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1.0  Design for Environment Program

Intent

Encourage institution of a Design for Environment (DfE) program.  DFE is the systematic integration of environmental considerations into product and process design. Because it offers new perspectives with a product and business focus, DfE can be a powerful tool to uncover possibilities for greater competitiveness and innovation as well as greater environmental responsibility.  

Requirements

Put in place a multi-disciplinary DFE program involving design, engineering, production, quality assurance and marketing staff.  
Potential Technologies and Strategies:  See, e.g.,
DFE Guide prepared by National Research Council of Canada, http://dfe-sce.nrc-cnrc.gc.ca/overview/overview_e.html.

Minnesota Office of Environmental Assistance, Better by Design (2006), http://www.moea.state.mn.us/berc/DFEtoolkit.cfm.

1.1 Use of Life Cycle Assessment 

Intent

Encourage use of Life Cycle Assessment (LCA) to inform product design and development and to optimize materials choices.  ISO 14040 is the international standard for LCA, which evaluates the environmental- and resources-loading associated with products.

Requirements

Complete a LCA summary for a furniture product.  Complete a peer review of the LCA by an independent third party.  

Potential Technologies and Strategies: 

1.2:  Increase Materials Use Efficiency

Intent

Optimize the volume and weight of materials used in the manufacture and delivery of products and services.  This strategy can improve the productivity of material resources and save on raw material consumption and transportation costs as well as reduce the environmental impacts of resource consumption.

Requirements

Conduct baseline assessment of product material use:  Material Intensity = Mass of Raw Materials-Mass of Products/Output.

Employ strategies to reduce raw material consumption by X percent for product

Employ strategies to reduce material use in product by 2X percent for product


Potential Technologies and Strategies

Dematerialization:  Dematerialization is the replacement of a physical product with a non-physical product or service, thereby 1) reducing a company's production, demand and use of physical products; and 2) the end-user's dependence on physical products. Dematerialization will result in cost-savings in materials, energy, transportation, consumables and the need to manage the eventual disposal and/or recycling of product.

Dematerialization may involve: 1)Making the product smaller and lighter; 2)Implementing “shared use” of a product so that it becomes the property of the organization, rather than of an individual user resulting in a limited number of “shared” products used by many; 3)Selling a service rather than a product.  Users are often more interested in the value a product provides than in its physical ownership or presence. Companies that do this assume responsibility for maintenance, repair, disposal and/or recycling of the product during its use and end-of-life phases. The buyer pays on a unit-of-service basis.  

Physical Optimization:  This strategy focuses on 1) optimizing the product's function; 2) extending the technical life span, i.e., the time during which a product functions well); and 3) extending the aesthetic life span, i.e., the time during which a user finds the product attractive.   For example, ensuring that a product will be cleaned, maintained and repaired on time will increase its usability and life span.  A modular structure makes it possible to revitalize a product from a technical or aesthetic point of view, enabling the product to keep pace with the changing needs of the end-user.  Modular structure also allows new technology to be incorporated into an older product. As a result, a modular product may undergo several upgrades in components over its life span, reducing the need for new products to be purchased on a more frequent basis.  Finally, avoid design that may cause the user to replace the product as soon as the design becomes unfashionable. The psychological life span is the time in which products are perceived and used as worthy objects. Products should have the material ability, i.e., technical and aesthetic life span, as well as the immaterial opportunity to age in a dignified way.

Using Less Material:  Decisions about what materials to use and how much to use have implications for health and safety during product manufacture and use, as well as product handling and waste disposal. This strategy focuses doing more with less.  (Other consideration such as whether to use recycled or recyclable materials, and use non-toxic or less toxic inputs are considered in separate categories below.)  

· Reduction of weight: Using less material is a simple, direct means to decrease environmental impact, i.e., fewer resources extracted, less waste and lower environmental-loadings during transportation. If you are interested in reducing material usage, you should closely scrutinize appropriate materials and design, e.g., reinforcing ribs instead of using thick-walled components. Weight reduction can significantly lower material use and costs.

· Reduction in (transport) volume: When a product and its packaging are reduced in size and volume, more products can be shipped more efficiently in a given transport mode. Consider foldable or stackable designs and final product assembly at the retail location or by the end-user.

1.3: Cleaner Materials  (this can be coordinated with the hazardous materials section)

Intent

Encourage avoidance of some materials or additives that cause hazardous emissions during production or use of a product or when the product is managed at the end of its useful life (e.g., when it is recycled or disposed).  Examples of constituents that cause cause problems in these applications include:  

· Colorants

· heat or UV stabilizers 

· fire retardants 

· degreasers 

· softening agents 

· fillers 

· foaming agents 

· antioxidants 


Requirements

Potential Technologies and Strategies: 

1.4: Renewable Materials

Intent

Increase the use of renewable materials.  

