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DOE to conduct detailed materials balance stud-
ies showing how these materials flow through the
economy and into the environment.

A significant barrier to better modeling of materi-
als flows is the quality of data on industrial waste
streams. More than 20 national sources of data are
available (e.g., the TRI, or the biennial survey of
hazardous waste generators required by RCRA).48

These databases, which were established for differ-
ent purposes, cover different waste generators, waste
types, and time periods. This makes it difficult to get
a coherent picture of materials flows, whether one is
interested in tracking specific materials or the
performance of specific industrial sectors. Congress
could direct EPA, DOE, and the Department of
Commerce (DOC) to jointly explore how existing
waste stream reporting requirements might be
harmonized to provide a more coherent picture
of waste flows.49

A Scientific Basis for
Better Materials Management

OTA found few examples of research relating to
better materials management at the Federal level.
Instead, most Federal research projects relating to
green design appear to be oriented toward prevent-
ing the release of toxic or hazardous materials (see,
for instance, table 6-5). This is also reflected in the
solid waste dichotomy defined by RCRA, in which
‘‘hazardous’ solid waste is regulated by the Federal
Government, while responsibility for “non-
hazardous’ solid waste management is delegated to
the States.

To improve the connectivity between product
design and waste management, Congress could
establish a grant program for joint research and
demonstration projects having both a design
component (e.g., to develop principles of design
for remanufacturing, disassembly, compostabil-
ity, etc.) and a waste management component

(e.g., to develop improved recycling, comporting,
and incineration technologies). Examples of the
fruits of this research might be adhesives, paints, or
coatings that do not inhibit recycling processes;
mixed materials that can be co-recycled without
sacrificing the properties of the finished product; or
materials that generate fewer toxic residues when
incinerated. Materials derived from biological sources
are another important category; this could lead to a
class of renewable materials that might be extremely
durable or fully biodegradable.

One mechanism for funding such joint projects
may be the National Science Foundation’s Engi-
neering Research Centers.50 Another avenue maybe
the Advanced Materials and Processing Program, an
interagency materials research initiative for mater i-
als science and engineering announced by President
Bush in 1992.51

Applied Social Science Research

A 1990 National Research Council workshop
concluded that EPA’s waste reduction research
program emphasizes technical issues to the exclu-
sion of applied social science research.52 T h e
workshop participants singled out three categories
of special need: measurement techniques for evalu-
ating progress, institutional and behavioral barriers,
and the need for more analysis of policy incentives.
OTA finds that these same research needs apply to
green design, as discussed below.

Measurement Techniques

Measuring what is “green” is one of the most
difficult challenges facing designers and policymakers.
Designers must have targets for weight reduction,
and substitution for toxic chemicals. Public interest
groups need criteria against which to evaluate
industry progress, and companies need criteria to be
able to claim credit for legitimate environmental
improvements.

4s JackEise~uer  and Richard Cordes,  “Industrial Waste Databases: A Simple Roadmap,’ Hazardous Waste andHazardoush4aterials,  vol. 9, No.
1, 1992, p. 1.

49 Preliminary work along these lines is currently being funded by the Department of Energy’s OffIce of Industrial Technologies. See Alan Schroeder,
“Industrial Waste Sources in the U. S.A.,“ in the Proceedings of Global Pollution Preventio~’91,  Waahingto~ DC, Apr. 3-5, 1991, p. 229.

50 The Engineering Design  R~~ch center at c~egie  Mellon university is developing ~ indm~  cOIISOrdlllll interested in @P1oriW  pficiples
of design for disassembly and recycling.

51 WA ~ proposed  a projat  on Environmen~y  Benign Materials and Processes as paxt of the f~cal year 1993 enhancements to the Advmcd
Materials Processing Program. See ‘‘Advanced Materials and Processing: the Fiscal Year 1993 Progr~”  a report by the Federal Coordinating Council
for Science, Engineering, and Technology’s Committee on Industry and Technology, Office of Science and Technology Policy, April 1992.

52 Natio~ResewchCoUcil,  co~tt= onoppo~ties  in Applied Enviro~en~Res~ch  ~dDevelopment,  WasteReduction: Research Need
in Applied Social Sciences, a Workshop Report (Washingto&  DC: National Academy Press, 1990).
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As discussed in chapter 4, green design always
involves making tradeoffs. In principle, a compre-
hensive life-cycle analysis (LCA) of a product or
process can indicate how to make these tradeoffs.53

A challenge for the future is to develop streamlined
LCA methods that focus on a few critical parame-
ters. It may also be possible to develop narrower
design rules of thumb or “green indicators’ for use
by designers for specific products or facilities (e.g.,
a tire design might be evaluated based on its
expected service life divided by its weight) .54 These
green indicators would be expected to vary for
different products.

A central measurement issue for policymakers is
how to measure the waste prevention attributes of a
product. Whereas recycling rates or recycled content
are relatively easy to measure, quantifying waste
prevention is notoriously difficult.5556 Yet if waste
prevention is indeed preferred to recycling in the
solid waste management “hierarchy,” as stated
both by EPA and by Congress in the Pollution
Prevention Act of 1990, it is important that
mechanisms be found to credit waste prevention
in government procurement programs and legis-
lation that aim to increase recycling rates.

Finally, to support system-oriented product de-
sign (see chapter 4), new macro-level metrics will be
required that can characterize the environmental
performance of alternative production and consump-
tion systems (e.g., alternative ways of providing the
same service), rather than just alternative products.
Suggestions for such metrics include dematerializa-
tion (reductions in the weight of materials used to
provide a given level of goods and services),
decarbonization (reduction in the quantity of fossil

fuels consumed to provide a given level of goods and
services), and input-output analysis of production
systems, accounting for both products and waste
streams.57

Many of these measurement issues are controver-
sial, and are probably best addressed through a
consensus-building process involving government,
industry, universities, and public interest groups.
Congress could provide funding to EPA to
convene a series of consensus-building work-
shops involving all interested stakeholders to
resolve these measurement issues.58

Institutional and Behavioral Research

To explore the full potential of green design, a
better understanding is needed of how companies
manage the design function and how design deci-
sions vis-a-vis the environment are affected by such
factors as type of product, company size, and
corporate culture. For example, barriers to green
design arise from cost accounting procedures59 and
other institutional or behavioral factors. Research is
also needed to understand how companies shape and
are shaped by customer needs. In particular, this
research could include how individual consumers
and large-volume commercial buyers view environ-
mental risks and make decisions to purchase envi-
ronmentally preferred products (see below).

Congress could provide funding through EPA,
the National Science Foundation (NSF), or the
National Institute for Standards and Technology
(NIST) for a series of industry case studies to
analyze how institutional and behavioral factors
influence design decisions vis-a-vis the environ-
ment in a variety of industry settings (including

53 See the upcoming report, “Product Life-Cycle Assessment: Inventory Guidelines and Mciples, ’ a study prepared for EPA’s OffIce of Reseamh
and Development by Battelle  and Franklin Associates, Ltd.

54 D. Navinc~n&a, ‘JDesiWfor  Environmen@bfli~,~  in proceedings o~theAsMEDe~ign Theo~andMethodology Conference, AIIlelkWISOCiety
of Mechanical Engineers, Miami, FL, 1991.

55 U.S.  ConWess,  OffiW of Technolo~  Assessmen~ Serious Reduction of Hazardous  Waste:  For pollution  prevention  and Industrial Eflciency,
OTA-ITE-317  (Washingto~ DC: U.S. Government Printing OffIce,  September 1986), p. 124.

56 For  fi~ce,  sho~d  Prevmtion  be mem~ by  Compfison with other comp~able products, or by  comparison with the same product hl SOme
previous base year? Using a base year as a standard of measurement may discriminate  against companies that had already made si@lcant reductions
in product weight or toxicity before the base year, and reward those who did not.

57 See Jesse H. Ausubel,  ‘Industrial Ecology: Reflections On a Colloquium, ” Proceedings of the National Academy of Sciences, vol. 89, February
1992, p. 879; and Faye Duchin, “Industrial Input-Output Anrdysis:  Implications for Industrial Ecology,” p. 851 in the same volume.

58 One exmple  is the ‘‘Pellston-~e” workshop organized by the Society of Environmental Toxicology and Chemistry ifl Au@st 1990 to develop
guidelines for li.bcycle assessment methodology. See Society of Environmental Toxicology and Chemistry, “A Technical Framework for Life-Cycle
Assessment,” a workshop repo~ Washingto~ DC, January 1991.

59 Areviewof themleof environmen~ factorsin  traditional cost accounting systems isprovidedby Rebecca Todd, ‘cAccountingfor  tie Environmmt:
Zero-Loss Environmental Accounting Systems,” presented at the National Academy of Engineering’s Workshop on Industrial Ecology/Design for the
Environment, Woods Hole, MA, July 13-17, 1992.
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both industrial and engineering design). These
case studies could provide excellent course materi-
als for business schools and design schools.

Policy Research

Although many policy options have been sug-
gested to control the environmental impacts of
products, little is known about the costs and benefits
of these options--especially the costs of monitoring
and enforcement. In Germany, for example, require-
ments for manufacturers to take responsibility for
recovering and recycling their packages appear to
have been passed with little cost-benefit analysis.60

Yet the costs may vary greatly depending upon the
kind of product, its distribution network, and the
waste management infrastructure. Congress could
require that EPA identify some of the more
promising proposals being discussed around the
world and analyze their likely costs and benefits.

As indicated at the beginning of this chapter, the
existing regime of environmental regulations, Fed-
eral and State procurement policies, and military
specifications already have a profound influence on
design decisions. A useful starting point might be
for Congress to direct EPA to coordinate a
comprehensive review of how existing Federal
and State regulations affect materials manage-
ment decisions in the United States. This could
help consolidate reviews already ongoing in various
agencies and provide a basis for government-wide
administrative changes.

As shown in table 6-2, many States have initiated
innovative programs to control the health and
environmental impacts of products, including taxes
on hard-to-dispose products, labeling requirements,
and outright bans (e.g., Maine’s ban on aseptic
beverage containers). As these State programs
develop, Congress could direct EPA to evaluate
their results. Congress may also wish to have
EPA investigate the extent to which compliance
with the growing diversity of State environmental

initiatives is imposing a serious financial burden
on industry, with a view toward identifying areas
where national standards are desirable.

CREDIBLE INFORMATION
FOR CONSUMERS

The second unique role that the Federal Govern-
ment can play in supporting green design is to ensure
that consumers have reliable information about the
environmental attributes of products, and to ensure
that its own procurement of goods and services is
consistent with environmental concerns. A signifi-
cant fraction of consumers prefer to buy environ-
mentally sound products,61 and manufacturers are
responding by touting the environmental benefits of
their products, using terms like “recyclable,” “bio-
degradable,” and “ozone-safe."62 63   B u t  b e c a u s e

the impacts of products on the environment are
complex and multidimensional, there is tremendous
potential for consumers to be confused by these
diverse environmental claims.64 In principle, LCA
techniques can be used to determine the overall
environmental quality of a product, but these tech-
niques are still at an early stage of development, and
it seems unlikely that definitive LCA results will be
available for most products in the foreseeable future.

In general, two kinds of customers can be
distinguished: individual consumers, and large-
volume buyers for commercial firms, institutions, or
government agencies. Options to address the infor-
mation needs of these two groups are discussed
below.

Individual Consumers

Environmental Advertising Claims

There is now a broad consensus on the part of
industry, States, and environmental groups that
Federal standards or guidelines of some sort are
needed to regulate environmental advertising.65

Industry wants national guidelines that prevent

@SW  “EnViromnen~sm  Runs  Riot,” The Economist, Aug. 8, 1992, P. 11.

