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Preface 
Solid waste management or, "what to do with 
trash," has become a major topic of concern 
recently. An information explosion has ac
companied this increased interest, adding com
plexities to an already complex subject. Because 
trash or solid waste disposal involves technological, 
political, economic, and social considerations, a 
wide range of organizations (both public and 
private) and individuals have produced materials 
on the topic. The federal government has developed 
a substantial solid waste program which, as is often 
the case, must be implemented by local govern
mental officials under the direction of state 
agencies. 

Because of complexities and abundance of 
information, and the necessity of implementing 
mandated programs by higher levels of government, 
local governmental officials are faced with diges
tion and action problems; they must absorb and 
digest information, and then make decisions best 
for their community. When there are several techni
cal approaches available, political factors may be 
magnified. 

For these reasons, the authors developed the fol
lowing material to aid local governmental officials 
and anyone else interested in the topic. Hopefully, 
all viable approaches have been included although, 
in this age of technology, new techniques are 
developed frequently. We apologize in advance for 
any omissions, but feel this generalized overview 
should be useful. We wish to make local officials 
aware of all basic approaches and urge them to 
think in terms of multi-governmental activity. Inter
local cooperation may well lead to exciting, cost
saving opportunities. The following pages focus 
only on methods of disposal. Techniques of collec
tion and collection problems, although important, 
are not discussed. 



Trash Management: 
Better Than Burial 

John J. Duepner, 

John E. Ballard, 

and Richard R. Dohm* 

Introduction 
One result of the increased environmental concern 
of the late 1960's was a status elevation for trash. 
As solid waste it became an object of concern to 
planners, engineers, the bureaucracy, legislators, 
and local officials. With this increased awareness 
came an almost unanimous commitment to the sani
tary landfill as the answer. Perhaps because of our 
native fascination for huge machinery, perhaps 
because of the available technology and experience 
base, perhaps because of economics, or 
perhaps because administration is simplified when 
all questions have a single answer, the land
fill became THE solution to the trash problems. In 
Missouri this is especially true, and the search for 
proper burial plots for trash becomes widespread 
under the auspices of grant funds, legislation, 
official directives, and some public push. 

Sanitary landfills, however, are a distinct 
improvement over open dumps. Open dumps have 
led to air and water pollution (from burning, run-off, 
and leachate), as well as health hazards from the 
abundance of rats. There are many communities 
where the landfill approach may be the only practi
cal strategy to implement immediately. The land
fill approach might be adopted where land is 
reclaimed through landfill techniques (i.e., strip 
mines). 

*John Duepner and John Ballard are University of Missouri 
Extension Local Government Specialists. John Duepner has 
worked in the Kansas City metropolitan area (Missouri) for the 
past four years. John Ballard has worked 10 counties in south
central Missouri - the two planning areas known as Lake 
of the Ozarks and Meramec Regions. Both authors have been 
working with municipal and county officials, as well as others, 
in educational and service capacities. 

Richard R. Dohm is director of the Governmental Affairs 
Program-Department of Political Science, University of Missouri
Columbia, and is also an associate professor of political science. 



The Three "B's" 
(Alternative Approaches to 

Trash Management) 
Essentially, there are three basic approaches to 
solid waste or trash disposal, although there are 
many variations. These three approaches might 
be termed " the three B's." They refer to: (1) burying, 
(2) burning, and (3) by-products. Burying refers 
to disposing trash in open dumps or sanitary 
landfills. Burning refers to the standard incinera
tion approach or incineration with recovery, either 
of materials, energy, or both. By-products is used 
here to refer to recovery and recycling. For example, 
composting or the biodegradation of materials can 
be defined as "something produced in addition to 
the principal products." Another example would 
be sorting trash to recover materials that can be 
recycled. Still another would be milling or grinding 
trash to reduce volume and aid in the recovery 
of materials including burnables (paper products 
and other materials that can be used as fuel). 

The following pages discuss in general terms the 
"Three B's. " Emphasis, however, is placed on ap
proaches other than burying because sanitary land
fill techniques are well known, whereas other ap
proaches are less familiar to local government 
officials and citizens. However, note should be 
made of an excellent publication developed in the 
U.S. Environmental Protection Agency, and several 
of the following tables are reproduced from it. 
Decision-Makers Guide in Solid Waste Management 
can be obtained from the U.S. Government Printing 
Office in Washington, D.C. It includes 157 pages of 
materials and notes on institutional and organiza
tional approaches, collection, and the technology 
and economics associated with each approach. 

Burying 

Sanitary Landfill 

As stated in the introduction, open dumps were 
used extensively until the recent federal program 
designed to encourage sanitary landfills got under
way. Landfills, as pointed out, are a distinct improve
ment since there is no burning to cause air 
pollution and the trash is compacted into a trench or 
pit and covered on a regular basis. If the land 
is suitable for landfill techniques, the approach 
provides a sanitary and effective method of dis
posing trash. It is also fairly e~no~ical, at _le_ast 
when compared with large grinding or m1ll1ng 
operations. Also, there are instances when land may 
be reclaimed through such techniques. 

The disadvantages of the sanitary landfill ap
proach involve primarily economics and conserva-
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tion. In the long run, a huge amount of materials 
are buried with no discernable return. It is incon
ceivable that the United States can continue to use 
such a technique for long when natural resources 
are diminishing and already in short supply in some 
cases. Obviously, gas and oil are shortage items, 
but the disposal of drain oil goes on . It is possible 
to recover a great amount of trash now being 
buried. Although a landfill may be most economical 
to a community at this time, when used by thou
sands of municipalities the wholesale waste must be 
considered. It is only a question of time when new 
product production costs and recovery techniques 
achieve a ratio that stimulates greater recovery 
efforts. 

The Milling Alternative (Grinding or Shredding) 

One of the most attractive methods of trash manage
ment is waste milling. In general terms it works this 
way: straight-run trash is put through a grinder 
being reduced to pieces of uniform size. This rela
tively simple process produces a material useable 
as fill with minimal compaction and without cover, 
depending on site suitability. When reduced to 
uniform particles of smaller volume, an added plus 
is also realized . The recovery of saleable portions 
of the total trash is made much easier and an 
opportunity exists to recover a portion of the trash 
system costs through sale of reuseable materials. 
However, leaving recoverables for later, the major 
advantages of milling or grinding include: (1) 
extending the life of a landfill because of reducing 
volume ; (2) it is not esthetically insulting and there
fore is more acceptable to the public; and (3) the 
material is easily placed and compacted and thus 
reduces the problem of locating suitable cover 
material. 

While grinding of trash has been accepted 
practice in a number of European countries for 
many years, most of the experience base in this 
country was provided by an extensive research 
demonstration project in Madison, Wisconsin. The 
seven year project (1966-73) included investigations 
regarding rats, flies, runoff pollution, ga_s buildup, 
vegetation cover, fires, odor, and esthet1cs a~ well 
as the mechanical details and financial considera
tions of trash milling. Some of the conclusions 
reached in the project report are summarized on the 
next page. 

