
ANL/CNSV-TM-60 

Proceedings of the International Conference on 
Prepared Fuels and Resource Recovery Technology 

February 10-13, 1981 

Nashville, Tennessee 

nrTFPII TO priTJ'T.'^'!>V TUT 

mmmm 

ARGONNE NATIONAL LABORATORY 

Energy and Environmental Systems Division 

prepared for 

U. S. DEPARTMENT OF ENERGY 
under Contract W-31-109-Eng-38 



The facilities of Argonne National Laboratory are owned by the United Sutes Government Und the " ' ^ ^ ' ' ' " " ' " " 
(W-31-109-Eng-38) arrong the U.S. Department of Energy, Argonne Universiliei Association and The '^ '" ' " '^ ' 7 ' ^ ^ " ! ° ' * ° 
University employs the staff and operates the Laboratory in accordance with policies and programs formulated, approved and 
reviewed by the Association. 

IV1EMBERS OF ARGONNE UNIVERSITIES ASSOCIATION 

The University of Arizona 
Carnegie-Mellon University 
Case Western Reserve University 
The University of Chicago 
University of Cincinnati 
Illinois Institute of Technology 
University of Illinois 
Indiana University 
The University of Iowa 
Iowa State University 

The University of Kansas 
Kansas State University 
Loyola University of Chicago 
Marquette University 
The University of Michigan 
Michigan State University 
University of Minnesota 
University of Missouri 
Northwestern University 
University of Notre Dame 

The Ohio State University 
Ohio University 
The Pennsylvania State University 
Purdue University 
Saint Louis University 
Southern Illinois University 
The University of Texas at Austin 

Washington University 
Wayne State University 
The University of Wisconsin-Madison 

NOTICE 

This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the 
United Slates Government or any agency thereof, nor any of their employees, mike any warranty, express or implied, 
or assume any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, 
apparatus, product, or process disclosed, or represent that its use would not infringe privately owned rights. Reference 
herein to any specific commercial product, process, or service by trade name, mark, manufacturer, or otherwise, does 
not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or 
any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

This informal report presents preliminary results of ongoing work or work that is more limited in scope and 
depth than that described in formal reports issued by the Energy and Environmental Systems Division. 

Printed in the United States of America. Available from National Technical Information Service, 
U. S. Department of Commerce, 5285 Port Royal Road, Springfield, Virginia 22161 



ARGONNE NATIONAL LABORATORY 
9700 South Cass Avenue 

Argonne, Illinois 60439 

ANL/CNSV-TM-60 

PROCEEDINGS OF THE INTERNATIONAL CONFERENCE 

ON PREPARED FUELS AND RESOURCE RECOVERY TECHNOLOGY 

February 10-13, 1981 

Nashville, Tennessee 

Published April 1981 

Prepared for 
U.S. DEPARTMENT OF ENERGY 

Assistant Secretary for Conservation 
and Solar Energy 

Office of Energy from Municipal Waste 



is 

M 

k 

nt 

leth 



FOREWORD 

In response to the growing need for information on the use of prepared 

fuels for wa.ste-to-energy projects, the U.S. Department of Energy (DOE) and 

the U.S. Environmental Protection Agency (EPA) sponsored a conference in 

Nashville, Tennessee, February 10-13, 1981. These proceedings document 

presentations at that conference. 

Recognized authorities in various areas of prepared fuels technology, 

as well as experts in the financing and marketing aspects of prepared fuels, 

discussed the front-end technology of preparing solid waste for resource 

recovery and the marketing requirements of the various energy applications 

for prepared fuels. One day of the three-day conference was devoted to 

presentations by manufacturers of prepared fuel systems who described their 

systems. One half-day session considered timely issues on waste flow control. 

The International Conference on Prepared Fuels and Resource Recovery 

Technology was coordinated by Caroline Brooks, Technology Transfer, Energy 

from Municipal Waste Program, Energy and Environmental Systems Division, 

Argonne National Laboratory. These proceedings were edited by Diane Wallin. 
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SESSION I: CONFERENCE OVERVIEW 

Moderator: Donald Walter (DOE) 





PREPARED FUEL SYSTEMS: SELECTING AN OPTION 

Stephen G. Lewis 

The MITRE Corporation 
Bedford, Massachusetts 01730 

ABSTRACT 

The question of selecting a resource recovery technology option 
is discussed. Approaches are discussed and experiences are given to 
illustrate why decisions were made to pursue prepared fuel systems. 
It is concluded that selecting an option involves full consideration 
of not only the technology, but company qualifications, costs, and 
the nature of the business deal. 

BACKGROUND OF THE TECHNOLOGY 

In the e.=irly 1970's a number of serious efforts were launched in the 
United States to develop a new technology for recovering both materials and 
energy from municipal solid waste. This technology was based on the many 
years of experience in separating materials in the minerals and mining indus
try, combined with unit processes from other fields, such as the paper and 
agricultural industries. There was immense interest in resource recovery 
which was, at that time, the recovery from materials fraction in solid 
waste of ferrous metals, glass, aluminum and othf-.r non-ferrous metals. The 
refuse-derived fuel processed was viewed almost as a by-product; it was to 
be burned as a supplementary fuel in existing coal-fired units to help pro
duce steam. Very soon this view changed. Refuse-derived fuel was recognized 
to be a valuable fuel, and process designs began to concentrate on this prod
uct even more than on the materials fraction. Dedicated boilers quickly be
came a part of designs to provide a complete system which would produce steam 
or electric power. We now refer to this technology as RDF (Refuse-Derived 
Fuel), front end separation, or prepared fuels systems. 

Most of us are familiar with the pioneering work at the U.S. Bureau of 
Mines and the EPA-sponsored testing and experimentation at St. Louis, Mis
souri. We watched those in Madison, Wisconsin taking a relatively simple ap
proach to designing the recovery process, while firms experimented with 
greater complexity — and hoped for greater utility — in Brockton, Massachu
setts and Rochester, New York, among other locations. Major U.S. firms were 
racing to establish a foothold in the marketplace to capture a slice of what 
promised to be a multi-billion dollar market. No one can deny that at the 
time advertising outdistanced performance by a sizable margin. 



I recall reviewing in 1975 RDF system proposals from firms who had never 
assembled such a system, did not produce or operate such unit processing 
equipment, and had no customer for the RDF to be produced. One company pro
posed an RDF system and, when it was rejected during a preliminary evalua
tion, .switched to a mass burning system. It is ironic that its final propos
al was for a pyrolysis system. That proposal also was unsuccessful. During 
this same era, it was EPA's semi-official position that mass burning was not 
resource recovery at all — it was incineration. This position, of course, 
soon changed. 

All of us have matured in the past few years; people and technology, as 
well as industry and government that combines the two to solve a problem. In 
spite of technology difficulties — and some of these are indeed important — 
both RDF and mass burning have emerged as resource recovery technologies 
which this nation is definitely going to depend on. Other technologies in
volving chemical, thermal, or biological decomposition are In earlier stages 
of development. 

In terms of proven capability, mass burning has a distinct advantage. In 
Europe this technology has been in use for over 30 years and there are over 
250 mass burning facilities operating in major cities worldwide. Also, ex
clusive of mass burning, almost all methods of resource recovery require 
mechanical preseparation, whether firing a fuel in a dedicated boiler, cofir-
Ing with coal in a separate unit, or producing gases or oils through pyroly
sis or anaerobic digestion. Under the appropriate conditions, these alterna
tives potentially can offer higher return on investment and lower costs than 
mass burning. 

When we examine the facts, it appears that RDF firing in a dedicated 
boiler is holding its market position in comparison with mass burning. In a 
recent review of specific mass burning and RDF systems in planning and pro
curement, a judgement was made that in 1985 a total of about 37 full-scale 
systems would be In operation. (This does not include small scale systems 
such as modular starved-air combustion.) Of these 37 systems, 23 will use 
the RDF technology. Table I lists these RDF systems. The column on the left 
gives those processing solid waste in 1980. For those not operating as of 
this writing, we are, as we said, optimistic that they soon will reopen. On 
the right side are those additional RDF systems expected to be processing sol
id waste in 1985. Despite what some may believe, RDF technology is now, and 
will continue to be a major part of this nation's resource recovery industry. 

PURPOSE OF THIS PAPER 

What this paper is to discuss is the question of selecting an option. 
In discussing this it addresses mainly the question of selecting across tech
nologies: mass burning vs. RDF. The problem of selecting one RDF system vs. 
another is covered in general terms, but choosing one process train or one 
set of unit processes over another is not. There remains much conjecture 
about how many shredding or trommellng steps there should be and what design 
philosophy should be used. Very simply,' the system must be designed to ac
complish its function: to prepare materials and a fuel to meet its intended 
market, and to achieve the reliability demanded of it. If it will do that it 
is an acceptable system. 



Table I 

Prepared Fuel Systems in the United States 
Processing Municipal Solid Waste 

In 1980 

Location 

Bridgeport, Connecticut 

Ames, Iowa 

Baltimore, Maryland 

Duluth, Minnesota 

Hempstead, New York 

Madison, Wisconsin 

Milwaukee, Wisconsin 

j New Orleans, Louisiana 

Akron, Ohio 

Reported 
Capacity 

1,800 

200 

600 

400 

2,000 

400 

1,600 

700 

1,000 

tpd 

tpd 

tpd 

tpd 

tpd 

tpd 

tpd 

tpd 

tpd 

Added by 1985 

Location 

Wilmington, Delaware 

Dade County, Florida 

Lakeland, Florida 

Chicago S.W., Illinois 

Baltimore County, 
Maryland 

Albany, New York 

Monroe County, New York 

Niagara Falls, New York 

Columbus, Ohio 

Lane County, Oregon 

Portsmouth, Virginia 

Tacoma, Washington 

Honolulu, Hawaii 

Detroit, Michigan 

Reported 
Capacity 

1,000 tpd 

3,000 tpd 

300 tpd 

1,000 tpd 

600 tpd 

750 tpd 

2,000 tpd 

2,200 tpd 

2,000 tpd 

500 tpd 

2,000 tpd 

500 tpd 

1,800 tpd 

3,000 tpd 

Source: Solid Waste Management/ 
RRJ, November 1980 



This paper focuses on some of the attributes of RDF systems that can 
make them more desirable than mass burning systems. It also focuses on the 
converse. It deals with how, when and why communities select an option and 
what they must bear in mind when doing it. It provides some examples and 
analyzes what the situation has been to date. 

Although not as widely discussed and publicized as many other resource 
recovery problems and issues, selecting a technology has been a difficult 
problem for most resource recovery projects. Because of the lack of solid 
waste experience with RDF, the most important criterion for technology selec
tion has been the "quality" of the company providing it, and under certain 
arrangements operating it — not the technology itself. This will change. 
As the track records of firms improve, as more and more strong companies en
ter the industry, and as we strengthen our understanding of risks and stan
dardize contract terms and conditions, it is inevitable that the technology 

the system, its capability, expected performance and cost — will emerge 
as a primary criterion for choice. This is as it should be. It is important 
to recognize, however, that a community planning to dispose of its solid 
waste using an RDF system must be careful, perhaps even more so than with 
mass burning, to perceive resource recovery as a business rather than as a 
community service. Since it will be dealing with energy and materials mar
kets and all the attendant risks of free enterprise, it must examine the na
ture of the business deal and its business related responsibilities in making 
its decisions. 

APPROACHES AND EXPERIENCES 

For the most part, the approaches for selecting a technology have been 
worked out, even though they are complex and time consuming. These ap
proaches involve using either a so-called architect-engineer (three-stage), 
turn-key (two-stage), or full-service (one-stage) approach, or a creative mix 
of these. Depending on the specific approach taken, specifications and plans, 
requests for proposals, bid packages and contracts are prepared as instru
ments used to state requirements, solicit industry bids and proposals, and 
provide criteria for decisions. These Instruments serve to foster competi
tion in the selection process. With the architect-engineer approach an engi
neer is hired to represent the community and design the facility, arrange for 
purchase of equipment and construction, and help the community prepare to 
operate the facility. The turn-key approach Involves the purchase by the 
community of a total system for operation by itself using public employees, 
or through private contract. The full-service procurement involves selecting 
a single firm to design, construct and operate the facility. Each approach 
has quite a different impact on selecting an option. Each uses different 
criteria and timing. A completely different approach, however, is the pri
vate initiative approach where a private firm establishes a facility on its 
own and then offers to provide a solid waste disposal service. With this 
approach, the community doesn't select the technology at all and little or no 
direct competition Is involved. 