61 k~or~ to a survey conducted in 1990 by the Roper mgti tion for S.C. Johnson and Son (op. cit., footnote 14), 29 percent of participants
reported purchasing a product beeause advertising or labeling said the product was environmentally safe.

62 “Selling Green,” Consumer Reports, op. cit., footnote 17.
63 ~cor~ t. one SWW, 26 ~rcent of tie 12,000 new household items launched in 1990 made some environm~ti claim. See Jaclyn FiermaU

“The Big Muddle in Green Marketing,” Fortune, June 3, 1991, p. 91.
64 A Smey  by Rnv~omen@  Research  &S~iates  of princeto~ NJ found that 47 percent of consumers dismiss environmental  claims as ‘‘mere

gimmickry.” Jaclyn Fierma~ ibid.
a For a good overview of the issues, see Ciannat M. Hewett, “The ‘Green Labeling’ Phenomenorx  Problems and Tnmds in the Regulation of

Environmental Marketing Claims,’ Virgini”a  Environmental Law Journal, vol. 11, spring 1992, p. 401.
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deceptive claims and bring more uniformity to the
current patchwork of State environmental labeling
regulations. 66 However, industry generally opposes
any regulations that would go beyond requirements
for factual and verifiable statements about environ-
mental attributes. Environmental groups want to
establish a‘ ‘floor’ of Federal standards for advertis-
ers’ use of environmental terms that can be exceeded
by States desiring to impose higher standards.67 The
underlying debate is between those who would treat
environmental claims in the same way as any other
form of advertising, and those who see it as a public
policy tool for changing the behavior of manufactur-
ers and consumers.68

In May 1991, a task force of 11 State attorneys
general called for Federal standards for environ-
mental advertising and recommended interim guide-
lines for use by manufacturers.69 The task force
recommended that environmental claims be as
specific as possible, substantive (not trivial or
irrelevant), and reflect current waste management
options.

Also in May 1991, the Federal Trade Commission
(FTC) published proposed guidelines for environ-
mental advertising and held hearings in July to
receive public comment. EPA published proposed
guidelines for use of the terms “recyclable” and
“recycled’ and the use of the recycling emblem,70

which industry critics charge go well beyond pre-
venting deception. The FTC also joined with EPA
and the U.S. Office of Consumer Affairs to form the
Federal Interagency Task Force on Environmental
Labeling, to coordinate Federal efforts.

In July 1992, the FTC issued final guidelines for
environmental marketing claims.71 The guidelines
are intended to prevent deceptive environmental
advertising, and are based on the principles that

claims of environmental benefits must be factual and
verifiable. The guidelines are not intended to
preempt State regulation of environmental advertis-
ing claims.

These FTC guidelines are an important step,
especially because they encourage manufacturers to
qualify broad claims of environmental benefits so as
to be specific and verifiable. But Congress may wish
to go beyond preventing deception; even if a claim
is not overtly deceptive, it still may not convey
sufficient information to enable consumers to evalu-
ate the environmental benefits of the product or
package. One criticism of FTC guidelines is that
they do not provide standard definitions of environ-
mental terms based on scientific criteria.72 Critics
argue that in any case, the FTC does not have the
scientific expertise to evaluate such claims, and that
the technical expertise of EPA is needed to develop
credible scientific definitions.73 Congress could
require that EPA work with the FTC to develop
"official" definitions of environmental terms
based on the best scientific information available.
In OTA’s view, it is especially important to decide
how terms relating to waste prevention (e.g., “source-
reduced”) should be defined and communicated to
consumers.

Another criticism of the FTC guidelines is that
they do not challenge manufacturers to make contin-
uous improvements in order to be able to claim
environmental benefits. Congress could require
EPA to develop minimum standards for unre-
stricted use of environmental terms in advertis-
ing. For example, a product labeled as “recycled”
might have to contain at least 10 percent post-
consumer material.74 These minimum standards
could then be ratcheted up over time.

66 ~ tie  absence of Fedtird standards, some 13 States have developed their own regulations on the Use Of environmental t-s.
67 S=, e.g., tes~ony  of tie Envi.ronrnen~ Defmse Fund on environmental labeling and S. 615 before the SUbCOmmitiw  on Envifonmenti

Protection of the Senate Committee on Environment and Public Works, July 31, 1991.
6s Ctiet M. Hewett, op. cit., footnote 65, p. 460.

@ “The Green Report II: Recommendations for Responsible Environmental Advertising,” May 1991.
TO ~viromen~ Protection Agency, “Guidance for the Use of the Terms ‘Recycled’ and ‘Recyclable’ and the Recycling Emblem in Environmental

Marketing Claims,” FederaZRegister,  vol. 56, No. 191, Oct. 2, 1991, p. 49992.

71 Fede~ Trade Commission, “Guides for the Use of Environmental Marketing Claims,” July 1992.
~ For e~ple, a ~rm~ “dcgratiblc”  might be defined differently by different manufacturers, giving consumers little information about tie tie

of degradation or the nature of the end products.
73 ~viromen~ Defense Fund, op. cit., footnote 67.
74 ~ is me deffition  of “rewcl~$~  tit ~5 hen  adopt~ ~ c~ifor~o  EPA is SW- comm~t on a si.mi~  propos~.  &X EPA Guidelines, Op.

cit., footnote 70.
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Industry generally objects to the idea of minimum
standards, arguing that they could actually result in
less information for consumers. For instance, if a
product contains recycled content but does not quite
meet the standard, manufacturers might be pre-
vented from communicating this information to
consumers. Environmental groups counter that this
problem can be avoided if standards are applied only
to unqualified use of terms; attributes not meeting
minimum standards would have to be described in
specific detail on the label (e.g., “This product
contains 5 percent recycled industrial scrap and 5
percent post-consumer material.”).

Eco-Labels

Even if consumers fully understand the environ-
mental claims made by manufacturers, they are still
faced with the problem of how to trade off one
environmental benefit or cost versus another. For
instance, it may be impossible for consumers to
decide whether a product that contains “20 percent
recycled content” is better for the environment than
a similar one that uses 10 percent less packaging.’
Ideally, green products would carry a single indica-
tor of overall environmental quality .75

According to the Organization for Economic
Cooperation and Development, at least 22 countries
are expected to develop green product labeling
schemes by 1993.76 As discussed in chapter 5,
Germany, Canada, and Japan award an “eco-label”
to products that are judged to have reduced environ-
mental impact compared with competing products .77
Properly constructed, environmental labels can pro-
vide consumers with an indicator of a product’s
overall environmental quality. Most analysts now
agree that a properly constructed labeling program
should be based on a life-cycle perspective (see
chapter 4), rather than on a single environmental
attribute such as recycled content. Initial efforts have
focused on collecting an inventory of resource

inputs and waste outputs. These inventories can
provide useful insights, but the scope and interpreta-
tion of inventories completed so far have been
controversial. 78 Nevertheless, at least the qualitative
perspective of evaluating the entire life cycle of a
product seems essential.

Although EPA once proposed the establishment
of a U.S. national eco-label, it has since dropped the
idea. 79 Instead, it is supporting research to develop
LCA methods (see table 6-5). Two private sector
labeling efforts, Green Seal and Scientific Certifica-
tion Systems, are underway in the United States.80

These efforts are still quite small, and at the present
rate at which labeling guidelines are being devel-
oped, consumers should not expect to see eco-labels
on a wide range of products in the near future.81

Congress could appoint a blue-ribbon commis-
sion to oversee the establishment of an independ-
ent, national eco-labeling program. A well-
funded national program could accelerate the deliv-
ery of environmental information to consumers,
especially if it borrowed the best from the experi-
ences of existing programs around the world. A
single national program would also have the credi-
bility of the Federal Government behind it. As an
alternative, Congress could require EPA to de-
velop standards for the certification of the prod-
uct evaluation methods used by private eco-
labeling programs. A certification process would
avoid the expense and bureaucracy of a national
eco-labeling program, and avoid preempting private
efforts that are already underway. For example,
eco-label programs that are based on a legitimate
life-cycle approach might receive government certi-
fication, while those based on a single environ-
mental attribute might not.

By themselves, eco-labels are not likely to have a
large impact on environmental quality. Indeed, only
a small fraction of all products are likely to be

75A 1990  survey of 1-,514 COIISUmCrS conducted by Advern”sing  Age and the Gallup org an.ization found that 34 percent indicated that an ecdabel
program would have a great impact on their purchasing decisions. Cited in Ciarmat M. Howa% op. cit., footnote 65, p. 451.

76 Cathetie  ~~ “some 22 N~o~s Cotid Have ‘Green Label’ Sch~= by ‘93,” Toronto Szar, NOV. & 1991,  p. DG.

77 b most co~~es,  me label  is awaded  by  a nongovernmental, independent institute according tO StXiCt MtiOMl deS.

78 Consumer Repo~s, op. cit., foo~k l’.

79 Hannah Holmes, “The Green Police: In the Environmental Holy War, Who Can Tell the Good Guys From the Bad Guys?” Gurbuge,
September-October 1991, p. 44.

w ~y Lynn  !hlzhauer, “Obstacles and Opportunities for a Consumer Ecolabel,” Environment, vol. 33, No. 9, November 1991, p. 10.
‘1 Ibid., p. 36.
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considered for an eco-label.82 There is also a
question about the extent to which manufacturers of
environmentally harmful products will be motivated
to redesign products and processes to become
eligible for a label. Nevertheless, eco-labels may
provide public policy benefits that reach beyond the
labeled products themselves. A highly visible eco-
labeling program could become a useful educational
tool to raise consumer awareness about the environ-
ment that could spill over to other purchasing
decisions.

Institutional, Commercial, and
Government Buyers

OTA estimates that over 40 percent of all goods
and services (by value) produced in the U.S.
economy are ‘‘intermediate’ goods and services
(e.g., industrial equipment, chemicals, etc.) that are
purchased by businesses, institutions, or govern-
ment agencies, rather than by individual consum-
ers.83 Therefore, these large-volume buyers are an
important target for environmental information.

While the “green preferences” of individual
consumers have been the subject of numerous
studies, OTA is unaware of any systematic studies
on how environmental concerns are factored into the
purchasing decisions of commercial or institutional
buyers. This is an important area for further research
(see section on institutional and behavioral research
above).

There is anecdotal evidence that these large-
volume buyers are beginning to request more
information about the environmental attributes of
products and packaging. But since these intermedi-
ate goods are not advertised in the same way as
consumer goods, eco-labels or environmental adver-
tising standards may not be appropriate. In the case
of chemicals, EPA has studied the possibility of
increasing information to users of TRI chemicals by

expanding Material Safety Data Sheets to include
environmental hazards,84 or requiring manufacturers
to provide “product stewardship” information to
their customers.85 In Europe, the idea of requiring
manufacturers to provide a‘ ‘product environmental
profile” to their customers is being explored (see
chapter 5).86

These proposals should be evaluated carefully
and full advantage should be taken of voluntary
industry efforts that are already ongoing.87 Federal
regulations requiring the transmission of additional
environmental information between suppliers and
manufacturers could create additional paperwork
without addressing the specific concerns of individ-
ual buyers. However, it is important that the Federal
Government incorporate environmental criteria into
its own purchasing decisions.

Government Procurement

About 20 percent of the purchases of all U.S.
goods and services is made by government at the
Federal, State, and local levels. Section 6002 of
RCRA requires EPA to establish procurement guide-
lines for government agencies to purchase products
made with recovered materials. At this writing, EPA
had published guidelines for paper products, lubri-
cating oils, retreaded tires, building insulation, and
cement or concrete containing fly ash. Several more
guidelines are expected in 1992.88 Congress could
require EPA to identify additional product cate-
gories and establish deadlines for issuance of
“green” procurement guidelines.