1 U.S . Environmental Protection Agency, Decision-Makers 
Guide in Solid Waste Management, (Washington: U.S. Govern
ment Printing Office, 1974), pp. 7-8 . 

2 Ibid. 



• Residential and light commercial refuse can be 
milled without extensive presorting, with mini
mal hand-picking of unmillables, and with 
negligible downtime due to mill stoppages. 

• Milled refuse has been left in a landfill without 
cover for up to six years, and no complaints 
have been received about odors, unsight
liness, blowing litter, rodents, or insects. 
Public acceptance of the milling plant and the 
landfill has been unusually good. 

• Experience with milled refuse without daily 
cover indicates the quality of operation is 
superior to sanitary landfill operations with 
respect to travel over the fill, dust, tracking 
of trucks on highways, appearance during 
operating hours, and maintaining a uniformly 
high level of operation during cold and wet 
weather. 

• There is less fire hazard with milled refuse as 
opposed to unprocessed trash . 

• Rats are not able to survive on properly 
milled refuse containing up to 20 percent wet 
garbage. There is very little likelihood of rat 
infestation. 

• Fly counts and operating experience indicate 
there is no fly nuisance problem associated 
with milled refuse. 

• Milled refuse cells produce more leachate 
(liquids filtering down through the milled 
materials) contaminants during initial stages 
of decomposition, but less during later stages. 
In the absence of cover, milled refuse devel
ops a relatively mature degradation pattern 
and thus lowers the organic pollution load that 
drains out in the form of leachate. 

• Virtually no runoff and slightly more evapora
tion occurs with uncovered than with covered 
milled refuse. 

• Actual refuse density of milled refuse was 
approximately 27 percent greater than unpro
cessed refuse given equal compaction . The ef
fective density is calculated at nearly 35 
percent greater. 

There are complex technical explanations for 
these characteristics, but in layman's terms this is 
what happens: grinding spreads organic matter 
(which would ordinarly give offensive odor) so thinly 
among inorganic matter that there are few odors. 
Garbage is so scattered rats literally starve, burning 
more energy searching for food than they gain from 
what they find . Uniform size and thorough mixing 
spread paper and light plastics, which normally 
blow, among heavier pieces that hold them down. 
Particles compact naturally, leaving no air pockets 
or gaps and thus milled trash can sustain heavy 
loads. 

Costs and Trends 
Until recently the size and expense of grinding 
machinery restricted the milling alternative to 
places of considerable population. With cost figures 
beginning about $200,000 and going well beyond 
$2,000,000, milling was beyond the reach of non
metropolitan areas. However, manufacturers with 
an eye toward the larger market realized a 20 to 60 
tons per hour capacity was not required by every 
potential mill purchaser. Some now offer low 
capacity grinders/shredders priced below $4,000 
and several are offering low-boy mounted mobile 
shredders capable of servicing multiple locations. 
The milling alternative is now within the reach of 
almost any municipality or private refuse operator. 

The Cass County Reclamation Corporation is a 
private milling (grinding) operation that got under
way in August, 1975. It is the first operation of its 
type in Missouri and consequently has been under 
careful scrutiny since its formation. The site of the 
operation is an abandoned quarry about two miles 
south of Peculiar, M issouri, and about eight miles 
north of Harrisonville (in the southern part of the 
Kansas City Metropolitan Region). 

The entire operation was designed by the owner
operators of the company, and includes a Heil 
Pulverizer (verticle hammermill type) with a 20-ton 
per hour capacity. This type of grinder can ac
comodate items up to 5 feet square, but will 
reject larger ones. There is a receiving area of 
7-inch concrete, and a highloader transfers the 
trash to a series of conveyor belts which move 
the trash to the grinder. Three conveyor belts are 
used and the third, the sorting belt, is designed 
to provide for six sorting stations which can be 
constructed to remove reusables (sorting is not part 
of the operation as yet). An additional conveyor 
belt carries the milled trash directly to the quarry 
pit, and the plan is to add a magnetic belt to 
separate the ferrous metals after processing. At 
present the State Division of Health has not re
quired daily cover of the landfill, but does require 
that the milled trash be spread and compacted on a 
daily basis. 

The Cass County operation cost under $500,000 
to accomplish , with the pulverizer accounting for 
$75,000. Because there has been a change of 
ownership and the plant has been operating only a 
few months, there are no hard data regarding 
operating costs. Estimates put operating costs at 
$12,000 per month. Initially, the dumping fee was 
put at $3.50 per ton, but adjustments are likely. 
One of the conditions of approval by the Cass 
County Planning and Zoning Commission and the 
County Court was that the Corporation take any 
and all waste materials the County of Cass, pri-
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vate or public first, and that trash from other 
counties be given a lower priority. (See Appendix 
D on page 22 for other restrictions) . 

Although there have been start-up problems 
such as the necessity to uncover the conveyor 
belts to avoid jamming, with the result of some 
blowing paper, the Cass County Reclamation 
Corporation may soon show whether or not such a 
private endeavor is profitable. If it is, additional 
efforts may be seen in the near future. 

Headquarters for the Cass County Reclamation 
Corporation. 

Equipment Types 
Grinders come in three general types, with most in 
use being of two types. The horizontal tooth roll 
crusher, which shatters objects against a steel 
breaker bar, is used primarily for reducing bulky 
objects to manageable size. Lacking particle 
control and rejection mechanisms for nonshred
dables, it would be usuable only if followed by 
a secondary shredder in most municipal systems. 
The horizontal hammermi/1 uses flailing hammers 
against breaker bars, with outlet grates that retain 
pieces until they are small enough to pass through. 
Hammermills ordinarily have a reject pocket that 
gathers unshreddables. The vertical rotor shredder 
uses a tapered barrel with grinding rings or ham
mers, reducing bit by bit until material reaches the 
desired size. 

Each type of shredder has advantages and dis
advantages. Manufacturers and sales forces, as 
might be expected , emphasize the former and 
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downplay the latter. Areas for particular concern 
and inquiry by prospective purchasers are: main
tenance requirements ; part replacement and repair 
frequency; pre-sort requirements; and rejection 
mechanisms. Several firms request a description of 
the trash content and design a grinder to fit the 
needs. 

Manufacturers listed by the National Center for 
Resource Recovery and found through other 
sources are: 

Shredder Manufacturers 
(Municipal Waste) 

Shredder 
Company Address Type 

Allis Chalmers Appleton (Wis.) hammermill 
54911 

J\merican St. Louis (MO.) hammermill 
Pulverizing Co. 
Carborundum Co. Box 380 

Hagerstown, Md 21740 
Eidal Inter- Albuquerque (N.M.) ring grinder 
national Corp. 
Gruendler St. Louis (Mo.) Hammermill 
Crusher & Pul-
verizer Co. 
Hammermills, Inc. Cedar Rapids, la. 52405 hammermill 

625 C Avenue, N.W. 
Hazmag USA, Inc. Uniontown (PA) tooth roll 

crusher 
Heil Company 3000 W. Montana St. vertical 

Milwaukee, (Wis.) 33201 hammermill 
Jeffrey Mfg. Co. Columbus (Ohio) hammermill 
Longhorn Const. Sulphur Springs (TX) horizontal 
Co., Inc. flail mill 
Newell Mfg. Co. P.O. Box 9132 hammermill 

San Antonio (TX) 78208 
Pennsylvania Box 100 hammermill 
Crusher Corp. Broemall (Pa) 19008 
Williams Patent 2701 N. Broadway hammermill 
Crusher & St. Louis (Mo.) 63102 
Pulverizer Co. 