Some communities have asked, when using the two-stage or one-stage ap
proach, if they should preselect the technology, or leave the request for pro
posals open to allow, say, both mass burning and RDF systems to respond. 



There has been fear on the part of these communities that RDF system suppli
ers would not make an offer under the open arrangement. The reason is that 
these suppliers may feel their competitive position is poor, based on the 
more proven nature of mass burning technology. Experience shows that this is 
definitely not the case at all. RDF system suppliers are successfully com
peting against mass burning suppliers. 

In a recent major resource recovery system procurement, strong competi
tion was present across technologies in all areas: technical performance 
guarantees, risk taking, and cost. The RDF system supplier won the competi
tion, which was conducted under a single-stage (full-service) approach with 
mandatory selection of low bidder, as required under existing law in the 
state. The RDF system supplier had the lowest bid, which included not only 
capital cost, but long-term operating costs as well. In other words, that 
bid promised the lowest 20-year solid waste disposal cost to the community. 
It appears that some of the inherent characteristics of the RDF technology 
itself were responsible for that favorable position: 

• A capability to burn an alternate agricultural waste fuel 
which will result in the production of additional electric
ity. The revenues from this electricity are pledged to 
the community, resulting in a more favorable economic posi
tion for it. 

• Greater conversion efficiency, resulting in a guarantee of 
more kilowatt-hours of electricty to be produced per ton of 
solid waste input. This will Increase the revenue, result
ing, again, in a more favorable economic position for the 
community. 

• Sharing of maintenance facilities and services for the 
solid waste facility with those of an exi-sting agricultural 
processing facility. Sharing will result in lower mainte
nance costs and thus more favorable system economics. 

• Sharing a turbogenerator. For many years, the agricultur
al facility has been combusting some of its waste material 
for the production of electricity. Lines will be installed 
to direct steam from one facility to the other at those 
times when the turbogenerators are being overhauled. This 
results in more favorable overall economics. 

Another illustrative case is the RDF system for Lakeland, Florida. In 
this case the community took advantage of the construction of a new municipal 
power generating plant. The design of the coal-fired boilers incorporated 
features which are Intended to facilitate burning RDF. The RDF process facil 
ity is located adjacent to the new power plant. These conditions not only 
reduced technical problems and lowered overall costs but, with all functions 
under municipal control, important institutional and contractual problems 
were minimized as well. 

These cases illustrate that RDF systems may have more flexibility and 
adaptability to becoming an integral part of existing systems than do mass 



burning facilities. Such arrangements can improve performance or reduce 
costs of operation. A $100 million facility operating for 20 years might 
process, say, 10 million tons of solid waste and produce 50 billion pounds of 
steam or 5 billion Kwh of electricity having a value, in today's market, of 
about $200 to $250 million. In an operation of this scale a small improve
ment in efficiency, or a small reduction in unit cost, can result in sizable 
improvements in overall economics. 

What seems to be most important, therefore, is to be very creative about 
using existing facilities as a part of the overall system and matching the 
system to the environment, in particular the market and waste input environ
ment. For example, if a requirement exists for more precise energy load fol
lowing, say steam for a district heating system, this is more readily pro
vided by RDF-fired plants where the more homogeneous fuel is burned in a 
dedicated spreader stoker combustion unit. In addition, an RDF production 
facility has the capability of meeting a wider range of specifications for a 
variety of recovered materials for which there may be markets. 

THE REAL PROBLEM IN CHOOSING AN OPTION 

The dilemma in which we find outselves today is one where, for some ap
plications, RDF facilities have potential capabilities greater than mass 
burning facilities, but little operating history is available for them. To 
make matters worse, what little RDF operating history we do have is not that 
favorable. Recently, three of our most important RDF facilities were closed, 
admittedly for different reasons. But all the reasons are related to inex
perience with the technology. On the other hand, mass burning plants have 
much experience; we have some confidence that these systems will perform 
close to their advertised values. The companies supplying them also have 
that confidence because most of them are willing to stand behind their sys
tems with cost and performance guarantees. This experience and these guaran
tees are critical to a community's giving up pursuit of its other solid waste 
disposal alternatives in favor of a resource recovery facility that will not 
start processing waste for three or more years. If the resource recovery 
facility doesn't make it, the community is in dire straits. If the resource 
recovery facility is to provide energy for, say, an industrial park, lack of 
facility availability can quickly consume all of the economic benefits in 
having the facility in the first place. Failure of the facility, or a dramat
ic delay in its becoming operable can deny prospective users the energy they 
require to operate, and destroy the incentives for economic development 
through resource recovery. So, it is easy to see that selecting a technology 
that promises to provide maximum performance and/or lowest cost is important. 
But, It IS even more important to be assured the facility will achieve opera
tional status, accept waste, dispose of it and supply revenue-producing ener
gy and materials so that costs will be in a realm of acceptability. In other 
words, best cost and performance are important, but we must first be assured 
that the system will actually operate. We have yet to progress beyond some 
of these most basic of concerns. 



FACTORS TO BE CONSIDERED 

Thus, choosing between an RDF and a mass burning system is not a simple 
matter. The choice requires the application of criteria, some of which can
not be measured. It requires judgement and experience which is in short sup
ply. It requires listening to advice from those who frequently will disa
gree because they see different goals for the system (or themselves), because 
they interpret the history of the technologies differently, and because their 
backgrounds and experiences are different. All this revolves around consid
eration of four interrelated factors: 

1. the technology, its characteristics, problems, risks and 
benefits; 

2. The qualifications and capability of the company supply
ing the technology and operating the facility (if opera
tion is to be private); 

3. the capital and operating cost of the facility, tipping 
fees and energy and materials selling prices necessary 
for acceptable economic performance; and 

4. the characteristics of the business deal in terms of risk 
taking by the contractor and the community. 

Some of the information for evaluating RDF and mass burning technologies is 
given in Table II. To this information must be added company, cost, and 
business criteria to put it all together for a decision. 

Company criteria include qualifications, capabilities, and experience in 
the financial and management areas, with financial being the more important, 
as well as more readily measurable. Certainly, the more financial backing 
the better, since problems will occur and the company should have the re
sources to solve them. Although the company may be a part of a very large 
financially strong firm, the community should make certain that these re
sources are available to the resource recovery project, if needed. In the 
mid-1970's it seemed that many communities paid little attention to financial 
capability. Small firms with no experience and no financial backing were 
emerging to market all sorts of technologies, with RDF and pyrolysis being 
the most prevalent. What they were doing was selling their capability to as
semble a system of equipment (shredder, air classifier, trommel, spreader 
stoker, etc.) which they would purchase from the manufacturers. Most of 
these firms did not survive, and they certainly wasted communities' time and 
money in their pursuit of resource recovery. They also did very little to 
help the resource recovery Industry develop and mature. The era of such 
firms now appears to be swiftly fading. Larger, more financially capable 
firms represent the industry. 

Communities have learned much about resource recovery in the past two or 
three years. DOE's and EPA's programs have been very successful in Improving 
communities' understanding of resource recovery and what it takes to make a 
successful project. Throughout the country municipalities are now looking at 
resource recovery technologies with a fairly sophisticated understanding of 
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Table II 

Criteria for Selection of a Resource 
Recovery Technology 

Over 200 Facilities Around World 

Europeans Using for 30+ Years 

Mass Burning In United States 

for Many Years 

- Nashville, Tennessee 
- Chicago N.W. - 10 Years 

- RESCO - 5 Years (High Pressure 

Steam) 
- Harrisburg, Pennsylvania 

RDF-Flred 

2 P l an t s Burning RDF in Dedicated 
Boiler 

- Hamilton - 2 Years 
- Akron - Shakedown 

Another 6 or 7 Plants Producing 
RDF with 2 or 3 Actually Co-
Firing RDF. Most Plants in 
Shakedown 

Operating Problems 

Mass Burning 

Particulate Emissions 

Boiler Tube Corrosion 

RDF-Flred 

Very Limited Operating Data, Very 
Few Suppl iers with Any Operating 
Experience 

Major Problems 

- Explosions (Safety and Cost) 
- High Maintenance 
- Frequent Shutdown 
- Storage Bins Do Not Work 

Effec t ive ly 
- Fa i lu r e to Meet Performance 

Standards 
- Airborne Bacteria, Dust, Odor 

Emissions 
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Table I I (Concluded) 

Benefits 

Mass Burning 

• Proven, Reliable Technology 

• Experienced Management and 
Operating Personnel 

• Known Performance (Expenses and 
Revenues can be Accurately Pre
dicted) 

• Co-Disposal Demonstrated in 
European Plants 

RDF-Flred 

• GROSS Energy Recovery should be 
Greater, i.e.. Higher Boiler 
Efficiency. Positive Benefits 
to Energy Market 

• Better Burnout of Residue is 
Possible 

• Equipment and Parts are U.S. Made 
(Should have Good Service) 

• Potential for Greater Salable 
Material Recovery 

• Flexibility and Adaptability to 
Changing Conditions 

Environmental Impacts 

Mass Burning 

» Problems with Particulate Emis
sions 

• Poorer Burnout of Residue 

• Proven Ability to Dispose of 
Sludge 

RDF-Flred 

• Greater Noise (Shredder) 

• Higher Dust Levels in Plant and 
Potentially Outside 

• Air Emissions not Quantified 

• Odors 

Costs (Present and Future) 

Mass Burning 

• High Capital Cost 

• High Operating Cost 

RDF-Flred 

• High Capital Cost, Potentially 
Lower than Mass Burning for 
Simpler Systems 

• High Operating Cost 

• Greater Energy Revenues 

• Potential for Lower Life Cycle 
Cost 
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u •c.nes and the methods available for financing and operating these sys-
'^' ' f o r the larger systems, co^nunities realize they are not able to raise 
"n.'.bUc dlbt the tremendous capital investment required for a resource re-
"̂ vv facility. Most cot^unities will also not be able to properly staff 

IZTJfacilities for public operation of them. For these reasons the larger 
f lUttes will be acquired under a turn-key or full-service approach. In 
r ^.ses the capability of the company supplying and operating the tech-

TZ. Is very important to success. Smaller systems can be financed as pub
lic !ebt but the coMHunity should be very careful about deciding to operate 
i^wlth public employees since, as stated before, operating such a facility 
= Zry much a business. Communities which may have to go to their legisla-
Mvlbodv for a decision to buy a new pump, or to gamble on a new materials 
market, may not be able to respond adequately to the needs of the business. 

THE BUSINESS DEAL 

Frequently it bolls down to the nature of the business deal between a 
company and the community. This deal Is struck in contract negotiations 
which take place over a period of months, and, for some of the full-service 
contracts, all too often years. At times the option is, in fact, not se
lected until contract negotiations when it is decided who will take such 
risks as these: 

• construction cost increases 

• operat ional delays 

• maintenance cost Increases 

• cost to meet new environmental r e g u l a t i o n s 

• decreases in revenues 

• decreases in waste throughput 

• increases in cos ts or delays caused by s t r i k e s and events 
beyond the control of e i t h e r p a r t y . 

There are scores of p o t e n t i a l l y undes i rab le outcomes such as these to be con
sidered in s t ruc tur ing the business dea l . Se lec t ing a technology involves, 
to a very major extent , considering the " q u a l i t y " of that business deal. The 
problem of technology immaturity in RDF systems can, in pa r t , be overcome by 
a community if a f inanc ia l ly capable company i s wi l l ing to guarantee the per
formance of i t s system. 

We can group business deals i n to four general types according to r i sk 
exposure on the part of the community: 

1. The pr ivate specula t ive ven tu re , in which the private firm 
plans and finances the system on I t s own. The community 
is then asked to con t rac t for waste disposal services an 
pay a t ipping fee which i s probably t ied to an escalator 
clause. Community r i s k exposure here Is the leas 
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2. A contract where the private firm guarantees capital cost, 
operating costs (tied to escalators), and system perfor
mance in terms of recovery efficiency. Other risks are 
shared in various ways and revenues from energy and mate
rials sales are shared. Community risk exposure is higher 
here. 

3. A contract where, perhaps, costs are adjusted and renego
tiated annually or biannually to reduce the risk taken by 
the private sector. Incentive clauses could be involved 
to reward the firm for good cost performance. Community 
risk exposure here is considerably higher. 

4. Use of a traditional architect-engineer acquisition ap
proach coupled with public financing and public operation. 
Here the community's risk exposure is the maximum. 