To date, government procurement guidelines for
green products have been based almost exclusively
on recycled content. In the future, it will be
important to broaden these guidelines to include
other environmental attributes, especially waste
prevention (toxicity reduction, energy efficiency,
etc.). Congress could require that EPA undertake

82 rn 1991,  after 13 years in operation, GermarI y’s Blue Angel program had awarded eco-labels  to some 3,600 products in 66 product categories.
However, more than half of the labels  awarded fall into only four product categories.

83 ~~ es~te w= obt~ed ~m the Dep~~@ of co~eme’s Use of Commo&ties  ~ble of 1987. Divid@  total intermediate use by tOti
commodity output yields a ratio of 43.6 percent.

a Rquired by the occupatio~ Safety and Htxdth Atistration.

85 David Hanson, “EPA Develops Product Stewardship, Hazard Communication Regulations,” Chem”cal  and Engineenng  News, Nov. 19, 1990.
86A ~mduct  Proffle is a ~~~tive  description  of the li,fe.cycle  environmen~ impacts of a product, intended for use by professional buyers, mth~

than individual consumers.
87 See, e.g., Janice R. ~ng, “Standard for Material Safety Data Sheets in the Offing,” Chemical and Engineenng  News, May 18, 1992, p. 7,
88 Ta~ony  of RiChmd  D. MOrgeMtem,  &ing ASSiS~t Administrator,  ~lce  of poficy pl- ~d Ev~uation,  EPA, before the fhlbCOhttee

on Oversight of Government Management, Semte Committee on Governmental Affairs, Nov. 8, 1991.
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studies to determine how procurement guidelines
might be broadened to account for waste preven-
tion.

In response to congressional pressure, the General
Services Administration (GSA) has begun to high-
light the environmental attributes of products in its
regular supply catalogs.89 This has helped to ensure
that procurement agents in various agencies have
access to environmental information on the products
they buy. Congress could formalize this process
by requiring that all Federal procurement cata-
logs contain information on environmental at-
tributes alongside performance and cost infor-
mation.

MARKET DISTORTIONS
AND ENVIRONMENTAL

EXTERNALITIES
The third major area in which Congress can

encourage green design is by shaping environmental
policies that better account for the environmental
impacts of products throughout their life cycle.
Providing better information to designers and con-
sumers on the environmental impacts of materials
and processes is important, but if this information is
not backed up by appropriate price signals, environ-
mental concerns are likely to be overwhelmed by
many other design requirements and consumer
demands.

Economists have long argued that efficient use of
energy and resources requires that the prices of
goods and services reflect their true social (and
environmental) costs.9091 These costs are partially
accounted for through health and environmental
laws such as those in table 6-1. For example,
emissions control technologies required by the

Clean Air Act raise the price of electric power and
automobiles. Nationwide, it is estimated that com-
pliance with pollution control laws costs industry
and consumers $115 billion per year.92

But most observers agree that many environ-
mental costs remain external to economic transac-
tions, and in some cases government policies distort
market price signals. On the production side, there
are government subsidies or special tax treatment for
the extraction of virgin materials (e.g., below-cost
timber sales and mineral depletion allowances);93

and many “non-hazardous’ industrial solid wastes
(e.g., mine tailings or manufacturing wastes that are
managed on-site) with significant environmental
impacts are not regulated at the Federal level.94 On
the consumption side, consumers often do not pay
the full environmental costs of products that are
consumed or dissipated during use (e.g., fuels,
cleaners, agricultural chemicals),95 or the full cost of
solid waste disposal.96

There are two general policy mechanisms for
internalizing environmental costs: regulations and
economic instruments. Historically, the basis of
environmental policy in the United States has been
regulation (see, for example, table 6-1). But in recent
years, there has been a growing interest in the use of
market-based incentives such as pollution taxes,
tradable pollution permits, and deposit-refund sys-
tems, that can—in principle at least—provide the
same environmental protection as regulations at less
cost.97 Table 6-6 presents a menu of regulatory and
market-based incentives that have been proposed to
internalize the environmental costs associated with
the flow of goods and materials through the econ-
omy. These options are organized according to their
point of greatest impact on the materials life cycle.
Each could have an impact on product design, but an

89 see,  ~.g., GSA  supply Catiog,  my 1992.  See ~o “Buying  Green:  Federal  purc~ing  fiactices  and the Environmen~” a hearing of the
Subcommittee on Oversight of Government Management of the Senate Committee on Governmental Affairs, Nov. 8, 1991.

~ FOr a remnt review, see William D. Nordhaus, “me ~OIOSY of ~kets~ “ Proceedings of the National Academy of Science, vol. 89, February
1992, P. 843.

91 For  ~ ~g~y r~&ble  discussion  of environmen~ policy  instruments to prot~t  he environment  from  an  economist’s perSptXtiVe,  S=  Frances
Cairncross,  Costing the Earth: The Challenge for Governments, the Opportunities for Business (Boston, MA: Harvard Business School Press, 1992).

n Environmen~ Protection Agency, “Environmental Investments: The Costs of a Clean Environment,” EPA 230-12-90-084, December 1990.
93 Jessica Matthews, “OIL Give Me a Home Where the Subsidies Roam,” Washington Post, Oct. 3, 1991.
94 Us. ConPeSS, offIce of TeC~ology Assessment,  Ma~ging  I&usfrial  Solid  wastes From Alanufactu~ng,  Mining,  oil and  Gas Production, and

Utility Coal Combustiotiackground  Paper, OTA-BP-O-82 (Washingto~  DC: U.S. Government Printing OffIce,  Febraary  1992).
95 See, e.g., Harold M. Hubbard, “The Real Cost of Energy,” Scientific American, vol. 264, No. 4, April 1991, p. 36.
% A. Clark  Wisemam “1.mp~iments to Economically Efllcient Solid Waste Management,” Resources, fall 1991, P. 9.
97 Ro~fi we ~and Ro~fiNo  s~v~, “~~ntive-Bas~ Bnvhonmenti  Re@tion: A New Era From an Old Idea?’ Energy and Environmental

Policy Center Discussion Paper, John F. Kennedy School of Government, Harvard University, August 1990.
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analysis of the design implications of all of them is
beyond the scope of this report. Here we focus
especially on those options that would affect product
design directly: i.e., options primarily affecting the
manufacturing stage of the life cycle. Many of these
instruments have been discussed in detail else-
where.98

Recycled Content

With the proliferation of State and local recycling
collection programs in recent years, cities are
collecting recyclable at a pace that far exceeds the
use of these recovered materials in new products.
Cities are now faced with increasing costs of
managing recovered materials at a time when they
are already strapped financially.w As more and more
large cities implement collection programs, the
volume of recovered materials can be expected to
increase; without new markets for these materials,
prices will drop. This has led to increasing pressure
on Congress to enact legislation to create markets for
recovered materials through recycled content re-
quirements.

Recycled content requirements can help to solve
the immediate problem of the lack of markets for
recyclable. But by creating markets for recovered
materials through regulation, policymakers are im-
posing a predetermined solution to the solid waste
problem that ignores market forces.100 This solution
may be inefficient for several reasons:

● With many thousands of products likely to be
covered by such regulations, the transaction
costs of administration, monitoring, and en-
forcement on a per-product basis may be
unacceptably high.

●

9

Across-the-board content requirements do not
account for the fact that some companies may
be able to incorporate recycled content more
cheaply than others, or that costs may vary
significantly by geographical region.
Finally, by focusing exclusively on a single
environmental attribute, recycled content re-
quirements may preclude environmentally pre-
ferred designs, especially those featuring waste
prevention.

Congress could choose not to address this
problem, in which case many communities may
be forced to curtail their recycling collection
programs until stronger markets for these ma-
terials develop. If Congress does choose to pursue
recycled content requirements, either in govern-
ment procurement programs or as part of RCRA,
it can address the inefficiencies noted above in
several ways.

Crediting Waste Prevention

Congress can exempt products from recycled
content requirements that feature waste preven-
tion.101 This would provide more flexibility to
manufacturers, but the viability of this option
depends on developing criteria for measuring waste
prevention. For instance, how should the various
aspects of waste prevention (e.g., weight or volume
reduction, toxicity reduction, and energy efficiency)
be factored in? And what should be the baseline for
measuring reductions? A system of complicated
exemptions for waste prevention could make recy-
cled content regulations administratively unworka-
ble, especially if applied on a per-product basis. One
alternative would be to offer companies the
option of avoiding per-product regulations by
committing to companywide reductions, and

9s see, e.g., Resource Conservation Colnlnitt*, “Choices for Conservatio~” Final Report to the President and Congress, SW-779, July 1979
(available from the U.S. EPA Engineering Research Center Library, Cincinnati, OH); Robert N. Stavins,  Project Director, “ProjWt 88, Harnessing
Market Forces lb Protect Our Environment: Initiatives for the New presiden~” Washingto~  DC, December 1988; Robert N. Stavins,  Project Director,
“Project 88-Round II, Incentives for Actiorr De@@ Market-Based Environmental Strategies,” Washington, DC, May 1991; Environmental
Protection Agency Science Advisory Boar~ “Reducing Risk: Setting Riorities  and Strategies for Environmental fiotectio~” (especially Appendht
C), EPA-SAB-EC-90-021C,  September 1990, U.S. Environmental Protection Agency, “Economic Incentives: Options for Environmental protectio~”
PM-220, Washingto~  DC, March 1991; Organisation for Economic Cooperation and Development, “Environmental Policy: How lb Apply Economic
Instruments,” Paris, 1991.

99 me Nation~  Solid Wrote -merit Association noted in a recent survey of the IWiOn’s cities @t solid WW@ management costs are second
only to education in public expenditure of funds. David Ruller, Recycling Coordinator for the City of Alexandri%  VA, personal communicato~  August
1992.

~m <CHow  ~ mow -s AwaY, “ The Econonu”st,  Apr. 13, 1991, p. 17.
lol me ~sach~etts public Interest Research Group (MASSPIRG)  has developed legislation proposing that pactiging  be considered “-n” if

it met one of several alternative criteri~ made from a specified percentage of recovered material, made fkom a material that was recycled at a specifkd
rate, or reduced in weight or volume by a specifkd percentage. Such “MASSPXRG  bills” have been introduced in several States, and the idea became
part of the RCRA reauthorization debate in the l(Y2d Congress.
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Table 6-6-Policy Options That Could Affect Materials Flows

Life-cycle stage Regulatory Instruments Economic instruments

Raw material extraction
and processing

Manufacturing

Purchase, use, and
disposal

Waste management

Regulate mining, oil, and gas non-hazardous solid
wastes under the Resource Conservation and
Recovery Act (RCRA).

Establish depletion quotas on extraction and import of
virgin materials.

Tighten regulations under Clean Air Act, Clean Water
Act, and RCRA.

Regulate non-hazardous industrial waste under RCRA.
Mandate disclosure of toxic materials use.
Raise Corporate Average Fuel Economy Standards for

automobiles.
Mandate recycled content in products.
Mandate manufacturer take-back and recycling of

products,
Regulate product composition, e.g., volatile organic

compounds or heavy metals.
Establish requirements for product reuse, recyclability,

or biodegradability.
Ban or phase out hazardous chemicals.
Mandate toxic use reduction.

Mandate consumer separation of materials for
recycling.

Tighten regulation of waste management facilities
under RCRA.

Ban disposal of hazardous products in landfills and
incinerators.

Mandate recycling diversion rates for various materials.
Exempt recyclers of hazardous wastes from RCRA

Subtitle C.
Establish a moratorium on construction of new landfills

and incinerators.

Eliminate special tax treatment for extraction of
virgin materials, and subsidies for agriculture.

Tax the production of virgin materials.

Tax industrial emissions, effluents, and hazardous
wastes.

Establish tradable emissions permits.
Tax the carbon content of fuels.
Establish tradable recycling credits.
Tax the use of virgin toxic materials.
Create tax credits for use of recycled materials.
Establish a grant fund for clean technology

research.