The Madison project used mills manufactured 
in Europe. Many of the manufacturers also 
market recovery equipment including magnetic 
separation and air classification machinery. The 
Dings Company Magnetic Group (Medor, Inc., 
10408 Manchester Avenue, St. Louis , Missouri 
63122) markets recovery systems. 

; 



Although milling or shredding is a relatively 
new development in the United States, operations 
are growing rapidly. To illustrate, the table below 
lists merely the shredding operations in Missouri . 
For a comprehensive view of all operations in the 
United States, consult Appendix A. 

Cass County Reclamation Corporation landfill. 

Solid Waste Shredding Operations in Missouri* 

Location Start up Date Type of Shredder Type of waste Rated Disposition of 
Shredded Capacity waste 

Kansas City 1975 Vertical Municipal 20 T.P.H. Landfill 
Solid Waste 

St. Louis 1971 Horizontal Municipal 75 T.P.H. Power-
Generation 

St. Louis June 1969 Horizontal Over-sized 30 T.P.H. Incineration 
Bulky waste 

St. Louis 1973 Vertical Sewage 15 T.P.H. Disposal 
Screening 

St. Louis April 1976 7 Packer & Over- 100 T.P.H. Energy Re-
thru Horizontal Sized Bulky each covery & 

Dec. 1976 Primaries waste Ferrous Re-
covery 

St. Louis April 1976 7 Pri. Shredded 95 T.P.H. Energy Re-
thru Horizontal Material with each covery 

Dec. 1976 Secondaries Ferrous Removed 
Mobile Oct. 1974 Vertical Commercial & 10-15 tons Landfill 
Shredders Industrial per hr 
U.S. Air 
Force 

*Reprinted from Waste Age magazine, July, 1975, page 13. 
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Burning 

(Thermal Reduction with Recovery) 
Standard Incineration 

Burning solid wastes or trash used to be ac
complished by standard incineration in refractory
lined furnaces. Because of strict air pollution 
standards and the desire to recover resources, 
standard incineration has been rendered obsolete 
and virtually eliminated from current operations. 
However, new approaches to "burning" or incinera
tion with energy recovery are being developed and 
some are an accomplished and exciting fact. 

Waterwa/1 Incineration 
Incineration in and of itself is useful because of its 
ability to reduce volume. However, with new tech
niques of energy recovery such as steam, oil, gas, 
and other fuel, the approach becomes more attrac
tive. One of the new approaches is incineration 
using waterwall units. This process is designed to 
produce steam. Metal pipes surround the furnace 
and the water carried by the pipes is turned into 
steam. Residues and fly ash must be controlled, but 
probably the major concern is cost. Waterwall con
struction is more costly than refractory units with 
1972-73 construction costs running from $12,000 to 
$15,000 per ton of capacity. However, some costs 
can be recovered if there are customers for the 
steam, but marketing has been a problem in this 
country. One unit nearing completion is being 
built in Nashville, Tennessee, and is designed to 
serve a guaranteed long-term steam market. 2 

Pyrolysis 
Pyrolysis is a new word to many, but refers to 
changing solid waste into a storable, transporta_ble 
fuel-either liquid or gas. As of 1974, several pilot 
plants were in operation, but no full-scale 
system was underway. As described in EPA's 
Decision-Makers Guide in Solid Waste Manage
ment: 
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In a pyrolysis or partially pyrolytic system, 
high temperatures of 1,000 to 2,000 F and 
low availability of oxygen result in a chemi
cal breakdown of the waste organic material 
into three component streams: a gas con
sisting primarily of hydrogen, methane, 
carbon monoxide, and carbon dioxide; a 
"tar" or "oil" that is liquid at room tempera
ture and includes organic chemical such as 
acetic acid, acetone, and methanol; and a 
"char" consisting of almost pure carbon 
plus any inerts (glass, metals, rock) that 
enter the process unit.3 

Residue must be controlled in the process, but air 
pollution controls are considered to be less costly 
than in other types of incineration. 

Costs of Pyrolysis 

Final cost estimates are not yet available for 
pyrolysis plants. However, the costs are estimated to 
be roughly similar to construction of water-wall 
incinerators, or approximately $10,000 to $18,000 
per ton of daily capacity. Some of the systems under 
design and in operation include: (1) a 200-ton-per
day plant in design stage for San Diego County 
by the Garrett Research and Development 
Company; (2) a 200-ton-per-day plant in South 
Charleston, West Virginia, by the Linde Division of 
Union Carbide; (3) a 5-ton-per-day plant in operation 
in Tarrytown New York; (4) a 75-ton-per-day plant 
operated for several years in Erie County, New 
York, by the Torrax Division of Carborundum, and 
under the sponsorship of the Environmental Protec
tion Agency; and (5) a 1,000-ton-per-day demonstra
tion plant under construction in Baltimore, 
Maryland, sponsored by the City of Baltimore, 
EPA, and the Maryland Environmental Service. 

The Baltimore plant above is using a new pro
cess developed by the Enviro-Chem Systems Divi
sion of Monsanto and called the LandGard System. 
It features shredding or milling, a rotary kiln 
reactor, the use of auxiliary fuel oil, and is modeled 
after a 35-ton-per-day unit that was developed as a 
pilot plant by Monsanto in St. Louis. This smaller 
plant has been in operation for over three years. 
As described in Decision-Makers Guide by EPA, 
in Baltimore: 

· The plant is being designed to handle mixed 
municipal solid waste, including tires and 
bulky wastes. All incoming waste will be 
shredded and then conveyed to a rotary 
pyrolysis kiln. Fuel oil will be combusted 
to provide heat for the pyrolysis reaction. 
The pyrolysis gases leave the kiln and will 
then be combusted in an afterburner. The 
hot afterburner exhaust gases will pass 
through waste heat boilers that generate 
200,000 pounds of steam per hour for sale 
to Baltimore Gas & Electric Company. The 
steam will be used for downtown heating 
and cooling . Boiler exhaust gases will be 
scrubbed and dehumidified . 

2 op. cit. , page 92. 
3 op. cit., page 93. 



The pyrolysis residue wil I be water 
quenched, and magnetic metals will be re
covered. Water Flotation and Screening 
processes will separate the char residue, 
which must be landfilled, from a glassy 
aggregate fraction that will be used as 
aggregate for city asphaltic street construc
tion.4 

The total cost of the Baltimore plant is estimated 
at $15,400,000, but again, generation of steam will 
help offset operating costs. 

