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INTRODUCTION TO THE SOLID WASTE PROBLEM

It is estimated that the amount of
solid waste generated daily in this coun-
try averages between 1.18 and 1.81 kilo-
grams (2.6 to 4 pounds) for each person.
The exact estimate within this range de-
pends on the authority quoted. Even at
the lower estimate, the total mass of ma-
.terial to be handled is overwhelming and
the average per person, as well as the
total, is increasing. The material comes
from many sources and with a great diver-
sity of physical form and chemical com-
position.

Contributing to the problem is the
fact that, concurrent with-the steadily
increasing mass of solid waste for dis-
posal, traditional methods of disposal
are becoming less and less acceptable
socially and environmentally, or eco-
nomically practical. The reasons are
many and include a complex interaction
of political, environmental, legal, so-
cial, economic, and technical considera-
tions .

Disposal of solid waste is one of
the most difficult and frustrating prob-
lems facing municipal authorities.

WHY ENERGY AND RESOURCE RECOVERY FROM
SOLID WASTE?

For many decades our concern with
solid waste has concentrated on disposal.
The attitude has been: Get rid of it —
somehow, somewhere. Only recently have
we begun to focus attention on its uti-
lization. A growing awareness is develop-
ing that we as a nation are consuming our
nonrenewable metal, mineral, and energy
resources at a rate faster tha'n population
growth. A logical result of this aware-
ness is the realization that solid waste
is in itself a resource; we are discarding
via the garbage can a high proportion of
our primary resources.

The combination of the growing unac-
ceptability of traditional disposal me-
thods along with the need to conserve the
nation's resources has spurred efforts to
exploit solid waste. Initially, efforts
were concerned with recovering materials:
ferrous and nonferrous metals, glass, and
paper. The current energy shortage helped
stimulate a further awareness that the
high percentage of organic material in-
cluding soiled paper .in solid waste re-
presents an energy resource. More recent
utilization efforts, therefore, have in-
cluded the development of ways to recover
effectively the energy resources inherent
in solid waste.

Although it makes good sense to re-
cover energy and materials from solid

waste, many problems remain to be solved
before such recovery can be practiced
widely, efficiently, and economically.
The investigation in this report is an
attempt to help solve some of these prob-
lems .

PARAMETERS OF THE STUDY

Emphasis in this study is primarily
on energy recovery from solid waste. How-
ever, it is virtually impossible to con-
sider energy recovery techniques without
also considering the recovery of materials.
In many instances, both types of recovery
will be necessary for an economically vi-
able process. In general, however, re-
source recovery is given somewhat less
emphasis in this study.

The collection of solid waste is
considered to be outside the scope of
this study and is not treated in any de-
tail. There are several reasons for this.
First, much excellent work already has
been done on the collection problem. Se-
cond, the need for collection is not uni-
que to energy and resource recovery; it
still must be done for traditional dis-
posal practices, and collection methods
will not differ too much in either case.
Third, as a nation-wide average, the col-
lection of solid waste costs about $45
per ton' and represents about 80 percent
of the total for present traditional dis-
posal costs. However, current trends in
disposal costs are such that collection
undoubtedly will represent a much smaller
proportion of total solid waste handling
costs in the future. The design group
concluded, therefore, that it was best to
restrict the study efforts to the re-
covery technologies.

Solid waste, as treated in this study,
consists of what generally is known as
Mixed Municipal Refuse (MMR). It is what
the municipality normally picks up at the
curb of residences and from commercial and
institutional buildings.

Sewage treatment and the handling of
industrial wastes are specifically excluded
from this study.

THE APPROACH FOLLOWED

In carrying out the study, we have
attempted first to identify the various
nontechnical aspects of the solid waste
problem: political, environmental, legal,
social, and economic. It is recognized
that the dividing line between nontechni-
cal and technical problems sometimes is
vague, and we have attempted to show the



interactions between the two.

Insofar as possible, we have tried
to identify all of the publicly known
techniques or processes for recovering
energy or materials products from solid
waste. At least 50 processes exist for
the conversion and recovery of energy
products and these can be categorized
broadly as incineration, pyrolysis, or
biodegradation processes. Numerous
variations are possible within each
broad category.

Energy products may be in the form
of solids, liquids, or gases -- or energy
may be recovered more directly as hot wa-
ter or steam. Some processes recover com-
binations of these several types of energy
products. The form, or forms, of energy
and other products recovered depend on
the type of process, its operating con-
ditions, and economic factors.

All levels of technical development
are represented by the many different
processes available. Some are still in
the R & D stage and some are in pilot
plant testing. In some instances com-
mercial-scale facilities are under con-
struction, and several commercial-scale
units are completed and in operation.

These various levels of develop-
ment and the different capacities in-
volved make comparative evaluations
difficult. However, we have attempted
to compare the technical and economic

characteristics of the different pro-
cesses -- including their social, en-
vironmental, and related considerations
-- on as nearly an equitable basis as
possible. Where data do not exist, or
are proprietary, we have exercised our
best engineering judgment when making
estimates.

Along with this activity, a con-
cept for a new pyrolysis process was
developed and is suggested for further
research.

Various aspects of the marketing
situation and other utilization fac-
tors relating to the different energy
and recovered products are analyzed and
discussed.

As the study progressed, it became
evident that no single conversion pro-
cess was superior to all others as an
answer to the solid waste problem un-
der all conditions. The choice of ap-
propriate conversion process for energy
and resource recovery is highly sensi-
tive to the local situation. The study
group therefore developed, and describes
in this report, a decision, model em-
ploying the systems approach. It be-
lieves that this model will be helpful
to municipal authorities in selecting
from among the many alternatives available
the best route to follow -- energy re-
covery, materials recovery, or both --
and the conversion process best suited
to their particular local situations.



SOCIAL ASPECTS OF SOLID WASTE MANAGEMENT

The social-, political, environmen-
tal, and legal aspects of solid waste
which we believe would either encourage
or discourage the implementation of
energy generation and resource recovery
are summarized in this chapter.

The social and political factors
which encourage or discourage energy
and resource recovery are summarized
in Table 2-1. Social attitudes and
political problems are intimately in-
terrelated and both' are closely tied
to cost factors. Citizen's attitudes
are closely associated wi£h their de-
gree of knowledge of the problem of
solid waste (which is in part locality
dependent). Ordinarily, citizens do
not think much about garbage unless,
of course, a collector's strike finds
them with a surplus of this commodity.
The average citizen's concern with
garbage ends at the curb. A nationwide
survey of metropolitan housewives re-
vealed that over 30 percent of them did
not have any idea what happened to their
solid waste after it was collected.

TABLE 2-1
SOCIAL AND POLITICAL FACTORS

ENCOURAGING

1. Energy and 1.
resource
shortages
as a solu-
tion to 2.
solid
waste dis-
posal 3.

2. Concern on
part of
some citi- 4.
zens re-
garding
limited
resources

3. Pressure
from en-
vironmen-
tal groups

DISCOURAGING

Citizen attitude toward
solid waste problem —
non crisis

Maintenance of political
stability

Lack of comprehensive
planning in site selec-
tion

Resistance to change in
lifestyle source sep-
aration, separate col-
lection, disposal bot-
tles, changes in con-
venience packaging

Reluctance to pay in-
creased costs of alter-
nate disposal systems

Although most citizens now believe
that we do have an energy shortage, few
are aware that technology exists to re-
cover energy from their own garbage.
Wider dissemination of this information
could be expected to encourage energy
recovery from refuse if the economics
of such a procedure are competitive with
current practices. Possibly, local en-
vironmental groups might serve as a
means to disseminate this information.
However, any innovative system could be

expected to encounter opposition if it
poses the threat of additional cost or
a change in lifestyle (e. g. source se-
paration, changes in convenience pack-
aging) .

Municipal refuse is usually a low
priority item with local decision makers;
their main concern is also the short-
term problem of collection and disposal.
In most cities, collection alone is a
big enough job. I£>cal officials fre-
quently do not have the time, funding,
or manpower for long-range planning un-
less a local disposal crisis exists. In
addition, unless a crisis exists, any
change from existing disposal methods
may present an immediate political lia-
bility to elected officials.

Although insufficient information
exists to generalize about local de-
cision makers' attitudes toward energy
and resource recovery from refuse, we
have found that local decision makers
and waste managers do demand certain
requirements of any waste disposal sys-
tem. First, and most important, a dis-
posal system, must be reliable and of
proven technology. Unproven processes
could only be expected to be implemented
as pilot plants in areas with acute dis-
posal problems, and then only as supple-
ments to existing methods. Second, any
disposal method (including energy recovery
systems) must not cost substantially more
than current practices.

