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Foreword

The United States annually generates more than 135 million tons of munici-
pa solid waste (MSW). Its disposal is a rapidly growing problem for many areas
of the country, where such traditional methods as open dumping, landfill, uncon-
trolled incineration, and ocean burial are too expensive or environmentally unac-
ceptable. At the same time, MSW contains over two-thirds of the national con-
sumption of paper and glass, over one-fifth of the aluminum, and nearly one-
eighth of the iron and steel, If burned, the combustible portion of MSW would be
equivalent to about 1.9 percent of the Nation’s annual energy use.

Resource recovery and recycling materials and energy from MSW can play
significant roles in helping to solve waste generation and disposal problems. In
addition, resource recovery, recycling, and reuse can contribute to the wise and
efficient use of materials, to conserving materials and energy, to preserving the
environment, and to improving the balance of trade by reducing our dependence
on imported natural resources,

This report addresses important questions that have arisen about the feasi-
bility of various approaches to resource recovery, recycling, and reuse. It pre-
sents the results of an examination of important technological, economic, and in-
stitutional factors. Federal incentives and other policies that might stimulate re-
source recovery, recycling, and reuse are identified and their effectiveness and
impacts are assessed.

The study was requested by the Technology Assessment Board on behalf of
the House Committee on Science and Technology and the Senate Committee on
Commerce, Science, and Transportation. We hope that these committees, and
others including the House Committee on Interstate and Foreign Commerce and
the Senate Committee on Environment and Public Works, will find this report
helpful as they confront the continuing problems and opportunities of solid waste
management. resource recovery, recycling, energy supply and conservation. and

product reuse.
5&’&& #él‘w/

JOHN H. GIBBONS
Director

11



Materials and Energy

From Municipal Solid Waste

Advisory Panel

Lois Sharpe, Chairman
League of Women Voters of the United States (retired)

Seymour L. Blum*
Northern Energy Corporation

Frank Fernbach
United Steel Workers of America (retired)

Bruce Hannon
University of Illinois at
Urbana-Champaign

William J. Harris, Jr. *
Association of American Railroads

R, Tabot Page
Resources for the Future, Inc.

Simon D. Strauss
ASARCO, Inc.

OTA Materials Advisory Committee

James Boyd, Chairman
Materials Associates

Earl H. Beistline
University of Alaska

Seymour L. Blum
Northern Energy Corporation

Lynton K. Caldwell
Indiana University

Robert L. Coble
Massachusetts Institute of Technology

Lloyd M. Cooke
Economic Development Council of
New York City, Inc.

Frank Fernbach
United Steel Workers of America [retired]

James H. Gary
Colorado School of Mines

Edwin A. Gee
International Paper Company

Bruce Hannon
University of Illinois at Urbana-
Champaign

*Through May 1977.

Julius Harwood
Ford Motor Company

Franklin P. Huddle
Congressional Research Service

Elburt F, Osborn
Carnegie Institution of Washington

Richard B. Priest
Sears, Roebuck and Company

N. E, Promisel
National Materials Advisory Board

Lois Sharpe
League of Women Voters (retired)

Raymond L. Smith
Michigan Technological University

Simon D. Strauss
ASARCO, Inc.

George A. Watson
Ferroalloys Association

NOTE: The Advisory Panel and the Materials Advisory Committee provided advice and
comment throughout the assessment, but do not necessarily approve, disapprove, or en-
dorse the report for which OTA assumes full responsibility y.



OTA Materials and Energy
From Municipal Solid Waste
Project Staff

Albert E. Paadino, Materials Group Manager [through December 1978)
Audrey Buyrn, Materials Group Manager from January 1979]

Christopher T. Hill, Project Director

Patricia L. Poulton, Materials staff
Charles M. Overby, Materials staff
Renee Ford, consulting editor

OTA Administrative Staff

Carol A. Drohan Jackie S. Robinson Bernadette Balakit
Mary J. Adams Mona M. Chick Joyce E. Robinson

OTA
Publishing
Staff

John C. Holmes, publishing Officer
Kathie S. Boss Joanne Heming



vi

Acknowledgments

This report was prepared by the Office of Technology Assessment Materials
Group staff. The staff wishes to acknowledge the assistance and cooperation of the
following contractors and consultants in the collection of information.

The MITRE Corporation
Moshman Associates
Resource Technology Corporation

The staff aso wishes to acknowledge the contributions of the following in-
dividuals, on detail to OTA in the early stages of the assessment.

John B. Wachtman, National Bureau of Standards
Robert S. Kaplan, Bureau of Mines -
Harvey Yakowitz, National Bureau of Standards



Table of Contents

Chapter Page
1, EXECULIVE SUMMAY . . .ttt e e i a s 3
2. Introduction and Framework For Analysis. . . . ................ 23
3. The Marketability of Recovered Resources; Status and Pollcy
Options, ............. O.. i O 41
4. Source Separation For Materials and EnergyRecovery . . ..... ... 69
5. Technologies For Centralized Resource Recovery. . ............. 95
6. Economics of Centralized Resource Recovery .. ................ 119
7. Institutional Problems in Centralized Resource Recovery: Issues
and Policy Responses. ..., ..o ii i e 135
8. EconomicPolicy, Waste Generation, and Recycling . .. .......... 155
9. Beverage Container Deposit Legidation. . ................... : 175
AppendixA —Selected Federal Laws Related to Resource Recovery,
Recycling, andReuse . . . . . . ... e e , .245
AppendixB—Legidlative Activity in the 95th Congress Related to
Resource Recovery, Recycling, and Reuse . . . . . . .........,......250
Appendix C—Description of Resource Recovery Technologies, . . .......... ... 254
AppendixD —Additional Information on Beverage Container Legislation. . ... ... 267
Acronyms, Abbreviations, andGIoSsary, . . . . ..o o 279

Vil



Chapter 1

Executive Summary




Contents

Page
The Problems and the Opportunities. . .. ...................... 3
The Current Federal Role in the Management of MSW. . . ... ...... 3
IssuesandFindings . . . . ... oo 4
IssueAreal :MethodsforResource Recovery. . . . ... ... ... .. 5
IssueArea Il:TheMarketabilityofRecovered Resources . . . . . . 9
Issue Area lll: Institutional Barriers to ResourceRecovery
andRecyCling . . ... 12
Issue Area IV: Incentives for ResourceRecoveryandRecycling. 14
Issue AreaV: BeverageContainer DepositLegislation . .. ... .. 16
APerspectiveonFurtherFederal Action . . . ................... 18
Tables
TableNo. Page
I. Typical Prices and Gross Revenues for RecoveredResources
DeliveredtoMarket . . .. ... . . 10

2. Ingtitutional Problems in Centralized ResourceRecovery. . . . . ... 12



Chapter 1

Executive Summary

The Problems and the
Opportunities

he United States annually generates

more than 135 million tons of municipal
solid waste (MSW). Its disposal is a rapidly
growing problem for many areas of the coun-
try, where such traditiona methods as open
dumping, landfill, uncontrolled incineration,
and ocean burial are too expensive or envi-
ronmentally unacceptable. At the same time,
MSW contains over two-thirds of the national
consumption of paper and glass, over one-
fifth of the auminum, and nearly one-eighth
of the iron and steel. If burned, the combusti-
ble portion of this waste would be equivalent
to about 1.9 percent of the Nation’s annual
energy use.

Resource recovery and recycling materials
and energy from MSW can play significant
roles in helping to solve waste generation and
disposal problems. In addition, resource re-
covery, recycling, and reuse can contribute to
the wise and efficient use of materials, to con-
serving energy, to preserving the environ-
ment, and to improving the balance of trade
by reducing our dependence on imported
natural resources. By using materials more
than once, virgin resources can be conserved
for ourselves and for future generations.

This report addresses important questions
that have arisen about the feasibility of vari-
ous approaches to resource recovery, recy-
cling, and reuse. It presents the results of an
examination of influential technological, eco-
nomic, and institutional factors, Federal
policies that might stimulate resource recov-
ery, recycling, and reuse were identified and
their effectiveness and impacts were as-
sessed, The criteria used for assessing the
policy options include technical and adminis-

trative feasibility (effectiveness), economic
efficiency, equity, security, and diversity.

Only those problems and opportunities
associated with the disposal of ordinary
MSW in the United States have been studied.
The management of hazardous wastes, sew-
age sludges, and other special wastes; re-
manufacturing, reworking, or refurbishing
products for reuse; recycling industrial
scrap; and recovering materials or energy
from agricultural, forestry, mining, or in-
dustrial residues, have all been specificaly
excluded.

The Current Federal Role in
the Management of MSW

irect Federal involvement in solid waste

disposal, resource recovery, recycling,
and reuse has evolved through three major
Acts:

. The Solid Waste Disposal Act of 1965,

. The Resource Recovery Act of 1970, and

. The Resource Conservation and Recov-
ery Act of 1976 (RCRA),

All of these Acts have been motivated by a
concern for the public health and the environ-
mental impacts of improper disposal, by the
rising costs of disposal by traditional means,
and by the recognition that municipal wastes
contain valuable materials and energy. Each
emphasizes that the primary responsibility
for municipal waste collection and disposal
rests at the local level. All have provided for
Federa roles in research, development, and
demonstration: technical assistance; infor-
mation dissemination; and grants to State and
local governments for planning for solid
waste management. RCRA makes such grants

3



4 . Materials and Energy From Municipal waste

conditional on the adoption by a State of a
series of programs designed to upgrade land
disposal and facilitate resource recovery. It
also provides for the Federal procurement of
recycled materials and for Federa involve-
ment in developing performance standards
for recovered materials and energy in order
to assist in developing markets for them.

While reaffirming limited Federal involve-
ment in resource recovery and recycling,
RCRA has recognized the possibility of future
Federal policy initiatives by creating the
Cabinet-level interagency Resource Conser-
vation Committee to examine continuing re-
source conservation issues.

The Federal Government has played a less
direct, athough significant role, in influenc-
ing the supply and demand for recovered ma-
terials and energy through policies on air and

water pollution control, railroad rate regula-
tion, materials taxation, control of ocean
waste disposal, and use of public lands.

Issues and Findings

he findings of this study are summarized
in the following pages, grouped under
five major issue areas:

|. Methods for resource recovery (p. 5).

[I. The marketability of recovered re-
sources (p. 9).

[1l. Institutional barriers to resource re-
covery and recycling (p. 12).

N. Incentives for resource recovery and
recycling (p. 14).

v. Beverage container deposit legislation
(p. 16).
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Issue Area |

Methods for Resource Recovery

Materials may be recovered from MSW for
recycling in two ways. by collecting wastes
that have been kept separate as they are gen-
erated (“source separation”), and by separat-
ing mixed wastes in a central facility (“cen-
tralized resource recovery”). Energy is saved
using either method, since less energy is used
in manufacturing products from recovered
materials than from virgin raw materias. In
addition, with centralized resource recovery
energy can be recovered as fuel from the
organic components of MSW.

A number of technologies for centralized
resource recovery have been brought to vari-
ous stages of development. Each has different
technical and economic performance charac-
teristics. Source separation, which is de-
signed to recover specific components of the
waste stream, can be organized in severa
ways. This report describes both of these
methods and assesses their status and capa-
bilities.

What is the status of source separation
in the United States?

Source separation for the recovery of recy-
clable materials from MSW is widely prac-
ticed in the United States today. It is the only
available method with which wastepaper can
be recovered for recycling into new paper
products. It is also used to recover glass, fer-
rous and nonferrous metals, and yard waste.
Nearly al of the MSW now recovered for re-
cycling is collected in source separation pro-
grams.

The types of source separation programs
currently operated by municipalities, indus-
try, and volunteer groups include curbside
separate collection programs, multimaterial
recovery in community recycling centers, in-
dustry-sponsored recycling programs, and
commercial and industrial methods of source
separation. According to the Environmental

Protection Agency, about 133 communities
were collecting newspapers in curbside pro-
grams in May 1978. Another 40 were collect-
ing other kinds of paper and/or glass and
cans. Industry-sponsored programs collected
25 percent of al aluminum beverage cans
produced in 1977.

Source separation has grown in popularity
in the last decade. However, some programs
have experienced technical or organizational
problems, many others have failed owing to
problems in marketing their products, and
still others have faced indifference or hostili-
ty from proponents of alternative ap-
proaches. Nevertheless, a great deal of ex-
pertise has been developed for designing and
operating such programs. Much of the curb-
side collection activity has taken place in
small towns and moderate-sized cities. A
residential source separation program en-
compassing a mgjor urban area has yet to be
demonstrated. (Chapter 4)

2 How effective is source separation?

The success of source separation programs
depends on obtaining and maintaining a high
degree of cooperation and participation on
the part of those who generate the waste.
Source separation can produce sizable reve-
nues and energy savings from MSW, but has
only a limited effect on the total solid waste
stream. For example, at 50-percent participa
tion, a comprehensive residential and com-
mercial program could recover around one-
fourth of a community’s MSW and earn reve-
nues of $5 to $12 per ton of waste generated.
But, three-fourths of the MSW would remain
for recovery or disposal by other means. With
such a program in place, a community would
still have ample opportunity to install a
centralized system to recover materials
and/or energy. (Chapter 4)
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3 Would source separation in a commu-
nity detract from efforts to recover en-
ergy and materials in a centralized fa-
cility?
Source separation removes some MSW com-
ponents that a centralized resource recovery
plant would rely on for fuel and, depending
on its design, for recoverable materials. Con-
sequently, it has the potential to reduce the
revenues of an existing resource recovery
facility. For this reason, capital-intensive,
centralized systems should be designed to ac-
commodate existing or future separate collec-
tion programs, thus reducing the possibility of
revenue problems. Depending on the level of
participation and on market conditions, a
carefully planned combination of source sep-
aration and centralized resource recovery
may be the optimal approach from an eco-
nomic point of view. (Chapters 4 and 6)

How should Federal policy toward re-
source recovery and recycling treat
source separation?

Nearly every potential Federal action dis-
cussed below, which encourages resource re-
covery or recycling, would stimulate source
separation activities unless specific barriers
to it are raised. Therefore, Federal programs,
including assistance to State and local gov-
ernments for solid waste planning, should be
designed to incorporate source separation as
alocal option.

Federal efforts to assist source separation
activities could include funding for research
on collection systems, for innovative program
design, and for improving equipment used in
intermediate processing to upgrade collected
materials for recycling. Federal assistance is
needed to implement and maintain a demon-
stration program for curbside source separa-
tion in a large city. If such a program were
successful, other major urban areas would be
shown what could be done and how to do it.
(Chapter 4)

What is the status of technologies for
centralized resource recovery for en-
ergy and materials?

A number of technologies for burning the
combustible portion of MSW or for convert-
ing it to solid, liquid, or gaseous fuels are at
various stages of development. Techniques
have also been developed, with differing suc-
cess, for recovery of ferrous and nonferrous
metals, aluminum, glass, and paper fiber.

The only commercially operational meth-
ods for recovering energy are waterwall
combustion and small-scale modular inciner-
ation to produce steam, and the production
of refuse-derived fuel (RDF) by wet and dry
processes. The only commercially opera-
tional technologies for recovering materials
from mixed MSW are the magnetic recovery
of ferrous metals, the recovery of low-grade
fiber by wet separation, and the production
of compost by natural processes. Aluminum
and glass recovery are being actively devel-
oped as is energy recovery by both anaer-
obic digestion and pyrolysis. (Chapter !5)

How much does centralized resource
recovery cost?

Processing MSW in centralized resource
recovery plants to recover energy and mate-
rials has been estimated to cost between $15
and $32 per ton of waste, depending on the
technology used. Revenues from the sale of
energy and materials can range from $5 to
$17 per ton Of waste, with more costly sys-
tems generally producing greater revenues.
Most of the revenues come from the sale of
energy.

Because revenues are generally insuffi-
cient to cover the costs of centralized re-
source recovery, plants must charge a price
for waste disposal to make up the difference.
This charge is commonly called a “tipping
fee. ” For technologies now being considered,
including small-scale modular incinerators,
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tipping fees are estimated to range from $3 to
$21 per ton for plants able to process 1,000
tons of MSW per day. (Tipping fees at exist-
ing commercia plants range from $6 to $16
per ton.) Tipping fees for waste disposal at
landfills typically range from $2 to $10 per
ton nationwide. Therefore, in many parts of
the country landfill is still the most economi-
cal way to dispose of waste. Consequently, re-
source recovery has the greatest potential
where both landfill costs and energy prices
are high, such as in the urban Northeast.
[Chapter 6)

What is the energy potential of cen-
tralized resource recovery?

Energy can be recovered by centralized
resource recovery either as fuel or as heat
and also as the energy savings that accrue
from recycling materials. As an upper limit,
the total recovery of al the energy in MSW
would be equivalent to about 1.9 percent of
the Nation’s current annual energy consump-
tion. Recycling all of the iron and steel,
aluminum, copper, and glass could save
about 0.4 percent more for an upper limit on
total savings of the equivalent of 2.3 percent
of current energy use. Thus, centralized re-
source recovery could play a small, but not in-
significant role in conserving energy. Tech-
nical, economic, and institutional factors,
however, will keep the amount of energy
saved by resource recovery in the foresee-
able future to a fraction of its potential.
(Chapter 5)

Are there environmental problems with
centralized resource recovery?

Relatively little is known about the effluents
from operating centralized resource recovery
plants or about the nature and degree of
workplace hazards they may present. This is
largely because there has been little oppor-
tunity to gather data, and because there is
considerable variability in and ignorance
about the composition of both MSW and the

recovered products. A number of studies cur-
rently underway should produce information
about air and water emissions, bacteria and
viruses in the plant environment, and toxic
substances in all media including solid resid-
uals. Authority exists for regulating these
workplace and environmental problems, if
needed. Should activity in centralized re-
source recovery continue, it will be desirable
to step up research and to promulgate regula-
tions needed to control any potentially harm-
ful side effects. (Chapter 5)

How large should centralized resource
recovery plants be?

The optimal design of a centralized resource
recovery plant, or a system of severa plants,
represents a tradeoff among three factors: (1)
processing costs per ton, which decrease as
plant size increases; (2) transportation costs
per ton from collection points, which increase
as plant size and haul distances increase; and
(3) energy and materials revenues, the energy
portion of which are site-dependent. For each
service area there is a lowest cost mix of
plant sites and sizes. This is determined
largely by the tradeoff between the cost of
transportation and the economies of scale in
processing costs. Early enthusiasm for very
large plants capable of processing 3,000 to
6,000 tons of MSW per day has diminished as
such facilities have encountered difficult in-
stitutional problems. Moreover, the best
available current information suggests that
plants in the 1,000-to 1,5000-tpd range maybe
the largest economically optimum sizes for
most locations. In some communities plants as
small as 50 to 200 tpd may prove to be the
most satisfactory. (Chapters 5 and 6)

10

Only electric powerplants, large factories, or
large complexes of office buildings can con-
sume all the energy output of a |,000-tpd

How does the nature of energy mar-
kets affect the best plant size for
centralized resource recovery?
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resource recovery facility. These types of
potential customers have proven difficult to
reach by proposed resource recovery proj-
ects. Electric utilities, which were once seen
as major potential users of energy from
MSW, have been less than enthusiastic. This
is largely because using refuse-derived
energy presents certain technical difficulties
and also because current approaches to rate
regulation offer no incentive to try it. Further-
more, in a given service area, MSW can pro-
vide only afew percent of the fuel needs of an
electric utility. Thus, utilities have been
reluctant to contend with the numerous tech-
nical and institutional problems just to obtain
aminor part of their total fuel needs.

On the other hand, there area large num-
ber of potential customers such as office
buildings, institutions, and factories for
smaller quantities of refuse-derived energy.
Smaller resource recovery plants in the 25-to
600-tpd range might adequately serve their
energy needs. Furthermore, some of the prob-
lems that arise when several communities at-
tempt to regionalize in order to build large
plants would thus be avoided. Smaller re-
source recovery plants, which are more com-
mon in Europe, might feature direct incinera-
tion to produce steamer hot water and forego
materials recovery altogether. They might
also permit a more flexible approach by mak-
ing it possible for a community or region to
adopt resource recovery gradually rather
than all at once.

However, not enough is known about the
environmental and workplace health implica-
tions of operating a network of small plants
scattered throughout a region. Also, more
needs to be known about the energy demand
characteristics of potential industrial, com-
mercial, and institutional customers, in order
to learn whether they can indeed become ma-
jor consumers of energy from waste. (Chap-
ters 5 and 6)

11 How can the Federal Government

most effectively fund additional re-
search on centralized resource re-
covery technologies?

Over the past 15 years, there have been a
number of federally funded research, devel-
opment, and demonstration projects con-
cerned with centralized resource recovery.
There has also been vigorous activity in the
private sector. The Federa R&D presence
would be most effective in identifying, eval-
uating, and controlling environmental and oc-
cupational problems; in characterizing mate-
rials; in funding basic studies of processes for
size reduction, materials separation, combus-
tion, and chemical reaction; and in explora-
tory design—particularly of small-scale sys-
tems for processing and using recovered
materials and energy. The remaining techni-
cal problems can probably be solved most ef-
fectively by private firms in the course of
commercial development. (Chapter 5)
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Issue Area Il

The Marketability of Recovered Resources

Substantial amounts of various materials
and types of energy can be recovered from
MSW today using either centralized separa-
tion and recovery or source separation. The
guantities of recoverable resources will con-
tinue to grow in the future as materials use
grows, barring major Government action or
other events that would restrict the produc-
tion and use of materials generally. Such
recovered resources compete both with virgin
materials and energy, and with secondary
materials from other sources. Thus, in order
to ascertain whether resource recovery can
be widely implemented, it is necessary to ex-
amine factors that affect the marketability of
recovered materials and energy. These in-
clude their prices and qualities, the influence
of transportation costs, and the role of Feder-

a policy.

