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PREFACE

Accelerated extraction and continuing scarcity of raw matenals, cou-
pled with environmental and ethical constraints on the disposal of wastes,
has resulted in a steadily increasing interest in the recovery of materials
and energy from solid waste—especially mixed municipal refuse. The
estimates of the rapid development of this field range from phenomenal to
merely impressive.

The problems associated with the extraction of energy and materials
from a heterogeneous and time-variable waste such as municipal refuse has
spawned a discipline known popularly as resource recovery engineering.
The foundations for this profession lie mostly in mining, civil, chemical,
and mechanical engineering, but also draw on the knowledge of biologists,
chemists, and social scientists. In the sense that knowledge from many and
diverse fields must be borrowed in order to accomplish the recovery of
resources from wastes, it clearly is a “dirty” profession with few externali-
ties. : :

The objective of this book is to borrow the necessary knowledge from
these diverse sources so as to develop a comprehensive text on resource
recovery engineering. We wanted this book to be more than a review of
existing descriptive information on resource recovery facilities, and thus
introduce the various materials separation and energy recovery operations
from a fundamental viewpoint. Accordingly, this book provides the basic
information for a rigorous analysis of the unit operations which can then
be designed to develop complete resource recovery processes.

This book is not intended primarily to be a basic text on solid waste
engineering, although the subjects of collection, landfills, and other stan-
dard solid waste topics are covered. This coverage is, however, more
analytical than descriptive, and instructors wishing to use the book as a
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first text would probably find supplemental descriptive materials such as
published by the Environmental Protection Agency to be useful.

The initial impetus for this book originated while the authors were
working on a National Science Foundation grant for the development of
course materials in resource recovery engineering. Much of the text by the
senior cuthor was prepared while he was on sabbatical leave as a Fulbright
Senior Lecturer at the University of Waikato, in Hamilton, New Zealand.
The cooperation and enthusiastic support of the University and especially
Mr. Tom Fookes, the executive director of the Environmental Studies
Unit, is greatly appreciated.

The initial impetus for this book originated while the authors were
working on a National Science Foundation grant for the development of
course materials in resource recovery engineering. Much of the text by the
senior author was prepared while he was on sabbatical leave as a Fulbright
Senior Lecturer at the University of Waikato, in Hamilton, New Zealand.
The cooperation and enthusiastic support of the University and especially
Mr. Tom Fookes, the executive director of the Environmental Studies
Unit, is greatly appreciated.

Portions of the manuscript were reviewed and criticised by Ernst
Schioemann, Charles O. Velzy, Jerry L. Jones, Raymond Ragan and L. G.
Austin. In addition, many of our students at Duke contributed construc-
tive suggestions, and their perspective was of significant value.

Erom the onset, the authors received valuable guidance and editorial
assistance from their colleague, George W. Pearsall. His comments on and
wholesale rewrites of some sections of the book were of immeasurable
value, and his participation in this effort is gratefully acknowledged. Much
of the typing and general organization of the manuscript was done by Ms.
Judy Edwards, to whem we extend our appreciation.

P. A. Vesilind
A. E. Rimer
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SOLID WASTE
CHARACTERISTICS,
PRODUCTION,

AND POTENTIAL
FOR RESOURCE
RECOVERY

HISTORICAL BACKGROUND

The emergence of the industrial age fostered the science of economics,
and prompted many leading thinkers to attempt to bring rational order to
the seemingly chaotic world around them. The rationalism that resulted led
to the common belief that trends could be understood—and decisions
made—best on the basis of numbers. This substitution of the quantitative
for the qualitative still pervades modern society and influences our entire
set of attitudes toward resources and how they should be distributed.
Adam Smith, through his concept of “the invisible hand,” introduced an
element of positive faith and optimism. However, his efforts were over-
shadowed by a number of pessimists—analysts who predicted continuing
misery, poverty, exploitation, and class discrimination. Ricardo, with his
“iron law of wages,” held that wages for the working people would always
remain at the poverty level, since any increase in wages would resuit in a
commensyrate increase in population, and this would once again drive
wages down.

Equally pessimistic was the view held by Thomas Malthus, who in 1798
reasoned that since population growth is geometric and the increased
production of food is arithmetic, a famine must result. This “law of
population” was part of the “laissez-faire” school of economic liberalism,
and was in great part responsible for the earned reputation of economics
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as a “dismal science.” Malthus held that overpopulation can be prevented
only by two types of checks: positive and preventive. Numbered among
the former are wars, pl and similar disasters. Preventative checks
include abstention from jmarriage, himitations on the number of children,
and the like. Although the latter 1s clearly preferable, Malthus had httle
hope for the world, and+insistE8 that the poor were a,pthors of their own
poverty,” simply because they faled to use ‘the’ preventive checks on
population growth.