The environmental factors which en-
courage or discourage energy and resource
recovery are summarized in Table 2-2.
Environmental constraints in the form
of Federal, state, and local regulations
provide a significant and immediate mo-
tivating force to clean up our environ-
ment. The underlying rationale for most
environmental legislation has been a
concern for public health. Environmen-
tal regulations seek to minimize or eli-
minate the potential health hazards that
have been directly attributed to pollution.

Many past and some current waste
disposal practices such as open dumps,
open burning, and "unsanitary" sanitary
landfills have made significant contri-
butions to air and water pollution. Pre-
sent and pending regulations and restric-
tions of these methods,, as well as air and
water quality standards, all demand change
from "dirty" waste disposal practices for
municipalities and industrial concerns.
The legal constraints to clean up our en-
vironment and the realization of a real
energy shortage are expected to be fac-
tors which will encourage the develop-
ment and implementation of processes to
recover energy from solid waste. Any pro-
posed installation to recover energy from



solid waste will have to meet the same
state and Federal air and water quality
standards for emissions as any other in-
dustrial plant. If the energy genera-
ting process represents a hybrid between
conventional systems and new "energy
from refuse technology" it may be sub-
ject to additional or unique combina-
tions of existing regulations.

TABLE 2-2
ENVIRONMENTAL FACTORS

TABLE 2-3
LEGAL FACTORS

1.

2.

DISCOURAGING

Lack of enfor-
cement of pre-
sent air, water,
landfill stan-
dards

Citizen attitude
of unlimited re-
sources

Public ignorance
of environmental
problems

ENCOURAGING

1. Present restric-
.tions on landfills

2. Ocean dumping re-
strictions—present
and pending

3. Air and water
standards—present
and pending

4. Limited nature of
resources

5. Potential public
health hazards of
current practices

The legal factors which encourage or
discourage energy and resource recovery
are summarized in Table 2-3. Among the
legal considerations which an energy re-
covery plant should consider are the pro-
blems associated with the ownership, mar-
keting, and freight rates of recycled re-
sources. The economic viability of most
proposed processes depends on the extrac-
tion of at least some secondary materials.
In fact, it may be the credits for these
recycled goods that will make an energy
recovery system competitive with current
waste disposal practices.

Federal interest in energy and re-
source recovery dates back to the enact-
ment of the Solid'Waste Disposal Act of
1965, as amended by the Resource Recovery
Act of 1970. These laws establish as
national goals the development of better
technology for the recovery of secondary
materials and energy from solid waste.
More importantly, they provide Federal
funding for" demonstration grants -and-
implement preferential Federal procure-
ment policies for some goods manufac-
tured from recycled resources.

Federal freight rate policies have
long been known to discriminate against
certain categories of recycled material'
with respect to virgin materials. These
policies are currently under review by
the ICC, and those found to discriminate
against recycled materials will be con-
sidered for change.

1.

ENCOURAGING

Federal de-
monstration
grants

2. Federal pro-
curement
policies

3. Federal con-
siderations
for policy
changes in:
A. Freight

rates
Tax po-
licies
Tax sta-
tus of
bonds
Product
design
legis-
lation

B.

DISCOURAGING

1. Federal freight rate
policies

2. Natural gas regula-
tions

3. Federal tax policies

4. Tax free status of mu-
nicipal bonds used in
public/private systems

5. Metropolitan area wide
disposal systems needed
for efficient operation

6. Short term municipal
contracts

7. Exclusive franchises

8. Product liability as
an unknown

9. Lack of product design
legislation to alter
composting of solid
waste and encourage
resource recovery

The secondary materials industry has
begun to lobby for more equitable policies
in the areas of depletion allowances and
special capital gains treatment which have
long been extended to producers of certain
nonrenewable virgin resources. Policy
changes advantageous to the secondary ma-
terials industry in both these areas of
major concern, would be expected to stimu-
late indirectly the implementation of more
energy recovery from refuse.

On the other hand, there are a number
of Federal governmental factors which tend
to discourage energy and resource recovery.
The Federally fixed price of interstate
natural gas may force any refuse-derived
fuel to compete at an unnaturally low price.
(State and local fuel price setting may
also have this same affect). Federal tax
policies which give advantages to virgin
raw materials over recycled raw materials
will also have a detrimental effect if not
changed.

A recent ruling by the Internal Re-
venue Service that interest from municipal
bonds used by public/private partnership
systems are not income tax free may make
financing of proposed installations more
difficult. A number of local policies and
laws also discourage energy and resource
recovery. Among them are the following:

1. The need to create area-wide



disposal authority systems in order to
supply the 453 metric ton per day of re-
fuse required for efficient and economi-
cally practical energy recovery systems.

2. Short-term contract limitations
(usually 5 years) imposed by many city
charters may prevent the long-term arran-
gements required by many industries.

3. Exclusive franchises already
granted by municipalities which may ham-
per the sale of recovered resources.

4. Unknown legal status of product
liability for products produced from re-
fuse may hamper the sales of these pro-
ducts to industry.

To encourage resource and energy re-
covery from solid waste, we offer the
following recommendations for change in
existing policies.

1. Eliminate tax and freight rate
advantages presently given virgin ma-
terials in order to make secondary ma-
terials more competitive and help con-
serve limited natural resources.

2. Subsidize research on resource

recovery from solid waste.

3. Impose an excise tax on all
virgin resources used to encourage use
of secondary materials.

4. Implement governmental stan-
dards on product design and product re-
liability of products.

5. Adopt deposit (Oregon) legisla-
tion for the beverage industry.

6. Establish disposability stan-
dards for products. All products pro-
duced should have a disposal method. For
certain products (e. g., automobiles and
domestic appliances) it may be necessary
to set disposal taxes or bonds which
would be included in the original retail
price of the product.

7. Provide Federal grants-in-aid
to communities to help establish solid
waste management systems.

8. Implement all present environ-
mental standards relating to air, water,
and landfills. Implementation of these
standards would encourage the adoption
of energy and resource recovery systems.



TECHNICAL ASPECTS OF ENERGY RECOVERY FROM SOLID WASTE

The use of solid waste as energy
could provide a small percentage of this
country's total energy demand. Based on
an energy content of solid waste of approxi-
mately 1.165 x 107 joule/kilogram (5000
Btu/pound) the energy from solid waste
could provide a fuel equivalent to 25 per-
cent of our annual consumption of natural
gas or about 2 percent of our current
fossil fuel consumption (ref. 3-1). On
a more local basis, the energy from a
community's solid waste could be used to
provide up to 20 percent of that community's
electrical power requirements. Locally,
the recovery of energy from solid waste
appears to contribute a significant amount
to the total energy picture, but for many
communities, the energy recovery will be
a secondary advantage. The primary ad-
vantage will be the virtual elimination of
the solid waste disposal problem.

ENERGY RECOVERY CONCEPTS

Energy recovery from solid waste is
a relatively new concept, precipitated by
the shortage of sanitary landfills in highly
populated areas, by public concern over the
location and presence of landfills, and
to a lesser extent, by the recent energy
crisis. The traditional disposal methods
are shown schematically in Figure 3-1. The
three methods shown are open dumping, sani-
tary landfill, and incineration. There are
many disadvantages associated with each
of these alternatives, and many of these
have been discussed previously.

Not one of these methods is totally
acceptable as a solution to the solid
waste problem. Sanitary landfills are
generally the cheapest means of disposing
of the solid waste. Consequently, systems
which recover energy from solid waste are
often compared to sanitary landfill costs
and will probably have to compete economi-
cally with landfill disposal methods to be
considered by many communities. The
following is a discussion of sanitary land-
fills and the economics of this waste-
disposal method. Incineration costs are
discussed in the Midwest Institute Report,
(ref. 3-2) and will not be discussed in
detail in this report.

Sanitary landfills receive the bulk
of the refuse generated in this country.
Close-in sites are usually the cheapest
means of disposal of Mixed Municipal Refuse
(MMR), but land is becoming less available
for disposal sites in large metropolitan
areas. This means that remote disposal
areas must be found. Remote sites make the
disposal cost of MMR greater because of
increased transportation and time. The eco-
nomics of both close-in and remote landfills
vary with capacity. Expected disposal
costs may range from $3.10/metric ton ($2.81/
ton) for a 227 metric ton/day (250 ton/day)
capacity to $2.65/metric ton ($2.41/ton)
for an 1814 metric ton day (2000 ton/day)
capacity, for a close-in disposal site.