1 Would materials and energy recov-
ered from MSW be marketable?

Productive uses can be made of recovered
iron and steel, aluminum, paper, glass, and
energy with existing technologies and in ex-
isting facilities. Potential markets exceed any
anticipated level of recovery today and
through 1995 for iron and steel, aluminum,
and paper. Glass markets are developing
rapidly as the technical feasibility and eco-
nomic, environmental, and energy advan-
tages of producing containers from waste
glass become evident. Energy markets far ex-
ceed the potential level of recovery from
MSW nationwide. However, the prices that
users are willing to pay and the product qual-
ity they demand could be barriers to the prof-
itable sale of large amounts of recovered re-
sources, if resource recovery were widely
adopted. Furthermore, certain forms of ener-
gy including RDF, steam, and low-Btu gas
must be produced near their customers if
transportation costs are to remain accept-
able. (Chapter 3)

48-786 o - 79 - 2

1 Would recovered resources from
MSW disrupt existing markets for
secondary materials and energy?

At any foreseeable level, resources recovered
from MSW would be unlikely to affect ex-
isting markets for secondary, or scrap, iron
and steel. High levels of additional aluminum
and paper recovery would add substantially
to the current trade and could be disruptive.
Since current trade in scrap glass is quite
limited, glass recovery essentially represents
creation of an entirely new market rather
than disruption of an existing one. In view of
the current energy situation and the relative-
ly small amounts of energy recoverable from
MSW, recovered energy would not pose a
threat to established energy markets. (Chap-
ter 3)

1 What prices can be expected for re-
covered materials and energy?

Typical prices for recovered materials and
energy are shown in table 1. Since there has
been little or no commercial trade in some of
these commodities, the prices are somewhat
speculative. They are based on the judgments
of informed observers. Prices for recovered
ferrous metal, aluminum, and paper are like-
ly to fluctuate widely over time as do the
prices for these materials today. (Chapter 3)

1 Would a Federal stockpile stabilize
markets for recovered materials?

Established markets for secondary iron and
steel, aluminum, and paper exhibit wide var-
iations over time in both prices and quantities
traded. The prices both for postconsumer alu-
minum cans and for newspaper obtained
through separate collection programs have
been more stable because primary aluminum
companies have been offering stable prices to
recyclers and because there are established
long-term contracts for delivering waste
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newspaper to recycled newsprint mills. Cur-
rent trade in waste glass is small but growing
rapidly, with relatively stable prices. A brief
anaysis of a Federal stockpile for recovered
resources suggests that this would be an in-
effective, unnecessary, or overly expensive
mechanism for stabilizing markets for materi-
als recovered from MSW. (Chapter 3)

1 Can Federal procurement policy im-
prove markets for recovered mate-
rials?

Federal procurement policy can strengthen
markets for recovered materials by empha-
sizing their use and by eliminating arbitrary
barriers to them. Existing Genera Services
Administration regulations under RCRA, if
followed, represent a useful move in this
direction. (Chapter 3)

17 Is Federal support for R&D on the
uses of recovered materials ade-
quate?

Federal R& D support on the uses of recovered
resources, as opposed to their production, is
limited. Such research might find new uses
and improve old ones, and is easily justifiable
on economic grounds. Under RCRA, only the

Department of Commerce has authority for
such support, and that authority has not been
funded. The Bureau of Mines has done lim-
ited work in this area under its basic author-
ity. Additional Federal support for R&D on
the uses of recovered resources appears to be
desirable. (Chapter 3)

1 8 Is additiona Federal action needed
to support the development of speci-
fications for recovered resources?

Specifications for the quality of recovered
resources are needed mainly to facilitate
trade. They are not required for the purpose
of protecting consumers because few recov-
ered resources reach consumers without fur-
ther industrial processing. (Important excep-
tions are flammability standards for cellu-
losic insulation, recently established on an
emergency basis by an Act of Congress, and
health and safety standards for reusable bev-
erage containers.)

Existing specifications promulgated by the
secondary materials industries and based on
the origin of secondary materials appear to
be adequate to support trade in separately
collected iron and steel, aluminum, and
paper. Separately collected glass is currently
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traded under quality/price negotiations for
each shipment. Composition specifications to
facilitate trade in materials and energy from
centralized resource recovery plants are cur-
rently in the final stages of development by a
committee of the American Society for Test-
ing and Materials. In view of the current
state of activities concerned with voluntary
standards there seems to be no need for Gov-
ernment action beyond that authorized under
RCRA. However, funds appropriated for this
purpose have not been adequate. (Chapter 3)

1 How significant are transportation
costs in the economics of resource
recovery?

Freight rates for transporting recovered ma-
terials and certain forms of recovered energy
to markets can seriously impair the econom-
ics of resource recovery. For example, for
shipments by rail in the 200- to 400-mile
range, railroad freight rates can range as
high as 25 to 80 percent of the gross income
from the sale of waste iron and steel, paper,
and RDF. Even a 50-percent reduction of
freight rates for these resources would till
leave freight charges a substantial cost fac-
tor. (Chapter 3)

2 Do railroad freight rates discrimi-
nate against secondary materials as
compared with virgin ones?

The question of whether existing railroad
freight rates discriminate against secondary
materials was examined using several models
of transportation ratemaking. Such discrim-
ination was found to be sizable for iron and
steel, auminum, paper, and glass under cost-
based rates (both variable and fully allocated
cost approaches) and for paper and glass
under the chemical equivalency approach to
value-of-service rates. Such discrimination
was not found under the value-of-service ap-

proach to rates. This examination has shown
that part of the long-standing controversy
over discrimination against secondary mate-
rials arises from different assumptions about
how rates ought to be set. (Chapter 3)
secondary materials and on railroad
revenues?

The amounts of secondary iron and steel, alu-
minum, and paper shipped by railroad are
not very sensitive to freight rates, and large
changes in rates would have little effect on
shipments of these materials. Therefore, if
freight rates for secondary iron and steel,
auminum, glass, and paper were to be ad-
justed downward (on the order of 30 to 50
percent) to eliminate the greatest degree of
discrimination found using any of the rate-
making models examined, an economic model
projects that increases in rail shipments for
iron and steel, aluminum, and glass would be
small—on the order of only a few percent.
Glass shipments might increase by as much
as 15 to 25 percent. Correspondingly, rail-
road revenues in each case would decline
substantially since revenue losses from ex-
isting traffic would not be offset by revenues

from traffic growth. (Chapter 3)

22 Should railroad freight rates for sec-
ondary materials be adjusted?
Regardless of the projected small increases in
shipments and the large decreases in rail-
road revenues, however, secondary materials
appear to be treated unfairly by existing
freight rates in the case of iron and steel,
aluminum, wastepaper, and glass. Both equi-
ty and economic efficiency argue for their ad-
justment. Railroad revenues, if inadequate,
could be adjusted by general rate increases.

(Chapter 3)

What effect would adjustment of
freight rates have on shipments of
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Issue Area Il

Institutional Barriers to Resource Recovery and Recycling

Institutions are important in establishing
or removing barriers to the emergence of cen-
tralized resource recovery, which is a new,
uncertain and, therefore, risky technology for
disposal of MSW. Many ingtitutional barriers
originate in the mixed system of Federal,
State, and local governments. Therefore, pol-
icies must be designed to circumvent these
barriers rather than to remove them. This
study examined four classes of institutional
problems: information problems, jurisdiction-
a problems, implementation problems, and
marketing problems. They are listed in table
2.

SOURCE:Office of technology

Resource recovery poses economic risks to
potential investors. These risks arise from
uncertainties in technical performance, in
product marketability, in waste composition,
and in institutional forces. Each party to a
resource recovery effort quite naturaly tries
to minimize the risks he faces, yet such risk
avoidance has a price for al the parties in-
volved. Finding ways to share the risks that
derive from the technical and economic un-
certainties of resource recovery is a maor
source of its institutional problems.

Three broad approaches are available to
the Federal Government to address institu-
tional problems. direct Federal action, Fed-
eral incentives to reduce risk and uncertain-
ty, and Federal inducements to State and
local governments. OTA has not attempted to
rank the seriousness of these problems or to
evaluate the effectiveness of various ap-
proaches to their solution. All of the problems
are important. A mix of approaches is re-
quired to resolve them if resource recovery is
to be widely adopted.

2 Can the Federal Government take di-
rect action to overcome institution-
al barriers to resource recovery?

Since resource recovery is largely a function
of local government, the power of the Federal
Government to directly effect change is some-
what limited. For example, it can overcome
problems caused by inadequate information
by providing technical assistance to local
governments, if such assistance is competent
and unbiased. Congress could also consider
legidlation to ensure that resource recovery
facilities are ruled eligible for pollution con-
trol revenue bond financing. Actions dis-
cussed in other issue areas would also be con-
structive, including promulgation of environ-
mental and health standards for resource re-
covery (issue 8) and adjustment of railroad
freight rates for secondary materials (issues
20 to 22). (Chapter 7)
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Is there a role for the Federal Gov-

24 ernment in overcoming the risks of
resource recovery?

Carefully designed Federal subsidy programs
can help overcome the risk barrier faced by
private entrepreneurs or public agencies
when introducing new resource recovery
technologies. Such a use of subsidies is con-
ceptually different from their use to make
projects appear economically feasible which
otherwise would not be. The first use of sub-
sidy for resource recovery is clearly justified,
the second less so. (See also issue 26.) (Chap-
ters 6, 7, and 8)

Federally funded research and develop-
ment can also help overcome risks and solve
the institutional problems that risk sharing
creates. (See issues 4, 11, and 17. ) (Chapters
3,4, and 5)

2 How important is Federal action to
induce regional planning for re-
source recovery?

The Resource Conservation and Recovery Act
of 1976 is strongly based on inducing States
to institute regionalized planning for solid
waste management. This approach makes
sense if large-scale regionalized resource
recovery offers sizable economic advantages
through economies of scale both in processing
wastes and in selling recovered energy. In
view of recent trends toward small-scale re-
source recovery systems and in view of the
difficulty of marketing large amounts of re-
covered energy, especially to electric utilities,
the importance of regiona planning for dis-
posal of MSW has lessened. Federal efforts
should allow for a great diversity of State and
local approaches to the management of
MSW. (Chapter 6)
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Issue Area IV

Incentives for Resource Recovery and Recycling

The Federal Government could adopt any
of a number of policies designed to improve
the economics of resource recovery and recy-
cling. These include policies designed to in-
crease the supply of recovered materials,
such as subsidies for building or operating
resource recovery facilities, as well as pol-
icies designed to stimulate the demand for
recovered resources by influencing the com-
petition between virgin and secondary mate-
rials and energy.

Incentive policies are based on three gen-
era rationales. First, they can be designed to
stimulate desired private resource recovery
activity if such activity has been inadequate
due to the fact that its net social benefits ex-
ceed its net private ones. Second, incentives
can be designed to offset institutional bar-
riers to resource recovery or to offset incen-
tives already extended to competing virgin re-
sources. Third, incentives can be designed to
help overcome the risks that pioneering
adopters face when trying a new, uncertain
technology.

2 How necessary or desirable is Fed-
eral subsidy to increase the supply
of recovered resources?

Subsidizing the capital or operating costs of
centralized resource recovery nationwide
cannot be justified on the basis of the econom-
ic value of the recovered energy or materials.
For example, a subsidy of $8 per ton of MSW,
which is designed to make an average $14 per
ton resource recovery tipping fee competitive
with an average $6 per ton landfill tipping
fee, is equivalent to a subsidy for recovered
ferrous metal of several times its market
price or to a subsidy for recovered energy of
nearly $1 per million Btu (about $5 per barrel
of oil equivalent). There is no a priori reason
to subsidize resource recovery, if sound alter-
native disposal methods, such as landfill with
adequate environmental controls, are avail-
able at a lower cost.

Resource recovery does not generally
need a Federal subsidy if the revenues from
recovered energy and materials plus landfill
credits exceed its costs. A subsidy may be
economically justified, however, in three
specific circumstances. (1) if the environ-
mental and health costs of aternative dis-
posal methods such as landfill or ocean
dumping exceed the subsidy, and it is not
feasible to reduce those costs through regu-
lation and control; (z) if the spread between
the resource recovery and the landfill tip-
ping fees is considerably less than $8 per
ton, and a subsidy is justified by a desirable
but nonmonetary benefit of energy recovery
such as reduced oil imports; or (3) if a sub-
sidy for a small number of demonstration
plants is used to compensate communities
for bearing the risks associated with trying
an uncertain new technology that might ben-
efit the rest of the Nation. Federal subsidy
for the first two purposes can be justified
economically only if local areas cannot af-
ford proper disposal of the wastes they gen-
erate. Federal subsidy for the third purpose
is reasonable from an economic point of
view. (Chapter 6)

2 What steps might the Federal Gov-
ernment take to affect the competi-
tion between virgin and secondary
materials in order to stimulate de-

mand for recycling?

This study has examined the potential effec-
tiveness of five economic policies for stimulat-
ing recycling and reducing the rate of MSW
disposal. They are:

The Product Charge—an excise tax levied
on material goods proportional to their
weight, volume, or other measure of disposal
cost. The tax would be levied on material fab-
ricators or related industries.

The Recycling Allowance—a direct grant
or tax incentive to producers or users of recy-
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cled materials paid in proportion to some
measure of the amount or value of recycled
materials used.

The Severance Tax—a tax on virgin
materials levied at the point of mining or
harvest in proportion to some measure of the
amount or value extracted.

The Percentage Depletion Allowance—ex-
isting law alows for deduction from income
before taxes each year of a percentage of
gross income from mining specified minerals.
Repeal of this deduction was examined.

The Capital Gains Treatment of Income
From Standing Timber—existing law allows
for taxing income from the sale of standing
timber at rates appropriate to long-term capi-
tal gains, which are lower than rates for ordi-
nary income. Repeal of this tax preference
was examined. (Chapter 8)

2 Which of the incentive programs for
recycling might work best?

From equity, economic efficiency, and ad-
ministrative perspectives, removing existing
tax preferences for virgin materials is pref-
erable to establishing new ones for recycled
materials. From the perspectives of resource
recovery, recycling, and reduced generation
of waste, the key question, however, is the ef-
fectiveness of various proposals in stimulat-
ing recycling and decreasing the waste
disposal burden,

Of the five policies considered, the product
charge and the recycling allowance are pro-
jected to be the most effective for these pur-
poses if they could be made to work. How-
ever, the effectiveness of the product charge
would depend on the successful implementa-
tion of the exemption for recycled materials,
but the administrative problems of the ex-
emption may be so great as to render the
charge concept unworkable. The recycling
i’:\llowance faces similar administrative prob-
ems.

The analyses suggest that repeal of the
percentage depletion alowance on hardrock
minerals or repeal of the capital gains treat-
ment of timber income would increase recy-
cling by only a small amount. Furthermore,
these actions are not expected to significantly
reduce the generation of waste. (See aso
issue 29. ) Nevertheless, these tax provisions
do treat secondary materials unfairly in their
competition with primary materials. (Chapter
8)

2 How much confidence is there in
estimates of the effects of Federal
incentives on recycling?

Only a small number of studies have been
published on the response of recycling to eco-
nomic policies, Further research and analysis
are needed before there can be complete con-
fidence in estimates of the effectiveness of
Federal economic incentives in increasing
either the demand for or the supply of recov-
ered materials and energy. In particular,
studies are needed concerning the influence
of economic policy on plant investment deci-
sions, including plant location, and on ver-
tical integration in the materials industries to
determine whether these effects serve to in-
hibit the use of recycled materials in the long
run. Additional analyses are also needed to
explore more fully the implications of these
incentive policies for the nature of the com-
petition between primary and secondary
materials, and for the competition between
domestic and foreign producers,

The incentive policies examined in this
study may have side effects in such important
areas as prices, profits, Government reve-
nues, administrative costs, employment, for-
eign competition, and long-run materials and
energy conservation. Further analysis in-
depth is needed to arrive at a thorough under-
standing of the outcomes of each of these
policies. (Chapters 6 and 8)
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Issue Area V

Beverage Container Deposit Legislation

During the last 30 years the beer and soft
drink industries have undergone a maor shift
from the use of refillable glass bottles to the
use of nonreturnable glass and plastic bottles
and metal cans. During the same period the
sales of both beverages in individual pack-
ages have grown dramatically. One result of
these trends has been that discarded bever-
age containers have become significant com-
ponents of both litter and MSW. Beverage
delivery has become more energy- and mate-
rials-intensive while employing fewer people
and requiring less capital per unit of bever-
age consumed. Economies of scale in brew-
ing, bottling, and transportation, especially
using lightweight nonreturnable containers,
have favored a trend toward centralization of
bottling and brewing, with fewer producers
and fewer brands available. Packaging has
become a significant part of beverage mar-
keting strategy, with a wide variety of
package sizes and types available. Federal
legislation has been proposed that is intended
to slow the declining market share of bever-
ages in refillable bottles, by imposing a man-
datory, uniform, refundable deposit on each
container.

3 Would Beverage Container Deposit
Legidation (BCDL) work?

A review of a number of studies of BCDL
sponsored by proponents, opponents, and
neutral parties finds agreement that it would
accomplish all of its major goals to some
degree. It would lead to a reduction in litter,
in MSW, and in consumption of energy and
raw materials. For its proponents, it would
serve as a symbol of a commitment to re-
source conservation, even though it would not
save as much energy as such measures as en-
ergy efficiency standards for buildings and
automobiles.

However, considerable uncertainty exists
regarding the ultimate effects of BCDL on
container market shares and on return and

recycle rates. No one has devised a method
for predicting these outcomes, which depend
on market decisions by consumers and on the
exercise of at least limited market power by
producers and distributors. Nevertheless, ex-
periences in the several States that have im-
plemented BCDL, as well as the judgment of
many informed observers, indicate that BCDL
would lead to an increased use of refillable
bottles and that containers would be re-
turned at a sufficiently high rate to ensure
that its goals would be achieved. (Chapter 9)

31 How much energy would be saved
by BCDL?

If BCDL were adopted it is estimated that it
would save the energy equivalent of 20,000 to
60,000 barrels of oil per day. However, the
energy saved would be in the forms of naural
gas, coa, nuclear energy, hydropower, and
wood waste. Some studies find a savings of oil
as well. Other studies project an increase in
the actual consumption of oil of as much as
5,000 barrels per day including additional
gasoline and diesel fuel for transportation.
(Chapter 9)

3 How would BCDL affect industry
and labor?

BCDL would have a number of significant
side effects that are not intended by its pro-
ponents. It would increase the capital needs
of beverage brewers, bottlers, wholesalers,
and retailers. At the same time, it would
severely disrupt the metal can and glass bot-
tle industries with losses of output and jobs.
Net employment and total compensation to
workers would increase for the industries in-
volved in manufacturing materials and con-
tainers, and in producing, delivering, and
selling beverages. However, existing skilled
jobs would be lost in materials and container
production, while relatively unskilled jobs
would be gained in wholesaling, transporta-
tion, and retailing of beverages.
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The costs of BCDL would be concentrated
in a small number of communities in which
materials and container plants are located,
while the benefits would be distributed
throughout the country. Thus, Federal reloca
tion, retraining, and other assistance should
be considered for both workers and firms
that might be harmed by BCDL. (Chapter 9)

3 3 How would BCDL affect consumers?

Unlike a ban on nonreturnable containers,
BCDL would preserve the right of producers
and consumers to choose among several
package types, although the total number of
available package types would decline. How-
ever, BCDL would ensure that users of non-
returnables pay the full cost of their disposal.
It would aso provide an incentive for recy-
cling and against littering.

Under BCDL, the costs of containers per fill
would decline due to the greater use of multi-
trip refillables, while other costs of delivery
would increase. Available data do not permit
a consensus judgment of the net effect of
BCDL on total costs, or on the shelf prices of
beer and soft drinks. Some authors project a
decrease in costs and prices, others an in-
crease. Data on current prices show that soft
drinks are cheaper in refillables than in non-
returnable bottles and cans. There is some
reason to believe that this might not be the
case under BCDL if producers have to invest
heavily in new equipment to meet an aug-
mented demand for beverages in refillables.

The availability of beverages in refillable
containers is expected to improve under
BCDL, whereas the number of types of con-
tainers might decline. Depending on how con-
sumers value the convenience of nonreturn-
ables and refillables as well as on the uncer-
tain price changes, beverage consumption
might decline, but by a few percent at most.
(Chapter 9)

3 What would be the impact of BCDL
on health and the environment?

Refillable containers generaly produce less
air and water pollution and less industrial

solid wastes than other container types on a
per-fill basis. Litter-related injury from im-
properly discarded glass bottles would prob-
ably decline under BCDL. It is not possible to
say with available data whether worker and
consumer injury would increase or decrease.
No evidence was found that refillable glass
bottles pose additional health or sanitation

hazards. (Chapter 9)
35 How might BCDL affect, or be af-
fected by, new technology?

If BCDL were passed, new technology might
emerge for managing refillable containers
and for recycling nonreturnables. Govern-
ment assistance might be needed to spur
development of new, more efficient, standard
refillable containers for use industrywide.

The growing popularity of the plastic soft
drink bottle could drastically alter the soft
drink package mix, whether or not BCDL is
adopted. If made available in smaller sizes
(10 to 16 ounces), plastic containers would
markedly ater the projections of the effec-
tiveness and the impacts of BCDL that are
discussed in this report. (Chapter 9)

3 How would BCDL affect economic
concentration in the soft drink and
beer industries?

Since BCDL would decrease the economic
advantages of centralized brewing, bottling,
and wholesaling, the current trend toward a
small number of large firms in beer and soft
drink production might be slowed.

If upheld by the courts and not modified by
Congress, the recent decision by the Federal
Trade Commission outlawing territorial fran-
chise restrictions for trademarked soft drinks
in nonreturnable containers could lead to
rapid concentration of that industry. The
results would be an industry with only a few
firms having a few large plants, as well as the
rapid disappearance of the refillable bottle
for soft drinks. By making the refillable bottle
more attractive economically, BCDL could
help preserve smaller, local bottlers. Legisla
tion now under consideration to preserve the
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territorial franchise system could help main-
tain the refillable bottle’s current market
share.