Advantages of Energy Recovery 

As reported by the EPA, the advantages of energy 
recovery from the burning of trash include the 
following: 

1. Helps to ease the energy shortage 
2. Reduces need for land for sanitary landfills 
3. Siting may well be easier for an energy 

recovery plant than a landfill or conventional 
incinerator 

4. Total pollution is reduced when compared to 
a system that includes incineration for solid 
waste disposal and burning fossil fuels for 
energy. 

5. Public pressures are mounting in favor of 
energy recovery 

6. Energy recovery appears to be more eco
nomical than conventional incineration or 
remote sanitary landfilling 

7. Economic prospects are becoming ever more 
favorable because of the soaring costs of 
fossil fuels and the increasing environmental 
constraints. 

Some of the disadvantages of energy recovery in
clude the following: 

1. Most systems will not accept all types of 
wastes or will still have a residual. Therefore, 
a sanitary landfill will still be needed as a 
part of the total system. 

2. Developmental work is still underway, which 
could cause a delay in decision-making. 

3. Recovery materials or energy will have to be 
marketed, which may pose some problems to 
municipalities. 

4. Specific needs of the energy market may 
dictate the parameters of a system. 

In summary, the old incinerator with metal grate 
is a thing of the past. However, new techniques for 
recovery of materials and fuels are on the scene 
and may prove economical as well as beneficial. 

4 op. cit., page 95. 

Thermal reduction is also capable of using either 
solid or milled wastes and this adds a considerable 
bonus when the cost of fossil fuel is considered. 
If the pyrolysis units designed to produce gas and 
oil can be expanded and added to, a new supply of 
energy can be made available. 

The Environmental Protection Agency 
recommended in its 1974 publication that if a 
muncipality wanted to implement a resource 
recovery system immediately the waterwall 
incinerator was the best bet. If the community had 
a year's lead time, solid waste incineration would 
be something to seriously consider. If the lead time 
was from two to five years, EPA recommended 
consideration of pyrolysis. The Appendix C sum
marizes various aspects of thermal reduction 
systems. 
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By-Products 
(Recovery and Recycling) 

The third "B, " after burying and burning, refers to 
by-products or the process of recovering .materials 
from trash. There are basically two approaches 
to recovery and recycling: (1) pre-sorting or pre
collection of useables; and (2) post-collection 
separation of useables from the rest of the trash. 
Technology is advancing rapidly for post-collection 
removal processes, but pre-sorting depends on 
citizen cooperation to be effective. 

Recovery of reusable materials from trash is in 
its infancy in this country. Traditionally, scavenging 
from the dump was about the lowest form of activity 
a society could conceive. Commitment to dispos
ables has increased continuously. Obsolescence 
has become almost as important as usability. 

Realization of the limited nature of resources 
comes slowly. The oil producing nations drove the 
point home with the cutoff of petroleum exports. 
Grudgingly, we admitted our extravagance would 
have to be reduced. The situation is made to order 
for resource recovery from trash. One aspect of 
recovery and recycling which is not readily known 
has to do with the saving of energy. Usually, people 
think of conserving materials when recycling is 
mentioned. However, recycling also results in a 
great conservation of energy. For example: 

The amount of energy required in pounds 
of coal to produce one pound of aluminum 
from virgin ore is 6.09 lbs. As compared to 
0.17 lbs. from recycled material with a per
cent reduction in energy requirements thru 
recycling of 96-97 per cent, the conserving 
of energy for steel is 74-80 per cent less 
energy than steel made from iron ore. Paper 
made from waste paper is a 70 per cent 
reduction in energy. 6 

When it is realized the United States has only 6 
per cent of the world 's population, but uses 40 per 
cent of its raw materials, some of the resentment 
of the developing nations toward the United States 
and other industrialized nations is understandable. 
It should quickly be pointed out, though, that some 
municipalities are involved in exciting projects 
involving recovery and recycling and that some of 
the efforts involve saving dollars as well as land for 
sanitary landfills. Conservation as an ideal is to be 
lauded, but conservation that pays money is even 
more attractive. 

6 From Environment Magazine, March 1975, as quoted by J. 
Stockhausen, Recycling Director of Crestwood, Missouri. 
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Pre-Sorting 

Pre-sorting or pre-collection refers to the recovery 
of materials before they become mixed in a col
lection vehicle or container. Because of the poten
tial of this approach for small as well as large 
municipalities, the following description of the 
Crestwood, Missouri, recycling center is included. 

Crestwood's Recycling Center 

Crestwood, Missouri, located in the St . Louis 
metropolitan area, opened its recycling center in 
January of 1972. It is located two blocks north of the 
city hal I on a site donated by the Reid Industrial 
Park. Originally , it was a part-time operation but now 
is supervised by a full-time city employee (known as 
the Recycling Director) and several attendants. 

Although there is mandatory newspaper pickup 
in Crestwood and a "no burning " ordinance, the 
success of the Recycling-Center is due to the 
cooperation of Crestwood citizens and business 
community and the commitment of city officials. 
The Center collects cans (steel and aluminum), 
waste oil, paper, corrugated cartons and boxes, 
clear and colored glass, and miscellaneous items. 
All of this trash is separated and brought to the 
center by citizens, except for newspapers and bulky 
objects which are picked up by the city on a 
request basis at no charge. The city also picks up 
corrugated paper from commercial establishments 
at no charge. The Center is open from 8 a.m . to 
7 p.m. daily except for Sunday, with Saturday 
the busiest day. 

Although initially conceived primarily as a 
conservation effort, the city received $19,453 for its 
recoverables for the first 10 months of 1974. This is 
a perfect example of " today 's trash being tomor
row 's treasure. " The city may be advantaged by 
being located in a metropolitan area and able to 
develop markets quite eas ily, but the prices it is 
receiving for reusables may stimulate others to 
consider this approach . For example, in 1972 the 
city received $17.50 per ton for steel cans ; however 
in Apri l of 1973 the price was $129 per ton . In 
1974, a ton of aluminim cans brought $4,000. 

Use of the Center has also grown dramatically. 
In 1972, the Center recycled 206 tons of usable 
trash ; in 1973 this figure more than doubled to 
580 tons. For the first six months of 1974 the tonage 
rose to 504 tons, and may easily have reached 
1,008 tons for the entire year. 

Costs 

Although costs of equipment may be considered 
high by some, most municipal public works depart-



ments already have many pieces needed . For 
example, in Crestwood non-recurring costs to 
operate its center include a paved parking lot, 
fencing , bins, metal drums, tools, brooms, dust 
pans, first aid kits, fire extenguishers, and trash 
containers. In addition, Crestwood uses dumpsters, 
but flattening of cans is done by rollers or front-end 
loaders. Very small municipalities might find some 
of these costs out of reach, but medium size 
municipalities would have most of the equipment on 
hand, and again, smaller municipalities could 
always contract with those who have the equip
ment and are in close proximity. 

Summary 

People of all ages and income brackets use Crest
wood 's Recycling Center. As Mrs. Jacqueline 
Stockhausen, director of the center, points out, 
"people who use the Center can be divided into 
three groups: (1) the young, ecology-minded indivi
duals; (2) the elderly "who saved string and Mason 
jars during the war years;" and (3) the in-between 
group who, at first, didn't show much interest but 
are now supporting the effort. Mrs. Stockhausen 
can 't really explain the commitment of this last 
group . 