The costs for remote landfill (100 miles
from the collection area) are considerably
higher. The range is from $6.87/metric ton
($6.25/ton) to $6.25/metric ton ($5.67/ton),

SOURCE
MATERIAL

PRE-CONVERSION
PROCESSING

CONVERSION
PROCESSES

POST-CONVERSION
PROCESSING

RAW
PRODUCTS

FINAL
DISPOSITION

FIGURE 3-1
CONVENTIONAL METHODS OF REFUSE DISPOSAL



for the same capacities given for the close-
in landfill. These cost estimates for
sanitary landfill disposal are taken from
the Midwest Research Institute Report (ref.
3-2) and may be considered as typical costs.
Local land, labor, and transportation costs
could cause some deviation from these
economic data.

As an alternative to landfill or in-
cineration of the raw refuse, some pro-
cessing could be performed, either for
the purpose of materials recovery or simply
for the purpose of rendering the refuse
more acceptable for sanitary landfill. If
additional separation, drying, and grinding
steps are performed, a solid fuel could be
obtained. These various routes are shown
in Figure 3-2.

Resource recovery systems are front-
end or pre-conversion process systems which
will recover metals, glass, and other use-
ful materials. After recovery, the remain-
ing products in the MMR could either be
landfilled or incinerated.

If energy from refuse is desired, several
conversion alternatives are available. The
broad categories are incineration, pyroly-
sis, and biodegradation. Each of these
methods is discussed in the following sec-
tions.

Incineration of refuse in this country,
historically, has been plagued with prob-
lems. The incinerators polluted the atmos-
phere with undesirable gases and solid par-
ticulates, obnoxious odors, and unburned
refuse. They were expensive to operate
and were generally not accepted by the
public. Only a relatively small number

(less than 200) of municipal incinerators
were still in operation in the U. S. in •
1972 (ref. 3-1).

The newer incineration processes, with
energy recovery, are better designed and
should improve on all of the above negative
characteristics of incinerators. Figure
3-3 is a schematic illustration of the
possible incineration routes for energy
recovery. In general, they are direct in-
cineration of refuse alone, and the use
of refuse as a supplemental fuel.
Materials recovery can occur before or
after the conversion process, depending
on the resources desired. A number of
products are possible from the incinera-
tion conversion process, the most im-
portant probably being steam.

Pyrolysis is defined as destructive
distillation, or thermal decomposition,
without complete combustion. Figure 3-4
is a schematic illustration of pyrolysis
conversion processes. Pyrolysis products
may consist of storeable gaseous, liquid,
or solid fuels, and resource recovery may
occur before or after the conversion pro-
cess, again depending on the resources de-
sired.

Biodegradation conversion routes are
shown schematically in Figure 3-5. The
two broad categories are biochemical and
biological conversion, and several products
are possible, including gases, liquids,
and solids.

SOURCE
MATERIAL

PRE CONVERSION
PROCESSING

CONVERSION
PROCESSES

POST-CONVERSION
PROCESSING

SIZE REDUCTION
(VARIOUS PROCESSES)

SEPARATION
(VARIOUS PROCESSES)

ADDITIONAL GRINDING
AND DRYING STEPS

RAW
PRODUCTS

FINAL
DISPOSITION

(ENERGY)

FIGURE 3-2
REFUSE PRE-CONVERSION PROCESSING ROUTES
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MATERIAL

PRE-CONVERSION
PROCESSING

INCINERATION
CONVERSION
PROCESSES

POST CONVERSION
PROCESSING

RAW
PRODUCTS

FINAL
DISPOSITION

IF NO
PRE-CONVERSION

SEPARATION

FIGURE 3-3
REFUSE INCINERATION ROUTES WITH ENERGY RECOVERY
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FIGURE 3-4
PYROLYSIS OF REFUSE



SOURCE PRE -CONVERSION
MATERIAL PROCESSING

BIODEGRADATION
CONVERSION
PROCESSES

POST-CONVERSION
PROCESSING

RAW
PRODUCTS

FINAL
DISPOSITION

FIGURE 3-5
BIODEGRADATION OF REFUSE

PRE-PROCESSING TECHNIQUES

Generally speaking/ pre-processing
includes all the steps of handling Mixed
Municipal Refuse (MMR) from its source up
to the stage where it is ready for conver-
sion processing. In this study, however,
the collection aspects of MMR were not
considered.

The content of MMR varies daily in
a given location, and even varies in
different localities of the country. Re-
fuse generally contains some moisture, and
the rainy season drastically increases the
total refuse tonnage to be collected.
Table 3-1 contains a "typical" composition
of MMR, which may be used to determine the
amount of potential resources that may be
recovered from refuse.(ref. 3-2)

TABLE 3-1
TYPICAL COMPOSITION OF
MIXED MUNICIPAL REFUSE

Waste Component
Paper
Glass
Ferrous metals
Plastics, leather, rubber,

textiles, wood
Garbage and yard wastes
Miscellaneous (ash, dirt, etc.)

Total Dry Weight
Moisture

Total

Percent by
Weight

33.0
8.0
7.6

6.4
15.6
1.8

73.0
27.0

100.0

It should be noted from Table 3-1 that
the refuse typically contains a large
amount of moisture. Thus, the amount of

resources actually present and recoverable,
either in the form of materials or energy,
is typically 70 to 80 percent of the as-
received tonnage.

The use of size reduction equipment
(i.e. hammermills, shredders, grinders, etc.)
is gaining acceptance as a preliminary
operation in processing solid waste. Two
decades of experience and published data
concerning the characteristics of shredded
refuse are emerging because of the changing
economic picture and environmental concerns
associated with traditional solid waste
disposal philosophy (ref. 3-3).

Benefits of shredding can be realized
by almost any kind of followup process
whether it is energy recovery, material re-
covery, or landfill. Initially, shredding
of refuse was used as an attempt to increase
combustion efficiencies for incineration
processes and for the purpose of composting
wastes. Although incineration and compost-
ing have only obtained limited success,
the following advantages of shredding have
been noted as a result of these operations:
1. volume reduced by about 50 percent,
2. refuse is more predictable and homogenous,
3. refuse is more rapidly stablized,
4. conveyor movement, magnetic separation,

and air classification operations are
enhanced,

5. danger from explosives reaching later
processes is virtually eliminated,

6. reduces scavenger population (rats,
gulls, etc.) at landfill sites,

7. eliminates obnoxious odors usually
encountered at dumps,

8. provides more surface area for thermal
processes such as pyrolysis or incinera-
tion,

9. shredded nonrecognizable waste is con-



sidered more acceptable for land
disposal

10. blowing debris is less of a problem
because of the dense interlocking
characteristics of shredded trash,
and

11. fire potential, a definite problem
with landfill, is substantially
reduced.

There are very definite benefits to
be gained from shredding, and the equip-
ment used to accomplish shredding opera-
tions include horizontal and vertical shaft
hammermills, fail mills, disc mills, grin-
ders, and cage disintegrators, all of which
are discussed in more detail in Volume II
of this report.

One of the important steps in prepar-
ing MMR for any processing is segregation
of the MMR according to its main component
categories. In most cases an efficient
separation process achieves most of the
material recovery contemplated in the pro-
cess. At present, many types of separation
processes are in use in various industries.
It is only a question of adopting these
units for handling MMR. In the last few
years many of the manufacturers, have tried
to adopt their products for this special
use. The following (ref. 3-4) are some
of the major techniques of separation that
are being practiced in the various types
of industries:

Hand sorting
Screens
Magnetic separators
Air classifiers
Optical sorting
Inertial separation
Eddy current separation
High-density electrostatic separation.

Hand sorting is the simplest of the
above separation methods, and it is effec-
tive for removing items such as newspapers
and cardboard from the refuse stream. Mag-
netic separators are highly developed and
are in use in quite large numbers of re-
source recovery plants. Air classifiers
are becoming more important in separating
out the combustible portion of MMR for
use as a solid fuel, and improved air
classifiers are currently under develop-
ment.

The remaining separation methods deal
primarily with glass sorting, and with
removal of nonferrous metals, especially
aluminum, from the refuse stream. Since
aluminum is one of the most valuable items
in MMR, much developmental work is being
done to find an efficient way to separate
it from the refuse. To date, however,
the separation methods for aluminum and
color sorting of glass have not proven
economically feasible on a large scale
basis.