The beer and soft drink industries are both
complex. They are characterized by a mix of
small and large firms, by regional and na-
tional markets, and by an extensive use of
packaging alternatives as marketing and
competitive devices. None of the major anal-
yses of the effects of BCDL examined for this
study has taken these structural complexities
into account. In part, this reflects the limits of
the art of policy analysis. It also contributes
to the inherent uncertainty regarding the
ultimate outcomes either of BCDL or of anti-
trust action taken against the industries.
(Chapter 9)

3 How would BCDL affect govern-
ment?

BCDL would cause some shift in tax revenues
at and among the local, State, and Federal
levels. This would happen due to changes in
the mix of capital and labor used in the bev-
erage-related industries and to changes in
profits and wages. While BCDL uses the mar-
ket approach to regulation and is nearly self-
administering, some additional governmental
resources would be needed to administer and
police the deposit system. (Chapter 9)

3 Would BCDL harm centralized re-
source recovery or source separa-
tion programs?

Successful BCDL would reduce the amount of
aluminum, steel, and glass in the solid waste
stream. Thus, it might reduce the revenue of
an existing centralized resource recovery
plant by as much as 5 percent. There would
be no revenue reduction at all if the recovery
of aluminum and glass do not become techni-
cally and economically feasible. Systems such
as waterwall incineration, which do not re-
cover materials, would not experience a loss
in revenues. (Chapters 5, 6, and 9)

Source separation programs are more de-
pendent on revenues from materials recovery
than is centralized resource recovery. Thus,

BCDL might reduce the potentia revenues of
a residential source separation program for
newspaper, glass, and cans by as much as 25
percent, or of a comprehensive program in-
cluding all forms of paper and yard wastes by
as much as 13 percent. (Chapters 4 and 9)

A Perspective on Further
Federal Action

he disposal of MSW in an environmental-

ly and economically acceptable manner
is a chronic problem of our modern consumer
society. Recovery, recycling, and reuse of the
materials and energy in MSW can help solve
the disposal problem and provide opportuni-
ties to conserve resources and protect the en-
vironment.

Like al of man's activities, resource re-
covery, recycling, and reuse have costs as
well as benefits. This study of proposed Fed-
eral policies for waste management has not
adopted the overly restrictive formalism of
the cost/benefit approach. Nevertheless, it is
reasonable to regard resource recovery, re-
cycling, and reuse from an economic perspec-
tive and to urge that such programs make
economic as well as political sense.

In the context of current costs, prices, and
markets for materials, labor, and equipment,
resource recovery is economically sound in
some regions and not in others. In those
regions where the cost of environmentally
sound landfill or the price of energy is high,
or the markets for recovered materials are
strong, resource recovery and recycling make
good economic sense. In other regions, land-
fill is still the economically and environmen-
tally preferred alternative. Federal policy
should be sufficiently flexible to accommo-
date different local conditions, and should en-
courage State and local governments to adopt
the most economic and environmentally
sound approach to waste disposal. The focus
of Federal policy needs to remain on those
areas in which the private market and State
and local governments require the most as-
sistance: protecting public health, preserving
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the natural environment, and supporting re-
search and development on new technology.

This study has identified and examined a
number of Federal policy options, each of
which aone would make only a small differ-
ence to the economics of resource recovery
and recycling. Taken al together, however,
they could lead to a large increase in these

activities. Ultimately, the widespread adop-
tion of resource recovery and recycling may
depend not so much on the objective analysis
of small actions taken either together or sepa-
rately, but on Federal action to create a
climate in which the recovery, recycling, and
reuse of discarded wastes becomes a valued
way of life for all Americans.
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Chapter

| ntroduction and

Framework for Analysis

Objectives and Scope

Society’s primary interest in resource re-
covery, * recycling, and reuse arises from
the need to dispose of municipal solid waste
(MSW) from residences, institutions, com-
mercial establishments, and light industry.
Resource recovery, recycling, and reuse can
be constructive supplements to less desirable
traditional disposal methods such as open
dumping, landfill, uncontrolled incineration,
and ocean burial. In addition, it can contrib-
ute to the wise and efficient use of materials,
to conservation of energy, to preservation of
the environment, and to improvement in the
balance of trade through reduction of the Na-
tion’s dependence on imported natural re-
sources. By using materials more than once,
virgin resources can be conserved for our-
selves and for future generations.

The objectives of this study are:

1. To identify the technological, economic,
and institutional factors that influence
the generation, recovery, recycling, and
reuse of MSW.

2. To identify Federal policy options that
could be adopted to reduce the rate of
generation of MSW or to stimulate the
recovery, recycling, and reuse of the re-
sources it contains.

3, To analyze the effectiveness of the policy
options, and to assess their impacts and
the issues that accompany each of them.

The scope of this study is limited to the
generation and disposal of ordinary MSW in
the United States. Specifically excluded from

*See the Glossary at the end of this report for defini-
tions of the terms used.

consideration are the management of hazard-
ous wastes, sewage sludges, or other specia
wastes; the remanufacture, reworking, or re-
furbishing of products for reuse; the recy-
cling of industrial scrap; and the recovery of
materials or energy from agricultural, forest-
ry, mining, or industrial residues.

The following specific issue areas are ad-
dressed:

1. Potential markets for recovered materi-
als and energy, including the effects of
railroad freight rates and product qual-
ity specifications. (Chapter 3)

2 The status of technologies and ap-
proaches for resource recovery and re-
cycling, including small- and large-scale
centralized processing and separate col-
lection. (Chapters 4 and 5)

3. Economics of the construction and op-
eration of large-scale centralized re-
source recovery facilities. (Chapter 6)

4. Institutional considerations in imple-
menting resource recovery and waste
reduction programs. (Chapter 7)

5. Education, training, technical assist-
ance, and research and development for
resource recovery, recycling, and reuse.
(Chapters 4,5, and 7)

6. Financial options and incentives for in-
fluencing the relative costs of virgin and
secondary materials. [Chapter 8)

7. The effectiveness and impacts of bever-
age )container deposit legidlation. (Chap-
ter 9

8. The nature of the interactions between
programs for centralized resource re-
covery, source separation, and beverage
container deposit legislation. (Chapters
4,6, and 9)

23
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Approach

he study was carried out during the peri-

od from January 1976 to June 1978 by
OTA staff, contractors, and consultants. Con-
tractors and consultants collected and ana-
lyzed data, prepared models, and wrote
papers, which have been published in the
Working Papers volume. Several workshops
were held to get the views of interested par-
ties. OTA staff made a number of site visits to
existing facilities and programs, participated
in congressional hearings and briefings, and
benefited greatly from individual contacts
with personsin the field.

The overall framework for the analysis,
discussed further below, consisted of an ex-
amination of the technological, economic, and
institutional factors that influence resource
recovery, recycling, and reuse. An attempt
was made to analyze or assess al these fac-
tors and all the relevant policy options for ad-
dressing them. The emphasis was on the ef-
fectiveness of each option or strategy in ac-
complishing the goals of’ product reuse, re-
ducing waste generation, and recovering and
recycling materials and energy from MSW.

The Municipal Solid Waste
Problem

Background

S olid waste disposal is a growing problem
in many parts of the country for three
reasons:. (i) unsanitary disposal in open
dumps or uncontrolled landfills poses health
and safety hazards and esthetic problems
that are no longer deemed acceptable; (ii)
landfill sites are becoming increasingly dif-
ficult to obtain as citizens resist their devel-
opment, as land values increase, and as
higher water quality standards render many
areas geologically unsuitable or too expen-
sive for controlled landfill; and (iii) stricter
air and water pollution standards make un-
controlled incineration, open burning, and
ocean dumping unacceptable disposal alter-
natives.

In 1976, the national average cost to collect
and dispose of 1 ton of MSW was reported to
be $30.(1) It was as high as $50 per ton in
some areas. In recent years, modern manage-
ment methods and new technology have
helped to control the cost of collection, which
has typically been 70 to 80 percent of the
total. Disposal costs, however, have in-
creased rapidly as the problems mentioned
above have emerged. The. Nation, concerned
about the growing disposal burden and moti-
vated by the prospect of materials and energy
conservation, has begun to look toward re-
source recovery, recycling, and reuse as a-
ternatives to disposal of a significant portion
of MSW.

In 1975, an estimated 136 million tons of
MSW was generated nationwide, an average
of nearly 3.5 pounds per capita per day.(2) At
$30 per ton, the cost to manage these wastes
totaled over $4 billion in 197'5. The Environ-
mental Protection Agency (EPA) has pro-
jected that waste generation rates will con-
tinue to grow, based on current trends and
policies.(3)

One way to consider the potential for re-
source recovery, recycling, and reuse is to ex-
amine the composition of MSW on a nation-
wide, annual average basis, as shown in table
3.* The content, on a weight basis, of metals
and “garbage” (food wastes) is relatively
small. The content of combustible materials
that can be burned to provide energy is near-
ly 80 percent of the total wet weight of MSW.

Another way to consider the composition of
MSW isin terms of the product origins of the
materials it contains as shown in table 4.
Over 50 percent of the weight of MSW con-
sists of paper and packaging, which are
largely transitory goods. Over 51 percent of
the aluminum, 46 percent of the glass, and 12
percent of the iron and steel come from
beverage containers (beer and soft drinks).

*A..t.dat,on the amount and compOSitiOn *

CCura™e
MSW are not available. EPA’s estimates are based on a
materials flow approach that considers production
rates and lifetimes for each product, rather than on ac-
tual measurement of wastes.(3)
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Table 3.— Material Composition* of MSW in 1975

Net waste -
Waste content disposed of
as discarded after recycling
Million oo Of Million 0/0 of
Material tons total tons total
Paper . . . 441 32.4 37.2 29.0
Glass........... 13.7 10.1 13.3 10.4
Ferrous . . ....... 11.3 8.3 10.8 8.4
Aluminum . 1.0 , 09 0.7
Other nonferrous 04 03 04 0.3
Plastics . . ........ 44 3.2 44 34
Rubber. . .28 2.1 2.6 2.0
Leather ., . . 0.7 05 0.7 0.5
Textiles . .21 15 2.1 1.6
wood............ 48 3.5 48 3.7
Other .01 01 01 01
Total nonfood
product waste. . . 85.4 62.7 775 60.4
Food waste . ;. 228 16.8 22.8 17.8
Yard waste. . . ..... 26.0 19.1 26.0 20.3
Miscellaneous
inorganic wastes . 1.9 1.4 1.9 1.5
TOTAL. . . . 1361 100.0 128.2  100.0

* The compositton reflects considerable geographic and seasonal variation, es.

pecially for the content of metals and yard wastes Furthermore, accurate

composition data are difficult to obtain due to problems in obtaining repre-

sentative samples of waste streams 1975 Isthe most recent year for which de.

tailed composition estimates have been published by EPA

SOURCE U S Environmental Protect (on Agency Off Ice of Solid Waste Man
agement Programs, Resource Recovery and Waste Reduction, Fourth
Report to Congress, EPA Publicaton SW-600, Washington, D C U S
GPO 1977, p 18

Another perspective on the potential of re-
source recovery from MSW can be gained by
its contents as generated to total domestic
consumption of its various components as
shown in table 5. These data show that re-
sources recovered from MSW could provide a
substantial source of supply for some mate-
rials and could contribute to the Nation’s sup-
ply of energy.

Federal Involvement in Solid
Waste Problems

Rationale

M unicipal solid waste collection and dis-
posal have traditionally been the re-
sponsibility of State and local governments,
with the latter bearing the primary burden.
In the last two decades, however, the Federa
role has expanded considerably, for severa
reasons.

48-786 0 - 79 - 3

First, the Federal Government has helped
to create some of the problems faced by local-
ities. For example, certain tax policies have
encouraged the development and use of virgin
materials. At the same time, increasingly
stringent Federal environmental legislation
has outlawed some disposal options and
made others more expensive.

Second, the environmental problems cre-
ated by improper disposal of wastes do not
respect State boundaries. Water pollution
from landfills and dumps, and air pollution
from incineration and open burning often
cross State lines, indicating a clear need for
Federal coordination or action.

Third, the Federal Government has avail-
able a wider variety of policy tools for avoid-
ing or managing waste disposal than do State
and local governments. For example, most
scrap materials are traded in volatile nation-
al markets over which State and local govern-
ments can exert little influence, whereas the
Federa Government might undertake stock-
pile or subsidy programs to stabilize or
strengthen markets. Only the Federal Govern-
ment oversees railroad freight rates for mate-
rials. While State or local governments may
have the power to levy product disposal
charges, most are unlikely to do so because of
the competitive disadvantage created by such
unilateral local actions.

Fourth, the Federal Government can as-
sume responsibility for funding research, de-
velopment, and demonstration programs for
which the expense or risk would be unreason-
ably high for alocal government or an individ-
ual firm, but well worth it for the Nation as a
whole. Likewise, Federal resources can be ef-
ficiently brought to bear on education, train-
ing, and information dissemination.

Fifth, the Federal Government can best
represent the long-term national interest in
recovering, reusing, and recycling materials
for improving our balance of trade with other
nations and for conserving materials for use
by future generations.
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Table 4.—Product Composition of MSW in 1975
(1,000 tons)

Net waste disposed of after recycling

As discarded - °l,of total % of nonfood

Product category - — Quantity waste product waste
Durable goods: .. .. ... 14,740 14,350 1 19
Major appliances. . . ................ 2,430 2,280 2 3
Furniture, furnishings . . ... ......... 3,370 3,370 3 4
Rubbertires. ........... ... ... ... ... 1,790 1,600 1 2
Miscellaneous durables. . . . ... ...... 7,150 7,100 5 9
Nondurable goods, exe. food: . . .......... 24,140 21,365 17 27
Newspapers. . ..................... 8,850 7,020 5 9
Books, magazines. . . ............... 3,075 2,820 2 3
Office paper. . . .................... 5,210 4,510 4 6
Tissue paper, inc. towels . . . . . 2,235 2,235 2 3
Paper plates, cups . . . .............. 485 485 - -
Other non packaging paper . . ........ 1,045 1,045 1 1
Clothing, footwear . . . .............. 1,250 1,250 1 2
Other miscellaneous durables. . . . . 1,990 1,990 2 3
Containers and packaging: . . ............ 46,550 41,740 33 54
Glasscontainers. . . ................ 12,520 12,150 10 16
Beer, softdrink . . .............. 6,345 6,095 5 8
Wine, liquor. . . ................ 1,790 1,760 1 2
Foodandother................ 4,385 4,295 3 6
Steelcans:.. . ..................... 5,525 5,225 4 7
Beer, softdrink . . .............. 1,340 1,275 1 2
Food ......... .. oot 3,195 3,035 2 4
Other nonfood cans . . .......... 760 720 1 1
Barrels,drums, pails, misc. . . . . .. 230 220 - -

Aluminum: . ... 770 685 1

Beer softdrink* . . ............. 510 430 - 1
Othercans.... .. .............. 25 25 - -
Aluminumfoil . . ............... 235 230 - -
Paper, paperboard: . ................ 23,135 19,080 15 25
Corrugated. . . ................. 12,520 9,745 7 13
Other paperboard . . . ........... 5,470 4,750 4 6
Paper packaging . .............. 5,145 4,585 4 6
Plastics: . . ....... ... ... ... .. ... 2,635 2,635 2 3
Plastic containers. . .. .......... 420 420 - -
Other packaging . . ............. 2,215 2,215 2 3
Wood packaging: .. ................ 1,800 1,800 1 2
Other miscellaneous packaging . . . . . . 165 165 — —
Total nonfood product waste. . . . ......... 85,430 77,455 61 100
Foodwaste ............ ... . ... ...... 22,785 22,785 18 29
Yardwaste.... . ... ... 26,010 26,010 20 33
Miscellaneous in oragnic wastes. . . .. ... .. 1,900 1,900 1 2
GRAND TOTAL . ...t 136,125 128,150 100 - 164

“Includes all-aluminum and aluminum ends from bimetallic cans
SOURCE US Environmental Protection Agency, Office of Solid Waste Management Programs, Resource Recovery and Waste Reduction, Fourth
Report to Congress, EPA Publication SW-600, Washington, DC, U.S GPO,1977, p 17
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Table 5.—Comparison of Materials and Energy
Content of MSW to Total U.S. Consumption in 1975

MSW content -~
as a percentage

MSW component of consumption

Ferrousmetal . .. ........... 12
Aluminum. . ................ 22
Other nonferrous metal . . . . . . 5
Glass. . .........cooiiia.. 69
Paper. ..., 67
Energy’. . ..., 1.9

"MSW as discarded Some portions of each material are recovered for recy
cling before disposal See table 3
Includes fuel value of paper

SOURCE Off Ice of Technology Assessment

Finally, local solid waste management
problems are highly visible and, unlike many
other local problems, may be resolvable by
the application of sufficient money and tech-
nical know-how.

History

Three major laws have prescribed the Fed-
eral role in solid waste management: the
Solid Waste Disposal Act of 1965, the Re-
source Recovery Act of 1970, and the Re-
source Conservation and Recovery Act of
1976. Several other acts have had a lesser in-
fluence. *

Federal involvement in the problems of
MSW management was first established un-
der the Solid Waste Disposal Act of 1965,
which is part of the Clean Air Act Amend-
ments (Public Law 89-272, 79 Stat. 992
(1965)). The Act recognized the association of
solid waste disposal, air pollution, and waste
generation rates, and provided for designing
and testing new methods for solid waste dis-
posal and resource recovery. It aso provided
technical and financial assistance to States
and to interstate agencies for planning re-
source recovery and solid waste disposal pro-
grams. It was originally administered by the
Department of Health, Education, and Wel-
fare, but in 1970 the responsibility was trans-
ferred to the newly formed EPA.

*See appendix A for a more detailed discussion of
existing laws on solid waste management.

The 1965 Act was amended by the Re-
source Recovery Act of 1970 (Public Law
91-512, 84 Stat. 1227 (1970)). The amendment
recognized the special disposa problems of
hazardous wastes. It established the need to
examine a national materials policy to con-
serve resources and protect the environment
through Title I, the Materials Policy Act of
1970, which established the Nationa Com-
mission on Materials Policy.(6) The Act, as
amended, required annual reports to the Con-
gress on studies of various waste-generation,
materials recovery, and waste disposa op-
tions, practices, and policies. Under the Act,
the EPA Administrator could fund resource
recovery demonstration projects; award
grants for State, interstate, and loca plan-
ning; and recommend guidelines for solid
waste recovery, collection, separation, and
disposal systems.

The Resource Conservation and Recovery
Act of 1976 (Public Law 94-580, 90 Stat.
2795) was enacted and signed during the last
days of the 94th Congress. This Act is de-
signed to establish broad new programs, in-
cluding comprehensive regulations for the
management of hazardous wastes; to provide
incentives for regionalized solid waste plan-
ning; and to accelerate research, develop-
ment, and demonstration. The Act provides
that, in order to receive Federal planning
funds, State plans must ban open dumps and
require all sanitary landfills to meet environ-
mental criteria to be set by EPA. Section
8002(j) of the Act established the interagency,
Cabinet-level Resource Conservation Commit-
tee charged with investigating a variety of re-
source conservation measures for possible
future actions.

A number of other recent laws have had
important implications for solid waste man-
agement and resource recovery. The Federal
Water Pollution Control Act Amendments of
1972 (Public Law 92-500, 86 Stat. 816), as
amended by the Clean Water Act of 1977
(Public Law 95-217, 91 Stat. 1566) treat solid
waste disposal sites as nonpoint sources of
water pollution. The Federal Ocean Dumping
Act of 1972 (Public Law 92-532, 86 Stat.
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1051) as amended in 1974 (Public Law 93-
254, 88 Stat. 50) prohibits ocean dumping of
hazardous wastes, and requires a carefully
defined permit for ocean disposal of MSW.
This law has nearly eliminated such ocean
disposal.

The Secretary of the Treasury, with the co-
operation of EPA, is required by Public Law
94-568 (90 Stat. 2697), which amends the In-
terna Revenue Code of 1954, to investigate
al provisions of the Internal Revenue Code
that impede or discourage recycling of solid
wastes, and was to report his findings by
April 20, 1977, to the President and Congress
with specific legislative proposals and de-
tailed estimates of their costs. Activities
under this Act, however, have been sub-
sumed under the ongoing interagency Non-
fuel Minerals Policy Study* ordered by the
President on December 12, 1977.(7)

The Railroad Revitalization and Regulatory
Reform Act of 1976 (Public Law 94-210, 90
Stat. 30) required the Interstate Commerce
Commission to investigate the structure of
freight rates for recyclable materials. The
Commission’s actions, and subsequent court
actions, are discussed in chapter 3 of this
report.

The Emergency Interim Consumer Product
Safety Standard Act of 1978 (Public Law 95-
319, 92 Stat. 386) established an interim con-
sumer product safety rule relating to the
standards for flame resistance and corrosive-
ness of cellulose for home insulation. Cellu-
lose insulation is made from recycled news-
paper treated with fire retardant. The intent
of the Act was to guard against fire hazards
from insulation treated with inadequate
amounts of fire retardant.

The Energy Tax Act (Public Law 95-618, 92
Stat. 3174) contains two provisions that
should influence recycling. One provides an

*On Feb. 1, 1979, the Department of the Treasury
published the report, Federal Tax Policies: Recycling of
Solid Waste Materials, in response to Public Law 94-
568 and the ongoing interagency Nonfuel Minerals Pol-
icy study. The report was also given to the Resource
Conservation Committee which was established under
the Resource Conservation and Recovery Act of 1976.

additional lo-percent investment tax credit
(for a total of 20 percent) for the purchase of
equipment used to recycle ferrous (with cer-
tain exceptions) and nonferrous metals, tex-
tiles, paper, rubber, and other materials for
energy conservation. The additional credit is
available for a wide range of equipment
placed in service after October 1, 1978. The
other provides for setting recycling targets
for mgor energy-consuming industries. These
include the metals, paper, textile, and rubber
industries. Specific targets will be set for the
increased use of recycled commodities over
the next 10 years.

For legidlation affecting solid waste man-
agement, resource recovery, recycling, and
reuse considered by the 95th Congress, see
appendix B.

Framework for the Analysis of
Resource Recovery, Recycling,
and Reuse

his section sets forth a genera frame-

work for the analysis of issues and op-
tions. The materials system concept is used to
illustrate the various ways in which recov-
ered materials can reenter the materials cy-
cle. The roles of technology, economics, and
institutions are explored for the insights they
provide. Finaly, guidelines for the analysis of
the available options are discussed.

The Materials System and Policy Options

The traditional view of the materias sys
tem as seen by local MSW managers is mod-
eled in figure 1. Those responsible for the
management of MSW have exercised little or
no control over the other parts of the materi-
as system. They have only been involved with
the last two steps, collection and disposal.

The comprehensive materials system mod-
el shown in figure 2 displays a wide variety of
opportunities for Government and for the
private sector to affect the flow of materias
toward ultimate disposal through reuse and
recycling. Some of the magjor public policy op-
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Figure 1 .—A Simple Model of the Materials System With No Reuse or Recycling
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Figure 2.—A Complex Model of the Materials System Showing a Variety of Recycle Loops and Disposal Options
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ions available for modifying the structure
and functioning of the materials system are
the subject of this report. The nature of many
of these options is revealed by examination of
the technical, economic, and institutional in-
fluences on the materials system.