Establish weight/volume-based waste disposal fees.
Tax hazardous or hard-to-dispose products.
Establish a deposit-refund system for packaging or

hazardous products.
Establish a fee/rebate system based on a product’s

energy efficiency.
Tax gasoline.

Tax emissions or effluents from waste management
facilities.

Establish surcharges on wastes delivered to
landfills or incinerators.

SOURCE: Office of Technology Assessment, 1992.

requiring them to document compliance with
these agreements in publicly available data-
bases.l02

Tradable Recycling Credits

Another option for reducing the burden of
industry compliance with recycled content re-
quirements would be to couple them with a
tradable recycling credit mechanism similar to
the emissions trading program for sulfur dioxide
under the Clean Air Act Amendments of 1990.103

Manufacturers would be required either to use a
specified percentage of recycled content in their

products, or to purchase recycling credits from other
manufacturers who exceed the percentage require-
ment.

Such tradable recycling credit mechanisms en-
courage those manufacturers that can incorporate
recovered materials most cheaply to do so. However,
due to the administrative costs of setting up and
monitoring these programs, they are not feasible for
all of the many thousands of products on the
market. 104 Rather, they may be most suitable for a
limited number of materials or waste streams of
special concern, e.g., old newspapers, used oil, or

lm Model  legis~tion d~eloped by the Source Reduction Task Force of the Coalition of Northeastern Governors (CONEG)  would wow comptim
to avoid all packaging recycling requirements by committing to reduce paclmging on a companpvide  basis by 15 percent between 1988 and 1996. See
CONEG Source Reduction Task Force-Model Legislatio~ “An Act Concerning Reduction in Packaging Waste,” Feb. 11, 1992.

103 s= “RojWt  88—Rod II,” op. cit., footnote 98, p. 55.
IM  Fora  discussion of tie appropria~  use  of marketable permits, see Organisation for Economic Cooperation and Development, op. cit., fOO~Ote  98.
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automobile batteries.105 Congress could mandate
that EPA set up a limited number of pilot
tradable recycling credit programs to evaluate
the effectiveness of this approach.

A Market-Based Alternative

The extraction of raw materials and their initial
processing are two of the most environmentally
destructive phases of a product’s life cycle. l06 Yet
many of these environmental costs are not reflected
in the price of materials. As an alternative to
recycled content requirements, Congress may
wish to move toward a system of indirect incen-
tives aimed at internalizing the environmental
costs of virgin materials use, thus making virgin
materials more expensive and the use of recov-
ered materials more economically attractive.107

This might include eliminating subsidies and special
tax treatment for the extraction of virgin materials,
taxing the production of virgin materials of special
concern, or regulating more strictly the wastes and
other environmental impacts of extractive indus-
tries. 108

Such a market-based strategy has the advantage
that it does not impose a predetermined solution on
the solid waste problem, and would begin to
internalize the costs of some of the most environ-
mentally destructive practices. However, the size of
its impact on the solid waste problem and the timing
of that impact is much less predictable. Several
studies suggest that simply removing government
subsidies for virgin materials is unlikely to change
the price of processed materials by more than a few
percent. 109 110 Attempting to replicate the incentives
of recycled content requirements through taxes on
virgin materials might require taxes to be so high as
to cause significant economic disruption in the

domestic materials extraction industries, with seri-
ous implications for U.S. resource security. Never-
theless, given that current policies were established
at a time when the goal was to encourage the
exploitation of resources,lll it is appropriate for
Congress to reevaluate these policies in light of
current concerns about the environmental impacts of
resource use and ecological sustainability.

Use of Hazardous Chemicals

Since the 1940s, when the chemical industry
began an era of explosive growth, more than 60,000
chemical substances have been synthesized, and
more than 1,000 new chemicals are proposed for
manufacture each year.112 These chemicals are
responsible in large part for the high standard of
living in industrialized countries, and for many of
the conveniences of modern life. Contemporary food
production, medicines, building materials, and many
consumer products (e.g., nylon hosiery and laundry
detergents) depend on use of these chemicals.

This dramatic growth in chemical use has also
raised health and environmental concerns. For the
most part, these chemicals pass through the econ-
omy quickly, whether in the form of industrial
wastes or products. 113 Some have very long lifetimes
in the environment (e.g., CFCs and polychlorinated
biphenyls (PCBs)) and may become distributed
globally. 114 In some cases, a hazardous substance
may achieve widespread use before its health or
environmental implications are realized; for exam-
ple, CFCs were believed to be quite safe at the time
they were introduced. Toxic substances initially
released in low concentrations may also become
reconcentrated in sediments or through bioaccumu-

105 ~gislation  to establish ~adable r~cling  credit programs for old newspapers, tires, used oil, and automobile batteries was introduced ti tie 102d
Congress by Representative Esteban ‘Ibrres.  See, e.g., H.R. 872.

106 Joim E. Young, “’Ibssing  the Throwaway Habit,” IVorZd  Watch, May-June 1991, p. 26.
10T  Steven  fiatem “Market Failure and the Economics of Recycling,” ~nvironmntal~ecisions,  April 1990, P. 20.
10S me advantages and disadvantag~  of these options are discussed extensively in the references of footnote 98.
IW For a brief discussion of tie impact of virgin material subsidies on recycling, see U.S. Congress, ~lce of Technology Assessment  Facing

America’s Trash: Whar Next for Municipal Solid Waste, OTA-O-424 (Washingto~ DC: U.S. Government Printing OffIce, October 1989), p. 200.
110 Otier observe~ counter,  though, that the largest government subsidies go to the energy and transportation WXors,  not to v@@ materi~s Per se.
111 Forexamp]e,  tielaw that governs the extraction of gold,  silver, and other “hardrock” minerals is the General-g LWv of 1872. Bills to r~orm

the Mining Law were introduced in both the House and Senate in the 102d Congress.
112 Michael Shapiro, “Toxic Substances Policy, “ in Public Policies for Environmental Protection, Paul R. Portney (cd.), op. cit., footnote 2, p. 195.
1]3 Robert U. Ayres, “Industrial Metabolism,” Technology and Environment (Washington DC: National Academy Press, 1989), p. 23.
114 Cufis C. Travis ~d Shefi T. Hestm, “Global Chemical Pollutiorq”  Environmental Science and Technology, VO1.  25, No. 5, 1991,  p. 814.
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lation to levels that pose significant risks to human
health.115

In 1976, Congress passed the Toxic Substances
Control Act (TSCA) to address these concerns. Yet
little is known about the long-term implications of
the dissipative use of these substances for human
health and the environment. Toxicity data are
lacking on many, if not most of the chemical
products used in the United States.116 In 1991, GAO
reported that 15 years after the enactment of TSCA,
EPA had received test results for only 22 chemicals,
and had assessed the results for only 13 of the 22.117

Manufacturers have begun to respond to these
health and environmental concerns in a variety of
ways, such as the “Responsible Care” program of
the Chemical Manufacturers Association (see table
6-3). As of February 1992, 734 companies had
joined EPA’s 33/50 Program, pledging to reduce
their releases of 17 toxic materials by 50 percent
(relative to 1988) by 1995.118 But in spite of these
efforts, large volumes of hazardous chemicals con-
tinue to flow through the economy into the environ-
ment. According to data collected in 1990 on
industrial use of hazardous substances in the State of
New Jersey, for example, at least 83 percent of the
cadmium, 92 percent of the nickel, and 99 percent of
the mercury used by industry was converted into
products (e.g., paints, coatings, plastics, and batter-
ies), not released as wastes.ll9 These heavy metals
are released to the environment when these products
are discarded; however, these environmental re-
leases are not addressed by programs such as the
33/50 program, which is concerned only with
industrial waste streams. This example illustrates
that if we are concerned about the dissipation of
hazardous materials into the environment, we must

be concerned not only with industrial wastes, but
with the use of these materials in products as well.

Toxics Use Reduction

Recognizing the importance of toxic materials
flows in products as well as in industrial wastes,
environmental groups are promoting reduction in
industry use of toxic chemicals in the frost place.120

The rationale is that once toxic materials are
introduced into the economy, they are likely to be
released into the environment. Therefore, environ-
mental groups argue, the best way to prevent toxic
releases is to limit the use of these materials from the
outset. Some advocates envision a world in which
certain toxic materials would be “sunsetted” or
phased out entirely.121

The distinction between waste minimization and
toxics use reduction is important because toxics use
reduction is a much more radical concept than waste
minimization (box 6-B). Whereas Federal policy has
long been concerned with protecting the environ-
ment from the release of hazardous and nonhaz-
ardous wastes by industrial generators (e.g., EPA’s
33/50 Program), the choice of what materials should
be used in products has usually been a private sector
decision. Thus, toxics use reduction implies govern-
ment intrusion into areas that have traditionally been
considered the province of private industry. In other
words, toxics use reduction involves a more pre-
scriptive approach to product design than does waste
minimization.

Policy Approaches

The use of hazardous or toxic chemicals must be
understood in the context of risks and benefits.122

Clearly, the environmental risks of using some
materials are so great that they outweigh any
possible benefits, and they must be banned-as in

Ils For e~ple, merc~ vola~~d  by fossil fuel burning or municipal solid waste incineration retis in the atmosphere for about a year. After
mercury from the atmosphere is deposited in lakes, it is methylated and bioaccurmdates in fish as methyl mercury, the form most toxic to humans. About
15 percent of Michigan lakes, 30 percent of Wisconsin lakes, and 50 percent of Florida lakes contain fish with mercury levels exceeding State health
standards. Curtis C. Travis and Sheri  T. Hester, op. cit., footnote 114, p. 816.

116 Mckl Shapiro, op. cit., footnote 112, p. 221.
117  U.S. Conmess,  Gener~  Accounting  OffIce, Toxic Substances: EPA’s Chemical Testing Program Has Not Resolved Safety Concerns,

GAO/RCED-91-136  (Washington, DC: U.S. Government Printing Off@ 1991), p. 2.
118 Environment Protection Agency, “33/50 Program Pledges on the Rise,” Pollution Prevention News, March/April 1992, p. 1.
119 Dam supplied by Andrew  Oppem,  New Jer8ey Department of Environmental Protection and Energy, personal commtimtio%  Au@st 1992.
IZO  SW, e.g., testimony of Hillel Gray, Natioti Environmental Law Center, before the Subcommittee on Transportation and Hazardous Miite* of

the House Committee on Energy and Commerce, Mar. 10, 1992.
121 Jeffrey  A. Forq  ‘The  Sunset Chemicals prOpOSd,” International Environmental Afiairs,  vol. 2, No. 4, fall 1990, p. 303.
122 ~5 p~ciple  i5 at he root of tie Toxic  Substices  Con&ol  At ~d tie Feder~  ~secticide,  Fungicide, and Rodenticide  Act, which regulate

chemicals and pesticides on the basis of “unreasomble  risk” to health or the environment.
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Box 6-B—Toxics Use Reduction vs. Waste Minimization

Waste minimization and toxic use reduction are related concepts, but they are not identical. Waste
minimization refers to all activities that reduce the quantity or toxicity of waste released from a facility to the
environment As such it is concerned with reducing the waste outputs of industrial processes. Toxic use reduction
refers to reducing the inputs of toxic materials into industrial processes, thereby avoiding their release as wastes or
in products,

Industry has been generally supportive of the idea of waste minimization, at least in principle. Companies
object strongly, though, to government requirements for toxic use reduction. They argue that society’s legitimate
concern is with the release of toxic materials, not their use per se. For example, two toxic chemicals can react to
produce a nontoxic product; and toxic solvents can be recovered and reused many times. Thus, they argue, the mere
use of a toxic material may not affect the environment, Furthermore, companies argue that the term ‘‘toxic’ is
imprecise because most substances are toxic in sufficient concentrations, while some highly toxic chemicals can
be beneficial in low concentrations. Finally, industry argues that regulations restricting the use of materials would
hurt their international competitiveness, since the same restrictions would not apply to their competitors overseas.