Over the past few years it has seemed that firms supplying RDF technolo
gies were not willing to expose themselves to risks willingly taken by firms 
supplying mass burning technologies. Such risks include making cost and per
formance guarantees. The first full-scale mass burning technology imple
mented in the country (RESCO) is operated under the first type (private spec
ulative venture) described above. Many of the first generation RDF systems 
have been developed under the fourth type (traditional architect-engineer) 
where community risk is the highest and private risk is the lowest. 

In fact, 14 out of the 23 RDF systems in Table I use or have used an 
architect-engineer approach. Virtually all of these, however, are smaller 
systems in the 100 tpd to 500 tpd range, with corresponding lower capital 
costs. The exceptions are the Columbus, Ohio and Portsmouth, Virginia facil
ities. These two facilities in the 2000 tpd range appear in the top right 
part of Figure 1. The figure plots the reported cafjaclty of the facilities 
given in Table I against community risk exposure. The numbers 1, 2, 3, and 4 
refer to the four types of business deals defined above. From this it can be 
concluded that communities tend to favor the architect-engineer approach for 
the smaller, lower capital cost systems. This is to be expected since this 
approach involves public debt and public operations, which is more feasible 
at this scale. Many of the remaining RDF facilities developed with much 
greater private involvement and risk have had important difficulties. Four 
such systems of major importance are now shut down. But, it must also be 
noted that five RDF systems developed under the architect-engineer approach 
have had substantial problems also. Without federal funding some of these 
systems would probably also have been shut down. Chicago S.W. is, in fact, 
now closed. 

Perhaps the most Interesting question is why those who have chosen the 
RDF technology did so in the first place. The answer to this has to be some
what speculative and opinionated, but it appears the key reasons are these: 

• the professional enjoyment of being a participant in the 
development of a new technology, 

• a belief that the RDF technology will be a less expensive 

technology, and 
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• a belief that the RDF technology is simpler and thus more 
amenable to operation by municipal employess. 

This will change and, in fact, is now changing. Specifications are be
coming more explicit; criteria are becoming more objective. What communities 
must realize is that they more or less freeze themselves into selecting an 
option far earlier than they may be aware. When they decide how the system 
is to be financed, what risks they are willing to take, and who will operate 
the system, they are in an important way selecting an option. When these de
cisions lead them to use the architect-engineer approach, the selection of 
that engineer may be tantamount to selecting an option because of the partic
ular skills and experience of that engineer. They should be sure they are 
ready for these decisions and these implications. Selecting an option is a 
process which begins on virtually the first day of a resource recovery proj
ect. 
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IMPLEMENTATION OF A RESOURCE RECOVERY PROGRAM 
FULL SERVICE APPROACH 

Howard F. Chrlstensen 
Director of Solid Waste 

County of Monroe, New York 

ABSTRACT 

The County of Monroe, an urban upstate New York 
County with a population of approximately 750,000, 
recognized an Impending refuse disposal problem In 
1971. A number of studies had been conducted by a 
variety of consultants and governmental bodies in 
previous years dating to the early 1950's, each with 
a major reliance placed on incineration and land-
filling. With emerging environmental awareness and 
regulation, these recommended practices were not 
looked upon favorably and the community issued a cry 
for a more environmentally sound method of waste 
disposal. Resource Recovery and recycling were phrases 
of the day and the Rochester Engineering Society was 
petitioned to analyze the state of current technology 
through a volunteer work force. Their report subse
quently became the basis for solid waste management 
activities in the County of Monroe. An early-on 
philosophy of sole-source of responsibility for design, 
construction and operation for whatever course of action 
to be embarked upon was adopted. Although the turn key 
process was considered in the beginning. State of New 
York General Municipal Laws precluded this consideration 
and would have eliminated eligibility for a State grant 
in-ald . 

GENERAL 

Early in 1971, the Rochester Engineering Society accepted a 
challenge from its president to establish a positive route for 
solid waste management in Monroe County. Over a span of ten 
years, several formal solid waste studies have been initiated 
for the County by consulting engineering firms, the Planning De
partment, the Department of Public Works and other environmental 
groups . 
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The reports generally supported the concept of two or more 
landfill sites, incineration and composting in the County for 
various period;, while alternate methods of solid waste disposal 
Ihould be explored. Basically, none of the recommendations met 
with popular approval and no action was taken. 

The Rochester Engineering Society became interested In the 
solid waste dilemma through a member of the County Legislature 
who was Instrumental in the promotion of a task force consisting 
of more than seventy technical volunteers with backgrounds In 
engineering, chemistry, physics and the biological sclencies. 
The Society gave the task force the name "Operation Resource" 
(Rochester Engineering Society Organized to Utilize Research to 
Conserve our Environment) and charged it to: 1. study all known 
methods of solid waste disposal; 2. evaluate their efficiencies 
in terms affecting local conditions, requirements, and priori
ties; and 3. recommend the specific steps to be taken by munici
pal officials. 

Early in the research study period, the task force realized 
that they were developing technical, detailed information which 
could be of value to municipal, functional and planning agencies, 
ecologically-oriented groups and, in fact, the general public. 
To disseminate this information, the task force conducted a 
three-day-long symposium on incineration, recycling and landfill 
methods, and in addition, presented several evening lectures, on 
specific proprietary methods of waste disposal. Futhermore, 
"Operation Resource" transmitted interim reports to the Environ
mental Management Council who in turn informed the Monroe County 
Legislature of its progress. Operation Resource completed its 
mission In January, 1972 with the publication of a three volume 
report which contained recommendations based upon evaluation of 
detailed studies, engineering studies of various processes and 
systems and appendices of the engineering studies. 

The study concluded that resource recovery and minimization 
of landfills were the most desirable solutions to the County of 
Monroe's solid waste problem. Four steps were recommended to be 
undertaken immediately as an ecologically sound approach: 

1. Form a County-wide solid waste disposal plan 

2. Purchase shredders to: 

a. Improve quality of landfills 
b. Reduce landfill area requirements 
c. Serve as an input component of any future system 

3. Select and retain a firm to establish a dynamic, con
tinuing, marketing and technical plan for optimal 
recovery of resource from solid waste 

4. At the earliest possible time, dependent upon the find-
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ings of Step 3, reduce landfill requirements by 
implementing one of these alternative solutions: 

a. Execute a contract for a viable recycling 
system (Top Priority) 

b. Construct a composting or incineration system 
primarily to reduce the volume of waste 
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In the Interim period, invitations to submit pre-proposals 
for a County-wide resource recovery market analysis were sent 
to six national firms recognized for their demonstrated exper
tise in the allied fields. These firms were recommended by the 
Rochester Engineering Sociey as "eminently qualified to assist 
In the development of a modern, environmentally sound, long-
range solid waste disposal system for Monroe County". 

The purpose of the pre-proposals was to act as a basis for 
a contract with a firm: 1. to Investigate and develop markets 
for recycled waste products; and 2. to formulate specific pro
posals for the development of later stages.. 

Four pre-proposals were r 
the six firms invited and memb 
Committee commenced their eval 
rangements were made to have e 
submission by September 14, 19 
were to be considered in their 
flexibility, environmental imp 
A weighted tallying resulted 1 
of Wilmington, Delaware to mee 
personally on October 4, 1972. 
the County Legislature was als 
to demonstrate the thoroughnes 
of the meeting, Hercules was r 
formal proposal to perform the 
was presented to the Advisory 
accept it was transmitted to t 
thereafter. 

eceived on August 15, 1972 from 
ers of the Solid Waste Advisory 
uation on August 21, 1972. Ar-
ach member review and rank the 
72. The four basic criteria which 
evaluation coupled reliability, 

act and economics of each category, 
n an invitation to Hercules, Inc. 
t with the Advisory Committee 

The Public Works Committee of 
0 invited to attend as observers 
s of the interview. At the close 
equested to submit a detailed, 
market analysis. The proposal 
Committee and a recommendation to 
he County Legislature shortly 

The County Legislature received the recommendation favorably 
and authorized implementation of a Long Range Solid Waste Manage
ment Program. Firstly, it authorized utilization of Hercules, 
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Inc. to conduct a market analysis and subsequently to act In a 
consulting capacity in the development of bidding documents, bid 
evaluation, a design review and construction management of a re
source recovery facility to be modeled after the system config
uration recommended in the Final Report. (Hercules was also to 
play a role in continued market development and review). Second
ly authorization was received to obtain a purchase option on 
approximately ten and one half acres of industrially developed 
land with prime accessibility via major routes without disrupting 
present City of Rochester collection routes. Thirdly, the admin
istration was authorized to seek and negotiate reasonable guar
antees of product quality and availability with identifiable 
markets and fourthly, to advertise for bids for the design, con
struction and operation/maintenance of a Resource Recovery 
Facility In accordance with the specifications prepared there
fore. In a separate action, the County Legislature also passed 
a bond and capital note resolution authorizing the Issuance of 
$15.5-mllllon dollars in serial bonds and capital notes to 
finance the aforementioned facility. 

The County was successful in obtaining enabling legislation 
from the State of New York to enact a local Solid Waste Manage
ment Law. The final law was a result of major input by the 
Regional Genesee/Finger Lakes Planning Board and many meaningful 
meetings with the Private Refuse Collectors Association. 

Hercules proceeded with the market analysis and developed 
a system configuration to produce saleable items from solid 
waste which derive the greatest benefit for the County. The 
Final Report was submitted September 26, 1973 with a definition 
of the system selected, a basic design, financial analysis and 
a programmed implementation plan. Hercules also recommended 
that the bids be taken for the final design, construction, 
startup and five years of plant operation In an attempt to 
identify a sole source of responsibility. Development of 
markets was also to be Included. 

Following the above recommendations, the County Issued 
Requests for Proposals In early 1974. From the four proposals 
tendered, the County engaged in a contract with Raytheon Service 
Company of Burlington, Massachusetts for the design of a Re
source Recovery Facility (RRF) which would be capable of pro
cessing 2,000 tons per day of solid waste to service the County 
of Monroe. The facility requirements were to produce among 
others, a Refuse Derived Fuel (RDF), ferrous and non-ferrous 
metal recovery and highly marketable glass product at the onset. 
(Hercules, Inc. assigned the project to its Black, Crow 4 
Eldsness, Inc., Division headquarters in Gainesville, Florida. 
BCiE was subsequently acquired by the engineering firm of CH2M 
HILL, Corvallls. Oregon; however, the former BC4E firm continues 
to provide staff support to the County as they have done since 
1974 essentially with the same personnel). 
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While the concept design and working drawings for the 
Resource Recovery Facility were being prepared in 1975 and early 
1976, the County of Monroe and the City of Rochester entered 
into a series of Inter-Municipal agreements whereby the County 
agreed to take over the transfer-haul of the City of Rochester's 
solid waste in return for obtaining title or control of the 
waste from the City. 

Additionally, at this time, the County Manager appointed a 
fifteen member citizens Advisory Committee to monitor the RRF 
development. The Committee consisted of members representing 
the neighborhood, Industry, government, technology, the environ
ment and other interest fractions. The Committee met during 
milestone accomplishments to review progress and stem socio-
environmental concerns. This educational process was found to 
be an effective tool in minimizing potential opposition. 

In order to implement this agreement, the County in 1975 
received bids for operating the City's two transfer stations and 
hauling the waste to landfills. A contract was awarded to Hoff 
Brothers Refuse Corporation Transfer System Division, a subsidi
ary of Waste Management, Inc. 

The County also took bids in early 1975 for the development 
and 5-year operation of a landfill within the County limits. 
The Intended purpose of this landfill activity was as an interim 
measure until such time as the Resource Recovery Facility (RRF) 
could be brought on line. The Hoff Brothers Refuse Corporation 
was the successful bidder on this project and their operating 
contract terminated June 1980. Other landfill options are 
being pursued . 

% 
A Grant Application for $15-mllllon for the RRF was made to 

the New York State Department of Environmental Conservation 
under the Environmental Quality Bond Act of 1972. The Appli
cation included an Engineering Assessment Report which was pre
pared by BC&E. The Grant-in-Ald was awarded In September 1976 
through an Implementation Agreement between the State and the 
County. An amended Implementation Agreement providing an addi
tional $4.5-mlllion dollars of aid from the EQBA was subse
quently received. These monies were only available based upon 
a County owned and constructed project. 

In 1976, the County also entered into an agreement with 
Rochester Gas & Electric Corporation whereby RG&E agreed to 
purchase the maximum output of refuse derived fuel (RDF) from 
the RRF to be burned in combination with pulverized coal at 
RG&E's steam-electric generating facility at Russell Station. 
The County is to be reimbursed on a "coal-saved" basis at no 
profit nor loss to RG&E. 