The materials system model in figure 2 con-
tains six pathways or loops by which materi-
as are recycled or reused prior to ultimate
disposal. Loops 4, 5 and 6 are within the
scope of this study; loops 1, 2, and 3 are not.
The six loops are:

1. Home scrap recycle.

2. Prompt industrial scrap recycle.

3. Product remanufacture or renovation.

4. Reuse of material goods.

5. Recycle of segregated wastes.

6. Recovery of energy and materials from
mixed wastes.

Loops and 2 represent the long-estab-
lished industrial practices of immediately re-
cycling either home scrap within the primary
materials processing facility or rompt ncius-
trial scrap from fabricators directly back to
such processors. Loop 3 represents a variety
of rework practices. These include the re-
manufacture of auto parts, the refurbishing
of telephones, the renovation of standing
buildings, and the repair and sale of used
clothing and appliances by handicapped
workers. The characteristics of materials
flows in home and prompt scrap and in prod-
uct rework are currently under study in
another TA project.(8)

Loop number 4 represents direct reuse of
material goods with little or no change in
form. Typical examples of reuse include re-
turn of beverage containers for refilling, re-
use of “used cars’ by second or third owners,
and reuse of shipping pallets.

Loop number 5 represents recycling dis-
carded material wastes, which are segre-
gated by material type at each stage in the
loop. One example of this approach is sepa-
rate collection of one or more components of
municipal waste. This is practiced in a num-
ber of areas, often by curbside collection of
newspapers, glass, and cans; by collection of

corrugated cardboard at commercial estab-
lishments; or by “paper drives’ sponsored by
nonprofit organizations. A second example is
“community recycling” in which nonprofit
organizations or local governments provide
facilities at which citizens can drop off on-
mixed wastes such as paper, cans, bottles,
and waste oil. A third example is aluminum
can recycling centers operated by aluminum
manufacturers or beverage companies. In
each of these examples the segregated
wastes can be easily processed because they
are kept relatively free of contamination.

Loop number 6 represents recycling mixed
wastes, which are separated to recover mate-
rials and fuel or burned in mixed form to pro-
duce energy. In either case a residue remains
for ultimate disposal. One example of this
kind of recycling is the shredding of automo-
bile hulks to remove nonmetals and to pro-
duce one or more recyclable metallic compo-
nents. Another example, which is of primary
interest in this study, is the separation and/or
combustion of mixed SW in centralized re-
source recovery plants. This method may be
able to produce various recyclable materials
such as ferrous metals, aluminum, glass, and
mixed nonferrous metals; as well as such en-
ergy products as refuse-derived fuel, steam,
electricity, pyrolytic gas or oil, or biologicaly
produced methane gas.

Finaly, figure 2 shows yard waste being
returned to users as compost or mulch. This
can be done by individuals at home, or by col-
lection, comporting, and redistribution of
such waste as compost and mulch, as is prac-
ticed in some communities.

Technical Characteristics of the
Materials System

The flow of materials through the mate-
rials system obeys certain physical laws.
Matter is neither created nor destroyed. Its
physical and chemical form, however, can
undergo change, and some matter is lost to
the environment as it moves through the sys-
tem. In addition, energy is needed to drive the
flow of materials through the system.
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These physical laws imply that (i) some new
materials must be acquired to make up for
any losses, (ii) there will always be some
residuals left as a result of the materials
flow; and (iii) in principle, all materials can
be accounted for as they flow through the sys-
tem. This means that in either a static or a
growing economy in which there is no techno-
logical change, recycled materials can satisfy
only part of the need for materias. Further-
more, regardless of the effectiveness of the
materials and energy recovery system used,
some residua SW will aways require dis-
posal.

As materials move through the system from
acquisition to disposal, it becomes increasing-
ly difficult to recover, recycle, or reuse them.
They may become part of manufactured
goods in which they are firmly combined with
other materials and thus not recoverable
unless products are designed to facilitate
reuse and recycling. Materials may also be-
come so widely dispersed that they are essen-
tially irretrievable. Paint pigments, chrome
plating, and copper wire in automobiles, for
example, cannot be recovered economically,
if at al.

The technologies needed to move materias
along each of the six recycle pathways shown
in figure 2 are currently at different stages of
development. This reflects the level of his-
toric interest in each recycling method, the
different states of the scientific knowledge
base necessary to develop such technology,
and the differing levels of technical difficulty
presented by each recycling approach. For
example, the technologies needed to reuse
beverage bottles reached their current stage
of development years ago. Modern engineer-
ing and management methods could probably
improve them significantly. Yet economic in-
terest in improving such systems over the last
20 years has not been sufficient to stimulate
the necessary applied research. As another
example, currently large sums of money and
considerable technical talent are being de-
voted to developing, demonstrating, and im-
proving methods for the challenging task of
separating SW into useful components.

The connections between materials flows
and energy consumption are neither simple
nor obvious. On the one hand, combustion of
SW is often cited as a potential energy
source. On the other hand, recycling or reuse
of some of the combustible components of
SW such as paper or plastic may conserve
more energy than would have been produced
by burning them. Also, while the production
of materials consumes energy, carefully de-
signed energy-conserving structures or ma
chines may use more materials than would be
used in alternative designs that consume
more energy. In these as well as in other
cases, the relationship between materials
and energy must be carefully examined—no
general principle of co-conservation exists.

Some resource recovery, recycling, and
reuse options may employ technologies that
are more sophisticated than others. This is an
insufficient reason to justify orientation of
public policy toward the adoption of either
“high” or “low” technology approaches. The
various technical approaches to resource re-
covery, recycling, and reuse may be mutualy
supportive and compatible. Thus, the wisest
policy may be to allow for the choice of a mix
of approaches based on technical capabil-
ities, economic costs, and political realities.

Economic Characteristics of the
Materials System

The flow of materials in the materials sys-
tem is influenced by economic forces, as well
as by other factors such as technological pos-
sibilities. An overview of the economic nature
of the materials system, including forces cre-
ated by existing Government policies, can
highlight opportunities for public policy initi-
atives in the resource recovery, recycling,
and reuse area. An understanding of the eco-
nomics of the materials system is also useful
in identifying and analyzing the implications
for the various parts of the system of changes
in one or another of its parts.

A fundamental principle of market eco-
nomics applicable to the materials system is
that there is a tendency in the short run and a
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much stronger tendency in the long run for
the buyers and sellers of materials to respond
to prices, costs, and profitability considera-
tions. For example, all other things being
equal, consumers will purchase the cheapest
of two or more products, and producers will
incorporate the lowest priced materials in
their products. The significance of this eco-
nomic principle is that economic incentives
such as taxes, charges, deposits, subsidies,
depletion allowances, and the like can influ-
ence the flow of materials through the sys-
tem.

A number of specific observations about
the behavior of the materials system follow
from economic principles:

1. The rates of flow of each material be-
tween various stages in the materials
system depend on the materia’s price;
the prices of all other materials, goods,
and services in the economy; the level of
technical knowledge; prior capital in-
vestments; and consumer demands.

2. Consumer demands for materials ulti-
mately depend on consumer tastes.
These can change to reflect changing
economic, political, moral, and spiritual
values.

3. The demand for materials is largely de-
rived from the demand for the goods that
are made from them. Since material
costs are usualy a small fraction of the
costs of final goods, the demand for a
material is often relatively insensitive to
a change in its price in the short run.
Over longer periods of time, materia de-
mand will change as producers adjust to
changing prices by investing in new cap-
ital equipment designed to use less ex-
pensive or more available material in-
puts.

4. A host of existing Government programs
affect the costs and relative prices of
materials and thus influence their rates
of flow in the materials system. Such
programs as income and property taxes,
environmental regulations, and various

subsidies may be intended to accomplish
other social goals and may shift the pat-
terns of materials flow only as side ef-
fects.

ol

A variety of direct and indirect subsidies
that tend to reduce material costs are
listed in table 6. Such subsidies, whose
benefits accrue both to the materials in-
dustries and to users of materials, are
designed to accomplish various public
purposes. Their consequence, however,
is that not all the costs of the production
and use of materials are reflected in
their market prices.

64 The primary materials acquisition and
processing industries are capita-inten-
sive with large fixed costs of operation.
At the same time, the demand for basic
materials varies strongly with the gener-
a state of the economy. To avoid the
burden of paying high fixed costs in peri-
ods of low demand, the basic materials
industries try to meet peak demands by
using more scrap raw materials. As a
result, the demand for secondary mate-
rials fluctuates and is highest when
overal materials demand is high. Fur-

Table 6.—Selected Subsidies in the
Materials System

Direct subsidies
—percentage depletion allowance for virgin minerals
—capital gains treatment of timber income
— accelerated depreciation for capital investments
—tax credits for investment in new capital equipment
—tax deductions for interest payments

Indirect subsidies

— royalty-free access to virgin materials on public lands

—Government funding for highway construction and
support for railroad operations

—differential freight rates for various materials

—free use of domestic waterways

—educational benefits for training of professional and
skilled labor

—Government R&D on materials production and use

— forest product R&D and technical assistance

— low-cost use of clean air and water

—Ilow-cost use of worker health and safety

—Government production of geological and mapping
data

SOURCE Office of Technology Assessment *
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thermore, in periods of high economic
activity and consequent high secondary
materials demand, prices for secondary
materials rise. Thus, scrap demand ap-
pears to increase with its price, when, in
fact, its price increases with demand.
One implication of these observations is
that policies designed to stimulate the
demand for scrap are likely to be more
effective in assisting resource recovery,
recycling, and reuse than are policies
designed to increase the supply of scrap.

7. In most communities, consumers pay
uniform charges for solid waste collec-
tion and disposal, or such costs are met
by local property taxes. In either case,
there is less incentive to avoid waste
disposal or to seek recycling or reuse
alternatives than there would be if full
collection and disposal costs were paid
for each discarded item.

8. The socia costs of litter (collection, es-
thetic loss, personal and wildlife injury,
machine damage, law enforcement) are
higher than the cost to the litterer of
proper disposal. Therefore, policies that
provide incentives to avoid littering are
likely to be more cost effective than
those that provide for increased collec-
tion activity.

9. The economic system, which discounts
the future costs and benefits of current
actions, does not take into consideration
the long-run exhaustion of high-grade
natural resources as it would if the in-
terests of future generations were taken
into account.

Institutional Characteristics of the
Materials System

In our society, the forces of economics and
the capabilities of technology are often con-
strained or enhanced by institutional influ-
ences arising from geography, historical de-
velopment, tradition, political action, or other
exercise of power.

Some ingtitutional factors are specific to
the materials system and may be readily sus-
ceptible to alteration in pursuit of the goals of

resource recovery, recycling, and reuse. An
example of this kind of institution is a design
specification that requires the use of virgin
materials when recycled materials might per-
form equally well.

Other ingtitutional factors are parts of the
total cultura framework and are much less
susceptible to manipulation in the interest of
resource recovery, recycling, and reuse. An
example is the fragmented, overlapping sys-
tem of local, regional, State, and Federa re-
sponsibilities for government. This system
tends to inhibit the adoption of efficient
methods for control of waste generation and
for management of wastes. It cannot, how-
ever, be significantly altered solely to ac-
complish these particular social purposes.

Table 7 lists selected institutional charac-
teristics of the materials system. These have
been chosen to illustrate institutional barr-
iers to resource recovery. Some serve impor-
tant social purposes and should not be
changed to accommodate recycling. In such
cases, it may be better to add new institutions
or to adopt compensatory economic incen-
tives. In other cases, institutional barriers
can be overcome by new legislation or regula-
tion.

Some institutional characteristics of the
materials system could be equaly classified
as economic. For example, historic invest-
ments in primary processing facilities de-
signed to use virgin ore contribute to the large
size and vertical integration of virgin ma
terials producers. This economic activity has
created an institutional barrier to recycling
postconsumer scrap. Some analysts have ar-
gued that many institutional forms, including
Government policies, have economic roots.
While the distinction may be somewhat arbi-
trary, it provides a useful part of the analytic
framework in later chapters.

Guidelines for the Analysis of
Policy Options

Several guidelines have been used to focus
the analysis of policy options. These guide-
lines, which reflect the diverse goas of our
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Table 7.— Selected Institutional Characteristics
of the Materials System That Are Barriers to
Resource Recovery

Industry structure and practice

—entrenched local interests in collection and outmoded
disposal methods for MSW

—local or national economic concentration in the
materials industries

—vertical integration in the virgin materials industries

— small size of secondary materials firms

—ijoint ownership of transportation and virgin materials
firms

—declining quality of some rail freight service

—fluctuations in secondary material demand and prices

—use of advertising and packaging as a means of prod-
uct differential ion

Regulatory practices

— regulation of freight rates

— material design or purchase specifications that require
use of virgin materials

—electric utility rate regulation that discourages risk-
taking with nontraditional fuels

—limitations on interjurisdictional transfer and disposal
of wastes

—delay in promulgating environmental and occupational
standards for new resource recovery technologies

Government limitations

—limited enforceability of anti litter laws

—limited ability of the political process to respond to
tradeoffs between the loss of existing jobs and the
creation of new ones

—fragmented and overlapping nature of Government re-
sponsibility for waste problems

—difficulty of local government cooperation

—absence of technical and marketing skills in local gov-
ernments

—limitations on local government participation in long-
term contracts

SOURCE Office of Technology Assessment

society, provide a basis for illuminating the
tradeoffs among society’s goals that are re-
qguired when a policy for resource recovery,
recycling, and reuse is adopted. The guide-
lines are:

1. Technical, administrative, and political
feasibility;

2. Economic efficiency;

3. Equity and participation;

4. Ecological, national, and persona secu-
rity; and
5. Diversity and complementarily.

In certain parts of this study these guide-
lines are used explicitly as criteria for the as-
sessment of options. In other parts, they are
implicit in the discussion. In the following
paragraphs, the application of these guide-
lines to materials policy is outlined.

The technical, administrative, and political
feasibility guideline concerns the implemen-
tation and workability of a proposed policy. Is
the necessary technology available, or can it
be developed within a meaningful time
frame? Are the political interests alined in
such a way as to alow a reasonable chance
of adoption and implementation of the policy?
If adopted, can ways be found to administer a
policy at reasonable costs and without unduly
infringing on constitutional or traditional
freedoms of individuals or institutions? If all
these answers are “yes,” will the proposed
policy be effective in accomplishing its goals?

According to the economic efficiency
guideline, society as a whole is most benefited
when each resource is used in its highest and
best use. In an ideal market economy this is
approached when each activity bears its full
social costs and benefits, including external-
ities; when all producers and consumers are
completely informed; and when competition
exists. We do not live in such an ideal world,
however, and economic efficiency means that
the costs of a policy should not outweigh its
benefits and that the policy with the highest
benefit-to-cost ratio is most likely to be effi-
cient. In the area of waste management, the
concept of efficiency is exemplified by the
“polluter pays’ principle. (9)

The equity guideline requires that the costs
and benefits of using natural resources be
fairly distributed. Equity also extends to the
preservation of natural resources for future
generations. The best way to achieve equity
among generations, however, has yet to be
decided. Participation refers to the right of
citizens and their representatives to influ-
ence decisions that affect them and their her-
itage of nature’'s resources. Participation by
affected citizens can help to achieve an equi-
table and acceptable resolution of conflicts.
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To achieve ecological security for the
human species the cycles that underlie life on
this planet must be preserved. While not yet
fully understood, this appears to require
minimal disturbance of the air and water,
control of persistent hazardous materials,
preservation of plant and animal species, and
preservation of unique or genetically rich
ecosystems.

National security means maintenance of
the integrity of the United States as an in-
dependent nation-state. There is disagree-
ment over what constitutes independence
and about how this goal is to be accom-
plished. In a world that features economic,
political, ecological, and spiritual interde-
pendence, the proper design of a materias
policy to preserve national security is by no
means clear.

Personal security, in the context of materi-

as policy, pertains to the preservation of pri-
vate property and the protection of individ-

uals against undue risk of personal harm
from the functioning of the materials system.
It includes the right to just compensation for
the sale of one's labor or property as well as
the right to reasonable assurance against
health hazards from improper production,
use, or disposal of materials.

Options that allow for a variety of ap-
proaches to be used at the same time or at the
same place are often more desirable than
those that require using a single or uniform
approach. In solid waste management, differ-
ing local circumstances may make certain
solutions feasible in some places and unwork-
able in others. In some circumstances, a com-
bination of approaches may work best. As
issues in resource recovery, recycling, and
reuse are brought to the national level, a
diversity of approaches will alow for adapta-
tion to local situations. This will also increase
the chances that local experimentation may
discover better approaches.
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Chapter 3

The Marketability of Recovered
Resources. Status and Policy Options

Introduction

Questions and Issues Addressed in
This Chapter

aterials and energy recovered from mu-

nicipal solid waste (MSW) compete for
markets with secondary materials from other
sources, as well as with primary or virgin ma-
terials, The objectives of this chapter are to
determine: (i) whether markets would exist
for recovered materials and energy from
MSW if resource recovery were implemented
widely; (ii) what factors, including govern-
mental policies, influence the marketability of
recovered resources. and (iii) what actions
the Federal Government might reasonably
take to remove barriers to marketing recov-
ered resources or to stimulate their market-
ing.

This chapter examines markets for re-
sources recovered in both centralized re-
source recovery plants and separate collec-
tion programs. The emphasis is on the cur-
rent status of markets, but some attention is
given to the marketability of resources over
the next 15 years. Both the role and the status
of specifications for recovered resources are
discussed. The significance of transportation
costs is examined, and the impact of railroad
freight rate adjustments on the shipment and
sale of recycled materials is assessed.

Factors That Influence the Marketability y
of Recovered Resources

The marketability of a material or energy
product recovered from MSW is influenced
by a number of factors. These include: (i) the

48-7886 N - 79 - 4

demand for such a product; (ii) its quality, in-
cluding the degree to which it meets estab-
lished specifications: (iii) the cost of shipping
it to a customer; (iv) the price of an aterna
tive material or energy source: and (v) any ad-
ditional manufacturing costs due to using a
recovered rather than a virgin product. In-
adequacies or uncertainties in any of these
factors can impair the marketability of a re-
covered resource.

Government policies may modify these in-
fluences, One example is that the demand for
recovered materials may be influenced by
Government subsidies to users of recycled
materials or by taxes imposed on virgin mate-
rials. (See chapter 8.) Another is that freight
rates for materials shipped by rail, which are
established under rules set by the Interstate
Commerce Commission [ICC). affect the net
income available to recyclers.

The newness of many recovered materials
and energy products coupled with the lack of
accumulated experience with them makes po-
tential industrial customers less ready to pur-
chase them. The uncertainty about the techni-
cal performance of these products makes
them an economic risk for potential buyers.
This can only be overcome through the estab-
lishment of adequate performance or compo-
sition standards based on and accompanied
by a history of satisfactory industrial use.
Demonstration of the laboratory or pilot-scale
technical feasibility of using recovered re-
sources is often not sufficient to convince a
plant manager who fears that his plant’s abil-
ity to produce might be disrupted by raw ma-
terials or fuels of variable or substandard
quality. This kind of concern appears
throughout this study in connection with po-

41
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tential users of recovered paper, glass, fer-
rous metal, auminum, and various forms of
energy. The marketability of recovered re-
sources is also uncertain because their prices
and consumption fluctuate widely over time.
This is particularly true for ferrous scrap,
paper, and aluminum. Therefore, the reve-
nues from resource recovery are uncertain.
Contracts between sellers and buyers can be
designed to aid in reducing these fluctua-
tions, and Government actions have been sug-
gested to help stabilize markets.

Quantities and Prices of Potentially
Recoverable Resources

Recoverable Quantities Today

ables 3 and 4 show breakdowns of the

average composition of MSW by mate-
rial and by product for 1975, the most recent
year for which such data are available.
These two breakdowns can be used to esti-
mate the quantities of recoverable materials
and energy in MSW using either the central-
ized resource recovery or the separate collec-
tion approach. Since neither is fully effective
in recovering al the potentially recoverable
waste, the actual amount recoverable per ton
is less than the total content in the waste.
Furthermore, since it is not likely that the en-
tire Nation will adopt resource recovery, the
amounts of materials and energy that are
likely to be recovered nationwide are consid-
erably less than the maximum potential.

Table 8 summarizes data on the materials
recoverable from MSW by separating them
from mixed wastes in centralized resource
recovery plants. From a typical ton of MSW,
as much as 140 pounds of iron and steel, 96
pounds of glass, 8 pounds of aluminum, and 2
pounds of other nonferrous metals are poten-
tially recoverable using technology that has
reached at least the pilot plant stage. Only
the iron and steel are recoverable using com-
mercially available technology. (See chapter
5.) If these materials were recovered from all
the Nation’s wastes, they could have supplied
up to one-third of the Nation’s glass needs
and one-tenth of the aluminum and iron and
steel usagesin 1975.

Table 9 shows the amounts of alternative
types of energy that could be recovered from
an average ton of MSW. Dry fuel, or refuse-
derived fuel (RDF), is obtained by separating
raw waste into combustible and noncombusti-
ble fractions, as in Milwaukee, Wis., and
Ames, lowa. Steam is produced by waterwall
incineration as in Saugus, Mass., or by small-
scale incineration as in North Little Rock,
Ark. Medium Btu gas is the product of the
Union Carbide Purox process, which has
been pilot tested. Electric power would be
produced by using steam from a waterwall in-
cinerator to drive a turbine-generator, or by
burning RDF or gas in a conventional power-
plant. (Factors to be considered in choosing
the technology to be used and the form of
energy produced are discussed in chapters 5
and 6.)

Table 8.—Materials Recoverable Using Centralized Resource Recovery

MSW contenta

Material _type (weigh_tO/_j)
Ironandsteel .................... 8.3
Glass. . ... 10.1
Aluminum . ........ ... 0.7
Other nonferrous metal. . .. ........

