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To determine the environmental impact of a product, pertinent questions
must be asked about the effects of the product design throughout the
product’s life. In the following section, there are 100 questions that address
a wide range of design and environmental topics.

The questions are designed to encourage consideration by the design team
of potential environmental impacts caused by the manufacture, use and
disposal of the product. In addition, the matrix highlights areas of
environmental concern and provides manufacturers with ideas and options
for resolving those concerns.

The questions have been written in a manner general enough to apply to
numerous types of products.  Question syntax is sometimes unavoidably
vague. Space has been provided, however, for users to note specific
product attributes. There will likely be other environmental parameters
considered in the product design, and the design team should feel free to
adapt or modify the questions to their own use.

Who should use the toolkit?
This DfE Toolkit is intended for use by the product design team. Those that
are responsible for the design of the product will be the ones who are best
able to quickly answer the matrix questions and address possible design
changes. Other concerned parties, such as production managers,
management and sales staff may be an important part of the evaluation
process as well. Team members may need at least half a day to go through
the product analysis together, particularly if more than one product design
alternative is being considered.  Another alternative is to hold four one- hour
meetings one week apart to evaluate a product. The premanufacturing
survey can be done before or during the evaluation process.

Although several resources are provided in this toolkit, it may not be
possible to answer every question in the initial design analysis. This is
particularly true of the sections on resource extraction. Some questions
may require further research by team members to complete the product
analysis. Even if the design team is unable to answer all of the questions,
the matrix  will be helpful in evaluating the product.

The intent of this toolkit is to raise questions regarding a product’s
environmental impacts that may not have been previously considered and
to provide a semi-quantitative analysis of alternative product designs.  As
individual manufacturers adapt the toolkit to their needs, the actual scores
will be relevant only to the company itself.
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Product Design Matrix:  Design for Environment Toolkit

Environmental Concern

LIFE STAGE
1

Materials
2     Energy

Use
3       Solid

Residue
4     Liquid

Residue
5  Gaseous

Residue Total
A

Premanufacture
(A.1) (A.2) (A.3) (A.4) (A.5)

B

Product
manufacture

(B.1) (B.2) (B.3) (B.4) (B.5)

C

Distribution,
packaging

(C.1) (C.2) (C.3) (C.4) (C.5)

D

Product use,
maintenance

(D.1) (D.2) (D.3) (D.4) (D.5)

E

End of life
(E.1) (E.2) (E.3) (E.4) (E.5)

Total

Adapted from Industrial Ecology.  T.E. Graedel and B.R. Allenby.  Englewood Cliffs, New Jersey: Prentice Hall, 1995.  Used by permission of the authors.

Matrix locations are indicated by the numbers in the upper left hand corner of each box.

Maximum Total Score without Matrix Element A  =  100 points

Maximum Total Score including Matrix Element A = 125 points

P
age 18



Page 19

The Product Design for the Environment (DfE) Matrix, upon which this toolkit
is based, is found on page 18. Use the questions found on pages 20 - 27 , to
score product designs using this matrix system. Design team members should
save the printed materials provided as original copies and make duplicates as
needed for product evaluations. Additional aids such as a manufacturing flow
diagram and materials specification information can be useful for answering
the matrix questions.

Using the DfE Matrix

1)  Information from a survey of your parts and raw materials suppliers is used
to answer the A.1 - A.5 matrix element questions. If you do not wish to
survey your suppliers, or want to do it at a later time, begin with the
questions for matrix element B.1.

2) Answer each matrix question on pages 21-27  “yes” or “no.” If the answer
is “yes”, circle the number of points in the “yes” column for that question.
If the answer is “no”, circle the zero for that question. If the question does
not apply to your product  or your product has no impact in this area, answer
“yes.” For example, question B.4 asks, “If hazardous solvents or oils are
used, have alternatives been thoroughly investigated?” If your process does
not use solvents or oils at all, then the product design has no potential
impact in this area, and your answer would be “yes.” The questions have
been written so that  “yes” indicates a positive or no environmental impact,
whereas “no” indicates a negative environmental impact.