Environmentalists counter that industry cannot be entrusted with protecting the environment from toxic
materials, especially when it is not profitable to do so. They point to historical examples of polluted rivers and
abandoned toxic waste dumps. And even if toxic materials are released in small quantities, they may persist for a
long time in the environment and become reconcentrated in sediments or through bioaccumulation. Little is known
about the risks of long-term exposure to low concentrations of toxic chemicals.

These two views-waste minimization and toxic use reduction--illustrate the clash between two of the
philosophical paradigms discussed in chapter 3. Waste minimization, with its concern with industrial waste outputs,
arises from the environmental protection paradigm, Toxic use reduction, on the other hand, with its precautionary
emphasis on resource inputs, reflects the eco-development paradigm.
soURCE: Office of Technology Assessment,  1992.

the case of CFCs. For most chemical substances, effects of most chemicals is sketchy at best, and the
though, more flexibility is appropriate. Products that environmental risks to ecosystems have hardly been
use toxic materials can perform socially useful considered. These uncertainties suggest that a pre-
functions or even have (comparative) environmental cautionary policy that encourages designers to avoid
benefits. For instance, the recently discovered high- the dissipative use of hazardous materials (insofar as
temperature superconductors could potentially lead possible) is warranted.
to more efficient power generation and transmission,
resulting in less pollution from power plants. Yet the

More than a dozen States have enacted laws thatsynthesis of these superconductors involves use of
toxic chemicals, and the materials themselves con- promote toxics use reduction or related approaches.124

tain a variety of toxic heavy metals; for instance, the The Massachusetts Toxics Use Reduction Act,

compound currently with the highest critical transi- which is widely agreed to be the most aggressive,

tion temperature is based on thallium, a highly toxic requires industrial facilities to develop toxics use

heavy metal.123 reduction plans and document progress toward
self-set goals. The overall goal of the legislation is

On the other hand, it must be recognized that there to reduce the use of listed toxic chemicals by 50
is considerable uncertainty about the health and percent by 1997. To protect proprietary information,
environmental impacts of the dissipative use of the plans themselves are confidential, although the
hazardous or toxic materials. As noted above, plan summaries and the goals are to be made
information on the toxicity and long-term health public.125

123 U.S. Congress, office of Technology Assessment, High-Temperature Superconductivity in Perspective, OTA-E-440 (Washington, DC: U.S.
Government Printing Office, April 1990).

124 William Ryan and R.ichard Schrader,"An Ounce of Toxic Pollution Prevention: Rating States’ Toxic Use Reduction Laws,”available from the
Center for Policy Alternatives, Washington, DC, Jan. 17, 1991, p. 1.

125 Ken Geiser, “The Greening of Industry,” Technology Review, August/September 1991, p. 68.
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California has tried another approach aimed at
informing consumers of the use of toxic chemicals
in products. Under the Safe Drinking Water and
Toxic Enforcement Act of 1986 (Proposition 65),
products that contain even minute amounts of any of
420 chemicals determined to be carcinogenic or
posing reproductive toxicity must be labeled with
warnings.

126 This has stimulated some companies to
reformulate products to avoid the labeling require-
ments. 127 However, because so many chemicals are
covered, and in such low concentrations, the effect
of the labeling requirements may be to desensitize
consumers to actual risks.128

In addressing health and environmental concerns
relating to toxic or hazardous chemical use in
products, Congress can choose a variety of options,
ranging from further research to mandatory toxics
use reduction requirements. By initiating a re-
search program to identify high-risk materials
and products, and to model the flows of these
materials through the economy (see research
discussion above), Congress can ensure that
regulations result in cost-effective risk reduction.

Congress can act to increase available informa-
tion about the flows of toxic materials by expand-
ing industry’s reporting requirements under TRI
to include additional facilities, industrial sectors,
and chemicals not covered under the original law.
The 1986 Superfund Amendments and Reauthoriza-
tion Act requires manufacturers in 20 manufacturing
industries to report annually to EPA on their releases
of 322 chemicals or chemical categories. However,
many environmental releases of these chemicals are
not covered under TRI. Not included are nonmanu-

facturing sources such as mines, waste treatment
plants, public utilities, farms, and government facili-
ties. Manufacturers with fewer than 10 employees or
using less than 10,000 pounds of TRI chemicals
annually are exempted from reporting. Critics also
charge that hundreds of chemicals listed as toxic
under other environmental laws are excluded from
the TRI reports.129

Congress could expand facilities’ reporting
requirements under TRI to include the use of
toxic materials, not just their releases to the
environment. This “materials accounting” ap-
proach could lead to a valuable database on toxic
chemical flows.130 However, comprehensive report-
ing on the use of hundreds of chemicals for
thousands of facilities would involve a huge paper-
work burden, both for companies and for EPA
reviewers. 131 Unless these requirements are nar-
rowly targeted on chemicals or materials of special
concern, they would significantly increase indus-
try’s reporting costs, and might not result in a
significant reduction of environmental risk.

Congress could mandate a national require-
ment for industry toxics use reduction plans,
modeled on the Massachusetts Toxics Use Reduc-
tion Act. Again, however, the law would have to be
carefully structured to make the paperwork burden
manageable. If Congress does decide to pursue
mandatory toxics use reduction, it may wish to
consider market-based incentives such as trada-
ble toxic use permits to achieve reductions at the
lowest cost to industry.132 This approach was used
successfully in the phase-out of leaded gasoline

126 Wilh  S. p-, c<~e~~ ~d~ and the ~b~c’s Right  ~ Know: How ~ective  ~ c~ofia’s ~position65?”  Environment, vO1. 33,  No.

10, December 1991, p. 12.
127 For e=ple, Gille~e ~fom~at~  is Liq~d  pqm  product to remove  ~chlomethyl~,  ou of the ~t~ ckm.i~s.  The substitute W~ 1,1,1

trichlorethane, which is not on the list. Robert Healey,  Gillette, personal cmnmunicatio~ August 1992.
12S me ~w s~tes tit ~sted ~~c~ ~ fo~ must not be present  at a level gr@~ ~ one onetho~~d~ of the level at whkh  there  SK 110

observable health effects. Industry representatives claim that this is too restrictive, arguing, for example, that ethyl alcohol, one of the listed chemicals,
is mturally present in soft clrinks, carrots, ice cream, and bread at levels that would trigger a warning under Reposition 65. See Conrad B. MackerroU
“Industry Is Learning ‘Ib Live With Proposition 65,” Chem”caZweek,  July 12, 1989, p. 19.

129 ~or~ to one  es~te, TRI excludes 140 chemicals regulated as hamrdous under R- 64 substances listed as *dous  ~der  he ~lWI
AirAc~  56 priority pollutants under the Clean Water and Safe Drink@ Water Acts; 69 apecialrcwiew pesticides under FIFWl; and hun&eds  of probable
carcinogens and reproductive toxicanta listed by scientiilc  authorities and government agencies. See Hillel Gray, op. cit., footnote 120.

1~ For ex~ple, New Jersey’s Worker and Community Right to Know Act of 1983 requires tidustry to report hpus ~d ou@t5  of 165 -dom
chemicals, all of wbich  are on the TM list. These materials accounting data are necessary to track the flows of these chemicals through the economy
and into the environmen~ whether in the form of products or waste streams.

131 me ~wleu ~W~, for ~s~nce, ~es tit cmde oil contains millioIM of differ~t hydroc~bom  ~d o~er ~~~Y Occti compo~~
that are never fully separated during the manufacturing process. Petroleum products such as gasoline, fuel oil, and others are also complex mixtures that
donothave standard compositions. Accounting for all of these chemicala would be impractical. See testimony of thelirnerican Petroleum Institute before
the Subcommittee on Transportation and Hazardous Materials of the House Committee on Energy and Commerce, Mar. 10, 1992.

132 Molly  K. ~ca~ey and Karen L. Palmer, “Incentive-based Approaches to Regulating lbxic Substances,” Resources, Summer  1992,  p. 5.
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during the early 1980s.133 Finally, if new bans are
deemed necessary, they can be targeted on spe-
cific products, rather than generic materials.
This can help to target specific risks, while not
foreclosing the economic and environmental ben-
efits that these materials may have in other
applications.

Product Taxes

Environmental product fees or taxes are-in
principle, at least—an efficient way to encourage
designers and consumers to make greener choices.134

Taxes can be applied to hard-to-dispose products or
to products that pose special risks as a result of their
use. The best example in the United States is the
excise tax on CFCs, which is intended to remove
windfall profits as the production of these chemicals
is phased down under a marketable permit sys-
tem.135 As discussed in chapter 5, several European
countries impose hefty taxes on nonreturnable
beverage containers and other packaging to encour-
age returnable and reusable packaging. Several
countries in Europe impose a tax on leaded gasoline
(with a corresponding subsidy for unleaded gaso-
line), which has resulted in a significant decline in
demand for leaded gas.136

More often, fees are imposed on products to raise
finds for recycling or safe disposal programs, and
are too small to influence product design decisions.
Several States have fees on products that cause
special waste problems, such as tires, batteries, and
used oil. At this writing, Florida is the only State
with an advance disposal fee on packaging.137

Industry has lobbied heavily to quash proposals
for new environmental product taxes, arguing that
taxes on narrow categories of products (e.g., packag-

ing) are unfair, while taxes on a large number of
different products could involve unacceptable ad-
ministrative costs. There is, however, widespread
agreement among industry and environmentalists
that weight- or volume-based trash disposal fees
provide an excellent incentive for consumers to send
less trash to the landfill-provided they have access
to curbside recycling programs (for which no
disposal fee is charged). An increasing number of
communities have implemented these pay-per-can
programs. 138 However, while these programs may
encourage the separation of trash for recycling, they
seem unlikely to influence consumer buying habits
(and thus product design) in a dramatic way, because
solid waste disposal costs are relatively small
compared with the price of most products.139

In the short term, Congress could set up a
national waste disposal fee that would fund a
grant program for research, demonstration, and
education projects for clean manufacturing tech-
nologies and green product design in universities,
national laboratories, and industry. For example,
a Federal charge of $1 per ton of municipal solid
waste delivered to landfills and incinerators would
raise on the order of $100 million annually. Such a
charge would not discriminate against specific
products, and the infrastructure for collecting the
charge already exists in most states, so collection
costs would likely not be prohibitive.140

In the longer term, if Congress decides to
address energy conservation and global warming
concerns through an environmental tax on fossil
fuels, this could have a dramatic impact on
product design, since fuels are consumed at every
stage of the product life cycle. Such a tax could
encourage not only the design of more energy-

133 R. Hahn and G. Hester, “Marketable Permits: Ussons for Theory and Practice, “ Ecology Luw Quarterly, vol. 16, No. 2, 1989.
MI Te~ D~m CtSolid Wrote: ~cativw ~t Cotid  Lighten the Load,” EPA Journal, VO1. 18, No. 2, ~yfl~e  1992. P. 12.

135 David  ~e, “ozone  LOSS: Modern Tools for a Modem Problem,” EPA Journal, My/J~e  1992, p. 16.
136 See Environmental Resources Ltd., ‘‘Environmentally Sound Product Design: Policies and Practices in Western Europe and Japau” contractor

report prepared for OTA, July 1991, p. 45.
137 me fee is $().()1 per con~m by 19$)2 unless the container material reaches a so percent reCYClfig  rate.