Most of the energy recovery systems
require some pre-processing of the refuse,
and these separation and size reduction
steps are often referred to as "front-end"
systems. It may be, however, that a
municipality may not wish to consider the
final conversion step, energy recovery, so
the pre-processing can be considered as
a terminal process in itself. Several
system alternatives just involving separa-
tion or size reduction are as follows:

1. Size reduction alone - Using
currently available shredding tech-
niques, the volume of MMR may be re-
duced up to 50 percent. This is
important for landfill operations, both
for the decreased volume and for the
greater ease of handling the more
homogenous refuse.

2. Size reduction with separation of
materials resources - Recovery from
the refuse of materials such as glass,
iron, newsprint, cardboard, and
aluminum would be possible. These
materials could be recycled and credits
obtained to affect the cost of the
recovery system.

An example of a resource recovery
system is the Black-Clawson plant in
Franklin, Ohio. Fiber is recovered
by a wet pulping process, and metals
and glass are removed from the refuse
stream. The remaining fraction of
refuse is then incinerated (ref. 3-5).

3. Size reduction and separation
with recovery of materials resources
and an energy product - Mixed munici-
pal refuse contains significant
amounts of paper, wood, cardboard,
and plastic, all of which have a high
heating value. Removal of the ferrous
metals, glass, aluminum, and inert
materials such as a sand and dirt
will leave a combustible fraction
having a heating value of around 1.62-
1.85 x 107 joule/kilogram (7000-8000
Btu/pound). This heating value is
almost comparable to low grade coal
and roughly equivalent to two-thirds
the heating value of high-grade coal.

Two systems currently in operation pro-
ducing a solid fuel from refuse are Com-
bustion Equipment Associates' Eco-Fuel™ II,
(ref. 3-6) and the Garrett Corporation's
front-end system of their pyrolysis process
(ref. 3-7) . In both systems the solid fuel
can be produced in a fine powder form suit-
able for combustion in a utility boiler.
The fuel may be stored and transported with-
out any special handling.

INCINERATION PROCESSES
There are a number of incineration pro-
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cesses in.existence or under development
that will recover energy from municipal
refuse. At least two of these systems
had their origins in Europe, and this
European technology is being applied now
in the United States and Canada. The
incineration processes to be discussed
are:
1. Typical water-wall incinerators for

steam generation.
2. The C.P.U. 400 incineration system

for electrical power generation.
3. Supplemental fuel systems for elec-

trical power generation.
4. Direct incineration in boilers of

prepared refuse for steam generation.

Several water-wall furnaces are listed
in Table 3-2. These are not all of the
water-walled incineration systems on the
North American Continent, but they are
typical. There are several chacteristics
to note. First, the stokers are of
modern European design (ref. 3-8 and 3-9).
Both the Martin and VonRoll grates are
reciprocating grates, on which the refuse
is continuously agitated and turned for
more complete combustion. Particulates
are generally removed by electrostatic
precipitators, although wet scrubbers and
dry cyclone methods will be used in the
Nashville plant. The usage for the energy
product varies from a limited local use
in the steam directly to a nearby General
Electric power generating facility for the

Saugus, Mass, plant. It may be noted from
Table 3-2 that the capacities of these
plants are as high as 1452 metric ton/day
(1600 ton/day).

The CPU-400 energy conversion system
has a 63.5 metric ton/day (70 ton/day) pilot
plant currently under test (ref. 3-13). The
system starts with a rigorous pre-processing
system which removes most of the magnetic
materials, aluminum, glass, and other non-
combustibles. This light fraction is then
incinerated in a fluidized-bed combustor.
The products of combustion are then cleaned
up to remove the particulates and molten
aluminum. The cleaned gas stream is then
expanded through a two-stage gas turbine/
compressor. The first stage of the turbine
drives the compressor, providing the pres-
surization air for the fluidized bed. The
second stage expansion drives an electrical
generator, producing electrical power.

The firing of refuse as a supplemental
fuel in utility boilers is a fairly common
practice in Europe, but the only project of
this nature in the United States is the
St. Louis Horner-Shifren process (ref. 3-14,
3-15). Prepared refuse, shredded to one
and one-half inches, is fed pneumatically
into a utility boiler where it is burned in
suspension with pulverized coal. The air
density classifier system has been added
recently to improve the burning character-
istics of the refuse.

TABLE 3-2
TYPICAL INCINERATION PLANTS WITH ENERGY RECOVERY

LOCATION

Montreal
Canada

Chicago
Northwest
Incinerator.

Harrisburg
Pennsylvania

Nashville
Tennessee

Saugus
Massachusetts

DATE

START
UP

1971

1972

1972

Late
1974

1975

STOKER

Von Roll

Martin

Martin

Von Roll

Von Roll

METRIC TPD
TPD

4x272
4x300

4x363
4x400

2x326
2x360

2x226
2x360

4x272
2x360

SEPARATION
TECHNIQUE

Electric-
Static
Precipi-
tator

Electric-
Static
Precipi-
tator

Electric-
Static
Precipi-
tator

Wet
Scrubbers
Dry
Cyclone

Electric
Static
Precipi-
tator

OUTPUT _ 1

FLOW RATE j TEMP

kg/hr xlO~^
Ib/hr xlO

45
100

200
440

63
138

99
218

102
225

°C
"F

260
500

204
400

232
450

1S5
SAT
365
SAT

427
800

PRESSURE

N/m2 xlO"6

Psig

1.55
225

1.7
250

1.7
250

1.03
150

4.3

j :

USAGE ; COMMENTS ' REFS.

Heating i 10-15% of j 3-24
6 : input-ash 3-28

Auxiliary fi scrap ;
Power ; metal ;

: Recovered 3-24
Limited ! Magnetic 3-28

. Metals

Auxiliary
Power j 3-29

|
i i

Auxiliary!
Coolant, '; $16.5
Steam j Million ; 3-30

i :

1

Power ; ' 3-1
i

i :
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Since coal is normally fired in the
boilers, bottom ash handling equipment and
precipitators for particulate removal al-
ready exist. The firing of refuse is not
expected to require any additional equip-
ment in these areas.

Supplemental fuel incineration is the
most cost effective energy recovery system
considered in this study (see Vol. II for
the economic data), and a number of com-
munities are considering projects similar
to the St. Louis project. They include:
Ames, Iowa; Albany, New York; Monroe
County, New York; New York City; Wilming-
ton, Delaware; and Memphis, Tennessee
(ref. 3-16). The state of Connecticut
has already contracted for a supplemental
fuel project using the Garrett front-end
system. The system is expected to be
completed in 1976 (ref. 3-17).

As discussed in section 3.2.4, pre- .
pared refuse can have a heating value
approaching that of low grade coal. Com-
bustion Equipment Associates (C.E.A) has
a contract with the state of Connecticut
to build a resource recovery system and
to prepare Eco-FuelTM n from refuse (ref.
3-17). The solid fuel will be burned in
a utility boiler for steam generation.
Tests will be conducted to determine the
optimum particle size and combustion
characteristics when firing refuse in
their double vortex boilers. The plant
is expected to be operational in 1976.

PYROLYSIS PROCESSES
Pyrolysis is defined as thermal de-

composition without complete combustion.
If a storable fuel is desired, either
gaseous, liquid, or solid, pyrolysis offers
a viable option with a minimum amount of
landfill and pollution control problems.
The process technology, however, has not
been widely demonstrated on a commercial
basis; thus there is considerable con-
fusion regarding vendor technical and
economic claims.

The cellulose portion of the refuse
may be represented by an emperical formula
(ref. 3-18), C30H48O19N0_5S0_05. The de-
composition starts to occur at about 180°C
(360°F), producing a mixture of solids,
liquids, and gases. The proportions and
composition of each phase depends on the
reactor conditions. Several different
types of reactors are available. They
include horizontal and vertical shaft
reactors, rotary kilns, and fluidized
bed reactors.

Vertical shaft reactors are probably
the simplest of the reactor types. Refuse
is fed into the top of the shaft, and the
high temperature zone is at the bottom.
Pyrolyzed gases flow up the shaft, heating

the incoming refuse. Horizontal shaft re-
actors require some sort of conveyor system
to move the refuse through the reactor.
Continuous feeding is thus possible with
this type of system.

Rotary kilns are long cylinders rotated
upon suitable bearings and usually inclined
at a slight angle to the horizontal. Typical
length/diameter ratios are 4 to 10. Refuse
is fed into the top, and it moves down toward
the opposite end where it is discharged. The
motion of the kiln provides better mixing
of the refuse than in the shaft reactors.