Bids to construct the Resource Recovery Facility were taken 
in July, 1976 and six separate prime contracts were awarded in 
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Sentember 1976. The contracts totaled $28.5-mllllon, which was 
considerably less than anticipated. With the approved change 
orders, the total cost will be approximately $33-mllllon. 

The total Resource Recovery Program was estimated to cost 
$50.5-mlllion dollars at this point. However, the current over
all program costs are $62.2-mllllon dollars, plus debt service. 

Construction at the RRF started In late October 1976 and 
was essentially completed July 1979. 

Dry run testing was completed during July 1979. Functional 
testing is currently underway and the plant will be phased into 
full operation at their completion. 

Under a separate agreement between the County and RG&E, an 
RDF Handling Facility to be located at the Russell Station was 
designed by Raytheon Service Company for RG&E. The County will 
pay for the facility and as nominal owner will manage the con
struction, engaging CH2M HILL as staff support. 

The two contracts for process equipment were Independently 
bid and the balance of the work, site preparation, general 
building, electrical, mechanical, began In the spring of 1979 
with a completion targeted for early 1981. 

The estimated cost for the fuel handling facility is $12.5-
milllon dollars of which $4.5-mllllon dollars is committed for 
funding by NYSDEC. 

The County has maintained close contact with the State of 
New York Department of Environmental Conservation through Its 
Solid Waste Division and has consulted with them on all its 
activities. Representatives of the DEC have been invited to 
participate in the Advisory Committees and they have construc
tively contributed their time and comments. 

Early in the scene, the Genesee Finger Lakes Regional 
Planning Board made an eight-County solid waste study which was 
partially funded by the United States Environmental Protection 
Agency. This study Inventoried current practices within the 
region and made recommendations addressing solid waste manage
ment with respect to each area's needs and capabilities. The 
County of Monroe's Resource Recovery Program was recognized in 
this study as providing the possible focal point at some future 
date to process solid wastes originating outside the County. A 
number of circumstances would predicate such an occurrence, 
among them efficiency of operation and favorable economics. 

A regional study is being discussed which would embrace 
many of the recommendations Incorporated in the GFLRPB study and 
the State of New York Comprehensive Solid Waste Management Plan 
which evolved as a result of the Resource Conservation and 
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rmal activity of Recovery Act of 1976. There is. however, no fo 
this nature being conducted at present. 

The County of Monroe's efforts in attempting to resolve 
nuous public service problem are among the'forLost in the 
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DEVELOPMENT AND IMPLEMENTATION OF 
PREPARED SOLID WASTE FUELS TO ENERGY 

PROJECTS THROUGH THE 
ARCHITECTURAL/ENGINEERING APPROACH 

Gary L. Boley, P.E. 
Director of Engineering & Operations 
Wisconsin Solid Waste Recycling Authority 

Madison, Wisconsin 53713. U.S.A. 

ABSTRACT 

In January 1977, the City of Madison and the Madison Gas & 
Electric Company, a local privately owned utility, entered into 
a ten-year agreement to fire prepared municipal solid waste 
(refuse-derived fuel) in suspension with pulverized coal to 
produce steam for electric power generation. The City of Madison's 
implementation responsibilities included the arrangement for and 
financing of the remodeling of the City of Madison's Olin Avenue 
Refuse Processing Plant to produce a refuse-derived fuel (RDF) 
and to design, construct and finance the RDF receiving station 
to suspension fire RDF into the two (2) utility boilers. 

The City elected to implement the project by utilizing a 
modified architectural/engineering (A/E) approach in which the 
City, in effect, was the general contractor and took full respon
sibility for its implementation. 

INTRODUCTION 

Traditionally, public facilities have been developed, designed, bid and 
constructed by a practice that has become known as the architectural/ 
engineering (A/E) approach. The A/E approach is a recognized standard 
method for the design and construction of buildings, roads, civic centers, 
wastewater treatment plants, and other public facilities. 

Facilities implemented by the A/E approach can be innovative in design, 
but in most cases, the facility design represents existing technologies with 
technical risks that can be predicted or readily identified. 

With the emergence of improved solid waste management practices in the 
mid-1960's, Innovative alternatives began to emerge to process solid wastes. 
The first solid waste processing plants (ie. shredding, composting, 
materials and energy recovery, etc.) were typically operated by a govern
mental agency and were developed by the traditional A/E approach. 
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As solid waste management became more sophisticated, the options to 
implement a project in which private enterprise was utilized to own and 
operate facilities became more available. However, of the prepared solid 
waste fuels to energy projects now in development, construction or 
operation, almost half of those utilized the A/E approach for project 
development. 

In determining the procurement method for a waste to energy project, 

factors that need be considered include: 

Method of Financing 

It may not be advantageous financially for a municipality to own the 
facilities for a waste-to-energy project. Various tax advantages or 
"creative" methods of financing may dictate the facility owner. If that 
is the case, a standard A/E approach may not be appropriate in that It may 
be more attractive to other parties to install their own system. 

Availability of Technology 

A number of the waste processing technologies being developed or 
utilized today are considered proprietary and, therefore, may not be 
available to a municipality through the normal procurement procedures. 

Facilities Operator 

A municipality must take a critical look at its personnel and admini
strative procedures to determine if the public entity can operate the 
process and/or boiler facilities effectively. It must be recognized 
that the operation of a waste-to-energy project is first a business and 
second a public service. A product is being produced that is to be sold. 
Therefore, rigid specifications must be complied with dally. Any mechanical 
failure must be corrected immediately. If a public operating agency cannot 
comply with those needs, serious consideration need be given to private 
enterprise to operate the system. 

Willingness to Take Risk 

One of the most difficult decisions on the part of a municipality is to 
accept "risk" in the Implementation of any project, especially the risks in 
the implementation of a waste-to-energy project. 

Some of the major risk areas to consider include: 
- The ability to meet the energy users required specifications; 
- The energy markets' ability to successfully fire the RDF on a 

long-term basis or to provide a dependable source of steam; 
- Ability to control costs during project construction and to 

have available sufficient funds to make plant improvements or 
modifications to Improve plant effectiveness; 

- Ability to develop an organization that can operate such 
facilities on a production (business) basis. 
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A municipality, in reviewing the implementation options, must consider 
what level of risk for the overall project development and implementation 
is acceptable and clearly identify those risks that are not acceptable and 
develop appropriate strategies to minimize that exposure. 

Development of City of Madison Energy Recovery Program 

In January 1977, the City of Madison and the Madison Gas & Electric 
Company, a local privately owned utility, entered into a ten-year agreement 
to fire prepared municipal solid waste (refuse-derived fuel) in suspension 
with pulverized coal to produce steam for electric power generation. The 
City of Madison's implementation responsibilities included the arrangement 
for and financing of the remodeling of the City of Madison's Olin Avenue 
Refuse Processing Plant to produce a refuse-derived fuel (RDF) and to design, 
construct and finance the RDF receiving station to suspension fire RDF into 
the two (2) utility boilers. 

Since 1967, the City has operated a solid waste shredding facility and 
has actively pursued other solid waste management practices, including 
resource recovery. After City engineering and operations staff reviewed 
other waste processing facilities, either under construction or in the 
process of start-up in the United States at that time, it was decided to 
implement the project by a modified A/E approach. 

The modified A/E approach included the traditional consultant relation
ship for the design of the building, foundations, electrical, heating and 
plumbing facilities, but also allowed the maximum use of the City's "in-house" 
experience in waste processing. 

In effect, the City of Madison became the general contractor and 
accepted full responsibility for project development; process system design 
and coordination of its various components, including its relationship to 
the building; equipment procurement and selection; construction coordination; 
plant start-up and operation; and coordination with the fuel customer. 

Project Team 

The project team included personnel from the City of Madison's Division 
of Engineering and Division of Streets, the operating agency, a special 
consultant with expertise in waste processing, and a local consultant 
engineering firm (Figure 1). 

The Division of Streets had the longest history of refuse shredding 
operating experience of any other similar plant in the United States. In 
view of the foregoing, it was determined that the final selection of the 
process and process equipment would be made by City staff. However, it was 
anticipated that there would be special design considerations, such as the 
matching of equipment, coordination, etc.. that would require the work of a 
special consultant in reviewing and making recommendations. The services 
of M. L. Smith Environmental were retained to provide those services. 

The soils, foundations, structural, plumbing and heating systems for 
the original solid waste processing plant building, constructed in 1967 
and modified in 1972 for full-scale operation, were designed by Warzyn 



FIGURE 1 

City of Madison Solid Waste to Energy Project 
Project Team - Implementation Responsibilities 

Task 

Environmental Approvals 
{Wis. Dept. of Natural 
Resources) 

Plant Process Line Layout 

City Staff 

Prepare & submit 
documents 

Prepare layout & 
schematics 

Process Equipment Selection 
1 . Performance & spec i f l - Prepare documents 

cation requirements 

2. So l i c i t quotations. 
Interview & select 

Detail Design of Building 

Construction 

Administer, in ter 
view, i make f ina l 
selection 

Administer, review 
& f ina l approvals 

Field inspection 
& administration 

M. L. Smith Environmental 
Special Consultant 

Provide detailed data 

Recommendations on process 
concept 

Recommendations on technical 
merit & completeness 

Interview with City & 
recommended supplier 

Provide process l i ne 
technical review & special 
design 

Process l i ne inspection 

Plant Start-up 

Plant Operation 

Operate p lant , 
evaluate system 
& modifications 
as required 

Division of Streets 

Evaluate process for 
compliance to performance 
requirements 

Warzyn Engineering, Inc. 
Architect/Engineer 

Review concept for 
structural & foundation 
requirements 

Provide structural & 
foundation data 

Review equipment for 
compliance to structure 
& foundation requirements 

Final design & prepara
t ion of bid documents for 
construction 

Technical conformance to 
construction specif ica
tions 
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Engineering, Inc., Madison, Wisconsin. Warzyn was again retained to provide 
the design of the building elements necessary to properly house and support 
the process equipment. 

Description of System Procurement 

After determining the fuel requirements of the utility, the processing 
plant design was developed to meet those needs. Based on the evaluation of 
the available process flow patterns and the City's past experience in 
shredding, it was determined that the process would consist of primary 
shredding, ferrous metal removal, separation of combustibles and non-
combustibles, secondary shredding, and air sweep to remove any remaining 
heavy objects (Figure 2). 

As Indicated earlier, the City has had considerable experience in 
waste processing. Therefore, the incorporation of new and larger shredders 
did not confront the City with overdue risk. 

The ferrous metal removal process was originally installed by the 
Continental Can Company in 1972. This was one of the first experiences by 
a City and private enterprise working together in developing resource 
recovery technology. The ferrous system was developed and installed with 
private capital. The City has operated the system continuously since 
installation in 1972. The City receives ten (10%) percent of the profits 
from the effort with all operating costs charged to the company. Continental 
Can assigned all rights to the agreement to the original private investors. 
The agreement included an option to continue the agreement for up to 
fifteen (15) years. The consigned company exercised that option and 
provided the capital to reinstall the ferrous system in the remodeled 
system. 

Separation Unit • 

The other major "risk" area of the process system was the actual 
separation of the non-combustibles and combustibles. After an evaluation 
of existing available technologies, both experimental and operating, it 
was decided that it would be advantageous to the City to develop a coopera
tive agreement with a private company for the installation of the separation 
process. 

The City negotiated a ten-year performance contract. The separation 
system was installed under an agreement with a private company in which the 
company guaranteed performance of the system at forty-five (45) tons per 
hour (50 T/H) of input with a minimum of sixty (60%) percent of the input 
recovered as an RDF. with a maximum ash content of fifteen (15%) percent 
(as received). 

The company paid all capital costs for the installation and will pay 
all operating expenses of the system. Upon meeting performance specifica
tions, the City is paying the company an annual fixed fee of $112,500. plus 
a variable unit fee per ton of RDF produced. 
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FIGURE 2 Edwin J. Duszynski Madison Area Resource Recovery Center 
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Primary and Secondary Shredder Systems 

After the selection of the separation system, the remaining systems 
were acquired through the City's normal equipment purchasing process. Two 
independent proposals were requested, one for the primary shredder system 
and the other for the secondary shredder and air sweep system. 

Performance specifications were prepared to meet the input requirement 
of the separation units for the primary shredder, and another set of 
performance specifications were prepared defining the anticipated discharge 
from the separation units for secondary shredding. The performance speci
fications defined the anticipated input and desired output for each system. 
The specifications further defined the type of unit process desired, 
including equipment layout and location within the City's structures, 
including feed and discharge elevations. 