“Fror"t

bF, RTC Wdl’kl ng paper one (1), considering typical recovery effiClenCles
cBased on 136 imillion tons of MSW In 1975 and typical amOuflt S recoverable Per ton
dBased o, total materials us,{n is17ei In milllon tons as follows Iron and steel, 951, glass, 200, alumtnum, 46, and other nOnferrOLIS metal S, 80

Maximum

Maximum amount recoverable

Typical amount recoverable as a percent
recoverable nationwidec of total material
(Ibslton of MSW)_ (millions tons/yr) use in 1975d
140 9.5 10
96 33
8 $; n
2 0.1 13
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Table 9.—Alternative Energy Forms Recoverable
From MSW Using Centralized Resource Recovery

Typical amount recoverable ~
per ton of MSW’

9.0 million Btub

5,700 pounds’

6 million Btud
400 kWhC

Energy form

Medium-Btu gas . . . .
Electricity. . ... .....

‘En~~gy forms are mulLlally exclusive.
bl,450 pounds of RDF at 6,200 Btu per pound Source RTC (1)

‘Source RTC (1)
ds,,. Black and Veatch. and Franklin Associates, Lt'd (2)

The energy forms in table 9 represent
alternative uses of the same MSW. If al the
MSW were used to produce RDF, approxi-
mately 1.2 x 10’°Btu or 1.2 Quads* of energy
would be produced annualy. This is equiva-
lent to about 1.7 percent of the total annual
use of energy in recent years in the United
States.

Separate collection programs could poten-
tially recover a different fraction of the
materials in MSW. Table 10 illustrates the
MSW content of major source separable ma-
terials, aong with estimates of the amounts
recoverable per ton of waste and per year, if
50 percent of each material were recovered.
This table aso shows for each materia the
percentage of its total use nationwide that
might be met by separately collected waste.

Current Prices of Recovered Resources

Table 11 summarizes OTA estimates of the
ranges of delivered prices for recovered re-
sources, based on various industry and Gov-
ernment sources. Since experience is limited,
these prices, which are based for the most
part on the judgment of informed persons,
must be considered somewhat speculative.
As shown in figure 3, the annually averaged
prices for recovered paper, iron and steel,
and aluminum fluctuate widely over time.
Monthly swings are also dramatic from time
to time. (The metallic commodities for which
prices are shown in figure 3 are similar, but
not identical, to those recoverable from

*One Quad equals 10 Btu or 1.055 exajoules.

Table 11 also shows estimates of the poten-
tial revenues from each component of waste,
based on recovery of the “typical amounts
recoverable” taken from tables 8, 9, and 10.
The reader is cautioned that prices and reve-
nues at any particular plant and time may dif-
fer considerably from these. They are in-
tended only to be illustrative of average con-
ditions nationwide. The waste stream compo-
sition, which determines the amounts recov-
erable, depends on such local conditions as
the amount and type of economic activity in a
region, the economic status of its residents,
the climate, seasonal changes in population,
the nature of the beverage market, and the
existence of source separation activities or
beverage container deposit requirements.

Usually, long-term contracts with product
purchasers are needed to sell recovered
products and to obtain financing for cen-
tralized resource recovery plants. The prices
of energy products may be set to follow the
price of the fuel being displaced; as prices for
such fuels as coal or oil rise, waste-derived
energy becomes increasingly valuable. For
certain kinds of energy products, assurance
of uninterrupted supply to a purchaser may
require installation of multiple processing
lines, substantial fuel storage, or backup con-
ventional energy systems. (See chapter 5.) In
the absence of long-term contracts, material
product revenues will generally parallel
scrap prices, which fluctuate with short-term
market requirements. Consequently, long-
term contracts for the sale of recovered mate-
rials from MSW may be difficult to obtain. It
iSs a common practice to arrange contracts to
sell at no lower than a floor price, with a
price above the floor set as a fraction of the
prevailing market price of scrap,

Costs of shipping recovered products to
market must be deducted from potential reve-
nue estimates. Table 12 shows the impact of
railroad freight charges on potential reve-
nues from the sale of recovered materials.
For ferrous metals, glass, newspapers, and
solid aggregate, freight charges can be of the
same order as the price that users are willing
to pay for the recovered materials, even for
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8From table 4.

bassumes participation in source separation. Sea chapter 4.

°Baaod on138.1 mmlm tons of MSW in 1975 and typical smounts recoverable at 50-percent participation.

dBased on total materiais use as in footnote d, table 8.

Singludas nawsnanar honks
NCHUGES NOWSPapeT, wO0RG,

SOURCE. Oftfice of Technology Assessment.

manasinaa anrnien atad and A‘.lﬁ- nanar Qaa tahla
Magazines, CoMuGaet and CS PApeT. 588 auie

21 for dataile
FaRieg: i LN

Table. 11.-Typical Prices and Gross Revenues for Recovered Resoumaa Delivered to Market

Potential gross revenueb

Resource type Delivered Price (Won of MSW
From centralized resource recovery
ronandsted .. ... 15-40 $iton 1.05-2.80
Glass . v 1020 $/ton 0.48-0.98
Aluminurn ... $/ton
Other nonferousmetal .. .......... 100000 $/ton 0.10-020
Dryfuel (RDF).................... 0.501.00 $ 4.50-9.00
StEAM « v et 1.50-3,00 8.55-17.10
Medium-Btu gas.............. 1.50=3.00 9,00=18.00
Electricity .. ... i 1.6=35 6.00=14.00
From source separation
Newspaper . .......coovvvuinunan.. 20=45 $/ton 0.88-1.46
Books and magazines ............. 8-20 $/ton 0.08-0.23
Corrugated paper................. 15=45 $/ton 0.702.07
Office paper ... 75-120 $/ton 1.43-2.28
Steel CONtAINEIS. . ............ovus 2040 $/ton 0.40-0.80
[ass containers ................. 20-30 $iton 0.92-1.38
Aluminum containers . ............ 300 $/ton 0.80

a8ource: OTA estimates from various industry sources

bpased ON typical amounts recoverable. Must be reduced to amount fOr treight costs.

CWholesale price%
‘Color sorted.

short hauls. Thus, the level at which freight
rates are set influences whether some low-
valued recovered products such as glass can
be marketed at all.

Future Quantities of Recoverable
Resources

By making a few simple assumptions about
future population growth, per capita rates of
waste generation, and the future composition
of MSW, it is possible to project the total

amounts of potentially recoverable materials
and fuels in MSW on a nationwide basis. Re-
source Technology Corporation (RTC) made
such projections for OTA in a report com-
pleted in 1976.(1)

RTC projected waste quantities for 1980
and 1995 using Bureau of the Census popula-
tion projections, projections by the Environ-
mental Protection Agency (EPA) of waste gen-
eration rates, and MSW composition the
same as that in 1973. These gave total MSW
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Figure 3.— Representative Annual Average
Scrap Prices

3.0

Cast Aluminum Scrap ($/00/ton)
SOURCE Metal Statistics (3)
\\/ L
No 1 News (price Index, 1967 = 100) A
SOURCE: Bureau of Labor Statistics (4)
10 | W /\/
| W\/\/

Composite Steel Scrap ($100/ton)
SOURCE: Metal Statistics (3)

0 I L ! I L
1950 1955 1960 1965 1970 1975

generation rates of 175 million and 250 mil-
lion tons per year in 1980 and 1995 respec-
tively. These projections are summarized in
table 13. In each case estimates of recover-
able resources take into account the antici-
pated technical recovery efficiencies and
assume that recovery is implemented
throughout the Nation, The technology used
in each case is centralized resource recovery,
except that paper is assumed to be recovered
by source separation.

Clearly, these estimates are sensitive to the
assumptions used in making them. In particu-
lar, they are based on EPA estimates of per
capita MSW generation rates of 4,28 pounds
per day in 1980 and 5.27 in 1995 (as com-
pared with 3.5 pounds per person per day in
1975). Many observers believe that these
figures are too high in view of the recent
rapid increases in the prices of materials
generally, which will cause adoption of less
materials-intensive products and lower dis
cards. Furthermore, since it is unlikely that

resource recovery will be implemented na-
tionwide, the actual recovery of materials
will be much lower than the potential shown
in table 13.

Specifications for Recovered
Resources

pacifications describe the origin, perform-

ance, or composition of a product. From
a policy perspective specifications serve
three important purposes. First, they serve as
an accepted, uniform basis for claims of per-
formance or quality of products. Such a basis
helps the buyers and sellers of those products
transact business with adequate knowledge
of their characteristics. Second, they serve as
a uniform basis for Government oversight of
such transactions for the purpose of achiev-
ing certain policy goals, such as protection of
consumer health and safety or protection of
consumers against fraudulent claims of prod-
uct quality. Third, specifications can be de-
signed to inhibit the adoption of new or sub-
stitute products and to protect markets for
existing ones. This section reviews the status
of private and public efforts to establish
specifications to guide the sale of recovered
materials and energy.

Origin Specifications for Source
Separated Materials*

As noted by Alter,(6) specifications for re-
cycled materials have existed for many
years. They have been developed by trade
associations such as the National Association
of Recycling Industries (NARI) and the Insti-
tute of Scrap Iron and Steel (ISIS). These
standards reflect long established practices
in the secondary materials industries and are
based largely on the origin of each grade of
recycled material.

Established origin specifications are gener-
aly appropriate and adequate to cover trade
in paper products and metals recovered in

*This section draws heavily on a paper by Alter.(6)
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Table 12.—Effect of Transportation Costs on Potential Revenues From Recovered Resources

($/input ton)

Average railroad freight
rates for various
transport distances
($/ton)

revenue from
recovered resources
at the market’

Potential net revenues at
average prices for various
transport distances
($/ton of MSW)

Potentiél

Under 200  200-400 - 400-600 Under 200 200-400 400-600
Product miles miles miles — ($/ton of MSW) miles miles miles
Iron and-steel ... 6.67- 10.39 “75.93 1.93 ° 1.46 ©1.20 “0.81
Aluminum . . . .. 8.91 14.35 19.07 1.20 1.16 1.14 1.12
Glass......... 9.19 11.82 14.29 0.72 0.28 0.15 0.03
Wastepaper . . . . 6.27 9.45 11.58 1.00c 0.84 0.76 0.71
Nonferrous . . . . — - - 0.15 0.14d 0.14d 0.13~
Aggregate . . . . . — - - 0.05 0 0 0
Total . . . . . . . . ~ ~T— - — 5.25- "~ “*-4.08 " 3.59 “ 3.00

agource: MiosvhrrnranmArsisiociiavtesV, Workin-g Paper Two (5) (Rates for angeiéfé,)
bBased on delivered prices Intable 11 for materials recovered in centralized facilities

€Based on 50 percent recovery of newsprint only fOr sale at $40/ton
dAssumes freight rate same as for scrap aluminum

Table 13.— Projections of the Future Content of
Recoverable Resources in MSW Nationwide

Materials

Total amount-recoverable-
(million tons)

Waste _component ~ 1980 1995
Ironandsteel .................... 12 ’ 18
Glass. . .. ... 8 12
Aluminum. .. ........ .. ... ... 0.7 1.0
lla 15b
Paper (alltypes) .. ............... { 16a 23b

Energy Alternatives

ota[amount recoverable

Energy form 1980 ‘1995 ¢
Dry fuel (RDF) (million tons) . ... ... 130 “ 180
Steam (billion pounds) . . ... ...... 1,000 1,400
Medium-Btu gas (trillion Btu) . . . . .. 1,100 1,600
Electric power (billion kwh) . . . . . .. 70 100

a-At a 16 5-percent recovery rate using source separation

bAt a 25-percent recovery rate using source separation

SOURCE RTC(1) Based on recovery In centralized resource recovery plants
and on the amounts and composition of future waste noted In text

separate collection programs. For example,
NARI has established standards for several
grades of paper including “#2 Mixed Paper, ”
“#1 News,” “Corrugated Containers,” “#l
Sorted White Ledger, ” and “Manilla Tabulat-
ing Cards,”’ (7) as well as for “Old Can Stock”
(used auminum cans).(8) ISIS maintains
standards for “Shredded Tin Cans for Re-
melting.”’ (9)

There are no similar origin specifications
for separately collected glass. Instead, glass
manufacturers set standards for acceptance
of glass cullet based on color (usually requir-
ing color sorting) and on low levels of contam-
ination by metals, organic matter, and re-
fractory particles that do not melt in the glass
furnace. Since stones can weaken a con-
tainer considerably, it is quite reasonable
that the bottle industries should wish to avoid
them.

Composition Specifications for Materials
From Centralized Resource Recovery

Origin specifications are unlikely to be sat-
isfactory for materials recovered from mixed
MSW in centralized resource recovery plants
owing to the variability in the composition of
waste and in the performance of the various
recovery methods. * Committee E-38 of the
American Society for Testing and Materials
(ASTM) was established in 1974 to set con-

*The National Association of Recycling IndUStries
(NARI) has published a special origin specification for
"Mixed Nonferrous Metals From Resource Recovery
Facilities.” (8) However, there has been no commercial
trade in such a product to date. The Institute of Scrap
iron and Steel (ISIS) has published an origin specifica-
tion for “Incinerator Bundles’ made up of tin can scrap
that has been processed through a recognized garbage
incinerator.(9)
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sensus standards for products recovered
from mixed MSW based on chemical compo-
sition rather than on origin. It is in the
process of developing standards for the fol-
lowing products from mixed MSW: paper,
steel, aluminum, glass, and RDF, Specifica-
tions are expected to be completed during
1979 for ferrous metal, aluminum, and glass
“fines’ recovered in the froth flotation proc-
ess.(11)

ASTM Committee E-38 involves both poten-
tial producers and users of covered resources
as well as those having a general interest in
them. Through an elaborate process of dis
cussion, analysis, and consensus-building,
proposals for specifications will eventualy
be adopted. The intent is that specifications
should be redlistic in terms both of what can
be recovered using available technology and
of what purchasers can effectively use, One
way to arrive at an effective compromise be-
tween producers and users that is being ex-
amined by the Committee is to define several
grades for each recovered product.

In the absence of established specifica-
tions, the prices and specifications for prod-
ucts from a particular resource recovery
project are adjusted to account for differ-
ences in product contamination and for quan-
tities available for purchase. These prices
are normally adjusted further as sufficient
guantities of products are tested in commer-
cial applications. Specifications are unlikely
to be necessary for plants recovering steam
or hot water. Specifications for medium-Btu
gas or electric power will probably be negoti-
ated among producers and users, based on
established specifications for those products
from conventional sources,

Government’s Role in Setting Standards

Traditionally, development and adoption of
product specifications in the United States
have been largely voluntary activities of com-
mercial interests. Consumers have played a
small, or negligible, role in this process. The
Government has been involved in several
ways including: 1) participation by Govern-

ment employees in voluntary standards orga-
nizations, 2) adoption by regulatory agencies
of certain voluntary standards as mandatory,
3) support of research on testing methods and
procedures, 4) development, promulgation,
and enforcement of mandatory standards for
specific purposes such as weights and meas-
ures, 5) establishment of unilateral standards
for its own purchases of products, and 6)
coordination of U.S. participation in interna-
tional standard-setting bodies.

Under current programs and plans, most
material and energy products recovered from
MSW by source separation or by centralized
resource recovery are destined first for sale
to commercia firms for further processing.
Thus, consumer protection goals of product
specifications are of little direct interest in
this context. Attention has been addressed
therefore, to the role of specifications in facil-
itating commercial transactions. *

Pursuant to section 5002 of the Resource
Conservation and Recovery Act of 1976, the
National Bureau of Standards (NBS) was
made responsible for publication by October
21, 1978, of guidelines for the development of
specifications for the classification of recov-
ered materials. The Bureau is to work in con-
junction with the national voluntary stand-
ards organizations. However, no funds have
been appropriated to NBS for this work.

EPA has supported the development of con-
sensus standards through a contract to
ASTM for the activities of Committee E-38 on
Resource Recovery.

In view of the current existence or develop-
ment of specifications for recovered prod-
ucts, there appears to be no need for addi-
tional Federal involvement in supporting,
establishing, or enforcing specifications for
recovered resources. Activities currently
underway in the private and public sectors
appear to be addressing those areas in which
current specifications or their absence are

*Products recovered for reuse, such as beverage
containers, and newspapers recovered to produce cel-
lulosic thermal insulation do present issues of consum-
er protection.
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barriers to recycling. Until further experi-
ence with centralized resource recovery is
accumulated, Government efforts to accel-
erate standards development are probably
unnecessary.

The Nature of Markets for
Recovered Resources

Materials Markets

FERROUS METALS

errous metals include iron and steel scrap

recovered as tin cans in separate col-
lection programs, as magnetic materials from
front-end separation in resource recovery
plants producing RDF or pyrolysis gas, or as
magnetic materials recovered from inciner-
ator ash, Principal markets for these prod-
ucts are tin recovery, copper precipitation,
the ferroalloy and steel remelt industries, and
foundries producing gray and ductile iron.

Tin cans, if not crushed, contain sufficient
tin to be of economic interest to detinning
plants for tin recovery. They can also be sac-
rificed to recover copper in copper precipita-
tion. The steel industry will use cans and
other nonincinerated ferrous metals if they
are clean, crushed, and baled to sufficient
density. This requirement, however, is in-
compatible with the needs of detinners. Con-
tamination by nonferrous metals and organic
substances must be low for uses requiring
remelting.

Markets for incinerated ferrous metas are
limited both because incineration alloys tin
and copper with the steel and because it oxi-
dizes and contaminates it with ash and
molten glass. This contamination renders in-
cinerated ferrous metal unacceptable to
detinners. The ferroalloy industry can use
clean, shredded incinerated ferrous. Found-
ries are also potential users. Incinerated fer-
rous recovered from mixed MSW has not
been commercially processed for recycling in
the United States.

ALUMINUM

Historically, the primary aluminum indus-
try has used scrap generated within the plant
and has used scrap ingots purchased from
the secondary aluminum industry. More re-
cently, the primary aluminum industry has
been purchasing clean aluminum beverage
containers from separate collection pro-
grams. These are remelted and used in the
production of various aluminum products.
Contaminants in aluminum recovered from
mixed MSW such as copper, magnesium, sili-
con, glass, and iron may limit its use for bev-
erage containers, but it may be possible to
use such waste aluminum in lower grade
products such as castings. There has not as
yet been any commercial experience using
aluminum recovered from mixed MSW. It is
anticipated that the aluminum industry will
have sufficient capacity to use al of the alu-
minum reclaimable from MSW in the foresee-
able future.

MIXED NONFERROUS METALS

Mixed nonferrous metals recoverable
through front-end separation in RDF or pyrol-
ysis plants would include copper, zinc, lead,
and nonmagnetic stainless steel. This waste
portion may be of interest to the scrap proc-
essors who currently process similar materi-
al reclaimed in some automobile shredders. If
it can be cleaned and separated at reason-
able cost, it would bring a price of perhaps
$100 to $200 per ton. Since such material has
only been reclaimed in very small quantities
in research facilities, its marketability cannot
be assessed.

GLASS

Nearly al of the glassin MSW comes from
containers, including beverage bottles. It can
be recovered in several forms: as color-mixed
or color-sorted glass from separate collection
programs or from nonreturnable bottles re-
covered through beverage container deposit
programs. as color-sorted broken glass, or
“cullet,” recovered using optical sorting tech-
niques in centralized resource recovery
plants; or as color-mixed broken glass, or
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“fines,” recovered using the froth flotation
process in centralized plants,

Recovered glass can be used to make new
bottles if it is clean and free of refractory
particles, or “stones. ” Color-sorting is re-
quired to make new clear or “flint” glass.
Color-mixed recovered glass can be used as
part of the raw materias in the manufacture
of green or brown bottles,

Lower quality uses for waste glass have
been tried, such as for floor paving, for high-
way and construction aggregate, for wall-
board, and for insulation. While these are all
technically successful uses for recovered
glass, it must compete with very inexpensive
aternatives such as sand and gravel, There-
fore, its marketability is expected to be
limited,

Recently, bottle manufacturers have devel-
oped greater interest in using recovered glass
for three reasons.(12) First, in glass manufac-
ture less energy is required to use waste glass
than to use virgin raw materials because the
melting temperature of the waste glass is
lower, This has proven of interest to the in-
dustry, which uses a large amount of natural
gas as a fuel. Second, air pollution from glass-
making is considerably reduced when waste
glass is used as a raw material, allowing
some plants to meet particulate emission
standards without costly controls. Third, ex-
perience has begun to accumulate in using
over 50 percent cullet as raw material with-
out operating problems, whereas previous ex-
perience had suggested an upper limit of 15
to zo percent. The biggest problem in using
recovered glass remains keeping metallic and
refractory contamination very low,

only a very small portion of the potentially
recoverable glass is currently being recycled
nationwide, but activity is rapidly growing,
especially in the Northeast. The Northeast
region has a large number of bottle produc-
tion plants, great interest in air pollution con-
trol and energy conservation, three States
with beverage container deposit laws (Ver-
mont, Maine, and Connecticut), and a consid-
erable number of municipal separate collec-

tion programs. All of these factors work to
the advantage of glass recycling. Data in a re-
cent EPA report suggest that in the Northeast
on the order of 50,000 to 100,000 tons of glass
is being recycled each year from postconsum-
er sources.

PAPER

For many years the United States has recy-
cled a significant part of all postconsumer
wastepaper. For 1978 the American Paper
Institute estimates that the equivalent of 24
percent of all paper and paperboard prod-
ucts were collected—a total of 16.7 million
tons.(14) Of this amount, 1.6 million tons were
exported, and 14.8 million tons were used to
produce new paper and paperboard prod-
ucts. The widely discussed insulation market
used only 0.15 million tons, and other uses
were 0.14 million tons. *

Relatively recently commercial processes
have been developed that are capable of pro-
ducing new newsprint from 100 percent recy-
cled newspapers. This makes it possible to re-
cycle to a higher order of use than the older,
established uses of waste newspaper for con-
struction paper, paperboard, and boxes. The
newsprint market is more stable than the
older markets, which tend to fluctuate with
the business cycle. As the recycled newsprint
market grows, therefore, it should serve to
stabilize the overall markets for recovered
paper. The Garden State Paper Company of
Richmond, Va., currently operates newsprint
recycling mills in Garfield, N. J.; Pomona,
Cdlif.; Alsip, Ill.; and Dublin, Ga. These have
a combined capacity to consume an average
of 700,000 tons of waste newspaper per
year.(15) Two other firms use lesser amounts
as part of their raw material inputs, totaling
about 100,000 tons per year.