3) For each matrix element, determine a score from  0 - 5  by adding the
number of circled  “yes” answers. Enter this number in the corresponding
box on the matrix. For example, if you answered “yes” to the first two
questions in Matrix Element B.2 (product manufacture, energy use) “4” is
placed in row 2, column 2. Note that each matrix element or box is mapped to
its corresponding questions by a number in the upper left hand corner.

4) Add the scores in each column and write the total in the corresponding cell
in the “Total” row.  Add the scores in each row and write the total in the
corresponding cell in the “Total” column.

5) Add the numbers in the “Total” column and again in the “Total” row. The
sums should be the same. Enter this sum into the remaining box on the
bottom right-hand corner of the matrix. The result is a relative score for the
product that can be used to compare a product currently being designed
with an existing product, or to compare alternative designs for a new
product. The totals for each of the life stages (rows) and the environmental
impacts (columns) indicate areas of strength and areas for improvement in
terms of  the environmental attributes of a product over its entire life-cycle.
The scores are relative, comparative scores that are strictly  for internal
company use. The maximum total score without matrix element A (supplier
survey question information) is 100 points. With matrix element A the
maximum score is 125 points.

    Words in bold in the matrix questions are defined on pages 30 - 31. If the
question is followed by a “see . . . ,” see this reference for further data,
information or explanation related to the question.

Instructions for UsingInstructions for UsingInstructions for UsingInstructions for UsingInstructions for Using
the DfE Matrixthe DfE Matrixthe DfE Matrixthe DfE Matrixthe DfE Matrix
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Matrix Questions
Information obtained from a survey of your parts and raw materials supplier (refer to page 65 of the
reference section) is used to answer the questions for Matrix Element A.  If you do not wish to survey
your suppliers go to Matrix Element B.

 Premanufacture

As indicated by the survey of your suppliers:

A.1:   Premanufacture, Materials

What percent of your company’s suppliers for this product or  component have an  Environmental
 Management System (EMS) in place?   (circle one)

0% or unknown = 0 points
           1 to 5 %  = 2 points
           6 to 25% = 3 points
         26 to 50% = 4 points
               >50% = 5 points

 A.2:  Premanufacture, Energy

 What percent of your company’s suppliers for this product or  component have formal energy conservation
 practices in place, such as the Environmental Protection Agency’s Green Lights Program?   (circle one)

0% or unknown = 0 points
           1 to 5 %  = 2 points
           6 to 25% = 3 points
         26 to 50% = 4 points
               >50% = 5 points

A.3:  Premanufacture, Solid Residue

What percent of your company’s suppliers for this product or  component have ISO 9000 or ISO 14000
 in place or regularly publish a company environmental report?   (circle one)

0% or unknown = 0 points
           1 to 5 %  = 2 points
           6 to 25% = 3 points
         26 to 50% = 4 points
               >50% = 5 points

A.3:  Premanufacture,  Liquid

 What percent of your company’s suppliers for this product or  component have a water  conservation
 program ?    (circle one)

0% or unknown = 0 points
           1 to 5 %  = 2 points
           6 to 25% = 3 points
         26 to 50% = 4 points
               >50% = 5 points
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A.5:   Premanufacture, Gaseous

What percent of your company’s suppliers for this product or  component have a  formal program in
place for minimizing air emissions?     (circle one)

0% or unknown = 0 points
           1 to 5 %  = 2 points
           6 to 25% = 3 points
         26 to 50% = 4 points
               >50% = 5 points

Enter the point value of each of the circled answers into the corresponding “ matrix element A  boxes”
of  toolkit matrix  sheet for this product or component.