The selected suppliers were required to provide the entire system, 
including supports, access walkways, special controls, motors, spare parts 
and erect that system on the City's foundations. The equipment supplier 
was further required to comply to the City's performance specifications. 

Building Design and Construction 

After all process equipment was selected and ordered and the plant 
layout finalized, the A/E firm was authorized to prepare the final plans 
for construction. Under Wisconsin Statutes, the general (structural, 
foundations, etc.), electrical, plumbing and mechanical (heating and' 
ventillating) are bid separately. To assure that the selection of proper 
electrical equipment (switchgear, starters, etc.) was acquired, a separate 
procurement package was prepared to order that equipment. 

The facility construction was managed and coordinated by the City's 
Division of Engineering. The process equipment suppliers were scheduled 
to install their respective components immediately after the concrete floor 
was properly cured and before any building structural components were 
erected. This gave each supplier easy access and freedom to install the 
equipment in an expedient fashion. 

After the equipment was installed, the building contractors proceeded 
to complete their respective work. While that work was in progress, the 
City's operating personnel installed various components (ie. conveyors, 
stationary packers, etc.) to match the process systems and began initial 
shakedown of the process line. 

In nine months after the start of construction, the first ton of solid 
waste was processed. Five months later, the plant was back in full pro
duction. 

RDF Receiving Station and Boiler Modifications 

The RDF receiving station and feed system was implemented in the same 
fashion and by the same team with the addition of the utilities, Madison 
Gas & Electric Company. Plant Manager and associated personnel (Figure 3). 
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FIGURE 3 RDF Receiving S t a t i c 
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Madison Gas & Electric Company made available two (2) Babcock & Wilcox 
pulverized coal fired boilers for the purpose of cofiring with RDF. The 
boiler modifications were financed and arranged for by Madison Gas & Elec
tric Company and coordinated with City staff. 

Summary and Conclusions 

Today, the City of Madison's waste-to-energy project is fully opera
tional with the utility successfully firing the prepared RDF on a daily 
basis. In April 1980. the utility accepted the RDF and is now paying the 
City the RDF's fair market value based on coal. 

The City of Madison's solid waste to energy project was. in our 
opinion, successfully implemented through a modified A/E approach. In so 
doing, the City implemented the project through twenty (20) major contracts 
and at least twenty (20) minor (less than $5,000) purchase orders. The 
City accepted full responsibility for the overall design and coordination 
of that effort. 

Because the City had what it considered a broad experience in waste 
processing, we were willing to accept that responsibility. However, the 
City also shared some of the "risk" areas with private enterprise where 
it felt it was needed. In so doing, the level of risk by private enterprise 
was reduced and that risk was concentrated to a specific task or area, 
thereby reducing the overall system cost (Figure 4 and 5). 

The City of Madison is not unique in developing a waste-to-energy 
project by the A/E approach. It is unique in the method that private 
enterprise was utilized in certain risk areas and in accepting full 
responsibility for its implementation. The level of risk-taking in the 
development of similar projects is becoming less, thereby making the A/E 
approach more attractive, especially for similar projects (less than 
400 T/D) where it may not be as attractive for private enterprise to 
participate. 
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FIGURE 5 

MG&E Energy Recovery Project 
1980 Cost Projections 
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International Conference on 

PREPARED FUELS AND RESOURCE RECOVERY 

Sponsored by 

U.S. Department of Energy 
and the 

U.S. Environmental Protection Agency 

Grand Opreyland Hotel 
Nashville, Tennessee 

Remarks by 

Charles A. Ballard 
Managing Director, Dillon, Read & Co. Inc. 

February 11, 1981 

Last Thursday night President Reagan said of the economy, 
and I'm paraphrasing, "we are in a fiscal mess." He said 
there were no easy solutions to our Nation's fiscal problems 
and that even the painful solutions, if implemented, would 
take a great deal of time before their fruits could be realized. 

Upon hearing the President's remarks I could not help but 
see the similarity, albeit in a microcosm, 'in the waste-to-energy 
industry. In a recently released status report authored by 
Ronald E. Schwegler and H. Lanier Hickman, Jr., resource recovery 
projects were reviewed. Depending upon one's interpretation of 
"project success" somewhere between two and four may qualify to 
be termed successful i.e., either initially, or with retrofiting 
were capable of meeting initial design specifications or economic 
parameters. Stated reciprocally, between 21 and 23 of the total 
25 projects reviewed did, not either technically or economically, 
meet performance targets... a disappointing record in even the 
most optimistic terms. 

Last week as I was leaving LaGuardia airport in New York 
on a trip I encountered a young lawyer who appeared both harried 
and somewhat lost. He was proceeding from gate to gate breath
lessly in the early morning confusion of a typical big city 
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airDort I stopped him to inquire as to where he was going and 
why^he was in su?h a hurry. His response was to the effect I 
don't know which gate my plane leaves from but if I don t hurry, 
fam going to miss it." Stepping back to review the industry's 
progriss to date, I cannot help but wonder as to whether we 
might be suffering from the same malady as did my young friend -
we don't know exacly where we are going but we seem hell-bent to 
get there. 

It is therefore with some pride that I review the historical 
development of the industry's financing techniques. In spite 
of disappointing performance decrease outlined in the recently 
released progress report, to my knowledge, no revenue bondholder 
has to date suffered a loss of, or interruption in the payment 
of, principal or interest. This serves as testimony for the plan
ning and structures involved. Just about two years ago, in a 
meeting not dissimilar to this one, I was accused from the floor 
of not only using the "belt and suspenders" approach to securing 
bondholders' interests but of further sharing up their position 
by the use of safety pins. To bring the analogy current, in 
several of the projects completed years ago the belts have been 
removed, the suspenders have been cut and only the safety pins 
now stand between a defaulted bond and a non-defaulted bond. 
I therefore apologize to no one for a cautious approach to in
vestment in this industry. 
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Financial alternatives must address operating objectives, 
and often these objectives cannot-be set in concrete, but 
rather are subjective and result from preconceived bias, past 
experience, or local circumstance. 

Depending on geographical location and specific circum
stances related to resources (or wastes, depending on your per
spective) availability, there are generally five options avail
able for a particular resource recovery project. 

OPTIONS 
1. GENERAL OBLIGATION BONDS 

2. SPECIAL REVENUE BONDS 

3. INDUSTRIAL DEVELOPMENT REVENUE BONDS 

4. PRIVATE SECTOR FINANCING 

5. COMBINATIONS OF THE ABOVE 

Reviewing each option briefly, General Obligation Bonds 
commit the full faith and credit of a municipality to the repay
ment of the principal of, and interest on, borrowed funds. 

Special Revenue Bonds may take nimierous forms, but essen
tially a stream of revenues is pledged to secure the repayment 
of bonds issued. These revenues may be from a special taxation 
district, an unrelated revenue district, the financed project, 
or from some other source. 

Industrial Development Revenue Bonds may be employed to 
the extent that the financed project meets certain requisite 
conditions of the Internal Revenue Code. 
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These first three options generally involve tax-exempt 
financing i e , the interest payable to bondholders is exempt 
from Federal Income Tax under the appropriate provisions of 
the Internal Revenue Code. 

Private sector financing involves, either directly or in
directly, a pledge of the credit of a participating corporation. 

Additionally, each of the preceding four options may be 
combined to obtain necessary funding. 

Before examining the financing variables, it might first 
be beneficial to review briefly the principal risks that exist 
in any project-type financing. Several general concerns must 
be addressed by both a project sponsor and its financier, irre
spective of which party ultimately bears the burden of any risk-
related loss: 

1. Will the project be built on time? Regardless of 
force majeure dealys, environmental or other frus-
trative litigation, adverse developments in the 
permitting process, start-up delays, or countless 
unforseen events, money borrowed to finance a pro
ject typically has a repayment schedule commenc
ing on a date certain; unanticipated delays in a 
project's revenue stream would not generally con
stitute cause for a waiver of the timely repayment 
of principal or interest in accordance with con
tracted terms. 

2. Will the project be built -- ever? In our litigious 
society it is now not impossible to imagine circum
stances, environmentally-related, permit-related, 
or otherwise, which could precipitate constructive 
abandonment of a project well after the commence
ment of its construction but before its productive 
completion. 

3- Will the cost of the completed project be assured? 
Cost overruns appear to be more often the rule 
rather than the exception. If a project is planned 
to cost $100 million, and in fact costs $150 million, 
where does the extra $50 million come from. How is 
it to be repaid? With an additional 507o in cost, 
does the economic feasibility of the project with
stand scrutiny? 

4. Will the completed 'project meet performance specifi
cations? In layman E terms, will it work? Will it 
work at design capacity, and if it is only operable 
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at 50'/„ of design capacity, what are the related eco
nomic circumstances? In many instances proposals 
involve developmental technology with potentially 
major scale-up problems. 

5. Will the completed project economically meet perfor
mance specifications? Will initial operating costs 
substantially exceed anticipated levels. Will pro
duct demand exist at projected volume and unit price 
levels ? 

6. Will the completed project be reasonably assured over 
its amortizable life to continue to economically meet 
performance specifications? Will a long-term supply 
of homogenous raw resources be available at reasonable 
cost? What assurances exist as to product demand at 
prices consistent with inflating operating costs? 
Will equipment replacement and maintenance reserves 
be adequate to anticipate long-term technological 
and mechanical obsolescence? 

There are obviously other concerns to be addressed, as well 
as many tributaries flowing from the above general rivers of con
cern. In the interest of time, if for no other reason, let's as-
SLmie that the risks stated are the principal ones to be covered. 

Let's review how these risks were addressed in four different 
U.S. cities, each having different problems,, different objectives 
and differing technologies. 
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SERVICE AREA 
POPULATION 

OVERALL 
CHABATERlSTICS 

FACILITr 
OBJECTIVES 

CITY A 

250.000 

( U N O 
0».'NERSHIP 
DESIRED 

(21 KO DIRECT 
MANAGEMENT 
RESPONSIBILmr 

13) NO CREDIT 
SUPPORT 
AVAILABLE 

(4! HO PROFIT 
PARTICIPATION 
DESIRED 

(1( DEPENDABLE 
& ENVIRON
MENTALLY 
SOUND 
DISPOSAL OF 
SOLID WASTES 

(J) PARTIAL 
RECOVERY 

CITY B 

S50.000 

I 1 I N 0 
OV.'NERSHl? 
DESIRED FOR 
20 YEARS 

121 NO DIRECT 
MANAGEMENT 
HESPONSIBILITf 

|3i NO CREDIT 
SUPPORT 
AVAILABLE 

(4) PRORT 
PARTICIPATION 

111 DEPENDABLE 
t ENvmos-
MENTALLY 
SOUND 
DISPOSAL OF 
SOLID WASTES 

(2) FULL 
RECOVERY 

CITY C 

550.000 

(11 OWNERSHIP 
DESIRED 

(21 LIMITED 
MANAGEMENT 
RESPONSIBILITY 

(31 LIMITED 
CREDIT SUPPORT 

(41 PROFIT 
PARTICIPATION 

(11 DEPENDABLE 
t ENVIRON-
MENTAaV 
SOUND 
DISPOSAL OF 
SOLD WASTES 

(2) FULL 
RECOVERY 

CITY D 

1.300.000 

(11 OWNERSHIP 
DESIRED 
UPON PROJECT 
COMPLETION 

121 UNITED 
MANAGEMENT 
RESPONSIBILITY 

13) STRONG CREDIT 
SUPPORT 

« l PROFIT 
PARTICIPATIOK 

(11 DEPENDABLE 
t ENVIRON-
MEKTAUY 
SOUND 
DISPOSAL OF 
SOLID WASTES 

(21 FULL 
RECOVERY 

City A has a service area population of approximately 
250,000. The stated characteristics of City A regarding its 
solid waste disposal/resource recovery facility include the 
following: 

1. The City desires no ownership of the subject facility; 
2. The City desires no direct management responsibility 

for the operation of the facility; 
3. The City has no credit support that it could offer 

to the facility's financing; and, 
A. The City desires no participation in facility profits. 

Simply, City A's facility objectives include the depend
able and environmentally sound disposal of solid wastes, and 
partial recovery of these solid wastes. 
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City B has a service area population of approximately 
850,000, it desires no direct facility ownership or management 
responsibility for a twenty-year period. It has no credit sup
port to offer, but it does desire a meaningful profit partici
pation. As with City A, City B desires dependable and environ
mentally sound disposal of solid wastes but it has as an addi
tional objective, total resource recovery. 