As Dale E. Rieth, city administrator of Crestwood 
declares, "the reason people come to the Recycling 
Center at their own inconvenience is that people 
generally really care about the quality of life as we 
know it and they wish to preserve it. " 

The fact that Crestwood 's effort will be featured 
in a documentary film on resource recovery and 
recycling made for Union Carbid is testimony to its 
success. · 

Milling and Recovery 

When trash is reduced to pieces of uniform size, 
recovery can be about as extensive as desired. Each 
separation operation increases the capital and 
operating cost, but each marketable material 
separated and sold lowers the total cost. In 
searching for the proper balance it is probably 
best to begin with limited operations and expand as 
financial and market conditions indicate. 

The simplest separation is that of ferrous metal. 
A simple magnet will remove these particles, 
although more complex magnetic mechanisms 
furnish cleaner and more saleable scrap . Air 
classifiers to separate lightweight from heavy
weight materials can remove paper and other 
combustibles for burning or paper for sale . Some 
success has been achieved with electromagnetic 
removal of aluminum. Glass can be removed, but 
currently must be color-separated to sell. The varia-

tion in density of different materials allows 
discriminating sorting to be accomplished through 
use of a column of air in a sectioned vertical 
shaft. By adjusting the width of shaft sections, 
materials of given weights can be placed in given 
compartments. 

Economics of recovery systems will have to be 
evaluated by each potential operation in terms of 
trash composition, resale markets, and equipment 
costs . As a general guide the following data may 
help. Percentages are from 24 separate investiga
tions of municipal trash composition by cities, 
counties, universities, institutes and private firms. 
Average percentages total more than 100 due to 
variations in total classifications. 

GI 
Me 
Fer 
Fer 
Alu 
No 
Pa 
Pia 

ge% 

.5 

.3 

.2 

It is apparent that investigations using the 
classification " Metal " did not include ferrous, 
aluminum, and non-ferrous materials. Similarly, the 
" Miscellaneous" category would vary accordingly. 
Aside from these variations, however, other d if
ferences can be explained by many factors . A rural 
county-wide sample could be expected to contain 
less food waste than a city sample. Paper totals 
would be related to prohibitions on burning. Wood 
waste would be considerably lower in desert 
environments. The above figures do not include 
industrial waste or automotive scrap. 

As a guide to total amount of waste, genera
tion has been measured at an average three pounds 
and estimated at over five pounds per person/day. 
Using these figures and percentages from the fore
going table, a general idea of the amount re-
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coverable material can be calculated. Market prices 
vary a great deal, but are published daily in many 
newspapers or available at some scrapyards. 
Manufacturers of shredding and recovery machin
ery are a good source for information on quantities, 
markets, and prices, although naturally inclined to 
optimism by the nature of their position. 

Composting 

Composting of municipal solid waste has been 
practiced in Europe and the United States for 
many years. 7 The technology of composting is well 
advanced, and there are no real technological 
barriers to making compost. 

In the United States, composting plants have 
been established in various communities over the 
last 20 years. In general, these plants have met with 
little success and most have closed. The major 
problem appears to be lack of viable markets for 
the product. Currently, only one plant, Altoona FAM, 
Inc., Altoona, Pennsylvania, is known to be 
operating on a regular basis. 

In the process used at Altoona, solid waste is 
ground in a wet-pulper and passed through de
watering presses before it is fed into the digestor 
for a 5-day decomposition cycle. The material is 
stirred in the digestor by augers suspended from a 
rotating bridge in the circulartank. Air is provided by 
means of a blower and air pipes embedded in the 
floor of the tank . The design used in the Altoona 
plant appears to be superior in automation and 
humus product. 

7 op. cit., page 101. The 3 paragraphs above are paraphrased 
or reproduced from, Decision-Makers Guide in Solid Waste 
Management, U.S. Environmental Protection Agency. 
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The Total Program: Thermal 
Reduction for Fuel, 

Recovery, and Recycling 

The Ames, Iowa Plant 

The management of Ames, Iowa's trash plant 
compare it to a packing house which sells every 
part of the pig except the squeal. Of each 100 
pounds of commercial and residential trash that 
collectors bring in the automated entry door, only 
5.3 pounds is trucked from the plant exit to the 
landfill. Planned operational changes will use the 
three-tenths soon, making the recovery rate a flat 
95 percent. Also, the landfill is not compacted, and 
receives cover only weekly. 

Ames is a rather unique community with a 
complete municipal operation, ample funds avail
able, liberal bonding authority (the city council 
can approve a bond issue by its own action 
and without a referendum), and a solid base of 
community support for government even in innova
tion. The $5.5 million trash processing plant is in 
the center of the city, and was built with virtually 
no grant funds. Using the Union Electric St. Louis 
pilot waste-burning plant for electrical generation 
as a model (Ames operates its own electricity 
generating plant which furnishes a// of the city's 
power), the city automated the idea into the 21st 
century. 

Collectors serving the city, surrounding county, 
and a number of nearby communities weigh in 
through inserting a hauler's credit card in the 
computer connected scales. The charge is $1 per 
load. After depositing their load on the dumping 
floor, they exit the plant. A separate entry-exit 
unscaled lane is provided for householders and 
non-commercial haulers. A front-end loader nudges 
what often becomes a mountain of trash methodi
cally onto a corner conveyor belt, safety geared to 
prevent too fast flow. 

Two identical grinders of the hammermill type 
are arranged for operation in series, parallel, or 
separately as breakdown backup. The uniform 
particles pass from the grinders under a magnetic 
system which extracts ferrous metals, deposits 
these saleable particles on a conveyor belt, and 
moves them to a storage bin for transport to the 
buyer. The balance of the particles are conveyed 
to an air classifier, which separates by weight 
using a stream of concentrated air to move the 
lightest to the top. 

Heavy particles separated in this process are 
screened, with near-pulverized materials being con
veyed to storage. This ground glass type material 
is used instead of cinders as traction material on 

slick winter streets. Although using glass for trac
tion would cause most motorists to worry about 
their tires, it is well to remember that finely ground 
glass resembles the sand from which it was made, 
and that sand is a common traction providing 
material. 

Aluminum has been a problem for resource 
recoverers , being immune to magnetic attraction. 
The Ames plant uses specially designed separators 
which repel aluminum against the sides of cylinders 
while other materials are retained at the center. 
Aluminum is currently quite valuable on the metals 
market. The residue, non-ferrous metals with alu
minum removed, are sold as mixed metals. Non
metallic residue is rejected and landfilled. 

Burnables (combustibles), which are blown out 
the upper end of the air classifier, are pneumatically 
conveyed under railroad tracks between the trash 
and power plants . Currently, they are mixed with 
coal in 90/10 ratio in slightly modified boilers . 
Plans are drawn for eventually using 20 percent 
trash in the burning mix. The city-owned utility 
pays (or credits) the trash operation on a BTUs 
(British Thermal Unit) basis, and has already saved 
the city many tons of coal. 

