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Materials processing in the United States 
alone generates billions of pounds of haz
ardous waste each year in the form of solid 
wastes, discharges to water, or air emis
sions. As a result, environmental regula
tions are becoming increasingly stringent, 
severely limiting options for dealing with 
wastes. Complying with these regulations 
is not a matter of choice, nor is it inexpen
sive. Industry spends tens of billions of 
dollars for end-of-pipe pollution control. 

Within industry and government there is 
a shift away from dealing with waste after 
the fact toward minimizing the generation 
of waste in the first place. The U.S. Envi
ronmental Protection Agency (EPA) has 
proposed a four-level hierarchy for waste 
management: source reduction, recycling, 
waste treatment, and waste disposal. The 
first two levels are concerned with mini
mizing waste, the latter two with end-of
pipe control. 

Source reduction encompasses any ac
tivity that reduces or eliminates the genera
tion of waste within a process. Examples of 
source reduction are materials substitu
tion, process changes, and improved oper
ating procedures. If waste cannot be 
avoided or reduced at the source, recycling 
options are to be explored to avoid the 
need to dispose of the waste. Only when 
source reduction and recycling are not pos
sible is waste treatment and/or disposal to 
be contemplated. Waste disposal should 
be the option of last resort. 

At AT&T Bell Laboratories, we propose 
adding a level at the top of the EPA waste 
management hierarchy to create a five
level hierarchy. This level, called "design 
for environment (DFE);' will address envi
ronmental issues in the product concept 
and design stages, long before any waste is 
generated and the need for source reduc
tion becomes apparent. 

Decisions made during the design phase 
profoundly impact the entire life cycle of 
the product, from design through manu
facturing, distribution, installation, servic
ing, and disposal. Many estimates say that 
from 80 to 90% of the total life cycle costs of 
a product are determined in the design 
phase. Integrating the design process with 
environmental engineering concerns will 
mitigate environmental problems down
stream from the design phase, resulting in 

MRS BULLETIN/JUNE 1991 

an overall reduction in costs associated 
with manufacturing process wastes. 

AT&T has put much effort into integrat
ing the design process with other func
tions using the concept of DFX. OF stands 
for "design for" and X stands for "manu
facturability, installability, reliability, safety, 
and other considerations beyond perform
ance and functionality:" DFE (design for 
environment) will take the DFX concept a 
step further, and will integrate design and 
environmental engineering to minimize 
the environmental impact of manufactur
ing as well as other downstream opera
tions. 

Waste disposal should 
be the option of 

last resort. 

Several waste streams are associated 
with the life cycle of a product, starting 
with manufacture, and AT&T is investigat
ing the DFE approach to address these is
sues. For example, materials selection 
guidelines will be structured to help de
signers avoid specifying materials or proc
esses that contribute to the volume or 
toxicity of the factory waste stream. Process 
design guidelines will help process design
ers assess the environmental soundness of 
a new manufacturing process or new 
equipment. The idea here is to make proc
ess designers think through the environ
mental ramifications of a new process 
before it is installed. Performing a material 
flow balance or waste audit on a process to 
n:'ake it as environmentally benign as pos
Sible can preempt expensive and intrusive 
fixes later on. 

Frequently, a significant part of a facto
ry's waste stream is packaging material 
from purchased supplies, components, 
and subassemblies. Guidelines for pur
chasing agents or those responsible for 
pre-approved component and preferred 
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vendor selection would affect this particu
lar waste stream. Vendors who don't over
package their products or subassemblies 
and who ship their wares in easily recycla
ble packaging would be preferred. The 
same would be true for our product pack
aging. As a general rule, packaging materi
als should be biodegradable, recyclable, or 
safe for incineration. Furthermore, materi
als usage should be limited to no more 
than is absolutely necessary to achieve ba
sic product protection. 

Ultimately, DFE is a means to an end big
ger than just the reduction of factory waste 
streams. During the design stage, environ
mental concerns associated with the front 
end (the supply chain) and the after-sale 
phase of the product life cycle can be ad
dressed as well. It is this ability to influence 
the whole product life cycle that makes 
DFE such a potent concept-and much 
more than just a waste minimization 
approach. Besides, waste isn't the only 
environmental concern in materials proc
essing. Energy efficiency and resource us
age are other factors worth considering, 
and DFE is uniquely suited to address 
these and other issues. 

Environmental issues pertaining to the 
back end (the after-sale phase) of the prod
uct life cycle have not received much atten
tion up to now, and it is here that we may 
see the most sweeping changes. Sooner or 
later, all products either break down or be
come obsolete-they become waste prod
ucts themselves. Traditional disposal 
options such as landfilling may not be 
available much longer, particularly since 
electronic products consist of many materi
als considered hazardous (i.e., lead in sol
der~. This raises the possibility of having to 
design our products for safe disposal or re
cycling. Clearly this requires a revolution
ary approach-a "design for recyclability" 
concept. A complex product can be de
signed for relatively effortless disassembly 
into various components and materials 
types for easy recycling. 

A concept in its infancy, DFE has the po
tential to significantly impact types and 
quantities of waste. Done properly it can 
also minimize the environmental impact 
associated with a product's use and even
tual disposal. It is a paradigm shift in man
aging waste because it aims to prevent 
pollution in the first place. 0 

Janine Sekutowski is a supervisor iu the 
Environmental and Materials TecJmologtj 
Department, AT&T Belll.Jlbomtories, Prince
ton, New ]erseJJ. She co-chaired the 1991 MRS 
Spring Meeting symposium on enviromneu
tally conscious materials processiug. 

3 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.03333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c00650072002000310030000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e006500200028004a006f00750072006e0061006c00730029002e000d0028006300290020003200300031003300200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