Separate collection programs (commercial,
industrial, and residential) are the only sig-

*See cheggter 2 regarding the Emergency Interim
Consumer Product Safety Standard Ac 978 that
was passed in response to concern for the f|re hazards
of inadequately treated cellulosic insulation made from
old newspapers.
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nificant source of postconsumer recovered
paper today. No commercially available cen-
tralized resource recovery process can recov-
er paper fiber suitable for recycling as paper.
All existing methods treat the paper in waste
as a part of its fuel content, except for a small
amount of handpicking of bundled paper for
recycling from the feed conveyors at the Mil-
waukee and New Orleans resource recovery
plants. (See chapter 5.)

The fact that centralized resource recov-
ery plants view wastepaper as fuel and that
paper recyclers view it as a raw materia is a
potential source of conflict among these inter-
ests. The energy and economic implications of
this tradeoff are discussed in chapter 4, and
the local institutional problems it creates for
implementing resource recovery are dis-
cussed in chapter 7.

AGGREGATE

Aggregate derived from solid wastes con-
sists primarily of small particles of glass,
stones, bones, metal, ceramics, and plastics.
It might be used as a sand or gravel substitute
in road construction as well as in other con-
crete applications, and as a construction
material in wall panels, terrazzo flooring, and
insulation. However, aggregate from MSW
has not been used on a commercial basis in
the United States. If a resource recovery
facility operator could sell this material at
cost or even give it away, he could at least
save the cost of its disposal.

Impacts of Recovered Materials on
Established Secondary Materials
Markets

Widespread adoption of resource recovery
and recycling programs may affect the
aready volatile markets in which secondary
materials are traded. The prices and quan-
tities of secondary materials traded, par-
ticularly of postconsumer and other obsolete
scrap, vary widely and change frequently.
Figures 3 and 4 support this fact with histori-
cal data on annual average prices and annual

guantities traded for scrap paper, aluminum,
and iron and steel.

Resource recovery and recycling, if suc-
cessful, will provide a steady stream of prod-

Figure 4.—Representative Annual Scrap
Consumption
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ucts that producers will need to sell immedi-
ately and that might undercut the sales and
prices of similar secondary materials from
other sources. Table 14 compares the total
materials content of MSW to historical levels
of trade in recent years in the most nearly
comparable established scrap markets. The
ferrous metal content of MSW is small com-
pared to existing trade levels and would be
unlikely to seriously disturb the established
market on a nationwide basis. For aluminum
and paper, on the other hand, significant ac-
tivity in scrap recovery from MSW would be
a large addition to existing trade levels. Cur-
rent trade in recovered glass is so small that
the glass content of MSW is nearly 500 times
larger. In this case, however, the outcome is
development of a new market rather than dis-
ruption of an old one.

In examining the potential impact on estab-
lished markets it is necessary to distinguish
between short-run and long-run phenomena.
The short-run prices of secondary materials
are largely independent of their supply and
are heavily dependent on the demand for fin-
ished materials such as boxboard and steel,
In times of high economic activity, materials
producers will pay high prices for scrap in
order to meet customer demands. Under such

Table 14.—A Comparison of Materials Content of
MSW to Existing Scrap Markets

MSW content as

Secondary material type
Y yP percent of

MSW Counterpart scrap counterpart scrap
component material tradedb material traded
Ferrous metal Total iron & steel (17) 11

Purchased iron & 21

steel (17)

Aluminum Total aluminum (3) 104

Old scrap aluminum (3) 435
Total paper Total paper (16) 380
Newspaper Newspaper (16) 425
Glass Glass cullet 50,000C

aBased on 1975 gross discards In (18)
bBased on average of trade In 1973, 1974, and 1975 Data from Sources In.

dicated
cEstimate based on data in (5)

conditions, secondary materials suppliers,
receiving high prices, can afford both to dip
more deeply into scrap inventories and to
bear shipping charges over longer distances.
In the long run, however, secondary materi-
als prices follow a more steady trend.

Widespread adoption of centralized re-
source recovery would require construction
of capital equipment over a period of several
years. It can only make a large contribution to
the supply of recovered materials in the long
run. The resulting steady flow of secondary
materials from MSW will be likely to find en-
tirely new uses or to replace virgin raw mate-
rials rather than other secondary materials.

Energy Markets

REFUSE-DERIVED FUEL

Refuse-derived fuel can be consumed as a
supplementary fuel in coal-fired electric pow-
erplants and industrial boilers, in Portland
cement plants, in sludge incinerators, and in
new and existing boilers designed or modified
to use RDF exclusively. Not al the potentially
available RDF islikely to be consumed by util-
ities because (i) most of the coal-burning elec-
tric powerplants are located in the eastern
part of the country, (ii) long distance trans-
portation is prohibitively expensive, and (iii)
utilities have been reluctant to use RDF for
reasons discussed in chapter 7. However,
current national energy policy expressed in
the Powerplant and Industrial Fuel Use Act of
1978, which emphasizes coal use, may pro-
vide a strong boost to the combustion of
mixed RDF and coal and of RDF aone.

Industrial solid-fuel-fired boilers might
consume RDF aone or as a supplemental fuel
to coal, wood waste, bagasse, industrial
waste, paper, or agricultural wastes to pro-
duce steam for onsite industrial processing
and heating. However, many industrial boil-
ers have significant daily and seasonal vari-
ations in fuel demand that may be a problem
for large-scale RDF use. RDF has been used
experimentally to provide part of the heat to
produce cement, The allowable ratio of RDF
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to primary fuel depends on the kiln tempera-
ture, RDF ash chemistry, and method of injec-
tion of RDF into the cement kiln. Experiments
are also underway on RDF as auxiliary fuel in
sewage sludge incinerators.

Refined dry solid fuel produced by Combus-
tion Equipment Associates is made by drying,
chemical treatment, and milling of coarse
RDF to produce a powdered fuel called ECO-
FUEL 11'. Larger quantities of this fuel than
of RDF can be used as supplementary fuel be-
cause of its lower ash and moisture content
and its greater heating value.

Theoretically, utility and industrial boilers
could use all the RDF that could be produced
from MSW in the United States. However,
economic and institutional barriers discussed
in chapters 5 and 6 will keep use well below
the total potential.

STEAM

Steam produced in waterwall and modular
incinerators can be used for space heating
and cooling, process heating, and power-pro-
ducing applications. It is an established com-
modity that can be bought and sold with mini-
mal risk to buyers and sellers. However,
steam cannot be stored in large quantities or
shipped economically much further than
about 1 mile. Thus, careful attention must be
paid to matching steam producers and con-
sumers.

ELECTRIC POWER

Electric power can be produced by inciner-
ation of waste to produce steam and then
electric power in resource recovery plants.
Since electricity is used universaly and can
be transmitted easily over long distances, it is
a highly marketable product. The sale of elec-
tric power from solid waste facilities is not
expected to be limited by the size of the poten-
tial market, but by external constraints such
as reliability and regulatory requirements,
prices of competing sources of electric pow-
er, price-setting considerations, and other
legal and institutional constraints.

MEDIUM-BTU GAS FROM PYROLY SIS

With a heating value above 300 Btu per
standard cubic foot, medium-Btu gas is
usable in virtually any boiler or furnace
equipped for natural gas, fuel oil, diesel ail,
or solid fuel. The capacity to consume medi-
um-Btu gas, therefore, is estimated to be
many times greater than the maximum quan-
tity of gas that could be derived from the total
solid waste produced nationwide. For exam-
ple, if al the Nation's MSW could be con-
verted to medium-Btu gas, it would produce
1.1 Quads compared with a total energy use
of about 70 Quads. Because this gas is not
economically storable or transportable over
long distances, it has its maximum potential
where resource recovery plants are located
near consumers. Also. it is limited to nonresi-
dential users (two-thirds of the total gas mar-
ket) because it contains large amounts of haz-
ardous carbon monoxide.

LOW-BTU GAS FROM PYROLY SIS

Low-Btu gas has a heating value below 200
Btu per standard cubic foot and, like medium-
Btu gas, contains significant quantities of
carbon monoxide. Furthermore, a consider-
able portion of the total energy content of hot
low-Btu gas from pyrolysis is represented by
its high temperature, which dissipates in
transmission. Thus, it may be suitable only
for onsite production of steam or electric
power.

LIQUID FUEL FROM PYROLYSIS

Based on experiments, this fuel can be
used in furnaces designed to burn No. 6 fuel
oil, with minor modifications. It may also be
used as a supplement to coal, wood waste, or
other solid fuel provided that modifications
are made to store, handle, and transfer the
liquid fuel to the combustion zone. The total
potential pyrolysis oil from MSW would be
only a small fraction of current oil imports, so
its marketability y is very great.
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Impact of Recovered Energy on
Established Energy Markets

Recovered energy has the potential to con-
tribute a maximum of 1.9 percent of the Na-
tion's current energy use. (See chapter 5.)
This energy can be recovered as solid fuel,
steam, electric power, gas, or liquid fuel,
depending on local markets. Because of the
Nation’s continued demand for energy in the
face of supply problems, recovered energy
cannot have an adverse effect on markets for
established energy sources in the foreseeable
future.

Future Markets for Recovered Materials
and Energy

Earlier in this chapter, RTC'S projections of
the maximum resources recoverable from
MSW in the years 1980 and 1995 were re-
ported. RTC also projected the size of the
potential future markets for these resources
on both the national and multistate regional
levels. [See Working Paper No. 1.[1))

Potential consumers were identified for
1980 on an individual plant basis in each
State for each product. Both existing capacity
and anticipated plant expansions as of the
summer of 1976 were included. No attempt
was made to determine whether the identi-
fied customers would be willing or able to use
the potentially available resources at their
anticipated prices and qualities. RTC also did
not examine whether future events might
stimulate building additional capacity to use
recovered resources,

RTC'S analysis indicates that in 1980 there
would be markets for essentially al of the
following potentially recoverable resources:
iron and steel, aluminum, other mixed nonfer-
rous metals, medium-Btu gas, and electric
power. There will aso be good future mar-
kets for substantial percentages of other po-
tentially recoverable products such as: glass,
53 percent: paper, 81 percent: RDF and
steam, 64 percent: low-Btu gas. 81 percent;
and liquid fuel, 90 percent. Potential markets
will exist for the small fraction of the avail-

able resources that will actually be recovered
in 1980, However, it is not possible with the
available data to estimate what fraction of
the potential markets could become actual
markets at expected product prices and qual-
ities. Neither can one say how much the con-
struction of additional capacity to use recov-
ered resources might be stimulated by their
future availability.

Government Policy and Market
Development for Recovered Resources

The Federal Government could consider
several policies that would help convert po-
tential markets for recovered resources to ac-
tual markets, or that would create new mar-
kets altogether. In this section three such
policies are briefly considered: Federal pro-
curement, Federal stockpiling, and Federal
support of research and development (R&D)
on potential uses of recovered resources.
(Policies that directly stimulate the supply of
recovered resources are discussed in chap-
ters 4, 5, and 6: and policies that directly af-
fect the competition between virgin and re-
covered resources are discussed in chapter

8)

FEDERAL PROCUREMENT OF RECOVERED
RESOURCES

Mandated Federal procurement of recov-
ered resources or of products made from
them is intended to develop markets by creat-
ing at least one large and willing customer,
the Federal Government. This policy would
stimulate resource recovery by helping to en-
sure revenues. Mandated procurement would
also speed the development of performance
specifications, which would be needed as a
basis for Government purchasing. At a mini-
mum, Federal procurement policy should re-
move explicit barriers in existing specifica-
tions that hamper the use of recovered re-
Sources.

However, Federal procurement is a popu-
lar tool for implementing a host of other pol-
icy goals such as preservation of competition,
strengthening small business, preserving re-
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gional economic balance, encouraging minori-
ty business, and protecting worker health and
safety. Thus, the real potential of the pro-
curement approach to stimulate recycling
may be limited.

Section 6002 of the Resource Conservation
and Recovery Act of 1976 (RCRA) provides
for Federal procurement of “. . . items com-
posed of the highest percentage of recovered
materials practicable consistent with main-
taining a satisfactory level of competition. ” In
November 1978 the Genera Services Admin-
istration revised its procurement regulations
to comply with this part of RCRA. (41 CFR
1-1.25) It is interesting that this part of RCRA
explicitly recognizes only the preservation of
competition as an alternative goal of Federal
procurement. Kovacs and Klucsik (19) have
argued that the intent of this clause was only
to recognize the importance of competition
among various purveyors of recycled materi-
als. But, this appears to be a narrow inter-
pretation of the intent to acknowledge the
other goals of existing procurement policy.

FEDERAL STOCKPILE FOR RECOVERED
RESOURCES

In view of the uncertain nature of markets
for secondary materials, reflected in the
price and quantity swings of figures 3 and 4,
the Federal Government could consider es-
tablishing an economic stockpile to stabilize
these markets. A stockpile would purchase
recovered materials from resource recovery
projects when prices and quantities pur-
chased are low and sell when prices and
guantities are high. By acting in such a coun-
tercyclical manner, the Government would
help raise low prices and reduce high ones. *

Stockpiled products could include recov-
ered iron and steel, aluminum, and paper.
Early experience with recovered glass mar-
kets does not suggest that this material will

*In an earlier report, OTA examined alternative eco-
nomic stockpiling policies for materials in the United
States. Resource recovery and recycling were not
among the objectives of that report, but it provides a
broad view of issues, problems, and opportunities asso-
ciated with economic stockpiles in general.

face the same swings that the metals and
paper face. This is largely because the de-
mand for glass containers is not nearly as
sensitive to general economic conditions as it
is for metals and paper.

For recovered iron and steel, a stockpile
would have to cope with the existing trade in
scrap iron and steel, which is considerably
greater than any potential trade in these com-
modities from MSW. (See table 14. ) There-
fore, such a stockpile could be very costly and
it would have greater impacts on the estab-
lished ferrous scrap industry than on the re-
source recovery industry.

A stockpile for aluminum recovered from
MSW might be reasonably effective in stabil-
izing its market, because a good portion of all
old scrap aluminum already comes from
MSW. Furthermore, scrap aluminum has a
high value per ton and the physical costs of
handling it would be relatively low. On the
other hand, a stable market for auminum,
per se, would be insufficient to stimulate
resource recovery because aluminum pro-
vides only a small portion of the potential
revenues (See table 11. ) In addition, prices
paid by the aluminum companies to collectors
of postconsumer aluminum cans have steadi-
ly grown from 15 to 20 cents per pound over
the last severa years. Thus aluminum recov-
ered by source separation does not appear to
be affected by market variations.

A stockpile for recovered paper faces yet
another set of problems. First, recovered
paper has a relatively low value both per ton
and per cubic foot. It must be kept dry and is
susceptible to rot and fire. Therefore, the
costs of storing wastepaper are very high
relative to the costs of storing metals. Fur-
thermore, the fluctuation in the price of
wastepaper tends to occur over fairly long
periods, with 6 or 7 years between major
peaks. (See figure 3,) The combination of high
storage costs and storage times as long as 3
or 4 years makes a wastepaper stockpile eco-
nomically unattractive.

This brief and nonquantitative analysis
suggests that stockpiles for recovered re-
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sources are unnecessary, overly expensive,
or inadequate. Further research on the per-
formance of economic stockpiles for recov-
ered resources is needed to clarify the issues
raised here.

FEDERAL SUPPORT OF R&D IN USES
OF RECOVERED RESOURCES

Federal funds have supported R&D to find
new uses or to improve old uses for recovered
resources and such support could be con-
tinued, Federal R&D support is probably not
necessary for materials recovered by source
separation, nor for such energy products as
steam, electric power, and gas; al of which
can enter established markets. Likewise fer-
rous metals and aluminum recovered in cen-
tralized systems should be readily usable.
However, additional R&D may be necessary
to find or improve uses for RDF, glass, mixed
nonferrous metals, solid aggregate, and incin-
erated ferrous metals from centralized re-
source recovery.

The need for additional R&D, however, is
insufficient by itself to justify Federal support
for it; there al'so should be a demonstration of
market failures that lead to inadequate
private support, (See chapters 5 and 7 for
elaboration of this point. ) In the case of
resource recovery, such market failures in-
clude: (i) the lack of a capability to carry out
R&D on the part of resource recovery oper-
ators who are largely public agencies or con-
tractors, (ii) the lack of market incentives for
potential users of RDF, especially electric
utilities, to research its performance, and (iii)
the disaggregated nature of potential users of
small amounts of recovered nonferrous
metals, glass, and incinerated ferrous metals.

Subtitle H of RCRA, which authorizes re-
search, development, demonstration, and in-
formation activities does not include R&D on
the uses of recovered resources. However,
the Bureau of Mines has supported such work
in the past, and EPA has supported demon-
stration projects that have examined the use,
as well as the production, of RDF, Also, under
section 5003 of RCRA the Secretary of Com-
merce has broad authority to “encourage the

development of new uses for recovered mate-
rials,” presumably including R& D funding.

Railroad Freight Rates and
Markets for Recovered Materials*

The Impact of Freight Rates on Resource
Recovery Revenues

hipping charges to market can substan-

tially affect the potential revenues from
resource recovery projects as well as the
competition between virgin and recovered
materials. Table 12 shows estimates of the
impact of railroad freight charges on poten-
tial revenues from recovered resources for

*There is an extensive history of debate and analysis
on the freight rates for secondary materials, and on the
equity and efficiency of regulated freight rates in gen-
eral. Under section 204[a )(1) of the Railroad Revitaliza-
tion and Reform Act of 1976, the Interstate Commerce
Commission (ICC) was ordered by Congress to: “con-
duct an investigation of (A) the rate structure for the
transportation, by common carriers by railroad subject
to part I of the Interstate Commerce Act, of recyclable
or recycled materials and competing virgin natural
resource materials, and (B) the manner in which such
rate structure has been affected by successive general
rate increases approved by the Commission for such
common carriers by railroad. ” The Commission’s find-
ings and decisions in this matter were rendered on Feb-
ruary 1, 1977, in Ex Parte 319, “Investigations of
Freight Rates for the Transportation of Recyclable or
Recycled Commodities.”” It found discrimination in only
a few minor cases. The Commission’s procedures and
decisions were challenged in the U.S, Court of Appeals
for the District of Columbia by the National Association
of Recycling Industries and the Institute of Scrap Iron
and Steel. [No. 77-1187, 77-1192, 77-1 193. ] The Court
found the ICC’s procedures unacceptable in view’ of the
Act’s requirements and on August 2, 1978, ordered the
ICC to carry out a new investigation. On April 16, 1979,
the ICC rendered its decision under the new investiga-
tion, Ex Parte 319 (Sub-No. 1), “Further Investigation of
Freight Rates for the Transportation of Recyclable or
Recycled Materials. ” The ICC found discrimination
against a number of scrap commaodities, although not in
all areas of the country. It ordered that such discrim-
ination be eliminated within 90 days. In various regions
discrimination was found to be significant against fer-
rous scrap, aluminum scrap, and wastepaper, among
others. No findings with respect to waste glass were
presented.
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various shipping distances. For transport
distances of 200 to 400 miles, freight rates in
effect in 1975 (the latest year for which com-
prehensive data are available) would have
reduced revenues from iron and steel by 38
percent, for aluminum by 5 percent, for glass
by 79 percent, and for paper by 24 percent.
Thus, the revenue reduction for all but alumi-
num is significant and for glass it is pro-
hibitive.

Two fundamental economic facts are re-
flected in these data. First, typical freight
charges for shipping a ton of waste material
over a distance of 200 to 400 miles in October
1975 ranged from $9.45 for paper to $14.35
for duminum. (See table 12.) (At atypical 7-
percent increase per year this range would
be about $12 to $18 per ton in 1979.) The sec-
ond fact is that the prices users are willing to
pay for these materials are generdly in the
range of $20 to $45 per ton, except for $300
per ton for auminum. (See table 11.) It would
appear, therefore, that there is little room to
absorb shipping costs in these prices, except
for aluminum. Thus, resource recovery plants
must be located close to both producers of
waste and consumers of their outputs.

The same is true for recovered energy in
solid form, such as RDF, that must be shipped
by rail or truck. Typically, RDF has a fuel
value equivalent to $5 to $10 per ton. Clearly,
it cannot bear a freight charge of the order of
$10 Per ton or more and must be consumed
near the point of production. Oil, gas, and
electric energy from MSW could be shipped
further than RDF due to the better economics
of pipelines and electricity transmission.
Steam can only be shipped a mile or so by
pipeline and still retain appreciable economic
value.

Proponents of recycling have asserted that
freight rates for recovered resources are too
high. Even if they are double what they
should be (an unlikely possibility—see the
following section) however, and were cut in
half, they would still place an important limi-
tation on the location of resource recovery
with respect to product markets.

Freight Rates and the Demand for
Recovered Materials

The demand for transportation services for
any commodity is a function of the demand
for the commodity and of the contribution of
transportation costs to the price of the com-
modity. It is instructive to consider the elas-
ticity of demand (a measure of the sensitivity
of demand to price) for transportation serv-
ices for a commodity. It can be shown (21)
that Et, which is defined as the percentage
change in the demand for transportation of a
commodity caused by a I-percent change in
the price of transportation, is related to the
elasticity of demand for the commodity, EC;
the price of transportation, P; and the deliv-
ered price of the commodity, PC, according to
the following equation:

E =|P|E
P,

In this equation, E_ represen s the percentage
change in demand for the commodity caused
by a I-percent change in its price. Note that
in general a higher priced commodity has a
lower elasticity of transportation demand for
a given transportation price P.and a given
commodity elasticity of demand. That is, an
increase in freight rates causes less drop in
demand for an expensive commodity than for
a cheap one. Hence, an expensive commodity
can “bear” a higher freight rate, In the short
run, E.is small for scrap commodities; that is,
their demand is not very sensitive to their
price. *

Literature estimates of the price elasticity
of demand for scrap were collected by Mosh-
man Associates.** These are summarized in

table 15 along with data on prices and with

*The analyses in this section are based on short-run
elasticities of demand for scrap. Short-run elasticities
of scrap demand are low; that is, demand is not very
sensitive to price. While not much information is avail-
able on long-run elasticities of demand for scrap, it ap-
pears that scrap demand may be more responsive to
price over long periods of time.(22)

**Elasticities of scrap demand are difficult to
estimate and are subject to considerable error. The
data and methods available for estimating such
elasticities are not of good quality.
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Table 15.-Estimated Scrap and Transport Demand Elasticities in the Short Run*

Demand Freight Delivered Transport

elasticity rate Pt price Pc demand
Material E, ($/ton) (Wton) elasticity
Ferrousscrap............... -0.12 to -0.59 8.65 64.04 -0.016 to -0.08
Aluminumscrap ............ -0.03 23.82 345.60 -0.002
Glasscullet................ -0.5t0 -0.75 18.60 30.00 -0.31 to -0.47
Wastepaper ................ -0.16 12.91 28.73 -0.07

“SOURCE: Moshman Associates(5).

elasticities of transport demand derived from
them. The elasticity of transport demand is
extremely small for ferrous scrap (iron and
steel), for aluminum scrap, and for waste-
paper. It is larger for glass cullet.