The fluidized-bed reactor consists of a
bed of solid particles such as sand sus-
pended by an upward flowing gas stream. The
particles are heated, and the refuse is
pyrolyzed when it comes in contact with the
particles. The fluidized bed yields a
very high heat transfer rate, but sometimes
presents problems in cleanup and transport
of the solid particles in the bed.

Most pyrolysis reactions are considered
endothermic, and require a heat source. Two
distinctly different types of heating methods
are available, direct and indirect. Direct
heating implies that heat is supplied to the
reaction mixture by partial combustion of
refuse and/or supplementary fuel within the
reactor. Oxygen (pure or in air) must be
supplied or be available for this reaction.
Indirect heating implies that the primary
heating zone is separated from the pyrolysis
vessel. The separation may be by the wall
of the reactor, or by transfer of a medium
from the combustion zone to the pyrolysis
zone, as in the case of a fluidized bed.
Indirect heating methods avoid the presence
of oxygen in the pyrolysis zone (and thus
reduce SOX and NOX in the gas stream), but
are generally less efficient than direct
methods.

Variables such as time, temperature,
and particle size of the feed are best illu-
strated in Figure 3-6. Gases, for instance,
would tend to be produced from a short
residence time at high temperatures with a
finely shredded refuse. Solids, on the
other hand, would tend to be produced for
long residence times, low temperatures, and
large particle sizes.

Table 3-3 lists 15 processes classified
according to reactor type and heating method.
Twenty-four different pyrolysis systems or
concepts were investigated in this study.
These 24 are included in Tables 3-4a and 3-41
The additional nine systems were not suf-
ficiently developed or did not have enough
information available about them to classify
them according to the reactor and heating
method in Table 3-3. Note in Table 3-4 that
six systems have pilot plants or commercial
plants with a capacity in excess of 91 metric
ton/day (100 ton/day). They are Union
Carbide, Garrett Corporation, Urban Research
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RESIDENCE
TIME TEMP

PART
SIZE

(I MIN.-
I HR.)

260 - 1650 C
500-3000°F

0.025-15 cm.
(0.01-6 i n . )

C30H480I9N0.5S0.5~
(ORGANIC REFUSE)

GAS FUEL
3.73xl06-2.24xl07 JOULES/M3

1100-600 BTU/SCF
(CO, C02,H2,

HYDROCARBONS)

LIQUID FUEL
2.33 xlQ7 -2.56xl07 JOULES/KG
(10,000-11,000 BTU/LB)
(OXYGENATED, UNSATURATED

HYDROCARBONS)

SOLID FUEL
l.398xl07-2.O97x!07

(6000-9000 BTU/LB)
(CARBON, ASH)

JOULES/KG

FIGURE 3-6
EFFECTS OF TIME, TEMPERATURE AND PARTICLE SIZE ON PYROLYSIS PRODUCT DISTRIBUTIONS

TABLE 3-3
PYROLYSIS PROCESS GROUPING

DIRECT HEATING
REACTOR TYPE

INDIRECT HEATING (nonslagging)
NONSLAGGING SLAGGING WALL TRANSFER CIRC. MEDIUM

Vert. Shaft Ga. Tech.
Battelle

URDC
Torrax
Un. Carbide

Garrett

Horizon. Shaft Kemp Barber-Colman

Rotary Kiln Monsanto
Devco

Rust
Pan. Am. Res.

Fluid. Bed Coors West Va. Univ.
A. D. Little
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TABLE 3-^A
PYROLYSIS REACTOR CLASSIFICATIONS (METRIC UNITS)

PROCESS

VERTICAL SHAFT
Garrett

Battelle

Ga. Tech.
URDC
Torrax

Union Carbide
HORIZONTAL SHAFT
Kemp
Barber- Co Iroan
ROTARY KILN
Monsanto

Devco
Rust Eng
Pan Am Res.
FLUID. BED
W. Virginia
A.D. Little
Coors
OTHER
Battelle
Hercules
Bur. Mines

NYU
use
Anti. Poll. Syst
Univ. Calif.
Wallace-Atkins
Res. Sci.

HEATING
METHOD

DIR.

X

X
X
X

X

X

X

X

INDIR.

X

X
X

X
X

X
X

X

X

X
X

X
X
X

PRODUCT DISTRIBUTION

SOLID
Joules/
kgxlO-7

2.20

2.32

•

X

0.57

X

X

.70

LIQUID
Joules/
kgxlO-?

2. 44

3.02

X

3.71

GAS
Joules/

m

2.04

.64

.74

.56

.56

1.113

X
1.86

.48

X
1.68

1.68
X

.56

1.86

1.86

FEED CONDITIONS

RAW

X
X

X

SIZE
RED.

X

X

X

X
X

X

X

X

X
X
X

X

X

X

SEP-
ARA-
TION

X

X

X

X
X
X

X

REACTOR
TEMP

°C

482

982

399
1427
1650

1650

593
649

982

538
677

1093

760

760

982

982

927

871
982

STATUS

RES.

X

X
X

X
X
X

X
X
X
X
X

Metric
Pilot
Plant

3.6

1.8

23
109
68

4.6

4.6
.91

32

109

.91

1.8

Tons/Day
ConnD

180

180

907

1360
236

REFERENCES

3-18, -21, -22, -28
-47^-50, -51
3-22, -28, -47, -54
-55
3-53
3-26, -47, -48
3-26,-28,-47,-48
-52
3-28, -47, -48, -49

3-47
3-56

3-21, -22, -28, -47
-60, -61, -62
Priv. Cornm.
3-57, -58, -59
3-8, -63, -64

3-65, -66, -67, -68
3-70
3-69

3-71
3-28, -72
3-22, -28, -73, -74
-75
3-76, -77
Priv. Comm.
3-78
3-79
3-80
3-47

TABLE 3-4B
PYROLYSIS REACTOR CLASSIFICATIONS (ENGLISH UNITS)

VERTICAL SHAFT

Garrett

Battelle

Ga. Tech.

URDC

Torrax

Union Carbide

HORIZONTAL SHAFT

Kemp

Barber- Colraan

ROTARY KILN

Monsanto

Devco

Rust Eng

Pan Am Res.

FLUID. BED

W. Virginia

A. D. Little

Coors

OTHER

Battelle

Hercules

Bur. Mines

NYU

DSC

Anti Poll. Syst.

Univ. Calif.

Wallace-Atkins

Res . Sci.

HEATING
METHOD

DI R.

X

X

X

X

X

X

X

x

INDIR.

X

X

y.

X

X

X

X
X

X

x

X

X

X

X

X

PRODUCT DISTRIBUTION
SOLID
(BTU/

lb]

9,700

10,000

X

2,500

X

X

3,000

(BTU/
lb)

10,500

13,000

X

16,000

GAS
(BTU/
ft3)

550

170

200

150

150

300

X

500

130

X

450

450

X

150

500

500

FEED CONDITIONS

RAW

X

X

X

SIZE
RED.

X

X

X

X

X

X

X

X

X

X

X

X

X

X

SEP-
ARA-
TION

X

X

X

x

X

X

X

REACTOR
TEMP
°C

900

1800

750

2600

3000

3000

1100

1200

iaoo
1000

1250

200

1400

1400

1300

1300

1700

1600

1800

STATUS

RES.

X

X

X

X

X

X

x

x
X

X

x

1LOT
PLT
TPD)

4

2

25

120

75

5

5

1

35

120

I

2

COMM
(TPD)

200

200

1000

1500

260

REFERF.NCES

3- 18, -21, -22, -2 8, -47, -50, -51

3-22, -28, -47, -54, -55

3-53

3-26, -47, -48

3-26, -28, -47, -48, -52

3-28, -47, -48, -49

3-47

3-56

Priv. Comm.

3-57, -58, -59

3-8, -63, -64

3-65, -66, -67, -68

3-70

3-69

3-71

3-2B.-72

3-22, -28, -73, -74, -75

3-76, -77

3-78

3-79

3-80

3-47
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and Development Corporation (URDC), Rust
Engineering, Monsanto, and Devco. Only two
of the plants (Monsanto and Devco) have
capacities of 907 metric ton/day (1000 ton/
day) or greater, and both are under con-
struction.

A complete technical description of
each of these processes in included in
Vol. II.

A new pyrolysis concept evolved from
the energy recovery study from MMR. The
principal equipment in the process con-
sists of two rotary kilns, one serving as
a pyrolyzer and the other as a combustor.
A continuous stream of dolomite circulates
between the two. As a system, dubbed the
NAAS process, it would fall into the
rotary kiln, indirect heating column of
Table 3-3, under circulating medium. The
system combines the good features of
several systems, i.e., operational sim-
plicity of the rotary kiln, high heat
transfer rate of dolomite particles, and
a lack of air in the pyrolysis zone to
decrease the concentration of undesirable
gases such as NOX. The NAAS process is
described fully in Chapter 3 and in
Appendix A of Volume II.