The Ames plant represents the ultimate in 
municipal trash management from its closed circuit 
TV scanning for approaching trucks, to the door 
ready for paper recovery mechanisms when and if 
the used paper market reaches a level beyond the 
value of BTU content as fuel . Costs of such an 
operation are, of course, beyond the capability of 
all but a few. Presently, it costs approximately 
$12 per ton to operate the plant, but the power 
plant pays $6 per ton for burnables and the plant 
gets about $3 per ton for reusables , leaving 
operating costs at roughly $3 per ton . 

The Ames concept encompassing total reuse of 
materials now wasted is the wave of the future. 
The transfer of liabilities to the asset side is too 
attractive to deny, and the increasing availability 
and reduced prices for less sophisticated recovery 
machinery insures a bright future for such 
efforts. 
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The Ames, Iowa Plant 

The Ames, Iowa, Solid Waste Recovery Plant. 

Fully automated control panel. 
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The automatic, television 
scanned doors. 

Sized waste separator. 



Conclusions 
In producing this publication , it is the authors ' 
contention that local government officials ought to 
be aware of alternative methods of managing trash 
or solid wastes. Although sanitary landfills are being 
encouraged by many, and indeed are an improve
ment over open dumps, new technology is now 
available to: (1) reduce the increasing need for land
fill sites ; and (2) enhance energy or materials 
recovery. Also, it is an opportune time to capture 
favorable public sentiment regarding the recovery 
and recycling of trash . Elected and appointed local 
government officials will be involved in any such 
effort, even though they be primarily private, and 
leadership from this quarter would be welcomed by 
all. 

We well realize the economics of trash manage
ment, including capitalization, are a concern to all 
and local officials are " between a rock and hard 
place" in the area of finance. Still , some invest
ment in new procedures and equipment for trash 
processing and disposal may reap unexpected 
dividends. Also, although some processes may be 
thought to be beyond the capabilities of small 
communities, the possibility of inter-local coopera
tion may expand opportunities enormously. 

Private operations are also increasing in the 
recovery and recycling field . We hope local officials 
will keep abreast of developments and operations 
that may be suitable for their communities. There 
is no doubt that the management of solid waste 
will see a great deal of change in the next few years, 
and we certainly hope local officials will take advan
tage of any changes that might benefit their com
munities. 
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Appendix A 
Solid Waste Shredding Operations in the U.S.* 

Location Start up date Type of shredder Type of waste Rated Disposition of 
shredded capacity waste 

ALABAMA 

Decatur Nov. 1969 Horizontal Industrial 40 T.P.H. Separation & 
Recycling 

Mobile 1965 2 Horizontal General 35-40 T.P.H. Disposal 
Household 

CALIFORNIA 

Antioch Aug. 1975 3 Horizontal Industrial 25T.P.H. Each Energy Recovery 

Los Angeles Aug. 1975 Vertical Municipal 15 T.P.H. Landfi II 

Los Gatos 1969 Horizontal Shaft, Municipal, both 30 T. P. H. for Recycling and 
3 units Primary Packer Truck & Whole System Energy Recovery 
Secondary Bulky Waste 
Tertiary 

Menlo Park March 1973 Vertical Municipal Packer 3 T. P.H. Power Generation 
Packer Truck 

Mountainview June, 1974 One Vertical Municipal & 15 Tons/ Hr Landfi II 
Commercial 

San Diego 1970 Horizontal Municipal 40 T.P.H. Bale & Landfill 

San Diego March, 1976 Horizontal Municipal 35T.P.H. Pyrolysis 
Hammermill 

Mobile Shredders October, 1974 Vertical Commercial & 4 to 12 tons Landfill 
U.S . Air Force Industrial 

COLORADO 

Alamosa June, 1972 One Vertical Municipal 15 Tons/ Hr Landfill 

Chaffee County June, 1974 One Vertical Municipal & 15 Tons/ Hr Landfill 
Commercial 

Pueblo Feb. 1975 Two Vertical Municipal & 40 Tons/ Hr. Landfill with 
Commercial ferrous separation 

Salida July, 1974 Vertical Municipal 15 T.P.H. Landfi II 

CONNECTICUT 

Ansonia May, 1974 Horizontal Over-sized Bulky 30T.P.H. Resource Recovery 
Waste & Incineration 

Bridgeport 1975 Horizontal Institutional 6 T. P.H. Incineration 

Bridgeport Aug. 1976 2 Horizontal Municipal 75 T. P.H. each Generate 
H ammermi lls Electricity 

Milford 1972 2 Vertical Municipal Solid 40T.P.H. each Landfi II 
Waste 

New Britain Aug. 1975 Horizontal Municipal & 50T.P.H. Landfi II 
Over-Sized Bulky 
Waste 

New London July, 1972 Horizontal Municipal 80 T. P.H. Landfill 

DELAWARE 

New Castle 1972 Horizontal Municipal 100 T. P.H. Landfill 
Household (50 tons per line) 
Collections 

FLORIDA 

Brevard County Feb; 1976 2 Horizontal Packer & Over- 75 T. P.H. each Ferrous Recovery 
Sized Bulky Waste Landfi II 

Ft. Lauderda I e 1973 Horizontal Municipal 400 Yd/Hr. Incineration/ 
Landfill 

Pompano Beach Oct. 1972 One Vertical Municipal & 15 Tons/ Hr. Landfill with Paper 
Commercial & ferrous recovery 



Location Start up date Type of shredder Type of waste Rated Disposition of 
shredded capacity waste 

Tampa June, 1967 Horizontal Municipal Over- 6 to 8 T. P. H. Incineration 
Sized Wood 

Mobile Shredder Jan. 1975 Vertical Commercial- 1045-T. P.H. Landfill 
U. S. Air Force Industrial 

GEORGIA 

Atlanta Feb. 1975 Horizontal Municipal & Over- 75 T. P. H. Bale-Rail Haul 
Sized Bulky Waste Landfi II 

DeKalb Jan. 1963 Horizontal Municipal Over- 6 to 8 T. P.H. Incineration 
County Sized Wood 

DeKalb County June, 1973 3 Vertical Municipal 45 Tons/Hr Landfi II 
(Atlanta) 

DeKalb 1973 2 Vertical Municipal Solid 50 T. P.H . Landfill 
Waste 

ILLINOIS 

Chicago 1970 Horizontal Bulky Trash 25 T. P.H. Landfi II 

Chicago June, 1970 Horizontol Municipal BOT . P. H. Landfi II 
Chicago 1971 Horizontal Municipal 30 T. P.H. Incineration 
Ch icago 1975 2 Vertical Secondary Grind 60 T. P.H. each Fuel Supplement 
Chicago June, 1975 Vertical Secondary Grind 60 T.P. H. Energy Recovery 
Chicago Oct. 1975 Horizontal Municipal & Over- 75 T. P. H. BTU Recovery 

Sized Bulky Waste 

Galesburg July, 1975 Horizontal Packer & Over- 75T . P.H . Landfill 
sized Bulky Waste 