This thesis was widely believed for nﬁny years and held as basic
economic dogma. But as populations grew, widespread famine and de-
privation was avoided, and Malthus’s wmmgs fell from favor Economusts
began to think of, Malthus as an econozmc anachronism—to be studied,
but only in the historical tontext. Technology, the new God, was able to
preserve order, avert disaster, and iead us mto the prqmsed land.

This optinusm was widefy shared durin the Rimeteenth and well into
the twentieth century, with only a few d15q;uetmg voiges. Thoreau’s dis-
trust of things technical was tolerated with-bemusemeat as the ramblings
of an ungrateful crackpot.

In the later 1950s and 1960s, a few more voices in the wilderness
became audible. Paul Erlich, with his grand overstatements and predict-
tons of doomsday, seemed strangely remimscent of Malthus. Barry Com-
moner became the first public ecologist, and helped promote the feeling of
disquiet. Slowly, through the 1960s, the pubhc became convinced that
there may indced be something to this “doomsday” talk.

The most respected and well-publicized voice of pessimism became an
interdisciplinary group of scientists at MIT. Funded by the Club of Rome,
a group of concerned industrialists, this group of talented scientists and
engineers developed a computer model of the world, based on projections
of pollution, agricultural production, availability of natural resources,
industrial production, and population. Their ambitious undertaking, led by
Dennis Meadows and Jay Forrester, resulted in the publication of the final
report, which indicated that even our most optimistic projections will
eventually lead to the onset of famine, wars, and the destruction of our
cconomic system [1]. It was, in short, a dismal outlook. Malthus would
have been pleased.

The Meadows report has been criticized for inaccuracies and musinter-
pretations, and some of these accusations appear to be vahd. Indeed, a
revised model has shown an increased chance for world survival [2] and
more accurate data would seem to reduce the level of pessimism.

Nevertheless, the dismal outlook of Malthus 1s reaffirmed by Meadows,
and we are beginning to realize that our planet is fimte—that it has only
limited resources and living space. The scarcity of land and nonrenewable
resources could indeed have the ultimate devastating effect envisioned by
Malthus and now once again suggested by Meadows At the very least, the

-
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concern is real, and we should begin to seek alternative life systems in
order to have more assurance that these disasters can be avoided.

One (of many) possible potentially beneficial alternatives toward global
stability is to eliminate the solid wastes generated by our materialistic
society which are now deposited on increasingly scarce land. The recovery
of these resources from solid waste would be a positive step toward
establishing a balanced world system where society is no longer dependent
on extraction of scarce natural ores and fuels. It seems quite clear that
society has to adapt, using less technology in some instances, more in
others, in order to achieve this balance. The technology and philosophy
necessary for the implementation of resource recovery is the topic of this
text.

MATERIALS FLOW IN SOCIETY

Reasons for Resource Recovery

The flow of materials in our society may be illustrated by the schematic
diagram shown in Fig. 1-1. This diagram emphasizes the fact that we do
not “consume” materials; we merely use them and ultimately retuzg them,
often in an altered state, to the environment. The production of useful
goods for eventual use by those people called “consumers” requires an
input of materials. These materials originate from one of three sources:
raw materials, which are gleaned from the face of the earth and used for
the manufacture of products; scrap materials produced in the manufactur-
ing operation; and materials recovered after the product has been used.
The industrial operations are not totally efficient, and thus produce some
waste which must be disposed of. The resulting processed goods are seld to
the users of the products, who, in turn, have three options after use: to
dispose of this material: to collect the material in sufficient quantities to
either use 1t for energy production or to recycle it back into the industrial
sector; or to reuse the material for the same or a different purpose without
remanufacture.

It 1s instructive to note that this is a closed system, with only one input
and one output, emphasizing again the finite nature of our world. Ai
steady state, the materials injected into the process must equal the materi-
als disposal back into the environment. This process applies to the sum of
all materials as well as to certain specific matenals. For example. the
manufacture of aluminum beverage containers invoives the use of raw
material—bauxite ore-—which is refined to produce aluminum, The
finished product-—the cans---are sold to the consumers. Some of these
cans are defective or for other reasons unfit for consumer use and are
recycled as industrial scrap. The consumer uses the cans, and the empty
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containers or other products are disposed of in the usual manner. Some of
this aluminum is returned to the industrial sector (for remanufacture) and
some of it might be used for other purposes in the home. The aluminum
that is recovered and returned to the manufacturing process gets there only
by a conscious effort by the community or other organizations which
collect and recycle the material through the system. For many of the
materials, this is often at a financial loss.