 Product Manufacture

B.1:  Product Manufacture, Materials Choice
          (for each question circle one number)

 For this product or component:                                      Yes    No

1) Is as much recycled material used in your product as possible?                                    1        0

2)  Is the use of hazardous materials avoided or minimized?
    (see figure 5 page 58, Hazardous Chemical Index, page 32)   2        0

3)  Are the amounts of  materials that are used minimized?   1        0

4)  Are the number of types of materials that are used minimized?   1        0

 Total Points for Matrix Element B.1

B.2:  Product Manufacture, Energy Use

 For this product or component:                          Yes    No

1)  Do the manufacturing process minimize the use of energy- intensive
    processes? (for example, multiple cycles of heating and cooling,
    inefficient motors, see Motors Challenge Program page 63 etc.)   2        0

2)  Do manufacturing processes use cogeneration, heat exchange or other
      techniques to utilize wasted energy?   2        0

3)  Is there minimal transportation between manufacturing and assembly points?   1        0

 Total Points for Matrix Element B.2
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B.3:  Product Manufacture, Solid Residue
(for each question circle one number)

For this product or component: Yes    No

1)   Are waste materials minimized and reused to the greatest extent possible during
      manufacturing? (e.g., mold scrap, cutting scrap etc.)  1        0
2)  Have  raw material and parts suppliers been contacted to encourage them to minimize
      the amounts and types of  packaging materials entering your facility?  1        0

3)  Has your company maximized the opportunities to reuse and reduce packaging
     waste when parts are shipped between facilities?  1        0

4)  Has  intentional introduction of all lead, cadmium, mercury and hexavalent  2        0
       chromium into the product materials been avoided?

Total Points for Matrix Element B.3

B.4:     Product Manufacture, Liquid Residue

 For the manufacture of this product or component:                          Yes    No

1)  If hazardous solvents or oils are used have alternatives been thoroughly
    investigated? (see vendor lists in the Reference Information section for
    information on alternative solvents and oils, if no solvents or oils are used
     in the manufacturing process the answer is “2” or no environmental impact)        2       0

2)  Are opportunities maximized to capture and reuse liquid  by-products generated during
     the manufacturing process? (if no solvents or  oils are used in the
     project the answer is “2” or no environmental impact)  1        0

3)  Is the generation of water pollutants avoided or minimized?  2        0

Total Points for Matrix Element B.4

B.5:  Product Manufacture, Gaseous Residue

 For the manufacture of  this product or component:                         Yes    No

1)  Is the generation of global warming or ozone-depleting gases avoided?
     (see Climate-altering Chemical Index, page 60)                                                     2        0

2)  Is the generation of hazardous air pollutants avoided during the manufacturing
     process?  2        0

3)  Is the use of solvents, paints, coatings or  adhesives with high evaporation rates
     eliminated or minimized? (i.e., materials that emit high VOCs or volatile organic      1         0
     compounds)

Total Points for Matrix Element B.5
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 Distribution, Packaging Distribution, Packaging Distribution, Packaging Distribution, Packaging Distribution, Packaging

C.1:  Distribution, Packaging, Materials Choice
(for each question circle one number)

For this product or component: Yes    No

1)  Have reusable transport packaging options been explored for
       distribution  between company facilities?              1         0

2)  Have reusable transport packaging options been explored for
       distribution between your company and your suppliers?  2         0

3)  Are recycled materials used in the transport and retail packaging ?                            1          0

4)  Are recyclable materials used in the transport and retail packaging ?

5)  Is the number of different types of materials used in the packaging  minimized?  1         0

Total Points for Matrix Element C.1

C.2:  Distribution, Packaging, Energy Use

For this product or component: Yes    No

1)  Is either reusable packaging or material of the lightest weight and volume, yet
      functional transport and retail packaging material used?              5         0

Total Points for Matrix Element C.2

C.3:  Distribution Packaging, Solid Residues

For this product or component: Yes    No

1)   Is the packaging designed for easy separation of materials for reuse or
      recycling?                                      1         0

2)   Are the types of packaging used commonly recycled?   2         0

3)  Are the packaging materials clearly marked or easily identified by material type?          2         0
    (e.g., plastics with resin type label etc.)