Renewable materials are substances derived from a living tree, plant, animal or ecosystem which has the ability to regenerate itself.  The use of renewable materials can represent a good environmental and societal choice because these materials: 1) will not be depleted if managed properly as a renewable resource; 2) may have reduced net emissions of CO2 across their life cycle as compared to materials derived from fossil fuels; 3) result in waste that will biodegrade if managed in circumstances that permit biodegradation; and 4) may be grown and used locally--a situation that promotes employment and reduces transportation energy impacts. 


Requirements  [BILL STOUGH TO REVISE]

Baseline:  Assess percentage of renewable materials used currently used in product

Increase renewable materials use in product by X percent

Increase renewable materials use in product by 2X percent

Potential Technologies and Strategies: 

Before using more renewable materials in product, check suppliers' product labels to verify:

· The quality and consistency of organic materials that are sourced from renewable stocks. 

· That the materials have been harvested and the stocks managed in an environmentally preferable manner. 

1.5: Lower "Embodied Energy" Materials

Intent

Substitute lower embodied energy materials for higher embodied energy materials.

The embodied energy of a material refers to the energy used to extract, process and refine it before use in product manufacture. A correlation exists between the number and type of processing steps and the embodied energy of materials; for example, the fewer and simpler the extraction, processing and refining steps involved in a material's production, the lower its embodied energy. The embodied energy of a material is often reflected in its price.

Requirements  [Bill Stough:  Thoughts here???]

Baseline: Calculate total energy used in the materials that comprise the product:  this includes energy used to extract or harvest raw materials, to access secondary materials, transport the materials to processing, process the feedstock, package and ship to final manufacture.
Reduce embodied energy of product materials by X percent.

Potential Technologies and Strategies: 

In some cases, the most technically appropriate material will lower energy costs over the life cycle of a product. For example, composite materials involving carbon fibres or ceramic compounds may have a relatively high embodied energy, but when they are used appropriately, they can save energy in a product's use-phase due to their advanced physical properties, e.g., strength, stiffness, heat or wear resistance.

On the other hand, materials with less embodied energy may often be substituted without a loss in product performance, if you optimize the use of the material with respect to the product's reliability/durability and technical/aesthetic functions.

1.6: Recycled Materials

Intent

Use more recycled content materials in products.  There are two sources for recycled materials. 

1. Industrial off-specification material generated from an industrial process, and not used.

2. Post-consumer material recovered after use from an industrial or domestic setting. This material is typically collected, sorted and cleaned, but may still be contaminated by foreign material.
Requirements  [Jim Kozminski to revise**]
Baseline:  Calculate the percentage of recycled materials (excluding steel) currently used in product.

Increase recycled content materials used in product (not counting steel) by X percent

**Kozminski:  Where our thinking was taking us at the last work group meeting was awarding points for the post-consumer (PC) content of the non-steel portion of a product.  This idea needs more work, but here’s a draft concept:

The weighted-average PC content of the non-steel portion of the product is-

>20% PC:  1 point

>30% PC:  2 points

>40% PC:  3 points

Caution:  This does not account for the information below on the primary, secondary, and tertiary types of recycling.  This does not account for the hard-to-recycle post-industrial materials mentioned previously.

Potential Technologies and Strategies
The levels of recycling, in order of the greatest environmental benefit to the least, are: 

· Primary recycling--back to the original application. 

· Secondary recycling--to a lower-grade application. 

· Tertiary recycling--decomposition into raw materials. 


By implementing product take-back programs, companies have a cost-effective source of materials and/or parts to recycle back into new or remanufactured products. 

**Defer this discussion to 1.8 End of Life ?? 
Currently, many recycled materials come from industrial sources and have minimal impurities and only slightly inferior properties to the originals. Nevertheless, recycled materials will be used, one should: 

· Specify the required performance properties of the recycled material to control the physical characteristics. 

· Establish a quality assurance requirement with your supplier regarding recycled material. 

· Be aware that the cost of recycled materials depends on their source, percentage of virgin material content, level of contamination and physical characteristics. 

1.7:  Recyclable and Compostable Materials

Intent

Increase the amount and number of recyclable and compostable materials used in the product.

Recyclable and compostable materials are those that can be readily converted to useful “nutrients” for industrial use (such as commodities for use in making new products) or to re-nourish natural resources (such as soil amendments), depending on the type of material and the available recycling infrastructure. Reducing the amount of waste sent to landfill can produce significant savings for manufacturers as well as parts and materials suppliers.  In some circumstances, waste materials are actually a source of income.  