The interaction of the materials flow with the “environment™ is at the
input of raw materials and the deposition of wastes. In Fig. 1-1 these two
interfaces are denoted by the letter “A™ for raw materials and by the letter
“B” for the materials returned to the environment.

It can be argued that both A and B should be as large as possible since
there are many benefits to be gained by increasiug these values. For
example, a large quantity of raw materials injected into the manufacturing
process represents a high rate of employment in the raw materials industry,
which can have a residual effect of creating cheaper raw materials and thus
reducing the cost of manufacturing.

A large B component is also beneficial in the sense that the waste
disposal industry (which includes people as diverse as the local trash
collector and the president of a large firm that manufactures heavy
equipment for landfills) has a key interest in the quantity of materials that
people dispose of. Thus a large B component would mean more jobs in this
industry.

However, large A and B components also have detrimental effects. In
the first place, a large raw material input means that great quantities of
nonreplenishable raw materials are extracted (often using something less
than environmentally sensitive methods, as exemplified by the present
method of strip mining). Similarly, large quantities of waste can have a
significant detrimental effect, in that wide land areas are being used for
disposal of the waste, or that burning the waste in incinerators can result in
serious air pollution problems in local situations.

A high rate of raw material extraction can eventually lead to a problem
in the depletion of natural resources. At the present time in the United
States we have already exhausted our domestic supplies of some nonre-
plenishable materials, such as copper, zinc, and tin, and are importing a
substantial fraction of these materials [3}. It is obvious that if the rest of
the world were to attain the standard of living that the develcped nations
have at the present, the raw materials supply would not be adequate to
meet the demand. Qur present life-style is based on obtauining these
materials from concentrated sources (ores), and in using them we are
distributing the products over a wide land area. Such.a distribution
obviously makes recovery and reuse difficult. '

Finally, the question of national security for each country is predicated
on the nation’s ability to obtain reliable supplies of raw materials. We



4

6 Ch. 1 / Solid Waste Characteristics and Potential for Resource -Recovery
/

already have seen the problems that can be created by relying on other
countries for such necessities as oil. There is little doubt that cartels will be
developed by nations that have large deposits of other nonreplenishable
materials, and that in the future the cost of such products as aluminum,
tin, and rubber will increase substantially.

There is thus ample justification for reducing the wastes disposed of into
the environment to the smallest quantities practical and we should clearly
try to redesign our economic system to achieve this end.

Methods of Decreasing Raw Material Use and the
Production of Waste Quantities

It is clear from Fig. 1-1 that if the system is in steady state, the input
must equal the output. Hence a reduction of either A or B necessarily
results in a concomitant reduction in the other. In other words, it is
possible to attack the problemr in two ways.

Looking first at the A component, a reduction in raw materials demand
could be achieved by increasing the amount of industrial scrap re-
processed, by decreasing the amount of manufactured goods, or by in-
creasing the amount of recovered matérials from the postconsumer waste
stream. Increasing industrial scrap would involve increasing either “home
scrap” (waste material reused within an industrial plant) or “prompt
industrial scrap” (clean, segregated industrial wast¢ material used im-
mediately by another company). But scrap represents inefficiency, and an
ultimate goal of industry is to produce as little scrap as possible. Clearly,
decreasing the demand for raw materials will requxre one of the other two
approaches.

The second possibility for achieving a low use of raw matenals is to
decrease the amount of manufactured goods. This will necessitate a rede-
sign of products in such a way as to use less material and less energy. The
quantity of material used for manufactured goods might be reduced as a
result of increased raw material cost, or it can b¢ mandated by the
government. Under the name “waste reduction,” the federal government
has evaluated several methods of legislating a lower rate of material use.
Taxes on excessive packaging, a package charge (e.g., 1 cent/Ib), manda-
tory longer life of manufactured products, and other options have been
considered. ‘