138 &x, e.g., Environmental Protection Agency, “Economic Incentives: Options for Environmental Protection op. cit., footnote 98, p. 2-7.
139 Comider a family of four that annually purchases $10,000 of goods r-disposal. Annual discards (at a rate of 4 pounds per person per day,

the mtional average) amount to 2.92 tons of trash. At a weight-based fee of $100 per tom this amounts to an annual trash bill of $292, about 3 percent
of purchases. By carefid shopping for recyclable and light-weight products and packaging, consumers might save 10 percent on their trash bill (about
$30 per year), or 0.3 percent of total purchases.

140  Denmark imposes a mtional tax on the weight of solid wastes delivered to landfiis and incinerators. The tax is e armarked  to pay for recycling and
environmental research programs.

141 As one exmple,  btitig airctit  witb new, light-wei@t composites can signitlcantly  improve their fuel eiliciency, but with he dectie  of r~
jet fuel prices since the late 1970s, the higher initial cost of composites compared with aluminum cannot be recouped through fuel savings.
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efficient products, but more material-efficient prod-
ucts as well.141

Manufacturer Take-Back

Take-back regulations give manufacturers re-
sponsibility for recovering and recycling the prod-
ucts they produce. By shifting the burden of solid
waste management from beleaguered municipal
governments to industry, the costs of solid waste
management are internalized and manufacturers
have direct incentives to design products that are
recyclable. As discussed in chapter 5, Germany has
established a take back program for packaging, and
is considering the idea for a variety of durable goods
as well. The takeback idea appears to be gathering
momentum throughout Europe,

142 and many observ-
ers believe its introduction in the United States is
just a matter of time.143

Manufacturer take-back regulations have consid-
erable intuitive appeal. By assigning manufacturers
the responsibility for recovering their own products,
rather than telling them how to do it, manufacturers
have some flexibility to find the least-cost solution.
This may involve collecting and recycling the
product themselves, or paying a third party to do so.

Durable goods may be especially good candidates
for take-back programs, because they are inherently
longer lasting, are generally made from higher value
materials, and often consist of “knowledge-
intensive’ components that command a high recov-
ery value. Indeed, some manufacturers of leased
office equipment have already initiated design for
recycling and remanufacturing programs (see chap-
ter 3). Products that pose special solid waste disposal
problems, such as batteries and tires, may also be
good candidates for take-back regulations.

However, take-back requirements may not be
cost-effective for all products. Requiring manufac-
turers of many nondurable goods to take back and
recycle their products could simply impose addi-
tional costs without clear corresponding environ-
mental benefits. For instance, it would probably not
be efficient to collect and recycle potato chip bags;
doing so would be likely to cause more pollution
from transporting the bags to a recycling facility
than would result from landfilling or incinerating

them. And of course, take-back schemes could not
be applied to products that are consumed or dissi-
pated during their use.

Take-back requirements have several other limi-
tations. In effect, they impose a predetermined
solution (recycling) to the problem of solid waste.
They elevate the solid waste aspects of the product
above other environmental and performance attrib-
utes that may be relevant. If there are design
tradeoffs between recyclability and waste preven-
tion, or recyclability and energy efficiency, design
decisions may be biased in favor of recyclability, to
the detriment of the environment.

Manufacturer take-back programs appear to be
moving forward in Europe without any serious
attempt at cost-benefit analysis.

144 OTA suggests
that while take-back schemes may be a good
option for some products, further research on the
costs and benefits for a range of products is
needed before they are implemented in the
United States (see the discussion of policy re-
search needs above). These studies should consider
the relative merits of market-based incentives such
as deposit-refund systems or tradable recycling
credit programs as alternatives to take-back regula-
tions.

COORDINATION AND
HARMONIZATION

The final area where Congress has a unique role
is in coordination and harmonization of policies
affecting green design. Green design involves bring-
ing together two policy objectives (industrial com-
petitiveness and environmental protection) that in
the past have been seen as separate or even
conflicting. It is not surprising, then, that the Federal
Government is poorly organized to take advantage
of opportunities such as green design. For example,
EPA is organized around regulatory responsibilities
for protecting air, water, and land; it does not address
industrial competitiveness in a natural way, and its
technical expertise in design and manufacturing is
minimal. The Department of Commerce, on the
other hand, is concerned with the competitiveness of
industrial sectors, but has little environmental exper-
tise. DOE’s national laboratories have a wide range

142 Frances Cairncross, “How Europe’s Companies Reposition to Recycle,” Harvard Business Review, March-April 1992, p. 34.
143 SW- S~~s me emc~ tieback laws, such as New Jersey’s take-back requirement for rechargeable nickel-cadmium batteries.
144  ,,En~omentiim R~ Riog’” Op. Cit., foo@ote ‘.
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of technical capabilities that could be brought to bear
on improving design for energy efficiency and solid
waste recycling processes, but environmental qual-
ity has not traditionally been a part of DOE’s
mission.

Throughout this report, a number of areas have
been cited where green design could benefit from a
stronger, more coherent Federal approach:

●

●

●

Coordinating research. Projects related to green
design are underway in several agency offices
(e.g., EPA’s Office of Research and Develop-
ment, Office of Solid Waste, and Office of
Pollution Prevention and Toxics; DOE’s Office
of Industrial Technology; and the National
Science Foundation’s Engineering Research
Centers, see table 6-5), but OTA found that the
efforts sponsored by different offices and
agencies have often been undertaken independ-
ently with little or no coordination among them.
Promoting system-oriented design solutions.
Taking advantage of the opportunities for
system-oriented green design requires that the
economic performance and environmental im-
pact of industries or sectors be viewed in an
integrated way. Individual companies have
little incentive to promote an overall greener
vision of their sector. A greener transportation
sector, for example, may involve not only
improved vehicle fuel efficiency, but better
management of materials used in automotive,
rail, and aviation applications, as well as
changes in urban design. A coordinated, intera-
gency perspective could spur a more holistic
analysis of total sectoral issues, through fo-
rums, grant programs, etc.
Harmonizing State and Federal environmental
product policies. In the absence of Federal
guidance, State and local governments have
passed a diverse array of laws affecting the

●

environmental attributes of products (table
6-2). Industry objects to the prospect of having
to comply with a different environmental re-
gime in each State or county, arguing that this
is inefficient and inhibits interstate commerce.145

Environmentalists generally defend the right of
each local community to set environmental
standards as it sees fit. An interagency forum
for discussion and policy development could
help define the circumstances under which
Federal standards preempting State and local
environmental laws may be justified, and
where they are not.
Coordinating policy development on interna-
tional aspects of the environment, technology,
and trade. At present, responsibility for devel-
opment of U.S. policy in these areas is not
clearly defined, and each Federal agency has its
own agenda.146

New Institutions for
Environmental Technologies

In Japan, the Ministry of International Trade and
Industry (MITI), which has responsibility for both
trade and competitiveness, is also involved in
implementing Japan’s new recycling law. MITI’s
involvement is expected to be a strong inducement
for companies to comply in a timely way.147 In 1992,
a new MITI-run laboratory, the Research Institute
for Innovative Technology (RITE) was launched to
promote new technologies for improving environ-
mental quality.148 149 In the United States, however,
there is no comparable institution that can address
trade, competitiveness, and the environment in a
coherent way.

Recently, several proposals have been made to
establish anew institutional focus within the Federal
Government for integrating environmental and tech-

145 For=mple, the~emi~  Sp~~tie5~~ac~a5  Association hasfded suit in California alleging that California’s label@ rec@rementsunder
Proposition 65 should be preempted by Federal precautionary labeling requirements of the Federal Insecticide, Fungicide, and Rodenticide Act and the
Federal Hazardous Substances Act.

146  Wm A. Ni~, “rmprovirlg  U.S.  ~t~agency Coorwtion  of Internatioti Environmental policy Development” Environment, VO1. 33, No.
4, May 1991, p. 10.

147 ~vironmen~  Rmomccx Limited, op. cit., footnote 136.
14S Jamb Mc sc~w~er, ~~q ~een:  ~Japa Environment MMm anoppo~~  forNew Technolo@es,* WazzstreetJour@ Junes,  1992,

p. Al.
149 m’srese~chobj~tives  include developmmtof  biodegradable plastics, bioproduction of hydrogen fuels, newmetalrecovery methods, ~dnew

carbon dioxide fixation processes.
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nological concerns.
150 These include creating a new

Office of National Environmental Technologies
within EPA, an independent National Environ-
mental Technologies Agency, a National Institutes
of the Environment (analogous to the National
Institutes of Health), and a National Environmental
Technologies Laboratory within DOE’s national
laboratory system.151

A new institutional focus within the Federal
Government for environmental technology could
help coordinate Federal efforts to promote vari-
ous aspects of green design, and provide a home
for promising new fields of research such as
industrial ecology (see chapter 4), that do not fit
readily within any agency’s mission. However,
OTA does not foresee that a separate institution
dedicated exclusively to green design would be
appropriate. By its nature, green design is problem-
oriented: the appropriate design choices depend on
the specific environmental problems to be ad-
dressed, and on the particular requirements of
various products and industries. For example, pack-
aging designers, auto designers, pesticide formula-
tors, and architects have different information re-
quirements, and operate under different constraints.
These would be difficult to address through a single,
generic institution.

Interagency Groups

Interagency task forces and committees also
provide a mechanism for improving Federal coordi-
nation in areas such as environmental policy where
no single agency has jurisdiction. In recent years,
several interagency groups have been formed to
address environmental concerns,152 for example: the
Council on Federal Recycling and Procurement
Policy (created in October 1991 to oversee agency
recycling actions); the Federal Interagency Task
Force on Environmental Labeling (EPA, FTC, and
the U.S. Office of Consumer Affairs); the Ad Hoc
Committee on Risk Assessment (established in 1990

to harmonize risk assessment approaches among
Federal agencies); the Interagency Committee on
Environmental Trends (ICET was reactivated by the
Council on Environmental Quality in 1991 to
coordinate the environmental information activities
of various Federal agencies); and the Interagency
Task Force on Trade and Environment (led by the
Office of the U.S. Trade Representative (USTR)). In
1990, the White House established a subcabinet-
level Environmental Policy Review Group under the
Domestic Policy Council to review domestic policy
issues and improve coordination.153

Some relevant interagency collaborations are also
being formed on an ad hoc basis. For instance, EPA
is working with the Department of Agriculture to
promote waste prevention in agricultural chemical
use. EPA, DOE, and DOC are collaborating in a joint
grant program with States to fund research on
reducing the environmental impacts of industrial
processes. 154

Congress could establish a permanent cabinet-
level council charged with the responsibility of
ensuring that environmental concerns are inte-
grated into all Federal policies. This might take
the form of an expanded Council on Environ-
mental Quality, or a new Environmental Policy
Council with its own permanent staff.155 156 To be
taken seriously, though, such a council would have
to enjoy the full support of the President.

Alternatively, Congress can use its oversight
powers to ensure that the activities of existing
interagency groups are consistent with green
design. For example, it can ensure that: waste
prevention is incorporated into procurement initia-
tives developed by the Council on Federal Recycling
and Procurement Policy; mechanisms for coordinat-
ing Federal data collection on toxic materials flows
are considered by the Interagency Committee on
Environmental Trends; and that the USTR-led Task
Force on Trade and the Environment has adequate

150 SCX  “Se~te, Ho~Mem~rsCr~tBi~  To Push Federal ‘Green’ Technology Policy,’* Znside  EPA, July 3, 1992, p. 17; Flelen  Gwmgb  “G=
Research Gains Ground in Americ~”  New Scz’enzist,  Apr. 18, 1992, p. 8; BradenAllenby,  AT&~ “Why We Need a National Environmental Technology
Laboratory (And How To Make One),’ unpublished draft.

151 At r.his writig,  these and other propos~s wme under review by the Task Force on Environmental Research and Development of the @egie
Commission on Science, Technology, and Government, and Natiomd  Academy of Sciences’ Committee on Environmental Research.