Total Points for Matrix Element C.3
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C.4:  Distribution, Packaging, Liquid Residues
(for each question circle one number)

For this product or component: Yes    No

1)  Have maximum precautions been take to prevent hazardous liquid spills
    during transport? (e.g., extra containment layers or safety valves, if there
    are no hazardous liquids in the product or component the answer is
    “5” or yes,  for no environmental impact)                                                                5        0

                Total Points for Matrix Element  C.4

C.5:  Distribution, Packaging, Gaseous Residues

For this product or component: Yes    No

1) Does the transport or retail packaging not contain chlorinated polymers or
     plastics which may produce hazardous emissions if incinerated at low
    temperatures? (see Polymers page 62)  3       0

2) Does the packaging not contain bromated flame retardants that may produce 2        0
      hazardous emissions if incinerated at low temperatures?

Total Points for Matrix Element C.5

 Product Use, Maintenance Product Use, Maintenance Product Use, Maintenance Product Use, Maintenance Product Use, Maintenance

D.1:  Product Use, Maintenance, Materials Choice

For this product or component: Yes    No

1)  Is the product or component easily disassembled for upgrade, repair or
     reuse?  1        0

2)   Are parts readily available for the repair of this product or component?  1        0

3)  Are potential barriers to recycling avoided such as using fillers, additives,
       or imbedded metal threads in plastics, applying paint to plastics, or using
       materials of unknown composition?                          2        0

4)  If plastics are used are they clearly marked by resin type?  1        0

Total Points for Matrix Element D.1
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D.2:  Product Use, Maintenance, Energy Use
(for each question circle one number)

For this product or component: Yes    No

1)  Does the design facilitate minimal energy use while the product
     is in service?   2         0

2)  Can this product or component adjust energy use based on the level of   3         0
     activity? (e.g. go into “sleep mode” during inactivity)

Total Points for Matrix Element D.2

D.3:  Product Use, Maintenance, Solid Residue

For this product or component: Yes    No

1)  Does the design avoid building in disposable components such as “one-time- use”
      cartridges, containers or  batteries?               1         0

2)  Are snaps, darts, screws of the same head type or other removable fasteners
      used and are adhesive or welds avoided for joining parts to make it easier
      to disassemble, repair, reuse or recycle?   2         0

3)  Is this product designed to be easily repaired and/or upgraded rather than
      replaced entirely?   2         0

Total Points for Matrix Element D.3

D.4:  Product Use, Maintenance, Liquid Residue

For this product or component: Yes    No

1)  Does use of the product avoid the release of substances known to be water
     pollutants? (see Hazardous Chemical Index, page 32)   5         0

Total Points for Matrix Element D.4
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D.5:  Product Use, Maintenance, Gaseous Residue
(for each question circle one number)

For this product or component: Yes    No

1)  Is the emission of hazardous air pollutants avoided during use or maintenance?
    (see Hazardous Chemicals List, page 32)               2         0

2)  Is the emission of global  warming and ozone- depleting gases avoided
     during use or maintenance? (see Hazardous Chemical Index, page 32)    3  0

Total Points for Matrix Element D.5

 End of Life End of Life End of Life End of Life End of Life

E.1: End of Life, Materials Choice

For this product or component: Yes    No

1)  Are the materials are easily reused or commonly recycled?   1         0

2)  Are the materials easy to separate and identify by type?   1         0

3)  Upon disposal are none of the materials required to be disposed of as
     hazardous waste?   1         0

4)  Has the intentional introduction of lead, cadmium, mercury and hexavalent   2  0
      chromium into the product materials been avoided?

Total Points for Matrix Element E.1

E.2:  End of Life, Energy Use

For this product or component: Yes    No

1)  Can the plastic or fiber parts be safely used for energy generation ?
    (i.e., incineration, see Polymers on page 62, if there is no plastic or fiber
    materials used the answer is “2” or yes)

  2         0
2)  Upon disposal are there no hazardous materials that need to be transported to
     hazardous waste management facilities? (i.e., additional energy use
    is required to transport materials for special handling)   3         0

Total Points for Matrix Element E.2
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E.3:  End of Life, Solid Residues
(for each question circle one number)