The third possibility is to increase the recovery of materials. If this is
accomplished, the total amount of consumer goods produced and the
amount of goods manufactured by industry need not be reduced, but it
would be possible to reduce the raw materials input to this system and
concurrently to reduce the amount of materials destined for disposal. This
strategy seems not only feasible but economically, politically, and practi-
cally attractive.
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Looking at the other end of Fig. 1-1, the disposal fraction, 1t is clear that
the only two methods of reducing the quantity of materials to be disposed
of is to increase the recovery and/or the reuse component, or to increase
the use of waste for the production of energy. As defined in the figure, a
reused product is one that the consumer can put to some other or to
repeated use without the product going back to the manufacturer. On the
other hand, the recovery of a matenal involves the remanufacture or
processing of that material by industry. Both increased reuse and recovery
will result in decreased raw material use. Increased use of waste for energy
production will, on the other hand, only reduce the disposal quantities and
will only indirectly affect raw material extraction.

In summary, it thus seems reasonable that the feasible options for
achieving reduced material use and waste generation is by

1. Waste reduction.
2. Increased recovery.

3. Increased reuse.
The following paragraphs are devoted to a discussion of each of these
potential methods of achieving reduction of solid waste and the use of
natural resources.

Waste reduction

The savings in material use due to waste reduction programs could be
significant. For example, an 80% shift to refillable beer and soft drink
containers, which would have 18 trips to the bottling plant and back, is not
unreasonable under the Oregon-type bottle legislation. Better automobile
tires, which would last 100,000 to 130,000 km (60,000 to 80,000 mi), instead
of the present 30,000 km (20,000 mi), certainly seem to be in the future. In
almost all cases, products can be redesigned to produce a 10 to 15%
increase in their life, at very minimal cost.

If just those three goals were achieved (refillable beverage contatners,
better tires, and longer product life), a reduction of 18 million tonnes* (20
million tons) of postconsumer waste, or a 15% reduction in the 1985
projected waste generation figures, is possible [4].

Waste reduction can be achieved in two basic ways: (1) reduction in the
amount of material used per product without sacrificing the utility of that
product and/or (2) increasing the lifetime of a product.

The reduction in material use per product can probably be achieved
most readily by redesigning some of the packaging that is presently used in
the marketing operation. For example, a drawn and ironed steel can result
in a savings of about 25 to 30% in materials over the common seamed tin
can. Redesign of the automobile to reduce by 5% the steel presently used

**“Tons” in this text means 2000 1b, and “tonnes” means 1000 kg.
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would result in about 315,000 tonnes (350,000 1tons) of steel saved annu-
ally.

The car can also be used as an example of what would occur if longer
life is achieved. The average life of a passenger car in the United States is
about 10 years (much less than in other countries). The average weight of a
car is about 1800 kg (4000 1b) and increasing the life by only 2 years, to an
expected life of about 12 years by the year 1990, will achieve a savings of
about 5.4 million tonnes (6 million tons) of steel, 135,000 tonnes (150,000
tons) of aluminum, and 135,000 tonnes (150,000 tons) of zinc. ‘

It should be reemphasized that such reductions and changes in product
materials and design will undoubtedly produce some economic ramifica-
tions, Such rules and regulations, if enacted, must be drawn up with the
full knowledge that economic repercussions will result.

Reuse

At the present time, many of our products are reused in the home
without much thought being given to ethical considerations. These prod-
ucts simply have utility and value for more than one purpose. For example,
paper bags obtained in the supermarket are often used to pack refuse for
transport from the house to the trash can. Newspapers are rolled up to
make fireplace logs, and coffee cans are used to hold nails. All of these are
examples of reuse. Unfortunately, none of these secondary uses has much
economic impact on the total quantities of raw material used by our
society.

By contrast, the use of refillable beverage contamcrs .would constitute a
‘major form of reuse. At the present time in the United States, there are
about 60 billion beer and soft drink containers sold annually. This trans-
lates into about 8 million tonnes (9 million tons) of solid waste, or about
8% of the solid waste stream. More important perhaps is the fact that these
products account for a large fraction of our visible litter.

The advisability of an Oregon-type bottle law is still hotly debated. The
bottling industries are vehemently against it, because such a law would
force changes in their. bottling and distributing strategies. Most environ-
mental groups, as well as the EPA, are in favor of such legislation.

Materials recovery ’ \

Many of the components of municipal solid waste can be recovered and
recycled for subsequent use, the most important being paper, steel,
aluminum, and glass.

About 54 million tonnes (60 million tons) of paper enter the solid waste
stream annually, and only about 15% of this is recovered. It is estimated
that about 27 million tonnes (30 million tons) per year could be recovered
economically from the solid waste stream without the use of new and
advanced technology.