152 Co~ciI  on Env~o~en~  Quality, op. cit., footnote 8.
153 Wilfim A. Nive, op. cit., foomote 146, p. 32.
154 The prowm is @I~ Natioml Industrial Competitiveness through Eftlciency:  Energy, Environment, Economics (NICE3).
155 MV& L. ~ “A Ned for New Approaches,” EPA Journal, Mayi3une  1992, p. 7.

156 U.S. EnV~O~en~  Protwtion  Agency, Science Advisory Board, op. cit., footnote 98, appendix C, p. 56.
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policy guidance in international negotiations on
environmental product policies.157

Technology With a Green Lining

Regardless of whether Congress creates any new
environmental technology institutions, OTA be-
lieves it makes sense to integrate environmental
concerns more thoroughly into each agency’s ongo-
ing programs. One recent study has developed a list
of ‘‘environmentally critical technologies. ’’158 But
ideally, there should be an environmental compo-
nent to each of the “critical” technologies on the
lists already assembled by the Office of Science and
Technology Policy, the Department of Commerce,
and the Department of Defense. The goals of waste
prevention and better materials management could
be integrated thoroughly into NIST’s Advanced
Technology Program,159 the recently announced
Manufacturing Technology Initiative,160 and the
Advanced Materials and Processing Program.161

Congress can use its oversight powers to ensure
that both new and existing technology develop-
ment programs have an environmental dimen-
sion.

In the end, the institutional details are less
important than a recognition on the part of Congress
and the Administration that Federal leadership is
needed to take advantage of opportunities like green
design that do not fall neatly within the mission of
any single agency.

A STARTING POINT
Many of the options discussed above would not

immediately affect the way products are designed.
Research to define environmental risks and under-
stand life-cycle materials flows will take time.
Changes in the curricula of design and engineering
schools will affect the next generation of designers.
And changes in the tax code to internalize the
environmental costs of materials and energy use and

product disposal do not appear to be on the political
horizon, particularly in an era of concern about
economic growth and U.S. industrial competitive-
ness.

OTA believes that such long-term changes are
essential if the United States is to be a world leader
in green design. But a shorter-term strategy is also
important to ensure that existing momentum is not
lost. The following is a package of options Congress
might consider that could be implemented relatively
quickly, and would not be very expensive:

Require all Federal agencies to conduct a
thorough review of their regulations and pro-
curement policies (including military specifi-
cations) that may discourage waste prevention
and better materials management, and make
recommendations for changes. These changes
would be consistent with the Federal Recycling
and Procurement Policy (Executive Order 12780)
and would not require any new legislative
authority.

Provide funding to EPA to expand the Pollution
Prevention Information Exchange System to
include all Federal and State activities relevant
to green design in a single place. An electronic
network would stimulate cross-fertilization of
current projects and help eliminate duplication
of effort.
For products with significant environmental
impacts (e.g., autos, paper, pesticides, etc.),
provide funding through the appropriate agen-
cies for intensive workshops that would bring
together professionals associated with various
phases of a product’s life cycle (e.g., designers,
suppliers, manufacturers, distributors, consumer
advocates, and waste management providers)
to discuss opportunities for coordinated action
for waste prevention and better materials man-
agement.

157  u.S. con~us,  C)fflceof Technology Assessment Trade andEnvironment: Conjlicts andOpportunities, 0~-BP-ITE-94(Washingtow  DC: U.S.
Government Printing Office, May 1992).

158 George R. Heato~ Jr. et al., “Backs to the Future: U.S. Government Policy Toward Environmentally Critical Technology,” World Resources
Institute, Washington, DC, June 1992.

159 neA~proFmisp rimarilyonented toward enhancingU.& competitiveness. Ofthe27ATPgrants awarded in 1992, severrdareindirectly related
to environmental concerns, though only one is directly related (a project on plastics recycling).

~m (,T=~oloW  ~tiative  ~~t~,~~  Science, vol. 255, w. 13, 1992*  P. 1350.

161 A n~er of envfioment-relat~ projects are  propo~d  in Adv~ced  ~te~ and proc&w@:  me Fiscal  Year  1993  prOgr~  Op. Cit., fOOIIIOte
51.
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● provide funding for a national green design A design competition and national award would
competition and establish a prestigious Nation- generate new ideas for designers across the
al Green Design Award similar to the Mal- country, and give consumers a better sense of
colm Baldridge National Quality Award.162 163 the possibilities.

162  U.S. congress, Offke  of Technology Assessmen~ Facing America’s Trush,  op. cit.,  foo~ote  109, P. ~.
163 me ~~lmB~~dgeAW~d does include  criteria  such as waste preventio~ but the environment is not actmtral focus. StX “MakmlmBsltidge

National Quality Award, 1992 Award Crite~”  available from the U.S. Department of Commerce, Technology A&mm“ “Stratioq Washington DC, 1992.
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Chapter 7

Guiding Principles for Policy Development

As discussed in the preceding chapter, the flow of
materials and products through the economy gives
rise to environmental impacts that are not adequately
accounted for under current environmental policies.
Table 6-6 lists a variety of regulatory and market-
based options that have been proposed to address
these impacts. These involve government interven-
tion at various stages of the product life cycle,
ranging from taxes on production of virgin materials
to waste disposal fees. All of these options could
have an impact on the product design process.

What criteria can policymakers use to evaluate
these options? The Office of Technology Assess-
ment (OTA) suggests three guiding principles that
can help to shape environmental policies that
encourage, rather than inhibit, green design:

. Identify the root problem and define it clearly.

. Give designers the maximum flexibility that is
consistent with solving the problem.

. Encourage a systems approach to green design.

These principles are developed further below. The
chapter concludes with a broader perspective on the
significance of green design for U.S. competitive-
ness and environmental quality.

GENERAL PRINCIPLES
Principle 1: Identify the Root Problem and

Define It Clearly

One of the biggest challenges in developing a
policy is clearly defining the environmental problem
to be addressed. Often, products and waste streams
have multiple environmental impacts that cannot be
easily disentangled. For example, policymakers may
be concerned with the quantity of a particular waste
stream, its toxicity, or its persistence in the environ-
ment. Policies aimed at solving a problem at one
stage of the life cycle may have unintended negative
effects at another stage: for example, requiring
automobiles to be made from currently recyclable
materials could adversely affect their fuel efficiency.
Inevitably, tradeoffs and value judgments must be

made to determine which environmental impacts are
the most important.

Despite the difficulty, the discipline of defining
the problem clearly is critical to defining an appro-
priate policy response. In the absence of a clearly
defined problem, it becomes easy to confuse means
and ends. In the Resource Conservation and Recov-
ery Act (RCRA) reauthorization debate, for exam-
ple, the problem is often framed in terms of the large
quantity of municipal solid waste being generated.
But a solution often put forward is to mandate higher
recycling rates—as if the problem was that recycling
rates are too low. The figure of merit for measuring
progress then becomes higher recycling rates, in-
stead of less waste generated.

This approach misses the point that recycling is
only one of several means to reduce the quantity of
solid waste destined for disposal. Perversely, an
exclusive emphasis on recycling could even lead to

more waste being generated, especially if such
emphasis discourages designs featuring waste pre-
vention. If the objective is to reduce the amount of
solid waste generated, municipal solid waste poli-
cies and government procurement programs should
make allowances for product designs that feature
waste prevention.

Without  a  c lear ly  def ined problem,  there  i s  a
tendency to focus on the most visible environmental
issues, rather than those that are the most important.
Recent examples include proposals to ban heavy
metals from packagingl (despite the fact that packag-
ing is a minor source of heavy metals in landfills and
incinerators) and proposals to regulate municipal
trash (while the much larger problem of industrial
solid waste has not been addressed).2

A clearly defined problem can also help to set
priorities. For example, although the dissipation of
toxic  mater ia ls  in  the  g lobal  envi ronment  i s  a
g r o w i n g  p r o b l e m ,  n o t  a l l  t o x i c  c h e m i c a l s  a n d
products are of equal concern. Treating them as
equal can divert attention and resources from truly

1 Model legislation developed by the Coalition of Northeastern Governors’ Source Reduction Task Force has been passed in 10 States,
z U.S. Cogess,  OffIce of TechnoIo~  Assessment Managing Industrial Solid Wastes From Man~actunng,  Mining, Oil and Gas production,  ati

Utility Coal Combustion, OTA-BP-O-82 (Washington, DC: U.S. Government Printing OffIce, February 1992).
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high-risk chemicals and waste streams.3 Similarly,
comprehensive reporting requirements on industrial
use of all toxic materials are not necessarily cost
effective. Proposals to require companies to report
on their use of hundreds of additional chemicals,
without distinguishing those chemicals that are of
greatest concern, could generate a massive paper-
work burden without significant environment ben-
efits. 4

In reauthorizing RCRA and other environmental
legislation, Congress has an opportunity to refocus
attention and resources on the key problems associ-
ated with current materials flows. If it frames the
objective in terms of reducing the generation of
wastes, especially those that pose the greatest risks,
it will encourage the design of products that use
resources efficiently and waste management pro-
grams that are cost-effective. If, on the other hand,
it frames the objective in terms of increased recy-
cling rates, and if it fails to distinguish high-risk
waste streams from low-risk waste streams, it may
encourage less efficient product designs and less
efficient waste management programs.

Principle 2: Give Designers the Maximum
Flexibility That Is Consistent With

Solving the Problem

Materials technology options are proliferating
rapidly, and product impacts on the environment are
multidimensional. This suggests that policies should
be crafted to give designers as much flexibility as
possible, within a framework that protects human
health and the environment. This can be accom-
plished by several means, as discussed below.

Voluntary Agreements With Industry

Perhaps the greatest flexibility can be achieved
through negotiated voluntary agreements between
government and industry. Such agreements tend to
be easier and faster to implement than legislation
and regulations, and may be attractive to industry
because it has more control over the targets and

timetables. Several countries in Europe are relying
more heavily on voluntary negotiations with indus-
try to achieve waste reduction goals, especially the
Netherlands, Germany, Sweden, and Denmark (see
chapter 5). In the case of the German proposals
requiring manufacturers to take back packaging and
automobiles, industry has been given the opportu-
nity to develop its own system for collecting and
recycling the products before more heavy-handed
regulations or mandatory deposit-refund systems go
into effect.

In the United States, the Environmental Protec-
tion Agency (EPA) is also moving in the direction of
voluntary programs; examples include the 33/50
Program and the Green Lights Program.s An exam-
ple at the State level is Massachusetts’ Toxics Use
Reduction Act, which emerged from negotiations
involving government, industry, and public interest
groups. Under this law, companies are required to
develop facility plans with self-set goals to reduce
the use-not just the release-f toxic chemicals.6

It must be said that in most cases, such voluntary
agreements are driven by public and political
pressure, the threat of tough new laws and regula-
tions, or imminent enforcement actions. In general,
credible mechanisms for monitoring and enforce-
ment of voluntary agreements are still being devel-
oped.

Flexible Regulations

Regulations affecting product design can be
crafted with built-in flexibility. For instance, an
important policy objective is to find ways to credit
waste prevention in recycling legislation and in
government procurement programs for recycled
goods. One option is to provide alternative criteria
for acceptable products; instead of imposing manda-
tory recycled content requirements for packaging,
acceptable packaging could contain a certain per-
centage recycled content or a certain percentage
weight reduction, etc.7 This more flexible approach
takes into account the inherently multidimensional

3 Michael M. Segal, “Spilled Some Salt? Call OS~” Wall Street Journal, July 9, 1991, p. A16.
g S=, e.g., te5~ony  of the m~mn  Petroleu  Institute, before the Subcommittee on Thnsportation  ~d H-dous w~fis, HOW  Committ=

on Energy and Commerce, Mar. 10, 1992.
s U.S. Environmental Protection Agency, “Pollution Prevention Resources and Training Opportunities in 1992, ’’EPA/56O/8-92-OU2,  January 1992,

p. 84; John S. Hoffmaw “Pollution Prevention as a Market-Enhancing Strategy: A Storehouse of Economical and Environmental Opportunities,”
Proceedings of the National Academy of Sciences, vol. 89, February 1992, p. 832.