City C has a service area population of approximately 
550,000 people. City C desires immediate ownership of the fa
cility, a limited management responsibility, is able to afford 
limited credit support and is interested in a profit partici
pation. Its facility objectives are otherwise similar to those 
of City B. 

City D has a service area population of approximately 
1,300,000, it desires ownership of the facility upon its com
pletion, limited management responsibility, and through State 
bonding, has strong credit support available. Its profit par
ticipation desires and other facility objectives are similar 
to Cities B and C. 

City A's solution may not be an overly complex one, but 
often simplicity rules the day in meeting objectives. 

CITY A 

c 

BY-PRODUCT 
PURCHASERS 

nacmSE 1 
COVTMCIS} 

^ ' 

COIfffiACT FLOW 

t 
DkiniCT 1 

T ticmmHSE 

oreRATOR 

1 ' 

• 0 ^ 

WCEKTIISi 

CU*?IVTY 

• 

CONSTRUCTION 
CONTRACTORS 

CRT INDUSTRIAL 
DEVELOPMENT 

AUTHORITY 

UNDERWRITER 

B0N3K0L0ERS 
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City A enters into a disposal contract with a private sec
tor operator for the disposal of its solid wastes. The contract 
provides for hauling services as well as for disposal services. 
Through the powers granted to the City under its State laws, 
the City is authorized to issue Industrial Development Revenue 
Bonds for the acquisition or construction of facilities which 
inure to the benefit of the City, the State, or its citizens. 
The City can issue such bonds, limiting bondholders' recourse 
to those revenues pledged to secure the bonds. 

and 
, , ., - -- — icient to 

construct the facility. These bonds are secured by the pledge 
and assignment of the lease payments receivable from the project 
operator. The proceeds of the bond issue are placed in trust 
and construction contractors paid as delivery progresses. The 
operator extends its guarantee of lease payments to bondholders 
and, further, enters into contracts with certain by-product pur
chasers for the purchase of recovered items. The financing has 
Deen completed; the project has been completed; and accordingly. 
Th i.^' ̂ '̂ °_'̂ "® operator may each achieve stated objectives. 
inrough the City s auspices the operator is able to receive 
lower cost tax-exempt financing, but is required to pledge its 
Qirect credit to secure such financing. In this example, the 
credit of a private sector corporation is combined with a City's 
authority to issue tax-exempt Industrial Development Bonds to 
tinance the solid waste disposal facility. With only minor modi-
tications, the structure employed to address City A's objectives 
may be utilized for financing projects intended to dispose of 
private sector generated wastes. 
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City B has a more complex problem. The cost of a full re
source recovery operation servicing the needs of 850,000 people 
is substantially m excess of that experienced by City A Few 
corporations are capable of, or, if capable, desire to employ 
their credit m such manner. Nevertheless, the funding problem 
may be solved by the structure shown. 
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Tracing first the contract flow, City B enters into a 
twenty-vear contract with a private sector operator to provide 
for the' disposal of certain minimum amounts of solid waste on 
a monthly basis. If the City does not deliver such minimum, 
it nevertheless will be required to pay for the disposal of 
the minimum. Although the price per ton for disposal is estab
lished, it is to be adjusted to reflect escalation as deter
mined by certain independent price indices. The operator then 
enters into a twenty-year agreement with a principal energy 
purchaser under which the energy purchaser agrees to purchase 
any and all energy delivered at a price based upon its alterna
tive fuel costs; such price however, can not fall below a stated 
minimum. Simultaneously, the operator enters into long-term 
purchase contracts with other by-product purchasers. Each of 
these latter contracts contain minimum "take-or-pay" provisions 
providing that by-products will be purchased at prices based 
upon market conditions, but in no event will such prices be 
below stated minimums. 

As with City A, City B has authority under its State laws 
to issue, through an industrial development authority, Industrial 
Development Revenue Bonds. The operator can enter into an 
agreement with the industrial development authority to lease 
the completed facility for twenty years at annual payments suf
ficient to amortize the debt issued. The operator secures its 
obligation to make lease payments with a pledge of the disposal 
contract with the City, a pledge of the energy purchase contract, 
and a pledge of the contracts with other by-product purchasers 
To complete this "circle of obligations" the operator's parent 
company extends a performance guaranty to both the City and the 
bondholders which assures that the project would be completed 
in a timely fashion and will operate in accord with performance 
specifications. 

,-K The issuance of Industrial Development Bonds combined with 
tne Li^y s contractual obligation and several forms of private 
sector credit make the financing feasible. 

rh f''̂ ?̂-'̂ ' ^^y°^ remember, desires immediate ownership of 
tne raciiity and has limited credit support available, but its 
other objectives and characteristics are similar to those of 
tity B. As with City B, the capital cost of City C's plant is 
to De significant. In general, these objectives and character
istics dictate an even more complex solution to the financing 
problem. ° 

Let's again look at the contract flow. 
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While the service area population of City C is 550,000, 
nearly half of that population resides in the County surround
ing the City's corporate limits. The facility, when completed, 
would inure to the benefit not only of the City residents, but 
also to those of the County. Accordingly, the County can lend 
direct support to the to-be-constructed plant. A Cooperative 
Agreement is executed by the City and the County, each agree
ing thereunder to make available its general funds in the cumu
lative amount of approximately 30 percent of the facility's 
installed costs. A bond trustee, acting on behalf of the bond
holders, is made a beneficiary of this agreement. 

City C then enters into numerous 25-year agreements with 
energy purchasers providing for the long-term purchase of energy 
at prices to be adjusted to reflect the plant's actual operating 
and capital costs. No profit margins are included. The City 
further enters into contracts with independent construction 
companies for the construction of the subject facility. 

Because City C desires only limited responsibility for the 
facility's operation, a contract is entered into with a member 
of the private sector for the supervision of the project's con
struction and initial operating phases. 

The trustee is, by assignment, made a beneficiary of all 
of these agreements. Based on the security afforded by these 
contracts, other ordinances and legal action taken by the City 
and the County, the trustee is in a position to issue Revenue 
Bonds for the remaining facility cost. Revenue bondholders 
will have first claim on all project revenues, such claim being 
prior to any repayment of the general funds advanced by the 
City and the County. 

Under such a structure. General Obligation Bonds, Industrial 
Development Revenue Bonds, and private sector financing, through 
the assignment of "take-or-pay" energy contracts, may be com
bined to accomplish the project's funding. 

City D's objectives were similar to those of City C except 
in one particular regard. Strong credit support is available, 
through State auspices, once the project is constructed and in 
operation. 

Accordingly, City D has two stages to its financing plan, 
one occurring during the construction stage, the second during 
the operating stage. 
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First - the construction phase, and again, let's follow 
the contract flow. Because the County government has direct 
responsibility for the disposal of solid wastes, that political 
subdivision is to be employed in preference to the City^ The 
Countv enters into an agreement with the State to provide for 
the facility's permanent funding upon completion. The County 
further enters into agreements with a private sector member tor 
the construction and operation of the subject facility._ The 
construction phase includes a "turn-key" price. The major 
energy purchaser agrees to purchase the facility s energy by
products for a twenty-year period. Because the private sector 
operator will be involved during the operating period, it also 
is party to this agreement. 

Based upon this agreement with the County and the energy 
user, the contractor may enter into the construction contracts 
for the facility's construction. 

To finance the construction phase, several additonal agree
ments are required, The Funding Agreement between the County 
and the State provides that the State will make its funds avail
able prior to the commencement of construction, which funds will 
be held in escrow by Trustee B until completion of construction. 
Such agreement addresses the concerns of a changing State 
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legislature, administration, etc. Trustee B, having funds on 
deposit with it, mav then enter into a Funding Agreement with 
T'us-ee A providing that upon "completion", such funds will 
be transferred to Trustee A. Trustee A, armed with Trustee B's 
agreement a Construction Loan Agreement with the operator, and 
an agreement with the operator's parent company guaranteeing 
timely completion, may issue notes, secured by such agreements, 
to short-term lenders to fxmd construction requirements. 
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When cons t ruc t ion i s completed and opera t ions commence, 
the s t ruc tu re changes s l i g h t l y . Ins tead of a const ruct ion per
formance guarantee, the c o n t r a c t o r ' s parent company has a con
t inuing operat ing performance guarantee , assur ing both the 
County and the energy purchaser tha t the f a c i l i t y w i l l perform 
in accordance with design s p e c i f i c a t i o n s . The Sta te funds, 
heretofore being held by Trustee B, w i l l be t r ans fe r r ed to 
Trustee A who wi l l then repay cons t ruc t ion lenders and other 
contract funds advanced by the con t rac to r on behalf of the 
County. Energy payments from the energy purchaser and operating 
payments from the County w i l l be su f f i c i en t to pay operat ing 
and maintenance expenses of the con t rac to r , and hopeful ly , 
allow some cash flow to accrue to the County's b e n e f i t . 
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Under this structure, General Obligation Bonds and private 
sector capital may be jointly employed to fund the project's 
completion and capital costs. 

In spite of significant institutional barriers to imple
mentation and persuasive problems with the economy, I neverthe
less view the prospects for resource recovery optimistically. 
I have, however, been accused in the past of suffering from a 
malady not dissimilar to that experienced by an 8-year-old 
child from Greenwich, Connecticut. 

It seems this young man alarmed his parents by always 
being optimistic -- upon demolishing his favorite toy, rather 
than crying, he began smiling profusely, telling his parents 
that his happiness resulted from the knowledge that he would 
be soon getting a new toy to replace the old. When the family 
auto was destroyed in an accident in which the passengers were 
unhurt, young Charley was happily looking forward to the joy 
of a new car. The family home was destroyed by fire and the 
young boy resounded enthusiastically with joy at the prospect 
of finding new friends which undoubtedly would accompany a 
new home. Alarmed with what they considered to be an unnatural, 
and perhaps damaging pyschological outlook, the boy's parents 
approached a medical specialist - a psychiatrist who enjoyed a 
national reputation for turning optimists into realists, and 
perhaps even pessimists. After examining the child the doctor 
concluded that young Charley's values must be changed so he 
would recognize that life was much more difficult than he per
ceived it, and thereby put young Charley on the road to becoming 
a well-adjusted adult. The doctor prescribed his most extreme 
treatment; he showed young Charley's parents a room -- four bare 
walls with a door and an eight-foot deep hole running from wall 
to wall. The depth of the room was filled with manure. The 
young man was thrown into the room; the door was closed and 
locked, and young Charley was left to his planned displeasure 
for four hours. Expectantly, the doctor and the boy's parents 
peered through a one-way mirror, and to their shock and surprise 
they saw Charley diving blissfully into the bottom of the room, 
shortly surfacing for air and proceeding to again explore the 
room's depth. The doctor opened the door and shouted to the 
boy to stop his gleeful pursuits and asked him what he was doing. 
With a smile, young Charley replied, "With all this horse manure, 
there must be a pony down there someplace, and I'm going to find 

At this early maturation stage of resource recovery, I 
hope we can all soon find the pony! Thank you. 
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ABSTRACT 

Municipal solid waste can be mechanically processea for the 
proauction of a solio fuel (RDF). Major unit processes involvea 
in the production of RDF are discussed. These include size re
duction, air classification, screening, and densification. 

Properties of prepared fuels are delineated and are followed 
by a discussion of modeling techniques. Modeling can be helpful 
in avoiding errors and predicting the performance of various sys
tem designs. 

INTRODUCTION 

Combustion of municipal solid wastes (MSW) has been practiced for 
nearly a century. The first attempts to "manage" solid wastes by burning 
them in a furnace were carried out in northern England in the late 1800's. 
The main objective then was merely to achieve a certain degree of volume 
reduction. Eventually, thermal reduction was coupled with energy recovery 
through steam generation [1]. The majority of these systems, typically 
known as mass burning units, require little or no processing of the wastes 
prior to combustion. 

Although mass burning has been relatively successtul, the process has 
some drawbacks, including: 1) tne inability to recover non-combustible 
materials for re-use; and 2) the consumption of fossil fuels to compensate 
for the fluctuations in moisture content of the refuse. One possibility 
for avoiding these drawbacks is to mechanically process the MSW to produce 
a refuse-derived fuel (RDF). The RDF can, in turn, be used directly as a 
fuel or as a feedstock to biological, chemical, or thermal processes for 
the production of gaseous or liquid fuels. The methods used to produce RDF 
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can be classifiea into two general types, depending upon whether or not wa
ter is used in the process. 