Lemont Aug. 1975 Vertical Incinerator- 20 T.P. H. Ferrous Resource 
Residue Recovery 

INDIANA 

East Chicago 1975 1 Horizontal Over-Size 25 Incineration 
Ft. Wayne 1970 Horizontal Industrial & 50T.P. H. Recycle 

Hammermill Commercial 

Indianapolis 1971 Horizontal Municipol 200 Cu. Yd/Hr. Landfill 
lndianapol is Aug. 1971 Horizontal Municipal Over- 25 to 35 T. P. H. Incineration 

Sized Wood 

IOWA 

Ames June 1975 2 Horizontal Municipal 50 T. P.H . Generate 
Hammermi I ls Electricity 

Es therv i II e Nov. 1975 Horizontal Municipal House- 20T.P. H. Landfill 
Hammermill hold Refuse Composting 

( Minimum sorting) (sludge mixing) 
Pleasant Hill 1973 Horizon tal Municipal 20T . P.H. Composting and 

Single Direction Pyrolisis 

KENTUCKY 

Louisville April, 1962 Horizontal Over-Sized Bulky 20T.P. H. Incineration 
Waste 

Louisville Feb. 1968 Horizontal Industrial 32T.P. H. Landfill 
Louisville July, 1969 Horizontal lndustriol 40 T. P.H. Resource Recovery 

& Landfill 

LOUISIANA 
New Orleans Dec. 1975 Vertical Municipal and 75 T. P.H. Resource and 

Commercial & OBW Landfill 
New Orleans 1976 1 Horizontal Municipal 75T.P.H. Londfi II/Recycling 
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Location Start up dote Type of shredder Type of waste Roted Disposition of 
shredded capacity waste 

MAINE 

Romford Oct. 1972 Horizontal Industrial 40T.P.H. BTU Recovery 

MARYLAND 

Baltimore 1974 2 Horizontal Municipal, Industrial 50T.P. H. Pyrolisis 
Over-Sized Bulky each 

Baltimore 1975 2 Horizontal Municipal 50, 50 Landfill 
Commercial 
Over-Size 

Baltimore Dec. 1975 2 Horizontal Municipal 70 T. P. H. Landfill 
Solid-Waste 

Baltimore Nov. 1975 2 Horizontal Municipal Solid 55T.P.H. Resource Recovery 
A-60's Waste each 

MASSACHUSETTS 

Boston 1974 Horizontal Bulky Trash 40T.P. H. Incinerator 

Holliston Jon. 1974 Horizontal Industrial 40 T.P.H. Resource Recovery 

Marlboro Nov. 1973 Horizontal Municipal 30T. P.H. Incineration 

MICHIGAN 

Dearborn Aug. 1970 Horizontal Industrial 40 T. P. H. Resource Recovery 
& Landfill 

Detroit June, 1967 Horizontal Industrial 20 T. P. H. Landfill 

Detroit 1972 Vertical Poper 35 T. P. H. Disposal 

MONTANA 

Great Falls Aug. 1973 Two Vertical Municipal & 35 Ions/hr. Londfi II with 
Commercial Ferrous Separation 

NEBRASKA 

Omaha 1975 Horizontal Mixed Packer 50T.P.H. Recycling and 
Truck & Bulky Londfi II 
Trash 

Mobile Shredders Oct. 1974 Vertical Commercial & 4 lo 12 Tons Landfill 
U. S. Air Force Industrial per hr. 

NEW JERSEY 

Monmouth County Nov. 1974 Vertical Municipal Com- 50T.P.H . Londfi II 
merciol OBW 

Monmouth 1975 2 Vertical Municipal Solid 40T . P.H. Landfill 
Waste each 

NEW YORK 

Berlin Aug. 1972 Horizontal Industrial 10 T. P.H. Power Generation 

Buffalo 1970 Horizontal Municipal 240 Cu. Yd/Hr. Incineration 

Elmira 1973 2 Horizontal Municipal 40T.P. H. Landfill 
Industrial each 

New York City 1969 Horizontal 4 Municipal Waste 20 T. P. H. Per Composting 
Units 2 Primary Packer Truck Line 40 T. P.H. 
2 Secondary For System 

New York City 1973 Horizontal lnsilulionol Waste 7 T. P.H. Incineration 

N . Hempstead 1976 Horizontal Municipal 75 T. P.H . Boling for Landfill 

Onondaga County (1) Nov . 1973 Vert ical Municipal Commercial, 50T.P.H. Landfill 
(1) July, 1974" Over-Sized Bulky 
(1) Sept. 1974 Waste, White Goods 

Rochester April 1968 Horizontal Industrial 32 T. P.H. Separation-
Recycling-Fuel 

Rochester 1971 Vertical lnplonl Refuse 40 T.P.H. Fuel Supplement 

Solina 1975 Vertical Municipal Solid 50 T. P.H. Landfill 
Waste 
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Locotion Stort up dote Type of shredder Type of woste Roted Disposition of 
shredded capocity waste 

Syracuse 1972 Vertical Municipal Solid 50 T. P.H. Landfill 
Waste 

Syracuse 1974 Verticol Municipal Solid 50 T. P.H. Landfi II 
Waste 

Tarrytown 1971 Vertical lnplant Refuse 20 T.P.H . Landfill 

NORTH CAROLINA 

Guilford County Jan. 1974 Vertical Municipal, Commercial, 50T.P.H. Landfill 
Over-Sized Bulky 
Waste, White Goods 

NORTH DAKOTA 

Mobile Shredders Jan. 1975 Vertical Commercial & 10 to 15 tons Landfill 
U. S. Air Force Industrial per hr. 

Bellevue 1968 Horizontal Industrial 15-20 T. P.H. Incinerator 
Roi I road Dunnoge 
and Ties 

Columbus 1975 3 Horizontal Municipal 60T.P.H. Landfill 
Industrial, Over-
Sized Bulky 

Dayton 1969 Horizontal Lumber 10 T. P.H. Incineration 
Single Direction Bulky Wood 

Newark 1969 Horizontal Industrial l0T.P.H. Landfill 
Single Direction 

Willoughby Aug. 1973 Vertical Municipal 25 T. P.H. Landfill 
Packer Truck 

OREGON 

Portland 1973 Horizontal Municipal 20T.P . H. Landfi II 
Single Direction 

PENNSYLVANIA 

Altoona March 1966 Horizontal Municipal 15 T. P.H. Composting 

Harrisburg Dec. 1970 Horizontal Municipal 80 T. P.H. Incineration 

Harrisburg 1970 Horizontal Bulky Trash 25 T. P.H. Incinerator 

LeHigh County Feb. 1975 Two Vertical Municipal & 40 Tons/ Hr. Landfill 
Commercial 

West Point 1972 Vertical lnplant Refuse 20T.P.H. Landfill 

West Point 1972 Vertical lnplant Refuse 5-T . P.H. Landfi II 

York 1975 Horizontal Municipal, Packer 25 T. P. H. lnci neration 
Truck 

RHODE ISLAND 

Providence Aug. 1972 Vertical Municipal & 50 T. P.H . Landfi II 
Industrial Waste 