G Km @iser, “ne Greening of Industry,” Technology Review, August/September 1991, p. 64.
T ‘rh.is approac~  Originally develo~ by the Massachusetts Public Interest Research Group (MASSPIRG),  h become Pm of the R~

reauthorization debate.
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nature of green design, and helps to avoid forcing
suboptimal design solutions to the solid waste
problem.

One difficulty with this approach is that a more
flexible regulation may be more expensive to
monitor and enforce. For example, waste reduction
is difficult to measure. It is likely to be easier to
verify that a package contains a certain percentage of
recycled content than to verify that it uses a certain
percentage less material than a comparable package
did 5 years ago. It seems likely that industry will
have to bear the burden of demonstrating compli-
ance with flexible regulations if this approach is
going to work.

Economic Instruments

Market-based policy instruments such as emis-
sions taxes, tradable emissions permits, or deposit-
refund systems will generally provide a more
flexible environment for product design than regula-
tions, because designers are free to make choices
based on minimizing overall costs. Economic instru-
ments may be used in place of regulations or as a
supplement  to  make the i r  implementa t ion  more
flexible and cost effective. For example, a regulation
requi r ing  recycled  content  in  products  may be
implemented more cost effectively by establishing a
tradable recycling credit scheme to encourage those
manufacturers who can incorporate secondary ma-
terials most cheaply to do s0 .8

A potential disadvantage of market-based instru-
ments such as tradable recycling credits is the cost
of monitoring and enforcement. For example, veri-
fying that a manufacturer has purchased sufficient
credits to cover the virgin material content of his or
her product may be difficult. Such market-based
instruments may work best for a limited number of
products of special concern. 9

Principle 3: Encourage a Systems Approach
to Green Design

Designers can control many of the environmental
attributes of products, but they have only a limited
ability to influence the systems by which products

are manufactured, used, and disposed (see chapter
4). For example, a designer can make a product more
recyclable by making it easier to disassemble into
component parts, but if there is no infrastructure in
place to recover and recycle the product, the benefits
of the design changes are nullified. Coupling prod-
uct design with recycling implies the formation of
new relationships among materials suppliers, manu-
facturers, and waste management providers. Often,
however, the incentives for changing these interfirm
linkages are lacking; companies may also have large
capital investments in existing production and distri-
bution networks. Therefore, policy incentives are
needed to provide the impetus for change.

Incentives for a Systems Approach

A system-oriented design approach can be en-
couraged by improving the linkages between design
decisions and their environmental consequences.
This can be accomplished either directly by regula-
tion, or indirectly through taxes or other economic
instruments that internalize environmental costs.

Recycled content regulations or manufacturer
take-back requirements are examples of regulatory
coupling between two stages of the product life
cycle: manufacturing and waste management. These
regulations can help make solid waste concerns a
key design consideration. For example, the proposal
of the German Government to require auto manufac-
turers to take back and recycle their cars has
stimulated designers to rethink the entire ‘ecology’
of auto production and disposal (box 4-F). Perhaps
to head off similar regulation in the United States,
Ford, General Motors, Chrysler, their suppliers, and
the auto recycling industry have formed a consor-
tium called the Vehicle Recycling Partnership to
address the recycling issue.10 However, as discussed
in chapter 6, such take-back regulations may be
more efficient for some products (especially high-
value durable goods or products that pose special
waste management problems) than others.

Economists have long argued that it is not
necessary to close materials cycles through recy-
cling regulations if the prices of goods and services
reflect their full social costs .11 If the economic circle

g Michael H. Lev@ “Implementing Pollution Prevention: Incentives and Irrationalities, ” Journal ofAir  and Waste Management Association, vol.
40, No. 9, September 1990, p. 1227.

9 Organisation for Economic Opportunity and Development, Environmental Policy: How To Apply Econom”c  Instruments, Paris, 1991, p. 107.
10@ March  16, 1992,  organizers held the First Vehicle Recycling Partnership Forum in IJ=bom,  ~.

11 Willim D. Nortius,  “The Ecology of Markets,” Proceedings of the National Academy of Sciences, vol. 89, February 1992, p. 843.
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is closed, they say, the market will sort out the most
efficient systems of production and materials manage-
ment. Notwithstanding these advantages, however,
environmental policies in all countries are primarily
based on regulations. In part, this is due to the fact
that no mechanism exists to establish the “true”
value of environmental services. Another reason is
that environmental taxes tend to be politically
unpopular.

However, there is now renewed interest in the use
of economic instruments in environmental policy, if
not to replace regulations, at least to supplement
them and help make them work more efficiently.12

There is also interest in the idea of shifting the tax
burden from socially desirable activities such as
savings and work to undesirable activities such as
pollution. 13

Such a shift could have a dramatic impact on the
systems by which products are manufactured, dis-
tributed, used, and disposed. For example, a phased-
in $100 per ton carbon tax on fuels could not only
encourage more efficient use of materials and energy
in production systems, but could also transform
consumption patterns and raise over $100 billion in
government revenues.14

GREEN DESIGN IN PERSPECTIVE
How should one view the significance of green

design as a competitive and environmental strategy?
As a competitive strategy, green design can help
manufacturers generate less waste and reduce pro-
duction costs at the same time.15 As waste disposal
costs and regulatory compliance costs go up, the
environmental attributes of products will necessarily
become more important to consumers and investors.
Europe and Japan are already moving aggressively
to integrate ‘‘clean’ technology and products into
their industrial strategies for future competitive-

ness, l6 and international trade will increasingly be

influenced by environmental concerns.17 All of these
trends suggest that having an environmental dimen-
sion to one’s design capabilities will be an important
competitive asset in the future.

As an environmental strategy, green product
design offers a new way of addressing environ-
mental problems. By recasting pollution concerns as
product design challenges, and particularly by en-
couraging designers to think more broadly about
production and consumption systems, policymakers
can address environmental problems in ways that
would not have been apparent from a narrow focus
on waste streams alone.

However, the significance of green design for
overall environmental quality is harder to assess.
Individual designers will no doubt find many
opportunities to reduce wastes and increase produc-
tion efficiencies. But designers operate within the
constraints of available manufacturing process tech-
nologies, waste management infrastructure, and
government policies on resource use and economic
development. For instance, a housing development
built on an environmentally sensitive wetland can
hardly be considered green, even if the units are
energy efficient and made with recycled materials.
The potential of green design to address environ-
mental problems is therefore contingent on broader
environmental policies.

As discussed in Chapter 3, U.S. environmental
policies are currently based on the environmental
protection paradigm, being concerned mainly with
ameliorating the effects of human activities on the
environment. 18 Generally, this has meant end-of-
pipe pollution controls and after-the-fact cleanups
where allowable pollution limits have been ex-
ceeded. Recently, however, the emphasis has begun
to shift toward waste prevention strategies.

12 RobertWo~~d RobertN.  StaVinS,  “Incentive-BasedE nvironmental Regulations: ANew  EraFrom  an Old Idea?” Energy @Enviromentd
Policy Center, John F. Kennedy School of Government  Harvard University, E-90-13, Cambridge, MA, August 1990.

13 See, e.g.,  @orge  Heaton et al., Tran~orming  Technology:An  AgenalaforEnvironmentally  Sustainable Growth in the 21st Century (washgto%
DC: World Resources Institute, April 1991).

14 U.S. co~ess,  co~ssio~ Budget Office, Carbon Charges asa Response to Global Warming: The Efiects of Taing  Fossil Fuels (was~gto~
DC: U.S. Government Printing Offke, August 1990).

15 Bmce Smart (cd.), Beyond compliance: A New Industry View of the Environment (Washington DC: World Resources ~ti~te. APfl 1992).
16 See, e.g., Jacob M. Schlesinger,”~ Green: InJapm Environment Means an GpportunityforNew  Technologies,’ Wall StreetJournal, June

3, 1992, p. Al.
17 U.S. Congres5,  C)illceof T~~ology Assessmen~  Trade andEnvirontnent: Conj7icts  and Opportunities, OTA-BP-ITE-94 (Wi_iSh@tOU Dc: Us.

Government Printing Office, May 1992).
18 MiC~elE. Colby, EnVirOn~ntal~a~ge~ntin  Development: TheEvolution ofParadigms  (Washington, DC: T’he World Bmk, D=ember 19~).
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In the context of the environmental protection
paradigm, green design can be a useful tool to
increase industrial efficiency and to complement
waste prevention strategies. But critics of this
paradigm argue that simply increasing the efficiency
of materials and energy use and reducing pollution
rates may not be enough to ensure the future survival
of the ecological systems upon which the economy
and human life depend. It is quite possible to destroy
the environment while continuing to become more
efficient. Progress must be measured, these critics
say, not by marginal reductions in pollution based on
last year’s levels, but by cumulative damage to
ecological systems and their general sustainability.

Over the years, several national commissions and
studies have examined the appropriate Federal role
in managing resource use and materials flows.19 The
focus of these studies has gradually shifted from a
concern with ensuring the availability of future
resources for industry to a concern with managing
materials use under an increasing number of con-
straints, including environmental constraints .20 Nev-
ertheless, current U.S. environmental policies are
not explicitly concerned with managing the physical
flows of energy and materials through the economy
in ways that are ecologically ‘‘sustainable. ” The
Federal Government has been reluctant to address
issues of materials management directly, preferring
to leave these decisions to the States and private
industry. 21 

Despite its title, for instance, the Re-
source Conservation and Recovery Act is primarily
concerned with regulating the disposal of hazardous
wastes, not conserving or recovering resources.

Both the resource management and the eco-
development paradigms are explicitly concerned
with conservation and sustainability of materials

use. In the case of the resource management
paradigm, this is accomplished through closing the
economic loop by internalization of environmental
costs; in the eco-development paradigm, the empha-
sis is on substituting renewable for nonrenewable
resources, reducing use of toxic chemicals, and
closing materials loops through recycling of nonre-
newable resources.

22 Under either of these para-

digms, green design is not simply a useful tool, but
an essential strategy for resource conservation and
sustainable materials management.

In a world where population growth and economic
growth put increasing pressures on natural resources
and ecosystems, the dominant paradigm upon which
environmental policies are based can be expected to
evolve from environmental protection toward re-
source management and eco-development.23 Poli-
cies in several countries, especially Germany and the
Netherlands, are already beginning to reflect this
shift (see chapter 5). As this evolution occurs, the
importance of green design can be expected to grow.
Therefore, policymakers should strive to make green

product design an integral part of strategies to
improve competitiveness and environmental qual-
ity.

OTA’S investigations suggest that simply provid-
ing better information to designers and consumers
about the environmental impacts of products and
waste streams will not be enough. To move ahead,
policies must provide a closer coupling between
design decisions and their environmental conse-
quences. The challenge to policymakers is to choose
a mix of regulatory and economic instruments that
target the right problems and give designers the
flexibility to find innovative, environmentally ele-
gant solutions.

19 Forareview,  see Resource Conservation COmmit@% “Choices forConservatioq’  ‘FinalReport  to thePresident andCongress, SW-779, July 1979,
p. 33.

~ Ibid.
21 OTA ~ previously  discus~d  tie v~ue  of a natio~ mate~ management policy in the context of municipal solid waste.  See U.S. Congress,

Office of Technology Assessmen~Facing America’s Trash: WhatNextforhfunicipal  So2id Waste? (Washingto~  DC: U.S. Government Printing Office,
October 1989), p. 6.

22 ~c~el E. Colby, op. cit., fOOmOte  18.