For this product or component: Yes    No

1) Does the infrastructure exist (inside or outside the company)
     to recover/recycle the solid material(s)?                           2        0

2) Does the product design avoid joining dissimilar materials in ways that
     are difficult to reverse?   3        0

Total Points for Matrix Element E.3

E.4:  End of Life, Liquid Residues

For this product or component: Yes    No

1) Is the product designed so that problem liquid materials can be recovered
    during disassembly? (if there are no liquids in the product or component
    the answer is “5” or yes, for no environmental impact)   5        0

 Total Points for Matrix Element E.4

E.5:  End of Life, Gaseous Residues

For this product or component: Yes    No

1)  Is release of  substances known to be ozone-depleting  and/or global
      warming gases avoided upon disposal of this product or component?   2        0
    (see Climate-altering Chemical Index, page 32)

2) Can gases contained in the product be recovered at the time of disassembly
    rather than lost? (if there are no gases contained in the product or component
   the answer is “2” or yes)   1        0

3) Is release of  substances known to be air pollutants avoided upon disposal of
      this product or component?   2        0

Total Points for Matrix Element E.5
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Interpretation of
Results
At this point in the process, members of the design team evaluate the
product design(s) in light of the matrix scoring system.  Discussion
regarding possible changes to the product design to improve the
environmental performance of the product take place.

The matrix scoring system allows the design team to:
• Score a product design as part of an overall product evaluation
• Compare alternative product designs
• Recognize areas where design changes are most imperative from an

environmental standpoint

What to do with the score

The matrix score is a relative measure of the attributes of the product.  It
complements the economic, customer-value, manufacturability and other
parameters that may be evaluated.  The matrix score should become part
of the overall assessment of a product and be used as an input in deciding
which product design will be pursued.

Comparing alternative product designs

Since many of the terms used in the questions are subjective, a rating
system that would be consistent among individual manufacturers, and
especially across industry lines, is virtually impossible.  As design teams
adapt the toolkit to their own use, the scores will become relevant only
within the company itself. The rating score enables the manufacturer to
compare the environmental impact of alternative product designs.  For
instance, one design for a particular product may achieve a ranking of 84,
while an alternative design for the same product may achieve only a 56.
Clearly, the first product design is superior from an environmental
perspective.  When the scores are closer together (e.g. 63 versus  65),
then subjective determinations need to be made by the design team as to
the truly better product.

Recognizing needed changes

The design team should determine  which design changes are truly
impossible given the state of the company and its products, and which
changes are reasonable efforts for the company to make. The challenge
is to avoid allowing processes to remain the same for the sake of
convenience, when reasonable changes could be implemented.

To prioritize possible improvements in a product, it is important to consider
design changes in the context of parameters other than the environment.
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Then the product improvements can be ranked from the most feasible to
the least feasible. Below are some questions that can be used to rank the
feasibility of design changes:

- Is the design change easy, moderate or impossible to implement?

- Would the product be significantly less costly, cost the same,
   or cost more to produce if the product design change is incorporated?

- Does the design change have a very high, no, or negative perceived value
   by most environmentally conscious consumers?

- Would the proposed design changes significantly decrease, not affect, or
   significantly increase the amount of time required to develop and
   manufacture the product?

Design Notes

Information learned from use of the matrix can be used to update and
improve company design specifications and notes to include
environmental preferences. For example, if mercury switches can be
replaced by non-mercury alternatives, the alternative switches should be
specified in any design notes or general company-wide parts/materials
specifications.  Another example would be the specification of water-based
adhesives or paints as preferable materials or single-resin versus
multiple-resin plastics.

The integration of environmental attribute preferences into company
design documentation such as design notes will complement and reinforce
the use of DfE tools.
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Air Pollutant  A  pollutant that is known to end up in the air once it is released to
the environment. (see Hazardous Chemicals List, page 38).

Bioaccumulative  Chemicals that accumulate in living (plant or animal) tissues.
Through bioaccumulation, chemicals that are relatively low in concentration in air,
water or soil  may reach relatively high levels in plants or animals. Elevated levels
of these chemicals are often toxic to the organisms.