The dry processes typically include size reduction, screening, air 
classification, and magnetic separation. The number and location of each 
one of these unit processes vary, usually without any sound engineering 
rationale. 

Generally, each additional step is designed to improve the quality of 
the fuel and produce a material that has relatively constant properties. 
Unfortunately, improvements in fuel quality are normally accompaniea by de
creases in yields. In one case, the RDF undergoes a proprietary thermo-
chemical treatment to produce a "more homogeneous and stable" fuel known as 
"Eco-Fuel 11". 

Wet processing involves the use of water to achieve separation of the 
combustible and non-combustible components of refuse. 

Aside from the benefits attained by disposing the wastes, the primary 
and most important objective of any process should be tne production of a 
fuel that meets a given set of specifications. The specifications do nut 
necessarily have to be the same for all situations, but can in fact be 
site-speclfIc. For example, the type and location of the combustion unit 
designated to fire the RDF would dictate the production of fluff versus 
densifled RDF. 

In this paper are discussed the major components involved in dry proc
essing of MSW to produce RDF. These include size reduction, air classifi
cation, screening, and densification. In addition, properties of prepared 
fuels are delineated and are followed by a discussion of modeling tech
niques. Performance prediction through modeling can be a valuable tool in 
avoiding costly errors. 

SIZE REDUCTION 

Size reduction has become an important unit operation in various areas 
of solid waste management. The use of shredders in waste processing covers 
a broad range of applications from merely treating the material prior to 
landfilling with the intent of eliminating the need for cover material to 
recovering and processing combustible products. 

There are various types of shredders. However, the majority of them 
were developed for and utilized in the mineral dressing and processing in
dustry. 

Size reduction equipment for solid particles can be classed in two 
manners. One would be based on the methodology used for applying the 
forces needed to accomplish size reduction. The second would be on the ba
sis of the pattern of the paths followed by the elements during the shred
ding process. Methods of applying the forces can be subdivided into two 
general groups. In one group would be all of tne equipment which apply 
forcts in the form of mechanical energy, and the second group would includt; 
equipment in which the forces arc exerted in the form of non-mechanical 
energy, as for example, thermal shock. 



57 

Currently, the design engineer in the refuse processing industry is 
faced with the problem of making an appropriate selection of size reduction 
equipment. The problem is particularly difficult due to the fact that 
shredders typically have been designed to process materials having rela
tively uniform physical characteristics. 

Currently, the hammermlll is the type of equipment most widely used 
for shredding refuse. There are two types of hammermills, the horizontal 
and the vertical-shaft. Both mills have either swinging or fixed hammers 
attached to a rotor. Tne hammers hit the solid particles as they fall 
through the machine or as they rest on a fixed surface. 

Studies have shown that there are three basic parameters in size re
duction. They are: size distribution, energy consumption, and wear [2,3]. 

SIZE DISTRIBUTION 

Size distribution of the feed as well as of the product are important 
size reduction parameters. The size of particles typically found in raw 
MSW ranges from about 5 to 50 cm. On the other hand, the sizes of tne 
shredded particles are typically one to two orders of magnitude smaller 
than those of the feed. Contrary to popular belief, size reauction does 
not make the product material uniform in size. Actually, the distribution 
of the shredded product covers a spectrum of sizes larger than that of the 
raw MSW. 

Because of the different characteristics of the components of MSW, 
they tend to cluster in certain size ranges upon size reduction. Due to 
this effect, it is possible to select unit operdtions (such as screening 
and air classification) and achieve certain material separation. Size dis
tributions for raw MSW, as well as for the shreoded product obtained at 
large-scale shredding operations, are shown in Figure 1. 

The size distrluation of the shredded product is affectea by flowrate 
and machine design. Idchine design includes operating speed, number of 
hammers, grate spacing, and interna! geometry. Generally speaking, if MSW 
is shredded at a constant throughput and at relatively low operating 
speeds, the size distribution of the snreoded product shifts toward parti
cles with a larger size. However the speed and moisture content of the ma
terial must have large variations before an impact on the size distribution 
can be noticed. 

The size distributions of shredded refuse can be described analyti
cally by using the Rosen-Rammler distribution function. In this manner, 
the entire distribution can be expressed in terms of a single parameter 
known as the characteristic particle size. The characteristic particle 
size IS the size corresponding to 53.2 cumulative percent passing. 

ENERGY REQUIREMENTS 

Energy requirements for size reauction of MSW are extremely important 
for shredder design as well as for proper equipment selection. Studies on 
energy consumption oy shredders have provided some basic knowledge with 
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regard to: 1) shredder operation and perfonnance; and 2) analytical rela
tionships that serve to characterize the shredder performance. Energy re-
Quirements for shredding MSW can be estimated given the product size. A 
relationship exists between energy requirements and product size. This re
lation seems to be independent of type of shredder (i.e., horizontal or 
vertical) and machine design. 

Expressions relating energy and product size are shown in Figure 2 for 
both characteristic and nominal particle sizes. The energy requirement can 
oe related to the particle size through a single analytical relation. 

Net energy is defined as gross energy minus freewneeling energy. The 
key energy parameter, specific energy, Is defined as net energy divided by 
the amount of material shredded and typically expressed in kWh/ton. 

As Shown in Figure 2, specific energy increases substantially when tne 
characteristic product size is smaller than about 0.75 cm. un the other 
hand, energy requirements (10 kWn/ton or less) are modest for shreoded ma
terial having a characteristic size larger than 2.5 cm. The relatively 
high energy requirements to achieve small product sizes must be consioered 
in the design of shredding operations. 

Power requirements for size reduction can be calculated if the cnarac 
teristic product size (Po) ana throughput (it,) are known. The freewneelina 
power (Ppw) can be assumed to be about 15 percent of the gross-motor horse-
horsepower Pg). Therefore, the net power available for size reduction is 
approximately 85 percent of the gross power. reauction is 

The horsepower required for size reduction can be estimated as fol
lows. Net power (P„) equals specific energy (EQ) required to ach"ve a 
g ven characteristic product size multipl î c ly^Le expected f o w e î ), 
or PN = î Eo. Since net power (P̂ , is about 85 percent of gross power Pr 
gross power consequently is 118 percent of net power, or p f ! L I H E O . 

auction i . ^ h l ' ^ f " " ? " '"'^"9 ^'^"^ ^"S^9y consumption in size re-
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59 

Usually manganese steel hammers ana hammers hardfaced with various al
loys are used in refuse size reduction. Manganese steel hammers usually 
wear more rapidly than those hardfaced with a carefully selected alloy. 
Wear rates for those alloys can amount to about one-half the rate for man
ganese steel hammers, as is shown in Figure 3. Typically, nardfacing al
loys having a hardness in the range of 48 to 52 Rockwell "C" (Re) can 
provide relatively good wearing properties. The exact type of alloy within 
the range of hardness that will provide the best rate of wear should be de
termined experimentally. 

Fineness of shred has a sizeable effect on hammer wear. At character
istic product sizes less than 0.75 inches, hammer wear is pronounced even 
with the use of hardfacing. High rates of wear imply frequent hammer 
changes and/or applications of hardfacing. 

Hammer retipping is a necessity in refuse processing plants requiring 
a constant particle size in order to recover certain materials and meet 
product specifications. Only in using hardfacing applications at regular 
intervals can product size be controlled in shredding operations. The 
practice of wearing out hammers almost completely and then discarding them 
results in pronounced changes in product size. This method of wear and 
discard cannot be used where uniformity of product size is necessary for 
process control or for meeting user specifications. 

CONCLUSION 

Shredding has become a very important unit process in a variety of 
waste management applications. This requires that the significance of the 
various parameters governing the application and performance of size reduc
tion equipment be fully understood. 

It is of utmost importance to be cognizant of tHe size distribution 
requirements of the product. This has a significant effect on the power 
consumption, wear, and performance of classification equipment located 
downstream from the shredder. It is also important to have an understand
ing of the nature of the waste stream as well as those parameters that af
fect power consumption, wear, and size distribution of the shredded output. 

The performance of size reduction equipment can indeed be optimized in 
terms of its flowrate, wear, power consumption, and product size distribu
tion for a particular application. 

AIR CLASSIFICATION 

Air classification is used primarily in waste processing to separate 
low bulk density and combustible materials (light fraction) from relatively 
high bulk density and non-combustible materials (heavy fraction) using the 
competing forces of pneumatic fluidization and gravitational settling. The 
resultant light and heavy fractions are typically subjected to additional 
processing due to the fact that the aerodynamic classification is impre
cise e.g. the light fraction is oftentimes contaminated with materials 
having low energy and high ash content. Nearly all air classifiers require 
a Shredded feedstock with a nominal size in the range of 5 to 15 cm. Air 
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classifiers have been fabricated to process material at rates ranging from 
a few to as high as eighty tons per hour, with costs for the largest units 
being in the neighborhood of ?500,000. 

Air classification of solid waste was first reported by Boettcher in 
1970 [5] and studied by a number of investigators [6-10] during the seven
ties. The inclusion of trommel screens in processing lines has forced air 
classifiers to play a secondary role (if any), in the recovery of a high 
quality refuse-derived fuel. This is due to the fact air classifiers are 
unable to adequately differentiate between fine non-comuustible aggregates, 
such as dirt and glass fines, and low density combustible materials, such 
as paper and plastic. Despite this drawback, however, it is doubtful that 
resource recovery systems in the future will be without an air classifier 
somewhere along the processing line. Air classification still remains a 
relatively simple process for recovering low density, combustible materi
als. 

For the purposes of discussion, air classifiers can be divided into 
four broad categories, namely, vertical, horizontal, inclined fluidized 
bed, and rotary. To date, vertical air classifiers have received the 
greatest attention from the standpoint of use in solid waste processing and 
testing and evaluation. The vertical models consist of a vertical column, 
either of circular or rectangular cross-section, in which material enters 
the zone of separation from an opening in the side. Figure 4. The opposing 
forces of aerodynamic drag and gravity act upon the particles in order to 
effect separation. In the simplest case, the ratio of the gravitational 
weight force to the drag force is the key parameter describing the tendency 
of materials to fly or fall in the air stream. Consequently, for separa
tion to take place among different components, their weight-to-drag ratios 
must differ. The imprecise separation alluded to above oftentimes is di
rectly attributable to inadequate Differences among the weight-to-drag ra
tios of the various components of tne waste. Vertical air classifiers are 
employed at a number of sites including Ames, Iowa; Cockeysville, Maryland; 
and Lane County, Oregon. 

The sole large-scale horizontal air classifier in tne U.S. is located 
in Tacoma, Washington. The main body of the air classifier consists of 
zones of differential settling that are located horizontally along tne di
rection of air flow. Figure 5. Proper adjustment of the air flow results 
in the heavies settling out of the air stream first, followed by de-
entralnment of a "middling" (mixed component) fraction, and finally tne 
separation of tne combustible fraction. 

Inclined, fluidized bed air classifiers are employed at a number of 
facilities including New Orleans, Louisiana; Akron, Ohio; and Pompano 
Beach Florida. This type of air classifier, shown in Figure 6, consists 
or a Y-shaped section with an integral fluidized oed downstream from the 
inreed entry point, which reportedly aids in material separation and clas
sification. 

Rotary air classifiers are a relatively new breed of pneumatic separa-
t on system combining rotary action to mix and separate materials along 
witn aerooynaimc separation. Figure 7. Four of these units are located at 
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the Monroe County facility in Rochester, New York. In a rotary air classi
fier, the heavy fraction settles out and runs counter-current to the flow 
of the air stream along the inclined surface of the rotating drum. The 
lights meanwhile settle out in a large chamber upstream of the drum. 

The configuration of air classifiers can vary from simplistic (e.g. a 
straight column and cyclone) to very complex (e.g. multiple zig-zag, multi
ple blowers, etc.). In general the vertical models tend to oe less complex 
than the other types of air classifier configurations. 

TESTING AND EVALUATION 

Along with size reduction, air classification has undergone a great 
deal of evaluation and scrutiny during the decade of the seventies. Par
ticularly during the last two years, a comprehensive field testing and 
evaluation program has been conductea on a significant number of air clas
sifiers. This program evaluated seven air classification systems at vari
ous locales around the United States [11]. Vertical, horizontal, and in
clined, fluidized bed units ranging from three to seventy metric tons per 
hour were tested. The objectives of the test program were to develop test 
methods and procedures for evaluating and comparing air classifiers and to 
characterize the operation and performance of air classifiers. As a by
product of the field test program, a significant amount of data were 
amassed which will now enable the development of performance criteria for 
equipment selection and specification. 

