumulators.

ECMA

The following information should be included in a supplier’s declaration: The design considerations of the basic unit, which allow the product features and product capability/profile to be enhanced, should be listed. The following should be declared:

· upgradability/extendibility;

· availability of spare parts for the product after end of production in years;

· availability of service for the product after end of production in years.

The service warranty/policy offered by the supplier should be listed. If spare part and service availability is restricted, restrictions should be listed.

Statements on availability of take-back schemes for products and consumables should be given. 

Information provided for end-of-life managers

The following standard specifies that the manufacturer provide information for the professional end-of-life manger. See also information provided for user, above.

ECMA

The declaration should list any design feature that has been included in the product to facilitate disassembly and/or recycling by professionals. For example:

· Statement that mechanical plastic parts heavier than 25 g are marked according to ISO 11469;

· Inclusion of snap-fit assembly;

· Number and type of joints and fixings for major components.

Nordic Swan

The following documents are required:

1. Account of tools needed for dismantling

2. Account of plastics and plastic blends (plastic alloys and composites) used in the housing and chassis.

Labeling of materials

Following are standards that require labeling of plastics to facilitate recycling.

TCO ‘99

Mandate: Plastic components that weigh more than 25 grams shall be labeled in accordance with ISO 11469, ISO 1043-1, ISO 1043-2,ISO 1043-3, ISO 1 043-4. 

Exceptions: The plastic light guide in portable computers and flat panel displays shall be labeled, but not with the methods of marking required by ISO 11469, i.e. some sort of indelible marking, since that would interfere with the optical performance. Other methods may be used, e.g. attaching a sticker to an area close to the plastic light guide and changing the labeling to “PLASTIC LIGHT GUIDE: plastic type(s)”.
Nordic Swan

Plastic parts (> 25 g) must be identified according to ISO 11469, with visible marks.

MECHANISMS TO ASSURE CONTINUED COMPLIANCE

Environmental Management System certification

Standards were not found that seek to assure that manufacturers have a system in place to assure continued manufacturing conformance with their own DfE requirements. The closest is a requirement for an EMS, which, in theory, should assure continuing conformance to internal standards.

TCO ‘99

In order to be able to apply for TCI ’99 labeling the manufacturer, or at least the business area or similar operation manufacturing the product, shall be certified according to ISO 14001 or EMAS registered. If the product is manufactured by a third party, it is this firm that shall be certified.
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