The change in freight shipments in re-
sponse to a change in freight rates can be
estimated using the following equation, based
on the definition of elasticity of demand:

percent change elasticity of
in shipment transport demand)

With this equation, one can estimate the im-
pact of freight rate adjustments on shipments
of scrap materials by rail, once a determina-
tion of the appropriate adjustment has been
made. This equation cannot be used to assess
the effect of railroad freight rate changes on
shifts to or from other modes of transporta-
tion.

percent change
(In freight rates)

Railroad revenues from shipment of a com-
modity are also affected by a change in
freight rate. Suppose that a rate change were
to occur for a commodity. Railroads would ex-
perience revenue changes due not only to the
gain or loss of traffic, but also to the gain or
loss of revenue per unit of unaffected traffic.
Since al the scrap transport demand elas-
ticities lie between O and I, it can be shown
that freight rate reductions would lead to
revenue decreases, despite increased traffic.
Similarly, rate increases would lead to in-
creased revenues despite traffic losses.

48-786 0 - 79 - 5

A Comparison of Freight Rates for
Virgin and Secondary Materials

ISSUES AND APPROACH

Shipping most secondary materials from
processors to consumers represents a signifi-
cant fraction of the total cost to the con-
sumer. Thus they affect the consumer’s deci-
sion about whether to purchase secondary or
virgin materials. Some observers have
argued that not only are these shipping costs
high, but they are excessively high when com-
pared to freight rates charged for other com-
modities; in particular for the corresponding
virgin materials. If it were true that freight
rates discriminate against secondary materi-
als, then such rates might be adjusted by Con-
gress as a matter of policy. To illuminate this
issue, three major questions were examined:
(1) the basis for railroad freight rates, (2)
whether railroad freight rates discriminate
against secondary materials, and (3) how ad-
justment of railroad freight rates might affect
the marketability of secondary materials and
the railroad revenues.

Moshman Associates, under contract to
OTA, examined four pairs of corresponding
virgin and secondary materials used in four
different industries: iron ore/iron and steel
scrap to make steel; bauxite/aluminum scrap
to make auminum ingot; pulpwood/waste-
paper to make paperboard; and glass sand/
cullet to make glass containers. Freight rates
for MSW and RDF were also examined, al-
though they have no virgin counterparts. Em-
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phasis was placed on rates for shipment by
rail. The estimates of the impact of freight
rate adjustments on material shipments were
based on short-run elasticities of demand. No
attempt was made to account for long-run
shifts as new kinds of capital equipment are
installed by potential secondary material con-
sumers. The data for the analysis were based
on submissions by the railroads in Ex Parte
319.(23) The detailed results are in Working
Paper Number Two.(5)

THEORETICAL BASES FOR RAILROAD
FREIGHT RATES

Freight rates for common carrier, inter-
state shipment of goods by railroad are over-
seen by ICC under the Interstate Commerce
Act of 1887, as amended. Rates are set in
order to achieve several goals, including (i) a
reasonable rate of return on a railroad’s in-
vestments, (ii) avoidance of undue discrimina-
tion among locations and among individual
shippers of the same commodity, and (iii)
other goals in the national interest such as
support of depressed essential industries,
One fundamental problem in ratemaking is to
cover both the variable costs and the large
fixed costs of operation. A mgor policy ques-
tion is how to allocate the fixed costs among
various freight services,

The Interstate Commerce Act prohibits dis-
crimination among locations and shippers;
i.e., charging different rates for shipping the
same product for different customers or
charging grossly different rates for ship-
ments of the same product between two sets
of locations by different routes. However, the
Act does alow discrimination among prod-
ucts on a value-of-service basis, *

*As in other established areas of economic regula-
tion, railroad freight rate regulation is beset with a
complex mix of legal and economic rationales and defi-
nitions, based heavily on an obsolete framework devel-
oped when railroads faced lit tle competition from other
transportation modes and when rate wars threatened
both the industry and its customers, (24,25,26) The
analysiss i n this report does not take t ha t framework as
fixed, but assumes that Congress could make policy
decisions to cause fundamental changes. In particular,

The goals of ratesetting for secondary ma-
terials can be approached by any of five ra-
tionales for ratemaking including: (i] marginal
codt, (ii) variable cost, (iii) fully allocated cost,
(iv) value of service, and (v) equivalency. Mar-
ginal cost pricing requires that each rate be
set equal to the additional, or marginal, cost
of providing the transportation service, ad-
justed as necessary to ensure railroads a rea-
sonable rate of return in the face of declining
average costs. According to the marginal cost
pricing model, if rates are fair, the ratios of
freight rates to marginal costs should be ap-
proximately equal. Actual implementation of
this principle requires far more detailed cost
information than railroad accounting systems
can provide and is further complicated by the
fact that many costs cannot be unambiguous-
ly assigned to particular services.

Fully allocated costing requires fair rates
to be set equal to long-run average costs, in-
cluding a return on investment. Like marginal
cost pricing, however, this approach requires
more data than are usualy available, as well
as arbitrary alocations of costs among serv-
ices. Friedlaender notes other technical prob-
lems with ratesetting in this model.(27)

Variable costing allows fair rates to be set
equal to the short-run average variable costs
associated with accepting an additional unit
of traffic, This method is based on cost fac-
tors that are reasonably well-defined as com-
pared with marginal or alocated costs.

Rates based on value-of-service recognize
that higher valued commodities can bear a
higher freight rate than those of lesser value.
The value-of-service concept tends toward a
system of rates that are directly proportional

then, this discussion is not concerned with legal defini-

tions of “’discrimination’ as applied under the Act
since discrimination has different meanings under dif-
ferent ratemaking models. Nor is it concerned with the
importance of so-called “transportation character-
istics” beyond their impact on costs of service, since
transportation characteristics such as length of haul,
loading weight, and gondola maintenance can all be
reflected in railroad costs.
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to prices and inversely proportional to elas-
ticities of demand for the products being
shipped. A corollary of this approach is that
if two commodities are perfect substitutes
(equal prices and price elasticities) then they
should bear equal rates for the same ship-
ment. The pure value-of-service approach is
not concerned with the cost of service, except
to ensure that all of a railroad’'s costs, in-
cluding a reasonable return on investment
are covered.

Under the equivalency variant of the value-
of-service approach to ratemaking it is ar-
gued that, while virgin and secondary materi-
as are not perfect substitutes on an equa
weight basis, chemically equivalent batches
of virgin raw materials and of secondary
materials required to produce a unit of proc-
essed material output are substitutes and
should bear the same rate for the same ship-
ment. For example, production of 1 ton of raw
steel requires just over 1 ton of ferrous scrap
or a batch of iron ore, limestone, and coal
weighing severa tons. It is argued that the
ton of scrap and the batch of raw materials
compete and that under the value-of-service
approach they should both bear the same ag-
gregate freight rate. According to this argu-
ment, failure to achieve such equality of rates
for equivalents is evidence of discrimination.
On the other hand, if the fact that such com-
petition is real cannot be established, then
there would be no basis for a charge of dis
crimination.

DATA ON DISCRIMINATION

Cost-Based Rates.—Using the detailed cost
and revenue evidence submitted by the rail-
roads in Ex Parte 319, Moshman Associates
developed data on comparisons of railroad
revenues to variable costs and to fully allo-
cated costs for the eight commodities of inter-
est, as shown in table 16. (It should be noted
that the Ex Parte 319 data have been criti-
cized because they are not based on a statis-
tical sample of all shipments.)

Table 16 shows that for all four pairs of
scrap and virgin materials, the scrap materi-
a pays significantly higher revenues in com-
parison to both variable and fully allocated
costs. Thus, for al four pairs, there is dis
crimination against secondary materials on
these two bases.

The data in table 16 suggest that shippers
of iron ore and pulpwood fail to pay the fully
alocated costs of their shipment, and that
pulpwood does not even fully cover the vari-
able cost. Glass cullet, on the other hand, ap-
pears to contribute an inordinately high
amount to costs of either type.

The apparent discrimination between the
pairs of commodities could be removed by re-
ducing the freight rates for the secondary ma-
terials or by increasing them for the corre-
sponding primary ones. In either case, some
target ratio, based, for example, on an aver-
age for al commodities, might provide a rea-
sonable basis for adjustment.

Table 16.-National Average Railroad Costs and Revenues

) Fully allocated
Variable cost cost

Ratio of revenue to:
Fully allocated

Revenue

($/car) ($/car (Slcar) Variable cost cost
Ironore.......... 242 354 329 1.36 93
Ferrous scrap .. ... 294 346 171 1.46
Bauxite . ......... 645 1.47 1.07
Aluminum scrap. . . 4 43 811 1.83 1.50,
Glass sand. . ...... 361 489 1.55 1.14
Glass cullet. ... .. 621 816 1,% 2.42 1.84
Pulpwood . ....... 241 307 218 71
Paperwaste. . .. ... 322 423 439 1:: 1.04

SOURCE: Moshman Associates, Working Paper Two (5). Based on railroad submissions in Ex Parte 319.(23)
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Value-of-Service-Basis. -Under the vaue-
of-service approach to ratemaking, actua or
estimated costs of service are of little con-
cern; except insofar as total revenues must
meet total costs. Using data from the 1974
One Percent Wayhill sample of the ICC, and
updating to 1975 by applying ex parte rate in-
creases, Moshman Associates estimated the
ratios of ral revenue to product value for
each of the eight commodities, as shown in
table 17.

On the basis of value-of-service rates, dis-
crimination between noncompeting commaodi-
ties is allowable and of little interest. Thus,
no conclusions can be drawn about discrim-
ination from the wide range of ratios of rail
rates to product values among the four com-
modity pairs. However, the differences in
ratios within pairs are significant.

Value-of-service rates allow higher valued,
competing commodities to bear higher rates.
Table 17 shows that this is the case for al
four pairs of materials of interest. In each
case the scrap material, which has a higher
value per ton, also bears a higher freight
rate. The value-of-service approach also
allows for the competing product whose de-
mand is more sensitive to price to bear a rate
that is a lower fraction of product value.
Since demand for scrap is less sengitive to its
price than is demand for virgin materials,
scrap might reasonably bear a rate that is an
even higher fraction of price without being
discriminatory. For the iron ore/ferrous scrap
and glass sand/glass cullet pairs, the ratios of
rail rates to product values are nearly the

same for both virgin and scrap. This result
suggests some discrimination against virgin
materials for these pairs, assuming that they
compete. Furthermore, a higher fractional
freight rate for wastepaper would not appear
to be discriminatory, per se. However, the
respective ratios for pulpwood and waste-
paper are 0.34 and 0.82, and this large dif-
ference suggests some degree of discrimina
tion against wastepaper under the value-of-
service approach.

The situation with bauxite and aluminum
scrap illustrates the pitfalls of value-of-serv-
ice ratemaking. If aluminum scrap were to
bear a fractional rate per ton greater than
that for bauxite, it would have to pay a mini-
mum rate of 0.93 x ($322) or $300 per ton,
(see table 17) an unreasonable amount com-
pared with costs incurred by the railroads.
Thus, while aluminum scrap bears an abnor-
mally low fractional freight rate, suggesting
discrimination against bauxite, it also bears
the highest rate per ton of any commodity
studied.

Equivalency Basis.—To test the arguments
on discrimination under the value-of-service-
for-equivalents approach, Moshman Associ-
ates first calculated typical amounts of vari-
ous raw materials required to produce equiv-
alent final products from either virgin or
scrap inputs. They used a variety of data
sources detailed in appendix B of their work-
ing paper.(5) The total raw materials costs,
total transportation costs, and ratios of trans-
portation costs to total costs were then calcu-
lated using freight rates from the 1974 Car-

Table 17.— Railroad Revenues and Product Values

Average freight

Commodity rate ($/ton)
Ironore.............. 3.009
Ferrous scrap . . . 8.65
Bauxite .............. 10.20
Aluminum scrap . . 23.82
Glasssand............ 6.67
Glasscutlet........... 18.60
Pulpwood . . .......... 3.59

Paperwaste . . . .. ... 12.91

Ratio of average

Product value freight rate to

(FOB $/ton) product value
18.12 0.17
55.39 0.16
11.01 0.93

321.78 0.074
4.64 144
11.40 1.63
10.56 0.34
15.82 0.82

SOURCE Moshman Associates from one Percent Waybill sample from 1974 updated to 1975 (5)



Ch. 3— The Marketability of Recovered Resources: Status and Policy Options .61

load Wayhbill sample updated to 1975 by ap-
plication of ex parte increases. These results
are shown in table 18. According to the chem-
ical equivalency argument, substitutable
batches of virgin and raw materials should
bear the same total freight rates for the same
shipment: if they do not, discrimination ex-
ists. Under this standard, data in table 18
show no discrimination against virgin steel
(14.8 percent versus 13.5 percent of total
costs attributed to transportation); substan-
tial discrimination against virgin aluminum
(34 percent versus 7.4 percent); and distinct
discrimination against secondary glass (62
percent versus 44.8 percent) and secondary
paper (44.9 percent versus 28.2 percent).

Summary of Evidence on Discrimina-
tion.—The determination of discrimination
between virgin and secondary materials de-
pends on both the particular material pair
and, more importantly, the basis chosen for
the definition of discrimination. The evidence
from OTA’S study is summarized in table 19.
(Data were not available for making a deter-

mination of discrimination on a marginal cost
basis.)

The finding under the value-of-service ap-
proach for bauxite and aluminum scrap is
guestioned in table 19. Strict application of
this approach shows gross discrimination
against bauxite, but full correction of this
situation would require unreasonably high
rates for aluminum scrap.

Impact of Freight Rate Adjustments on
Secondary Material Shipments by Rail

Using the analyses presented above, OTA
has estimated changes in rail shipments of
secondary materials that might occur if rates
were adjusted to eliminate discrimination. In
order to give the greatest advantage to sec-
ondary materials, rates for each of them are
assumed to be reduced enough to eliminate
the greatest level of discrimination against
scrap found by any of the four methods. Then,
changes in shipments are calculated using
the elasticities of transport demand in table

Table 18.—Costs of Virgin and Secondary Raw Materials Required to Produce 1 Ton
of Equivalent Output—1975 Dollars

Tons required to

Cost to produce 1 ton of output

produce 1 ton Total Transportation Transportation

Output product Raw material input of output $ $ as oo of total
Steel Virgin . . . . ... 2.87 76.76 11.37 14.8

Secondary ... . 1.05 67.24 9.08 135
Secondary Virgin . ... 7.57 209.53 71,17 34.0
aluminum Secondary ......... 1.09 376.70 25.96 7.4
Glass containers Virgin . ... ... ... 1.15 23.14 10.38 44.8

Secondary . ........ 1,00 30.00 18.60 62.0
Paperboard Virgin.. ........... 3.47 53.04 14.97 28.2

Secondary . . .. ... 1.12 32.18 14.46 44.9

SOURCE Moshman Associates (5)

Table 19.—Summary of Findings on Freight Rate Discrimination

Commodity pair Variable cost

Iron ore/ferrous scrap . . . . . . +
Bauxite/aluminum scrap. . +
Glass sand/cullet. . +
Pulpwood/wastepaper +

Fully allocated _cost

Bas= for ratemaking

Value of service Equivalency
+ - 0

+ (N -
+ — +
+ + +

aDeffnltlons of discrimination are different for each ratemaking basis basis
Key. + discrimination against scrap
- discrimination against virgin
O no discrimination
SOURCE Off Ice of Technology Assessment
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15 and the equation on page 57. The results
are shown in table 20.

Table 20 shows that even though substan-
tial rail rate reductions are justified under
various ratemaking approaches, the result-
ant changes in scrap shipments are estimated
to be quite low, except for glass. Further-
more, losses of railroad revenues from exist-
ing shipments would be large since rates
would drop considerably but would not be
made up by revenues from the increased traf-
fic.

For example, a 36-percent decrease in rall
rate for iron and steel scrap would increase
rail shipments by an estimated 0.2 million to 1
million tons (about 0.5 to 2.9 percent), but
would cause a reduction in rail revenues of
$100 million to $110 million per year. This
loss is equivalent to about $100 to $550 per
ton of additional scrap moved, and is not
economically justifiable from the railroad's
perspective when iron and steel scrap is sell-
ing in the neighborhood of $50 to $100 per
ton. On the other hand, the revenue loss for
glass per incremental ton is comparable with
the current price of recovered glass, athough
even in this case the railroads loss of reve-
nue on existing shipments is not made up by
the gain in revenues from additional scrap

shipments. However, regardless of its im-
pacts on railroad revenues, discrimination
among materials of the extent indicated by
this anlysis should be eliminated.

The conclusion of this analysis is that sub-
stantial discrimination against secondary ma-
terials is found, if one adopts cost-based or
equivalency-based railroad ratemaking.
However, even using maximum estimates of
discrimination as rationales for rate adjust-
ment, an economic model projects increases
in shipments in the short run of only a few
percent for iron and steel, aluminum, and
paper. Increases for glass might be as large
as 15 to 25 percent. Railroad revenues would
be substantially reduced by such actions.
Smaller freight rate reductions would have
less impact on railroad revenues, but would
also stimulate smaller increases in scrap
shipments. In addition, only a fraction of the
increased shipments under rate reductions
might originate as resources recovered from
MSW. No estimates have been made of the
possible long-run effects of freight rate ad-
justment on recycling. As new manufacturing
facilities are built in the future, lower freight
rates for secondary materials could provide
an inducement to increase the amounts of re-
covered materials used.

Table 20.—Estimated Impact of Freight Rate Adjustments
on Secondary Material Shipments and Railroad Revenues

Material -

o Iron and steel ~ Aluminum Glass . _ PaDer
Percent reduction of freight rate required to
eliminate discrimination . . . . . . ... .. 36 29 50 52
Indicator of maximum discrimination. . . . . . fully fully equivalency equivalency

allocated allocated
cost cost

Estimated percent change in shipments . . . 05t02.9 0.06 15to0 25 3.6
1974 rail shipments of scrap” (million tons) 36 0.46 0.28 52
Estimated increase in 1974 shipments
(thousand tons). . ..................... 200 to 1.000 0.3 45to 67 190
Estimated loss in 1974 railroad revenues
(million$) . .. ..o 100 to 110 3.2 14t01.8 32
Revenue loss per extra ton shipped ($/ton) 100 to 550 11.000 201040 170

a Mbshman Associates (5)
SOURCE Office of Technology Assessment
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Findings on the Marketability of
Recovered Resources

ubstantial amounts of various materials

and energy types can be recovered from
MSW today using either centralized separa-
tion and recovery or separate collection. The
quantities of potentially recoverable re-
sources in MSW are expected to grow in the
future as the total use of materials grows.

Productive uses can be made of recovered
iron and steel, auminum, paper, glass, and
energy using existing technologies and in ex-
isting facilities. However, the prices users
are willing to pay and the product quality
they demand could be barriers to the profit-
able sale of large amounts of recovered re-
sources if resource recovery were widely
adopted. Potential markets exceed any antici-
pated level of recovery today and through
1995 for iron and steel, aluminum, and paper.
Glass markets are developing rapidly as the
economic, environmental, and energy ad-
vantages of container production from waste
glass become apparent. Energy markets far
exceed the potential level of recovery from
MSW nationwide. Certain forms of energy,
however, including RDF, steam, and low-Btu
gas, must be produced near potential users if
transportation costs are to remain accept-
able.

Established markets for secondary iron
and steel, aluminum, and paper exhibit wide
variations over time in both prices and quan-
tities traded. However, prices for postcon-
sumer aluminum from separate collection
programs have been more stable because pri-
mary aluminum companies have been offer-
ing stable prices to recyclers, Newsprint re-
cycling mills have begun to stabilize markets
for waste newspapers in some areas. Current
trade in waste glass is small but growing
rapidly, with relatively stable prices, A brief
analysis of a Federal stockpile for recovered
resources suggests that this would be unnec-
essary, ineffective, or overly expensive for
stabilizing markets for materials recovered
from MSW.

At any forseeable level of recovery, iron
and steel from MSW would be un]kely to dis-
rupt existing secondary markets for this com-
modity. High levels of additional aluminum
and paper recovery would add substantialy
to the current trade. Glass recovery essen-
tially represents creation of an entirely new
market rather than disruption of an existing
one. In view of the current energy situation
and the relatively small amounts recoverable
from MSW, energy from waste represents no
threat to established energy markets.

Federal procurement policy can strengthen
markets for recovered materials by empha
sizing their use and by eliminating arbitrary
barriers to them. Existing General Services
Administration regulations under RCRA, if
followed, represent a substantial move in this
direction.

Federa R&D support on uses of recovered
resources, as opposed to their production, is
limited, even though such research might find
new uses and improve old ones and is easily
justifiable on economic grounds. Under RCRA
only the Department of Commerce has au-
thority in this area, and that authority has not
been funded. The Bureau of Mines has done
limited work in this area under its basic
authority. Additional Federal support for
R&D on uses of recovered resources appears
to be desirable,

Specifications for the quality of recovered
resources are necessary largely to facilitate
trade, rather than for consumer protection
purposes, since few recovered resources
reach consumers without further industrial
processing. (Important exceptions are flam-
mability standards for cellulosic insulation,
recently established on an emergency basis
by act of Congress, and health and safety
standards for reusable beverage containers. )
Existing specifications based on the origin of
secondary materials, promulgated by the
secondary materials industries, appear to be
adequate to support trade in separately col-
lected iron and steel, auminum, and paper,
but not for trade in materials and energy
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from centralized resource recovery plants.
Composition specifications for the latter
kinds of products are currently in the final
stages of development by a committee of the
American Society for Testing and Materials.
Separately collected glass is currently traded
under quality/price negotiations for each
shipment. In view of the current state of vol-
untary standards activity, there seems to be
no need for Government action beyond that
authorized under RCRA.