BlODEGRADATION PROCESSES

Biodegradation of refuse can be de-
fined as reduction by the use of organic
methods, Organic methods may be further
subdivided into two categories - biological
degradation, which includes aerobic and
anaerobic conversion, and biochemical
reduction. The applicability of biode-
gradation processes to solid waste is
limited; however, some processes, such as
composting, have met with some small degree
of success and will be briefly discussed.

In aerobic degradation processes, the
organic materials are oxidized to give a
humus product commonly called compost. This
compost can be used as a fertilizer. Since
the process involves a decay of the organic
materials such as garbage, leaves, manure,
dried blood, etc. in refuse, considerable
time is usually involved. In a small-scale
operation the -refuse is placed in a pile
or heap. Since oxygen is required in the
process, the refuse must be turned periodi-
cally to allow all parts to be exposed to
air. The time required for the decay depends
on the pH value of the pile and the amount
of nutrients, (sewage sludge can be added
to enrich the mixture), with the total time
generally about four to six weeks. The
volume reduction in a composting process
can be about 50 percent, which does reduce
the ultimate amount of MMR to be landfilled.

Commercial composting plants in the
United States have had very little success.
Reference 3-56 discusses the status of 18
municipal composting plants, and Volume II

updates that status. Of the 18 plants dis-
cussed, 16 have been closed for varying
reasons. Only one, .the Fairfield-Hardy
plant in Altoona, Pa., has been operated
successfully for a number of years. The
Fairfield-Hardy plant has a capacity of 41
metric ton/day (45 ton/day), but normally
processes about 23 metric tons (25 tons) of
refuse a day. The process employs both
primary and secondary grinding, a hydropulper
where sewage sludge is added, and a mechanical
digester where the initial oxidation is
accelerated. After approximately 5 days in
the digester the compost is removed, and
cured an additional 3 weeks. After curing,
the compost is granulated, dried, screened
and bagged. A large scale composting plant
would require many acres for the final
curing stage.

Anaerobic digestion, processes applied
to refuse could lead to a highly marketable
product, methane gas. The first step in the
process would be a breakdown of the complex
organic materials in MMR into organic acids
and C02• The second step would be to have
bacteria known as methane formers act on the
organic acids to produce CH4 and C02- Small
scale methane production plants are discussed
in references 3-57, 3-58, 3-59, 3-60, 3-61,
and 3-62. A large scale methane production
plant has been suggested by Pfeffer, ref.
3-63, and Wise, et.al, ref. 3-64, and is
called the Pfeffer-Dynatech Anaerobic di-
gestion process. More details of the
process can also be found in Volume II.

SUMMARY
A large number of options for energy

recovery from refuse are available to the
community. The most proven technology is
water-wall incinerators, but this system
usually involves a high capital cost, and
reliable markets must be found for the
steam produced. Supplemental fuel in-
cineration and the use of prepared refuse
as a solid fuel look very promising, but
only the St. Louis supplemental fuel plant
is in operation on a large-scale basis.
Pyrolysis systems offer the greatest
versatility, and enough large-scale plants
are under construction that very reliable
data on these processes should be available
within two years. At this time it does
not appear that composting and other bio-
logical processes will have any significant
impact on the solid-waste disposal problem

Despite the lack of technical data on
many of the systems, it does appear that
viable energy recovery options will be
available for a community within 2 years.
The increasing volume of solid waste gen-
erated, the filling-up of available landfill
sites and the high cost of land, plus the
increase in the cost of energy could make
the energy recovered from solid waste an
important part of our nation's energy needs.
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MARKETS

Since market considerations are the
primary determinants of the economic vi-
ability of energy and resource recovery
systems, it is imperative that a commun-
ity carefully negotiate the sale of pro-
cess outputs. Process outputs are very
dissimilar and it is not enough to be as-
sured that all output products can be
sold. Demand and price fluctuate, and
daily changes can be noted in the secon-
dary material markets. A fact finding
group may evaluate the cost of a dis-
posal system based on a current price
of $17/metric ton for recovered ferrous
metal, only to discover that the price
has dropped to $5/metric ton by the time
the plant is built and on line. The ex-
treme fluctuation in the price of recy-
cled newspaper is another good example
of the uncertainty which must be con-
sidered when trying to estimate credits
in the economics analysis. Finding pro-
duct markets and negotiating guaranteed
prices may be the key to keeping incinera-
tion and pyrolysis costs within acceptable
limits.

There are numerous products which
might be available either from pre- or
post-processing activities or from energy
recovery itself. The following list of
products is representative of those that
can be reclaimed prior to any conversion:

ferrous metals
glass
paper products (newsprint, cardboard)
plastics
nonferrous metals (aluminum, zinc,

lead, copper)

Products derived from energy recovery
processes appear in varying amounts and
qualities depending on the process, and
include:

fuel gas
fuel oil
solid fuel
char
methane
power

electric
steam

Ideally there would be no pollutants
and no residue to be landfilled after the
solid waste had been processed. Currently
research is being conducted to see if by-
products can be used in construction ma-
terials or soil conditioners. Typical of
conversion byproducts' are:

frit
fiber and humus
fly ash
CO 2
compost
slag, glass stone, dirt
residue
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There are a number of Federal laws
and regulations or policies that discourage
the sale of energy and resources recovered
from municipal solid waste. Examples of
these policies are freight rates for secon-
dary materials, depletion allowances and
rules of capital amortization, and Federal
policies fixing the price of natural gas.

POLICIES AND ATTITUDES

While it is not currently possible to
demonstrate that the higher freight rates
cause an actual decrease in the amount of
secondary materials recycled, it can be de-
monstrated that certain secondary materials
cost more to ship than virgin materials.

Several Federal tax policies give be-
nefits to industries engaged in the recov-
ery of virgin materials. At the present
time, such Federal tax policies apply only
to recovery of natural or virgin resources
and not to the same material recovered from
secondary sources.

The Federal Power Commission regulates
the transportation of natural gas in inter-
state commerce as well as "the sale in in-
terstate commerce of natural gas for resale
for ultimate public consumption for domes-
tic, commercial, industrial, or any other
use, and natural gas companies engaged in
such transportation or sale. Thus, if a
pyrolysis plant produced a gas which was
sold to an electrical generating system
which comes under the jurisdiction of the
FPC, that pyrolysis plant might also be
subject to FPC regulations and be forced
to price its gas at an artificially low
price. This would naturally reduce the
financial attractiveness of energy re-
covery through pyrolysis.

Even if the pyrolysis plant were not
under FPC jurisdiction, it could be forced
to sell its gas at a low price in order to
compete with natural gas priced according
to FPC regulations. Many industries may
accept a higher priced pyrolysis gas in
place of the lower priced, but unavailable,
natural gas. An additional competitive ad-
vantage of pyrolysis gas is the possibility
of contractually guaranteed supply. If a
shortage of natural gas occurs, FPC policy
requires utilities to give priority to re-
sidential customers and service to indus-
trial customers may be curtailed'. Pyroly-
sis gas, as an intrastate commodity, is
not subject to this constraint.

One of the largest problems to over-
come in recycling is that of market uncer-
tainty. Since the Federal government is
the single largest consumer of many pro-
ducts, it has been suggested that Federal
procurement of recycled materials could be
used to establish a stable market for



products manufactured from secondary ma-
terials. This has been done with paper
products and automobile and truck tires.
•The EPA has concluded, however, that while
the Federal government is the single lar-
gest consumer of many products, it does
not constitute, by itself, a sufficient
demand to create a stable market for re-
cycled materials. State and local govern-
ments and other consumers must join the
Federal government in the effort to create
a market for recovered resources.

The social attitudes of consumers al-
so have a great influence on the market-
ability of recovered resources. These at-
titudes, which are discussed in detail in
Chapter 2, are briefly summarized here.
The first -of these is reluctance of con-
sumers to undertake separation of dis-
posable items at the household level. If
source separation were practiced, front end
systems would be unnecessary, and resource
recovery would be much less expensive. Se-
cond, consumers tend to avoid purchasing
products made from nonvirgin material. A
prime example of this is the reluctance to
use table napkins made from recycled paper
taken from garbage.