Requirements
Baseline:  Identify and quantify the amount of recyclable and compostable materials in product

Employ strategies to increase use of recyclable and compostable materials used in product by X percent

Potential Technologies and Strategies
Product design can make a significant contribution to recyclability. Here are some criteria to follow: 

· Select just one type of material for the product as a whole or for each sub-assembly. 

· If selecting one type of material is not practical, select plastics in mutually compatible groups, i.e., SAN, ABS, PC, PMMA; PC, PET; or PVC, SAN, PMMA. 

· Don't cross-contaminate metals, e.g., mixing steel components with copper; aluminum with copper or iron; or copper with mercury or beryllium. 

· To aid recycling, avoid or minimize materials which are difficult to separate such as compound materials, laminates, fillers, fire-retardants and fiberglass reinforcements. 

· Choose recyclable materials for which collection programs are in place or anticipated and for which a market already exists, unless the materials are coming back to the manufacturer or supply chain which can use them for the same or similar purposes again. 

· Avoid polluting elements such as stickers that interfere with recycling, or glues and small components that are not removable. 

1.8: Optimize End-of-Life Management

Intent

Increase the degree to which valuable product parts/components are reused and recycled at the end of a product's useful life. Optimized end-of-life systems can reduce environmental impacts through reinvestment of the original materials and energy used in manufacturing.

Companies should consider various end-of-life scenarios. The questions, listed here in order of most favourable to least favourable in terms of environmental impact, can help you determine how to optimize the end of a product's life.

· Can the product/components/parts be reused? 

· Can parts/components be remanufactured and then re-used? 

· Can parts be used for material recycling? 

· Can parts be safely incinerated? 

· Should parts be disposed of in landfill? 

Requirements
Document materials recovery percentage 

Document energy saved due to recovered materials 

Document costs for disassembly 

Employ strategies to increase materials recovery percentage by X percent

Potential Technologies and Strategies
1. Re-use of Product

This strategy focuses on re-use of the whole product, either for the same application or a new one. The more the product retains its original form, the more environmental merit is achieved, provided that take-back programs and recycling systems are developed simultaneously.

The benefits of this strategy include:

· Greater environmental appeal for end-users. 

· Increase in sales. 

· Cost-savings. 


The possibilities for re-use are dependent upon the following: 

· The product's technical, aesthetic and psychological life span. 

· A secondary market willing to accept used products. 

· A repair and maintenance infrastructure. 


When applying this strategy, products should be designed: 

· With appropriate technical and aesthetic life spans in mind. 

· To be pleasing/useful for successive users in order to maximize life spans. 

· To use quality components and reliable technology that will not become prematurely obsolete and will, therefore, contribute to maintaining value. 

· To contribute to ease of cleaning, maintenance and upgrading. 

2. Reconfiguration  (is this different than reuse??)

3. Design for Disassembly and Recycling

Designing products to facilitate disassembly and recycling has numerous benefits for the manufacturer, the customer and the environment.  They include:  

· Facilitating part/component re-use, thereby recovering materials and reducing costs. 

· Assisting material recycling, thereby avoiding disposal and handling of waste. 

· Assisting product testing and failure-mode/end-of-life analysis. 

· Facilitating parts recovery, product refurbishing and remanufacturing by the producer if the product is taken back at end of service.   

Factors, such as the life span of parts/components, their standardization, maintenance requirements, and instructions for servicing and re-assembly, play a major role in designing for disassembly. In general, designers should attempt to:

· Use detachable joints such as snap, screw or bayonet instead of welded, glued or soldered connections. 

· Use standardized joints so that the product can be dismantled with a few universal tools, e.g., one type and size of screw. 

· Position joints so that the product does not need to be turned or moved for dismantling. 

· Indicate on the product how it should be opened non-destructively, e.g., where and how to apply leverage with a screwdriver to open snap connections. 

· Put parts that are likely to wear out at the same time in close proximity so they can be easily replaced simultaneously. 

· Indicate on the product which parts must be cleaned or maintained in a specific way, e.g., colour-coded lubricating points

· Label product parts to better enable separation by material content and to identify and separate toxic components. 

4. Product Re-manufacturing

Many products end up in landfill sites even though they still contain valuable components. Often these components can be re-used, either for the original purpose or for a new one. This strategy focuses on re-manufacturing/refurbishing in the context of restoring and repairing sub-assemblies.

Re-manufacturing can benefit your company by:

· Recovering materials and the costs embodied in products. 

· Providing a reliable, cost-effective supply of parts/components for inclusion into new product production or service operations. 

· Saving the costs of new manufacturing/purchasing. 

2.0: Water Management – Water Inventory of Factory

2.1:  Water Management – Water Efficiency

2.2:  Water Management – Water Discharges are Clean

2.3  Water Management – Zero Waste Water Discharge