Freight rates for transportation of recov-
ered materials and certain forms of recov-
ered energy to markets can seriously impair
the economics of resource recovery. For ship-
ments by rail in the 200- to 400-mile range,
railroad freight rates can range as high as 25
to 80 percent of the gross income from the
sale of waste iron and steel, paper, glass, and
RDF. Even a 50-percent reduction of freight
rates for these resources, for example, would
still leave freight charges a substantial cost
factor.

Demand for railroad freight services is not
very sensitive in the short run to rates for
secondary iron and steel, aluminum, and
paper, but is more sensitive for glass. For the
insensitive materials, large freight rate
changes would have little effect on ship-
ments.

Whether existing railroad freight rates dis-
criminate against secondary materials was
examined in the frameworks of several theo-
retical models of ratemaking. Such discrim-

ination is substantial for iron and steel,
aluminum, paper, and glass under cost-based
rates (both variable and fully allocated costs],
and for paper and glass under the chemical
equivalency approach to value-of-service
rates. Such discrimination was not found
under the value-of-service approach to rates.
Clearly, then, part of the long-standing con-
troversy over discrimination against second-
ary materials arises from different assump-
tions about how rates ought to be set.

Assuming that freight rates were adjusted
downward for secondary materials (iron and
steel, aluminum, glass, and paper) to elim-
inate the greatest level of discrimination in-
dicated by any of the models examined (re-
ductions on the order of 30 to 50 percent), in-
creases in shipments by rail are estimated to
be on the order of a few percent or less for
waste iron and steel, aluminum and paper.
Glass shipment might increase by as much as
15 to 25 percent. Correspondingly, railroad
revenues in each case would decline substan-
tially since revenue losses from existing traf-
fic would not be offset sufficiently by traffic
growth. Somewhat larger increases in ship-
ments might occur in the long run.

Regardless of the small increases in ship-
ments and the large decreases in railroad
revenues, however, under cost-based rates
these secondary materials are treated unfair-
ly by existing freight rates. Both equity and
efficiency argue for their adjustment. Rail-
road revenues, if inadequate. can be adjusted
by genera rate increases.
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Chapter 4

Source Separation for

Materials and Energy Recovery

Introduction

Definitions and Issues Addressed

S ource separation* is “the setting aside of
recyclable materials at their point of
generation (e.g., the home, or places of busi-
ness) by the generator. Once recyclable mate-
rials are separated, they may be transported
to a secondary materials dealer or manufac-
turer by the generator, municipal collection
crews, private haulers, or community organi-
zations.”” (1) Some familiar approaches to
source separation are curbside collection of
newspapers, cans, and glass, commercia re-
cycling of waste office paper, corrugated
cardboard, and computer cards, and commu-
nit y dropoff centers,

By comparison with mechanical separation
of collected mixed wastes in centralized re-
source recovery plants, source separation is
labor intensive, produces relatively uncon-
taminated materials for recycling from a por-
tion of the waste stream, and requires great-
er cooperation by waste generators. Central-
ized resource recovery, on the other hand, is
capital intensive, and can accept most kinds
of collected waste thus reducing the need for
cooperation. Because source separation can
put a greater burden on collection, the most
costly part of municipa solid waste (MSW)
management, successful source separation
programs require considerable attention to
design and implementation strategies.**

**Source separation” is a misnomer, Rather than
separation, householders and other generators of
waste simply avoid mixing waste prior to collection.

**Design and implementation strategies for central-

ized resource recovery plants, are discussed in detail in
chapters 6, 7,and 8.

Four principal questions are addressed in
this chapter:

+ |Is source separation an economically
and technically feasible approach to
resource recovery, and what are its
potentials for materials recovery and
energy savings?

« What issues and problems arise in con-
nection with source separation?

« How does source separation interact
with other approaches to resource re-
covery, recycling, and reuse?

- What Federal policy options are avail-
able or necessary to facilitate, stimulate,
or regulate source separation?

Advantages, Disadvantages, and
Impediments to Source Separation

The advantages and benefits of the source
separation approach to recovery and recy-
cling of materials are that it:

+ produces high-quality waste prod-
ucts*** that can bring a premium price
if markets are available and if recovered
products meet market specifications;

+ is the only method currently available
for the recovery from MSW of recycla-
ble newspaper, office paper, corrugated
cardboard, color-sorted glass, plastics,
and rubber;

+ conserves energy by recovering mate-
rials whose production from virgin
SOurces is energy intensive;

+ requires very little capital investment as
compared with centralized resource
recovery;

***Curbside collected materials may need to be up-

graded to meet market specifications.

69
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. can be implemented with little delay in
comparison with centralized resource
recovery facilities; and

. may be the only way a small or remote
community could recycle materials if the
population is too small to support a cen-
tralized resource recovery plant.

Some local independent trash haulers,
scrap dealers, and scavengers might find
source separation more attractive than cen-
tralized resource recovery because it pro-
tects the part of their income derived from
sales of high-grade waste materials.

The possible indirect advantages of source
separation include:

e Decrease air and water pollution from
landfill activity.

e Net savings from avoiding negative im-
pacts on the environment, on worker
health, on energy, and on resources from
the production of virgin materials.

e Improved balance of trade from substi-
tuting recycled for imported virgin mate-
rials.

e Communities with source separation
programs are seen to be forward-look-
Ing!

e Benefits from a sense of persona in-
volvement in conservation activities.

Some of these benefits such as the reduced
use of virgin materials and of landfill space
are also true for centralized resource re-
covery.

The disadvantages of source separation
are:

« Only a portion of the waste generated
can be recovered.

- It leaves a mixed waste residue that has
a somewhat lower fuel content than un-
separated mixed waste.

. It strongly depends on individua par-
ticipation and cooperation.

« It requires modification of the costly col-
lection equipment used by both munic-
ipal and private haulers.

The chief impediments to implementing
source separation are:

« Uncertainty about cooperation in the
short- and long-term by householders,
businesses, and others who generate
waste.

« The uncertainty of markets for recov-
ered materials along with the reluctance
of consumers of recycled goods to sign
long-term purchase contracts (in view of
uncertain  community participation and
the problems associated with recycled
materials meeting market specifica-
tions).

+ The costs of transporting recovered ma-
terials from remote communities to the
fabricating plants of potential pur-
chasers.

+ Inadequate attention by the Federal Gov-
ernment to the innovative design of pro-
grams, incentives, and contaminant con-
trol research so that source separated
materials can meet market specifi-
cations.

« The belief that low-income and urban
householders will not cooperate with
source separation programs.

The rest of this chapter examines these ad-
vantages, disadvantages, and impediments to
source separation and discusses possible pol-
icies for dealing with them. -

The Technical and Revenue
Potentials of Source Separation

Five kinds of programs for source sepa
rating materials are: (i) separate curb-
side collection of materials from residences—
newspapers only or multimaterials (paper,
cans, glass); (ii) multimaterial recovery in
community recycling/reclamation  centers;
(iii) industry sponsored recycling programs;
(iv) office paper recovery programs, and (v)
commercial and industrial source separation
activities. These types of programs make
possible the recovery from the waste stream
of such materials as: newspapers, books and
magazines, corrugated paper, office paper,
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glass containers and other glass, steel con-
tainers, aluminum containers, and yard
waste. The following sections examine source
separation’s potential for recovering materi-
als, saving energy, and earning revenue.

Materials Recovery

The potential of source separation to
achieve its main goals of reducing the flow of
solid waste to disposal and of conserving
natural resources has been estimated by
OTA. This estimate only attempts to convey
the sense of what might be accomplished. It
does not purport to forecast the actual future
levels of source separation activities.

Table 21 shows the amounts of major
source separable materials in MSW along
with estimates of the amounts recoverable at
each of two national average levels of par-
ticipation. * These estimates suggest that at
50-percent participation as much as 37.4 mil-
lion tons, or 27 percent by weight, of the gross
discards of MSW might be recovered. Ac-
cording to estimates by the Environmental
Protection Agency (EPA), only 6.3 million tons
of MSW were actually recycled in 1975.

The potential of source separation may be
underestimated in table 21 because products
such as plastics, paper packaging, and other
paperboard might be added to the list. In ad-
dition, wastes such as miscellaneous glass,
noncontainer iron and steel, and auminum
foil could be recovered with the basic com-
ponents. It should be noted, however, that the
most successful source separation programs
recover only 2 or 3 categories of materials at
a time from the waste stream. A total of 26,1

*Participation is used here to mean the fraction of
each waste component that is recovered. Thus, 25-per-
cent participation would occur if one-fourth of the pop-
ulation recovered all of the recoverable components of
its waste or if half of the population recovered half of
the recoverable components of their waste on the aver-
age. Since the major recoverable components make up
55 percent of total waste (see table 21), 25-percent par-
ticipation in a comprehensive program would result in
recovery of one-fourth of this 55 percent, or about 14
percent of total waste. Likewise, 50-percent participa-
tion would recover about 28 percent of total waste.

million tons of yard wastes have been in-
cluded in table 21. Much of this waste
(leaves, grass clippings, garden waste, etc.)
can be separately recovered for conversion to
compost and mulch, providing both a soil con-
ditioner and a partial substitute for chemical
fertilizer. At even 25-percent participation in
the separate collection of yard waste, the
MSW total could be reduced by 6,5 million
tons (about 5 percent).

From the estimates for recoverable mate-
rials in table 21 it can be seen that while
source separation can substantially reduce a
community’s total wastes, more than half will
still have to be disposed of by other methods.
Thus, source separation can only serve as
part of of a community’s waste management
program,

Energy Savings

In order to produce basic materials (from
virgin or secondary materials) energy is
needed to process and transport fuels, to
mine and process raw materials, to operate
waste collection and separation plants, to
heat and light operating facilities, etc.
Recovering materials for recycling by means
of source separation can save energy. The
energy saved would come from the difference
between the energy needed to produce a
given amount (e.g.,, 1 ton) of a basic raw
material (e. g., steel) from virgin raw mate-
rials and the energy needed to produce an
equal quantity of the same basic material
from recycled raw materials. Estimates of the
potential savings in million 13tu per ton of
recovered materials are summarized in col-
umn 2 of table 22. From the data, it can be
seen that a large amount of energy is saved in
recycling aluminum, somewhat less with steel
and paper, and considerably less with glass.
Table 22 aso shows the energy that could be
saved per ton of waste generated for both 25-
and 50-percent participation in source sepa
ration programs. Energy savings compared
with landfilling range from 0.7 million to 1.4
million Btu per ton of generated waste. (The
interaction of centralized resource recovery
and source separation is discussed later in
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Table 21.-Major Source-Separable Components of MSW, 1975

Amount recoverable
by source separation

Recycling experience in

Amount in MSWa (million tons) 1975 (All methods)a

25% 50%
Material Percent Million tons  participation participation  Million tons “wrecycled
Newspaper .............. $.5 8.9 2.2 45 20
Books and magazines...., 2.3 31 0.78 6 8
Corrugated paper......... 9.2 125 3.1 , L 22
Office paper ..........., .. N 13
Glass containers . ........ - 1:: i H
Steel containers . ......... 4.0 14 2.8 N :
Aluminum containers. . .. 0.4 0.14 0.27 0.08 15
YardWaste.............. 26.0 6.5 13.0
Total major source-

separable materials . . . .. 55.1% 74.2 18.5 37.4 6.3°

source; Table 4 .Latest year forwhich data are available.
Includes all aluminum cans and aluminum parts of bimetallicp cans

An unknown amount of yard waste is collectedsej aratl)‘v]and used as compost or mulch

an additional 1.7 million tons of other materialstrom

SW wererecycledin 1975

NOTE: These estimates assume no action to institute product disposal charges, madatory cotainer deposits, or centralized resource recovery plants.

this chapter. ) For the entire Nation these sav-
ings are equivalent to 0.1 to 0.2 Quad* an-
nually or to 0.14 to 0.28 percent of the Na-
tion’s energy use.

Revenue Potential of Source
Separation Programs

The chief direct economic benefits of
source separation programs are the proceeds
from selling the recovered materials and the
credits for avoiding part of the cost of dis
posal by landfill or other means. In this anal-
ysis, disposa credits are assumed to be pro-
portional to the weight of waste removed,
that is, average landfill costs are used in their
estimation.

The potential gross revenues from source
separation programs can be estimated by
multiplying the estimates of recoverable
guantities of materials in table 21 by esti-
mates of scrap prices. Table 23, which sum-
marizes such revenue estimates for 25- and
5C)-percent program participation, shows that
these are highly dependent both on realizable
scrap prices and on participation. It further
shows that no single waste component pro-
duces a large share of the total revenues,
although various paper types together ac-
count for well over half of them. Depending

*One Quad equals 10°Btu = 1.055 EJ.

on local landfill costs, credits for avoided
disposal costs can be significant.

A complete economic analysis of source
separation must take into consideration all of
the following factors: the direct costs of pro-
motion and collection and the direct benefits
of revenues from recovered materials and
avoided disposal fees; also the indirect costs
of consumer inconvenience and the indirect
benefits of energy and materials savings and
environmental protection. The economic im-
plications of the interactions among source
separation, centralized resource recovery,
and beverage container deposit legislation
must also be considered. No direct cost data
are available for constructing a cost table
analogous to table 23. Cost data for specific
recovery programs are discussed in subse-
guent sections of this chapter.

Status of Source Separation
programs in the United States

Source Separation Methods and
Approaches

Source separation programs vary depend-
ing on the sponsorship, the types of ma-
terials collected, the frequency of collection,
and whether materials are collected at curb-
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Table 22.—Estimated Potentiai Energy savings From Source Separation Programs

Potential energy

Potential energy savings per ton of MSW
generated (million Btu/ton)

savingsa -

Material (million Btu/ton) 25% participation 50% participation
Newspaper.............. 5.2 0.08 0.17
Books and magazines . .. .. 5.2 88§ 0.17
Corrugated paper......... 5.2 . 0.17
Office paper . ............ 5.2 0.08 0.17
Glass containersfd . ....... 12 0.03 0.06
Steel containers.......... 7.8 0.08 0.16
Aluminum containers . .. .. 259.4 0.26 0.52
Yardwaste.............. 0 0Oc w

Total energy savings. . . . 0.69 1.42

OTA estimates based on data in reference(2),(3), and(4).

In this report recovery of yard waste in SOUI'CE separation programs Is assumed to produce only landfill Credits and neither
energy savings norr net revenues. This choice is made becauae yard waste is quite varied seasonally and geographically and
because experts disagree widely about the viability of yard waste utilization or sale. The effects of this choice are to under-
estimate by a small amount the economic and energy potentials of source separation.

side or delivered to a recycling center. Five
methods of source separation are discussed
below: (i) curbside separate collection pro-
grams; (1i) multimaterial recovery in commu-
nity recycling/reclamation centers; (iii) indus-
try sponsored recycling programs; (iv) office
paper recovery; and (v) commercial and in-
dustrial methods of source separation.

Curbside Separate Collection Programs

STATUS

In curbside separate collection programs*
recyclable materials are conveniently col-
lected at curbside, rather than having to be
transported by householders, businesses, or
other generators of waste to a recycling
center. Such programs fall into two cate-
gories, those that collect only one recyclable
material, in most cases some form of waste-
paper; and those that collect two or more. In
a recent survey, EPA estimated that as of
May 1978, there were 218 curbside separate
collection programs in the United States. (See

*This section discusses only curbside collection pro-
grams sponsored by municipalities or private collectors
on a regular basis, There is a significant amount of ac-
tivity, primarily for newspaper, in occasional curbside
collection by voluntary organizations and in house-to-
house collection by private entrepreneurs. No statistics
are available on the extent of this activity, although
total newspaper collection statistics suggest it is large.

48-786 0 - 79 - 6

table 24.) Of the programs surveyed,** 99
percent collected some form of paper (76 per-
cent collected newspaper and 23 percent col-
lected mixed wastepaper), glass was col-
lected by 16 percent, and meta by 14 per-
cent. Collection was the responsibility of
municipalities in 57 percent of the programs
and of private collection firms and communi-
ty organizations in 29 and 12 percent of the
programs, respectively.(5)

In most communities, collection programs
divided household waste into two, three, or
four segments. Division into two segments
separates newspapers from the remaining
waste. (Some cities collect a mixed flat paper
segment instead of newspapers alone. ) Divi-
sion into three segments separates cans and
bottles as well as newspaper from the re-
maining waste; and into four segments sepa-
rates newspapers, clear glass and cans, and
green and brown glass and cans from the re-
maining waste.

The factors a community must weigh in de-
ciding the number of segments to collect in-
clude: anticipated participation, the com-
parative cost of centralized separation, the

A*AS of September 1977, the EPA had identified ZOS

separate collection programs, Only 177 of these con-
tained enough information to be included in the sample.
Since this date, the EPA has located an additional 13
programs. These were not included in the survey,
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Table 23- Estimated Potential Gross Revenues From Servirce
Separtation Programs

Potential Unit

Potential revenue per ton
of MSW generated ($)

revemie
Material ($/ton) 25% participation 50% participation
Newspaper .............. 20-45 0.3390.73 0.88-1.48
Booksand magazines . . ... 0.0%0.12 0.08-0.23
Corrugated paper......... IL? 0.35=1.04 0.702.07
Office paper............. 75-120 0.71-1.14 1.43-2.28
Glass containers .. ...... 20-30 0.48-0.89 0.92=1.38
Steel containers.......... 20-40 0.200.40 0.404.80
Aluminum containers. .. .. 0.30 0.80
Yard waste ...... ..... ..
Total revenues . . . . ... .. 2.384.42 4.77-8.82
Credits for disposal
avoidance............ 2-10 0.28-1.38 0.55-2.76
Grand total
revenues and
credits ............... 2.88-5.80 5.32-11.58
Revenues must be reduced 10 account for freignt.
OTA esto,ates based on various industry sources. Ranges indicate
j~ "% -, ot Y~.-}.Hy~~ ~wrama s aaaumed to produoa only landfill oredlts and n@thW

energy savings nor net revenues. This Choke is made because Yard wasts is quite varied seasonal ly and geographically and
because experts disagree widely about the viability of yard waste utliization or sale. The effects of this cholce are to under.
estimate by « small mount the economic and energy potentials of source separation.

Table 24.—Separate Collection Programs
(Mayio78)
Federal regions of the
United States Numbers of programs
Rqgionle...s" . . . . . ... 48
Region | | 74
Regign 1§y » » « o 12
Region V. ........., ;
~kkkk % jeke@ O K 4
Re@%t-w...ee ... .*%.. $
Raftgnve. . ** .. ?-, $.
@3@@n#f* . * ... KK 2

SOURCE: Based O David |V|. Cohen, Separste Collection Programs: A National
Survay, U.S. EPA, 1878, sppendix B.

value of the materials, and the product de-
mand. Tradeoffs are involved in the decision.
On the one hand, as the number of segments
to be separated is increased there is a drop-,
off in participation and an increase in the
complexity and thus cost of the equipment.
On the other hand, however, the cost of sub-
sequent processing is reduced and the quality
and value of the products improve.

PARTICIPATION

Communities need to be sensitive to trade-
offs between material quality specifications
on the one hand and household convenience
and participation on the other. For example,
programs that require the removal of labels
and metal rings from glass containers, or
residual organic matter from al containers
may seriously deter cooperation. Reduced
participation is traded against the fact that
contaminated materials bring lower prices.

Some communities have designed special
containers for newspaper disposal that are
distributed to each household. Such contain-
ers reduce the time needed by each house-
hold, protect the papers in case of rain, and
help remind each household of the separate
collection program’s objectives. Some pro-
grams, which separate waste into three or
four segments, use a trash receptacle with
several compartments. One such container
was developed by a recycler in New Hamp-
shire and marketed briefly by Sears, Roebuck
& Company.
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Various approaches have been suggested
for increasing the participation in separate
collection programs. One is to provide color-
coded plastic bags for different waste seg-
ments, Another is to charge lower fees for
collection of separated wastes, This latter ap-
proach was tested in an experimental |-year
study by the Seattle Recycling Project under a
grant from the Washington State Department
of Ecology. In one of the project’s test groups
a monetary rebate was offered which was ap-
proximately equal to the estimated reduction
in collection and disposal costs from sepa
rated wastes. One of the study’s conclusions
indicated that while the monetary incentive
was most effective with respect to voluntary
participation at the project’s inception, it did
not have a continuing effect through the en-
tire test period.(6)

To stimulate participation, communities
have also tried a variety of advertising and
public awareness campaigns, Typical meth-
ods include development of a recycling pro-
gram logotype to help citizens identify with
the program, placing information in news-
papers and community newsletters, utilizing
neighborhood organizations to distribute pro-
gram information, buying time on radio and
television to announce the start of programs
or changes in the pickup schedule, posters
featuring program information, community
calendars containing pickup schedules, and/
or a letter to each household from the mayor
or leading city official endorsing the source
separation program. Leadership by elected
officials is important, and personal contact
by community volunteers can help explain
programs and encourage participation,(7)

Another method for increasing public par-
ticipation in separate collection programs is
to pass ordinances that require participation
and levy fines for noncompliance. EPA’S na-
tional survey of separate collection programs
found that 24 percent of the programs sur-
veyed had ordinances mandating that resi-
dents separate recyclable materials from
mixed refuse. It was found that with resi-
dents of similar socioeconomic characteris-
tics, and using the same collection frequency

and publicity campaigns, the likelihood of
participation is greater in mandatory pro-
grams, At the same time, however, most com-
munities indicated that separate collection
ordinances are not strictly enforced owing to
the difficult y of apprehending violators.

Scavengers— unauthorized persons who
pick up recyclable material before the munic-
ipal or private collector arrives—also create
problems for many separate collection pro-
grams, Their impact is the greatest when
scrap material prices are high. Some com-
munities have enacted antiscavenging ordi-
nances, These usually state that it is unlawful
for any unauthorized person or firm to collect
the separated material or materials. Fines for
noncompliance range between $25 and $250.
Such ordinances need not necessarily pre-
vent service, charitable, or religious organi-
zations from collecting such items as news-
papers in volunteer drives.

A number of communities have passed or-
dinances requiring that all collected MSW be
delivered to a specified location as a means of
assuring a steady flow of waste to a central-
ized resource recovery facility, This has been
done, not to protect public health, but to guar-
antee the economic viability of centralized
resource recovery plants in the face of com-
petition from separate collection programs or
lower cost landfill. According to the informa-
tion presented above, it appears that such or-
dinances are unnecessary if adequate 