Resource recovery is recognized as an
important aspect of solid waste management
and the recovery process can be structured
so that resources can be recovered before,
during, or after the actual processing of
the solid waste. The nature of the pro-
ducts recovered is dependent on the stage
in the process at which recovery takes
place. Many products which are immediately
saleable are recovered before processing.

MARKETABLE PRODUCTS

Although approximately a quarter of
the tonnage of paper, major metals, glass,
textiles and rubber consumed in recent
years in the U. S. has been acquired
through recycling operations, most of it
has been salvaged from manufacturers and
businesses, where large amounts of rela-
tively clean and homogeneous wastes ac-
cumulate. Very little is currently being
salvaged from municipal refuse.

The technical feasibility of recovering
various materials from the municipal waste
stream has been well demonstrated in the
past, even though the" "reclamation of sal-
vage material becomes more difficult when
it is mixed with garbage and other refuse.
Ferrous metals account for roughly 7 per-
cent of the municipal waste stream. After
the large bulky items have been removed
and after the rest of the incoming refuse
has been shredded, the ferrous metal is
usually extracted magnetically.

Paper, the largest single component
of solid waste, is one of the most impor-
tant manufactured materials in the United

States. Waste paper, which can be used as
a raw material in the same way as wood
pulp, is classified as either bulk or high
grades. Bulk grades are used in sizeable
quantities in paperboard and construction
products. High grades are high quality
fibers which can be directly substituted
for wood pulp.

Glass makes up about 10 percent by
weight of municipal solid refuse. Glass
scrap, which is called cullet, is a de-
sirable input material for the glass in-
dustry because it liquefies at a lower
temperature than the other raw materials.
The use of cullet in the glass industry
has the effect of reducing fuel consump-
tion and air pollution emissions, and it
helps to extend the life of furnace linings.
Technology currently exists for extracting
and color-sorting glass from municipal so-
lid waste, but it is not yet in large scale
use.

Plastics is one of the most difficult
materials to extract from municipal solid
waste, and no plastic recovery now takes
place from municipal solid waste. The heat
content of plastics is approximately that
of coal, and consequently plastics have
great heating value in energy recovery
systems. Unfortunately, burning plastics
intiie presence of moisture produces hydro-
chloric acid vapors. These vapors are
very corrosive and pose an equipment main-
tenance problem as well as an air pollution
problem.

Most of the rubber in mixed municipal
refuse is either in the form of tires or
such products as soles and heels on foot-
wear. Reclamation of rubber from mixed re-
fuse appears impractical at this time, es-
pecially because of the technical limi-
tations in its recovery.

Most large aluminum companies in this
country are now involved in aluminum can
recycling. These recovery programs have
been mostly based on voluntary citizen col-
lection and delivery to a specific site.

The establishment of many aluminum
can reclamation centers throughout the
country, coupled with the high prices cur-
rently being paid for this metal scrap,
explains why aluminum recovery is being
considered in most of the recovery systems
currently under development.

One of the most common products re-
sulting from a pyrolysis process is fuel
oil. The major marketing obstacle is the
reluctance of the petrochemical industry
to use gases or liquids produced by a
waste disposal system as a feedstock. Dis-
cussions with representatives of the petro-
chemical industry indicate that privately
owned chemical companies are not interested
because of impurities and fluctuation in
chemical composition.
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Since there has not yet been a major
attempt to produce and market these pro-
ducts, this judgement is conjectural. It
is also worth noting that even if this
conjecture is correct, it does not rule
out the sale of combustible liquids or
gases to chemical companies for use as a
fuel.

FUTURE MARKETS

In addition to industrial demand,
other factors play a role in secondary
material markets. The secondary ma-
terials industry is inadequately capi-
talized and poorly organized. An influx
of new capital technology, and managerial
skills is needed to improve the produc-
tivity of the secondary materials in-
dustry.

Many Federal tax and transportation
rate policies work to the disadvantage of
secondary material dealers. Changes in
these policies are long overdue, and
would have an important revitalizing in-
fluence on the entire industry. Finally,
procurement policies at all levels of
government, which give preferential
treatment to products utilizing secon-
dary materials, would help to stabilize
secondary materials markets and promote
resource recovery. These factors should
facilitate a more positive cycle where.
stable demand encourages the kind of in-
vestment in resource recovery which will
ensure a stable supply of secondary ma-
terial. The general availability of sup-
plies of secondary materials will in turn
encourage new industrial utilization of
these resources.

A fuel derived from MMR may be uti-
lized by electric utilities which can '
either use the fuel directly, or use
steam generated at the disposal plant.
The possibility of supplying steam to
a district heating network also exists.
An important consideration when selling
steam is the distance the steam must be
piped. Low energy content can place se-
vere limitations on this distance.

A major impedement to the direct
marketing of the fuel gases produced by
many pyrolysis processes is their low
Btu content. In the case of the liquid
fuel produced by the Garrett process, a
major drawback is its high viscosity and
potentially corrosive nature which can
greatly increase its handling expense.

There are two basic approaches to
marketing products:

1. try to capture a share of exist-
ing markets from similar type products, or

2. create a need for an available
product where none currently exists.

The gas and oils produced from the
pyrolytic process, for instance, are pro-
ducts which must compete for a share of the
energy market. On the other hand, research
conducted at the' University of Missouri at
Rolla, indicates that a market might be de-
veloped for recycled glass in the produc-
tion of glasphalt.

There are numerous marketing problems
to be solved in both methods if a success-
ful solution is expected in the solid waste
handling problem.

At the present time there is no re-
liable market for many products produced
from solid waste. However, future develop-
ments may lead to improved markets for such
products. For example, energy prices have
increased in the past few years, and sub-
stantial evidence exists to indicate that
they will continue to increase as the world
demand for energy increases. Research and
development for new products utilizing so-
lid waste materials is presently being con-
ducted and encouraged by Federal government
grants. Proposed legislation in the form
of the Hazardous Waste Disposal Act and in-
creasing landfill costs, may make landfills
impossible in many cities. This should en-
courage trends toward energy and resource
recovery. Additional legislative proposals
are being formulated to study the effects
of Federal policies such as freight rate
and tax incentives for virgin materials on
the secondary materials markets. If legis-
lation is forthcoming to provide tax incen-
tives for secondary materials recovery,
this should encourage the development of
markets. Legislation on air standards for
incinerators is closing this option for
many cities and encouraging resource re-
covery systems.

Additional use of energy conversion
systems would increase confidence in
these processes, and this confidence
would encourage a supply/demand cycle
which enhances rather than hinders the
development of steady markets for the pro-
ducts of energy conversion systems.
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A DECISION PROCEDURE

A brief examination of the history
of solid waste disposal practices illus-
trates the need for an interdisciplinary
approach to decision making in this area.

Until the 1960's, most communities,
using only a least cost criterion for
waste disposal practiced open dumping.
Enough people, environmentally concerned
in the 1960's, encouraged legislation
prohibiting open dumps. Examples of such
laws are Michigan Public Law 87 (1965)
and the Texas Refuse Dumping Law (1963).

Many communities then turned to
either incineration to reduce the amount
of residue going to a landfill or used
the sanitary landfill alone. Many of
the incinerators, however, were shut
down because they could not economically
meet Federal clean air standards.

Also, to compound the difficulty
for municipal officials there arose prob-
lems with sanitary landfills. These
problems were not economic or environ-
mental but social and political in na-
ture. People living near proposed sites
protested.

Many cities, dissatisfied with land-
fills and incineration turned to com-
posting as a socially and environmen-
tally acceptable alternative. However,
when the compost market disappeared, most
of the operations in the United States
closed down.

The conclusion from this brief his-
torical sketch is that regions still
concerned with cost must now integrate
into their decision process social, po-
litical, environmental, legal, and mar-
ket considerations.

proposed to eliminate those options
not feasible in a local community. The
tool for screening is a set of criteria
set up by the municipal officials re-
lated to refuse handling, legal con-
siderations, social acceptance, econo-
mics, and environmental regulations.
Each process is then considered in light
of these criteria. If a process is
judged feasible it becomes a candidate
for a more detailed analysis. The de-
tailed analysis is to find the optimum
solution among those judged feasible.
This analysis is basically done in two
parts. A detailed economic analysis is
made. Also a desirability analysis is
made concerning qualatative items. The
results are put together in a useful
form and given to those who must make a
final decision.

SELECTION CRITERIA

An outline of various factors is
presented. These have been shown to be
important in considering solid waste dis-
posal solutions in a community. They can
be used to develop both the preliminary
selection criteria and the desirability
factors.