SOUTH CAROLINA 

Charleston Nov. 1974 Three Vertical Municipal, Industrial 80 Tons/ Hr. Landfill 
White Goods, OBW 

Georgetown Oct. 1974 One Vertical Municipol & 20 Tons/ Hr. Landfill 
County Commercial 

Greenville Jon. 1975 Vertical Municipol and 20T.P.H. Landfill 
Commercial 

Wi II iamsburg Sept. 1973 One Verticol Municipal and 20 Tons/ Hr. Landfi II 
County Commercial 

Mobile Shredder Jan . 1975 Vertical Commercial l 0- l 5 T. P. H. Landfill 
U. S. Air Force 

17 



CAPITAL COSTS OPERATING COST PER TON 
PROCESS COMMENTS FEASIBILITY PER TON OF 

DAILY CAPACITY TOTAL REVENUE NET 

Heat recovery 1 , 000 tons per day pro- Technical-risk is mini- $14,000-$18,000 $9.50-$12.50 $4-$5 $4.50-8.50 
totype plant is being mized because the Mon-
built at Baltimore using sonto process utilizes a 
the Monsanto Londgord more conventional 
system to generate technology. 
steam. Other processes 
ore in lesser stages of 
development. 

Composting Most environmentally Technical-technology * * * * 
sound recovery process. hos been proven. 
Because markets for Economic- i nodequote 
compost hove been be- markets for compost 
low expectations, al I hove precluded success. 
but one U. S. compost 
plant hos closed. 

Materials re- Process being demon- Technical-process not $4,000 * * * 
covery: stroted at Lowe I I, Moss. yet demonstrated at 

Recovery of Projected economics of full scale. 
minerals from $. 75-$3. 75 profit per 
i nci nerotor ton of residue. Based on 
residue Bureau of Mines pr~ 

cess. 

Newsprint, Separate collection of T echni col-separate * * * * 
corrugated, & these materials provides collection, possibly 
mixed office supply that con command w/boling, is required. 
papers prices between S20 and Economics-recovery can 

$80 per ton. be profitable . Markets 
for paper ore improving 
due to fiber shortage. 

Mixed paper Mechanical separation T echni ca I-technology . * * * 
fibers of fibers demonstrated hos been demonstrated 

at 150 tons per day at at full scale. 
Franklin, Ohio. Fibers Economic-fiber quality 
being sold to roofing from Franklin plant is 
fe It manufacturer for low, suitable only for 
$25 per ton. construction uses. 

Quality con be up-
graded by further pro-
cessing. 

Gloss and Many pilot & devel- T echni cal--technology * * * * aluminum opment efforts under- being developed. 
way. Franklin Ohio, Economics-market paten-
demonstration tiol is adequate but 
furthest developed-- system economics 
operation began uncertain as yet. 
August 1973. 

*not available. 
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Appendix C 
Economic and Characteristics and Status 

of Thermal Reduction and Energy 
Recovery Systems 

Capitol To tal 
cost per Major operating 

Ne~ Costs Companies ton of daily Air pollution Product Marketing costs Revenues 
System Involved Capacity Status potential output Problems per ton* per ton per ton 

I nci neroti on: S15,000-20,000 Obsolete; Cannot eco- None --- $ 8.00- --- $ 8.00-
Refractory- 300 units in nomicolly meet 15 . 00 15.00 
lined units use Federal Stan-

dords 

Waterwoll Nashville 12,000-15, 000 Several units Con meet Steam Must satisfy 9.00- $6.00 3.00-
units Thermal Transfer operational Federal needs of 15.00 15.00 

Corp., IBW-Mortin, 240 to 1,600 standards customer 
Rust Engr . tons per day 

Pyrolysis: Garrett Research & 10,000-18,000 200-ton-per Emmissions Oil, gos O il needs to be 10.00- 5.00 5. 00-
Conversion to Dev. Com6any, day pilot readily con- tested . Btu 13.50 8.50 
gos or oil Union Car ide plant under trolled value of gos 

construction needs to be in-
creased to ex-
tend morketobil -
ity 

Heat recovery Monsanto, Torrox, 14,000-18,000 1,000-ton- Emissions Steam Must satisfy 9 . 50- 4.00- 4.50-
Devco per-day plant reodi ly con- specific needs 12.50 5 . 00 8.50 

under con- trolled of customer 
struction 

Refuse as fue I: Horner & Shiffrin, 7, 000-12,000 650-ton-per- Air pollution Fuel Major Market 10.00- 5.00 5. 00-
Dry- Shredded Browning & Ferris, day system in tests currently is cool-fi red 14.00 9. 00 

Inc . , Waste Manage- operation underway a t utility boilers. 
ment, Inc., Com- power plant . No ma jor prob-
bustion Engineers, Combining lems expected . 
Combustion Equip- two sources 
ment Associates, into one is on 
Americology advantage. 

Wet-pulped Bl ock Clawson 10,000-14,000 Hardware in Fue l Use of pul p as 11. 00- 5. 00- 4.00-
use; 150-ton- fuel still needs 14. 00 7.00 9.00 
per- day pilot to be tested 
plant 

Electrical Combustion --- Research- Emmissions Elec tricity Implica tions 
generation Power Co. pilot plant should be well of selling 

below new electrici ty ore 
standards unknown 

Biological --- --- Research --- Methane Unknown 
conversion lab scale 
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Appendix D 

Restrictions Imposed Upon the Cass County 
Reclamation Corporation by the Planning 

Commission and County Court 

1. Approval of all governmental bodies con
cerned , County, State, and Federal. 

2. That the landfill take any and all waste materials 
the County of Cass, private or public, has to 
dispose of ; also said landfill shall be re
quired to serve the needs of Cass County first 
and limit the amount of fill that is discharged 
from other counties. 

3. That any and all complaints be given immediate 
attention. 

4. That it shall be understood that at all times the 
landfill will meet Department of Health, environ
mental , County, State, and Federal require
ments. 

5. That a 1-inch mesh fence 6-feet high surround 
the total site area. 

6. That the outer road from the highway ap
proximately 1 mile to the reclamation area, be 
policed regularly for litter. 

7. That vent tubes be installed from the floor of the 
reclamation fill to extend through the final cover 
as needed for gas ventilation purposes. 

8 . That a lagoon or similar type situation be 
built to trap and recycle through the fill any 
leachate, water, substance, or contaminate that 
may percolate through the fill. 

9. That the proposed site and all vehicles be 
kept in such a condition so as not to create 
an unsightly situation. 

10. That no stockpiling of recyclable materials be 
permitted . 

11 . That no dead animals of any type be accepted . 
12. That no substitute be used in lieu of the 

shredding process, unless approved by the 
proper authorities. 

13. That at the end of the reclamat ion process, 
an earth cover of 30 inches or more be laid 
down over the entire fill area and graded in 
such a manner that grass or such vegetation 
may be planted . 

14. That at the end of the reclamation period, the 
plant be dismantled and moved and the 
reclamation process discontinued at this site. 

15. That a Performance Bond be posted to insure 
the proper operation of the plant and landfill. 
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