Built-in Energy  The amount of energy that has been invested in a material to
bring it to its present form. For instance, a plastic component that has been
formed through injection-molding has required a larger energy investment than
has the raw plastic grind that was used to produce the component. Although the
raw plastic grind has required a significant energy input to bring it to its present
level of refinement, it will require still more energy input (e.g. heating, pressure) to
become the plastic component. If a manufacturer is able to reuse materials in a
semi-processed form rather than first reducing it to a “raw” form, significantly less
energy is consumed in the process.

Global Warming Gases known to reside in the atmosphere and contribute to the
disruption of planetary weather and temperature patterns.The gases essentially
act as insulation, preventing heat that has entered the atmosphere from escaping
back into space. (See also Climate-altering Chemical Index.)

Energy-intensive  Processes that require large amounts of energy (electric, gas,
etc.).

Gaseous Residues Pollutants generated in a gas form. They include climate-
altering gases, odorants (foul-smelling chemicals), vapors, air pollutants and
others. (see Hazardous Chemical Index page38).

Hazardous  A hazardous material is defined according to Department of Labor and
IndustriesOccupational Safety and Health Standards as a chemical or substance
that “is either toxic or highly toxic, an irritant, corrosive, a strong oxidizer, a
strong sensitizer, combustible, either flammable or extremely flammable,
dangerously reactive, pyrophoric, pressure-generating, a compressed gas, a
carcinogen, a teratogen, a mutagen, a reproductive toxic agent . . . .”

Definitions

Liquid Residues  Pollutants generated in a liquid form.  They include solvents,
oil-slicks, water pollutants and others.  (See also Hazardous Chemical Index.)

Nonrenewable  A resource defined by the EPA as a material that is not
replaceable within a period of 200 years.  These include fossil fuels, petroleum,
minerals, etc.

Ozone-depleting   Gases known to contribute to the destruction of the ozone
layer.  The ozone layer is a protective layer of gas surrounding the earth that
prevents much of the harmful ultraviolet rays generated by the sun from reaching
ground level.  (See also Climate-altering Chemical Index.)
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Definitions Continued.

Recycled  Materials that have been previously processed and are reused to
manufacture the same or different product. Pre-consumer recycling includes
the reuse of material that has been generated within the manufacturing process.
Deformed plastic parts, for instance, can be ground and reinjected to produce
an acceptable product. Post-consumer recycling is the reuse of products, or
their constituent materials, that have already been used and discarded by the
consumer. This type of  recycling is preferable, as the material may otherwise be
incinerated and landfilled.

Recyclable  Although many materials are potentially recyclable, for some there
does not exist a viable market to reuse the material. The end result, then, is the
same as for an intrinsically non-recyclable material,  the product is landfilled or
incinerated. For the purposes of these questions, a recyclable material will be
one that can be reprocessed for use and one for which an active market exists
to use the reprocessed material. See Additional Resources for more information
on determining active markets.

Renewable  Resources that are essentially limitless in their supply and do not
require replacement. Examples include solar, wind and geothermal energy.
Manufacturers should consider the source of their energy. Electricity generated
by wind props, for instance, would be considered a renewable resource.

Reusable  A material or product that can be used again without reprocessing
constituent materials (as opposed to recyclable, which requires reprocessing).
Reusable water bottles are one example.

Reusable Transport Packaging Packaging materials that are durable for
repetitive use within a closed-loop shipping system. The closed-loop shipping
system can be between company facilities or between a company, its suppliers
or customers or a third party. Often these containers are collapsible or nest
within each other to save space on the return trip to their origination. Typically
these containers can provide additional protection to products because of their
durable nature.

Solids Residues  Pollutants that are generated in a solid form. They include
contaminated soils, plastic litter (such as beverage can retaining rings),
discarded parts, or others.

Water Contaminant  A pollutant that is known to end up in water resources
(e.g. lakes, rivers, groundwater) once released into the environment. (See
Hazardous Chemical Index page 35).
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