REFUSE FACTORS

type
amount
composition
seasonal variability
special wastes
waste generation locations
growth rate of generation

PHILOSOPHY

The philosophy of the decision pro-
cess developed is that any technical op-
tion considered by a community must be
compatible with all the aspects of that
community. Solutions that do not account
for community markets, culture, political
institutions, and other pertinent charac-
teristics will ultimately fail.

OUTLINE OF PROCEDURE

A schematic diagram of the decision
procedure is given in Figure 5-1. At the
very start in seeking a waste disposal
solution, a community is confronted with
a wide range of technical options in-
cluding those for energy and resource re-
covery. An initial screening process is

SOCIAL, LEGAL, ENVIRONMENTAL,
AND POLITICAL FACTORS

public acceptance
credibility
existence of need
aesthetics
pest control
odor control
past history
culture
tax needs

OSHA regulations
EPA regulations
local pollution standards
resource and energy recovery
political 'institutions

MARKETS AND ECONOMIC FACTORS
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FIGURE 5-1
DECISION PROCEDURE

capital investment
operating costs
maintenance costs
markets for energy and recovered

resource
availability
energy form
reliability of supply and demand
potential markets
transportation
market prices
contracts
location of plant
market price fluctuations

There are relationships between the
different factors mentioned which suggest
that to increase a system's desirability
in one might be to decrease it in another.
An obvious example is the relationship
between capital cost and maintenance costs.
Often, if one is higher, the other is
lower. Built in redundancy, flexibility,
and short installation time are desirable
features which could increase capital
costs but lower operating costs.

SELECTION OF FEASIBLE OPTIONS

PHYSICAL AND TECHNICAL FACTORS

residue disposal
installation and start-up time
adaptability

capacity needs
legal changes
market changes
political and social changes
technical developments

labor requirements
plant siting

land availability
hydrology
topography
geology
weather
wind
traffic
neighborhood
historical problems

reliability
maintainability
repairability

To screen for feasibility all the
technical options available, a set of
selection criteria are developed by of-
ficials from the factor categories above.

An example set for a hypothetical
community are given below.

1. Because of a long term contract
already held with the city, the system
must handle the oily waste from Acey In-
dustry.

2. System must handle 1000 metric
tons of MMR per day at the time of instal-
lation and be expandable to 2000 metric
tons per day by 1985.

3. System must meet all EPA stan-
dards thru 1985 as to air, land, and wa-
ter pollution.

4. Major breakdowns should occur no
more than twice a year. When the plant
shuts down, operation should be restored
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within 24 hours.

5. The net operating cost per metric
ton of MMR must not exceed $8.50 assuming
public financing at 8 percent interest.

6. System should recover at time of
installation 90 percent of the tin cans
and 50 percent of the aluminum - the only
markets available at this time.

7. Total landfill requirements must
not exceed 20,000 square meters per year
at depths determined by a geological sur-
vey in each potential area.

8. To reduce collection costs, system
should be installed in two modules in dif-
ferent geographical locations.

9. Sites should be within 18 kilo-
meters of the city center and be agreed
upon by citizen referendum within a ra-
dius of 4 kilometers.

10. System should have had running
experience for 2 years at a capacity of"
at least 500 metric tons per day.

The technical options are then mat-
ched against these criteria. Those that
meet these are added to a list of feas-
ible options to be further evaluated.

ANALYSIS OF SYSTEMS JUDGED FEASIBLE

This process is outlined in Figure
5-1 to the right of the Feasible Option
block. The analysis contains two parts.
The first is an economic analysis. The
second is a desirability analysis. The
latter is an attempt to evaluate each
feasible process in light of its desir-
ability for the community.

a Present Worth Analysis or an Equiva-
lent Annual Cost Analysis.

The results of this economic analy-
sis coupled with the desirability score
of the next section is a useful guide to
the decision maker.

DESIRABILITY ANALYSIS

This analysis is done by two separa-
rate groups or committees. The first com-
mittee - the Weighting Committee - should
be composed of individuals very knowledge-
able about the local community. They
should be attuned to the political, social,
and economic character of their locale.
Local technical expertise is also needed.

Their task is to determine the de-
sirability factors. An example set is
given in Table 5-1.. When these are agreed
upon, the committee must determine which
are more important than others in their
community. Standard weighting techniques
are used to arrive at this ranking.

A second committee - Study Team
Analysts - should be composed of people
knowledgeable about the feasible tech-
nical options to be analyzed. Their
task is to judge the desirability of each
process in light of the factors chosen
by the Weighting Committee. An example
scoring sheet for the Public Acceptance
Factor is given in Figure 5-2• This
technique takes into account the factor
over a selected number of periods into
the future.

A computer program can then be used
to combine the results of both committees
into an overall desirability score -
usually a number between 0 and 1.

ECONOMIC ANALYSIS ANALYSIS PRESENTATION

Sound estimates of both the initial
capital expenditures and the yearly op-
erating costs and revenues provide the
foundation for a valid economic analysis.
The net annual cost for a given system
can be determined by adding the annual
capital cost to the annual operating
cost and subtracting the annual credits
or revenues from the sale of any- energy .
or recovered resources. This dollar
amount is divided by the metric tons
per year handled to obtain a dollar per
metric ton cost. To obtain the annual
capital cost the interest rate and eco-
nomic life period must be established.

If operating costs and revenues
can be estimated over the period of
operation years, standard Engineering
Economy analyses can be made such as
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A possible combination of economic
and desirability factors is presented
in Figure 5-3!. The net cost per metric
ton is plotted versus the overall score
of desirability for a set of hypothetical
systems. The cost variability is due to
the uncertainty of market prices for
energy and recovered resources. It is
readily seen that at least processes C
and F should probably be eliminated from
further consideration. Process C has a
very large cost range, an indication of
market uncertainty. Process F may be
certain as to markets, but has a combi-
nation of high cost and low desirability.

FINAL DECISION

The responsibility for waste disposal



FACTOR

1. market of recovered energy

2. market of by-products

3. residue disposal

4. environment

5. health s safety

6. installation time

7. capital investment

8. operating cost

9. management

10. adaptability

11. public acceptance

12. capacity expansion

13. input requirement

14. labor requirement

15. plant siting

16. conversion technology

17. maintainability S repairability

18. resource and energy recovery

19. back-up and storage

20. market price fluctuations

TABLE 5-1
DESIRABILITY FACTORS

MOST DESIRABLE

guaranteed by contract

guaranteed by contract

none

no pollutants

completely safe

will meet schedule

minimal and/or easily financed

low

simple or sub-contracted

adaptable to any new technology

attractive to public

fully expandable

any composition of refuse/fuel

few and unskilled

no restrictions

well developed and commercialized

done without stopping production

complete recovery of energy and
resources

continuous operation assured

minimal affect

LEAST DESIRABLE

new market needs to be created

new market needs to be created

50% or more and/or special disposal

may not meet some standards

potential hazards in plant, to public

likely to delay beyond required date

almost impossible to finance

high

difficult to manage plants and labor

can not be modified

strong resistance from public

no room for expansion

operation stops if input is inadequate

many and highly skilled

only one possible site

experimental

prolonged shutdowns frequently

low thermal eff. S nothing recovered

no back-up, no storage

extremely sensitive

most
desirable

public
acceptance

least
desirable
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FIGURE 5-2
DESIRABILITY SCORING EXAMPLE

25



DESIRA- $/
BILITY METRIC COST

OPTION SCORE TON RANGE
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FIGURE 5-3
OVERALL SYSTEMS EVALUATION EXAMPLE

falls 'on the governmental units respon-
sible for overall public health. The
ultimate responsibility however, lies
with the general public who, in producing
the waste, must not only allow it to be
picked up but must also assure that it is
properly put down.

To carry out disposal decisions, gov-
ernments have set up various regional
authorities. These range in size from
entire states to one or more counties to
cities themselves.

It is hoped that these agencies can
utilize information such as given in Fi-
gure 5-3 in making better waste disposal
decisions tailored to their particular
situation.

A note of caution should be given
regarding the decision procedure. Even

though the various factors are consider-
ed independent, in reality they are not.
To include these relationships in a de-
cision model is difficult indeed. The
decision makers must keep this in mind
when using the procedure. Also, the
overall perspective must be maintained.
For example, a particular process may
not be screened out even though it does
not meet some preliminary criteria but
yet has other characteristics which
will yield a high desirability score.
It is assumed that the "human" aspect
of the decision process will be con-
cerned with factor relationships and
an overall perspective not obvious in '
the procedure itself.

The decision procedure, used intel-
ligently, should help insure more viable
waste disposal solutions in given com-
munities .
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