Some of the general findings of the field test program include: 1) 
the fact that air classifiers nandling different waste types and through
puts can oe compared on the same basis; 2) the air/sol ids ratio within the 
zone of separation must be sufficiently dilute to allow separation to take 
place; 3) the air/solids ratio can be used to denote the point of overload, 
or choking, of an air classifier [11]; and 4) the coioplexity of an air 
classification system is not necessarily a measure of its level of perform
ance. As for the development of levels of air classifier performance that 
are technologically acnievable. Table I presents ranges that were found 
during the field test studies. The inefficient separation alluded to ear
lier can be noted by examining the data in the table. For example, ferrous 
and non-ferrous carry over into tne light fraction typically can be ex
pected to be 2 to 20 percent and 45 to 65 percent, respectively, of the in
put of each of these components to the air classifier. Also note that the 
typical percentage of fines smaller than 14 mesh carried over with the 
light fraction (80 to 99 percent) is similar to that for paper and plastic 
(85 to 99 percent), thus demonstrating the fact that, in air classifica
tion, fine aggregate is aerodynamically similar to paper and plastic. 

CONCLUSION 

Since test data are now available for characterizing air classifier 
performance, the resource recovery Industry may proceed to develop perform
ance standards for equipment selection and also utilize the data to opti
mize existing air classifier systems. At present there are not any formal 
methods for testing air classifiers, and this situation nas led to improper 
tuning operation of units in the field. Now that test methods and the 



62 

TABLE I 

Typical Ranges of Air Classi f ier Performance 

Typical 
Range 

Paper and Plastic in Heavy Fraction {%) 

Light Fraction Composition (%) 

Ferrous metals 

Non-ferrous metals 

Fines 

Paper and plastic 

Ash 

Percent of Component Retained in Light Fraction 

Ferrous metals 

Non-ferrous metals 

-14 mesh fines 

Paper and plastic 

Ash 

2 - 7 

0.1 

0.2 

15 

55 

10 

2 • 

45 -

80 -

85 -

45 -

- 1.0 

- 1.0 

- 30 

- 80 

- 35 

- 20 

- 65 

99 

99 

85 
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ranges of performance for some air classifiers have been defined, the time 
is at hand to optimize and control the air classification process. 

SCREENING 

Although screening is one of the oldest processes of separation util
ized in mineral processing, the utilization of screening in resource recov
ery is relatively new. Screening in refuse processing has been aimed pri
marily at the separation of inert materials from those high in combustible 
matter and low in ash content. Initially flat fed vibratory screens were 
used to effect the separation of inerts from shredded solid waste. How
ever, the efficiency of separation of flat bed screens was very poor due 
to: 1) the relatively low bulk density of the waste, 2) the fact that the 
size distribution of shredded refuse characteristically spans three orders 
of magnitude, and 3) tne propensity of the inert fines to be sanowiched be
tween and adhere to the larger flat particles of paper ano plastic. After 
attempts in the field ana laboratory indicated the failures ana deficien
cies of flat screens, attention shifted to other types of screening equip
ment, in particular, rotary cylindrical screens (trommels) and more re
cently disc screens. Both disc and trommel screens tumble refuse materials 
In order to overcome their tendency to become sanawiched and stratified and 
consequently impede particle separation. Presently disc screens suffer 
from a lack of an operational track record in refuse processing ana have 
only been tested and evaluated at one facility (Ames, Iowa). On the other 
hand, trommels have been utilized for half a dozen years or more in various 
applications of refuse processing. 

Trommels nave been utilized in both the pre-trommel mode, i.e. for 
processing raw MSW for removal of glass and metals from tne combustible ma
terials prior to size reduction. Figure 8, and the post-trommeling mode, 
i.e. after air classification. Currently the only commercially operational 
pre-trommel in the United States is located at the Recovery I facility in 
New Orleans, Louisiana. Originally designed for sixty tons per hour, the 
unit reportedly can hanale significantly higher throughputs although some 
structural problems with the screen have been encountered. Additionally, 
Reynolds Aluminum has constructed and is testing a large pre-trommel in 
Houston, Texas, for the purpose of providing an undersize concentrate for 
the recovery of aluminum beverage containers. 

It is also appropriate here, while discussing pre-trommels, to point 
out that due to their usual placement in the process flow, pre-troinmels re
duce the quantity of refuse requiring size reduction since typically fifty 
percent of the material reports to the undersize fraction (typically minus 
10 cm). The reduction in material requiring size reduction consequently 
could reduce costs associated with size reduction, although processing 
costs may increase elsewhere in the processing sequence. The whole ques
tion of costs associated with pre-trommel screening has not been addressed 
and requires study. Also as a consequence of reduced quantities of mate
rial requiring size reduction, the potential of explosions in plants having 
pre-trommels may be reduced. This hypotnesis, nowever, has not oeen sub
jected to rigorous scrutiny. 

Post-trommels have been installed at plants in Ames, Iowa, and Monroe 
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Countv New York, to process air classified heavy fractions primarily to 
facilitate recovery of aluminum and/or glass. Posc-trommels at plants lo
cated in Cockeysville, Maryland; Pompano Beach, Florida; and Milwaukee, 
Wisconsin, are being used to reduce the concentration of ash and inert 
fines in air classifiea light fraction in order to recover a "higher qual
ity" RDF than that obtainable from solely shredded and air classified MSW. 

TESTING AND EVALUATION 

Presently only a limited amount of data are available on the operation 
and performance of trommel screens. However, a number of ongoing parallel 
programs funded by the DOE should provide basic design and field test data 
to the industry. The programs cover basic research ano development, hard
ware studies, ana field testing of full-size trommel units. 

In the area of research and development, particle dynamics ana screen
ing mechanisms are being examined with the objective of developing computer 
models to predict the performance of trommels under different operating 
conditions, e.g. screen diameter, length, inclination, rpm, etc. Items to 
oe addressed incluae establishing optimum screen opening size, evaluating 
"bag breakers", ana measuring the basic material properties of refuse. 
Concerning the latter item, the composition and component size distnoution 
of refuse needs to be established in order to select trommel operating pa
rameters (such as opening size) in oraer to effect the desired separation 
among materials. Consequently, standard methods of size distribution ana 
composition analyses will be required in the future if the full potential 
of pre-trommels is to be realizea. 

While the results and findings of the DOE programs will be forthcom
ing, some preliminary findings from the program conducted by the authors 
indicate the following: 1) governing equations for the screening of refuse 
will depart significantly from those developed for mineral processing (i.e. 
for aggregates); ano 2) although pre-trommels will improve the quality of 
RDF recoverea from the oversize fraction, significant amounts of combus
tible material will simultaneously be lost to the undersize fraction. Tnis 
latter situation will undoubtedly lead to efforts to use additional proces
sing steps (size reduction, screening, or air classification) in order to 
recover the combustible materials remaining in the undersize fraction. 

Of significant practical interest to the resource recovery industry 
should be the results of the trommel hardware studies, the reason being 
that at least two large trommels have suffered from failures of the support 
rims, thus indicating that there may be some generic problems associated 
with large trommels. Since trommels are typically quite large (e.g. ten 
feet in diameter ana twenty to fifty feet long) and can be relatively ex
pensive, the existence of any nidden inherent mechanical defects should be 
of interest to system designers. 

"̂ ^̂  collected during the trommel field test programs sponsored by the 
DOE may be able to substantiate or refute the computer modeling efforts of 
the research and development programs ana to document the experience of 
trommel operation ano performance unaer procuction-type conditions. In ad
dition, the field testing program may indicate opportunities to improve 
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trommel operation and increase their level of performance. 

CONCLUSION 

The present interest in pre-trommels has been generated by tne reali
zation that tney may aid in the production of a high quality RDF and reduce 
the amount of material requiring size reduction. The latter effect may re
duce the costs associated with size reduction and the probability of shred
der explosions. Unfortunately, operational experience witn pre-trommels is 
quite limited and only recently, under DOE sponsorship, have efforts been 
initiated to test and characterize the performance of trommels. Although 
pre-trommels certainly hold promise for improving the quality of prepared 
RDF, it is a misconception to tnink that they will revolutionize tne re
source recovery industry. A basic understanding of their operational ten
dencies and performance, however, will serve to allow tne industry to capi
talize upon the ability of trommels to provide improved RDF quality. Most 
likely a judicious combination of size reduction, air classification, and 
trommellng will compose a typical resource recovery of the future. 

DENSIFICATION 

Densification imparts to refuse-derived fuel (RDF) many attractive 
features in terms of combustion characteristics, not the least of which are 
compatibility with other (conventional) fuels in co-firing, ana efficiency 
of transport. A growing awareness of these characteristics is resu ting in 
an expansion of the potential for the utilization of densified RDF (dRDF) 
as an energy source. However, the limited extent of tne field experience 
had thus far with the densification of RDF has not been entirely satisfac
tory The less than successful record can be blamed on a number of fac
tors', among which the following three stand out: 1) the actual output from 
a pellet mill typically falls short of its rated output; 2) dies, rollers, 
ano other moving parts show signs of excessive wear; ?nd 3) tne machines 
are difficult to feed and are easily jammed. In some respects, this type 
of performance could have been expected due to the fact that machines cur
rently used to produce densified RDF were originally designed to densify 
materials much different from RDF in nature and composition. Examples of 
such materials are animal feedstocks and a number of agricultural products. 
On the other hand, while not being as heterogeneous as the refuse from 
Which it was separated, RDF is far from being a homogeneous material. In
adequate front-end processing results in an inclusion of varying amounts o 
non-combustible fines with the RDF. The inclusion not only detracts from 
the fuel value of the RDF, but also aggravates the problems in the densifi
cation process that arise from the heterogeneity of the RDF. 

In order to overcome the present difficulties encountereo in preparing 
dRDF a series of tests were conducted in order to gain an insight into the 
physics governing the densification process. These studies included a se
ries of bench-scale experiments involving a single-die arrangement, as well 
as larger-scale studies in which a commercial mill was used. 

The bench-scale tests (tests in which the pellets were individually 
formed) were conducted botn to provide data needed for an analysis of the 
basic dynamics of pellet formation, and as an aid in tne interpretation of 

of 



66 

results obtaineo with the pellet mill. 

The enerqy required to overcome die friction was studied independently 
nf the enerqv consumed in material deformation and compression. By so do-
;na it became possible to determine the specific effects of die length, 
diameter and taper. The results also suggested explanations for the ex
cessive die wear, and for the decreasing energy requirements for increasing 
the mass througnput observed in commercial pellet mills. 

Energy Is required in tne pelletizatlon process to accomplish three 
distinct functions: precompression of the loose feed, deformation of the 
feed as it enters the die, and balancing of the die frictional force as tne 
pellet passes through the die (Figure 9 ) . The frictional force can be re
lated to die length and diameter by the equation 

F^^exp [±^ 

where: F = frictional force, 
FQ = constant; 
p = coefficient of friction, 
L = die length; and 
D = die aiameter. 

Static friction necessitates the application of a greater force to be
gin the flow of a pellet than is needed to maintain the flow. Tnus, stop
ping and starting the flow results in an increase in energy requirements. 
The force required for deformation rises dramatically when tne thickness of 
feed above the die inlet is less tnan one-half of the ale diameter. Tnis 
phenomenon may be attributed to changes in the orientation of material flow 
lines, ana it might significantly contribute to the wear encountered in a 
commercial pellet mill, as well as to the energy requirements. 

Although the pressure required for pellet deformation increases with 
extent of deformation, the classical model for homogenous brittle materials 
of PQ = Y In (A/a), where Y is yield stress, A is die cross-sectional 
area, and a Is die wall area, does not consistently and accurately predict 
the magnitude of this pressure. A one percent increase in the moisture 
content of the feed decreases the deformation pressure oy approximately 300 
psi. However, if the moisture content exceeds 20 percent, a very weak pel
let is formed. 

In addition, the single die studies provided an insight into the ef
fects that composition, temperature, and die taper have on the extrusion 
process. For example, increasing the proportion of newsprint in the feed 
is accompanied by a dramatic rise in pressure. 

Varying the feed and die temperatures over a limited range from 
ambient to about 200°F showed no significant effect on the extrusion proc
ess. Pellets formed by a die having an inlet taper of 14° consistently 
have a higher quality and a lower deformation pressure than do those formed 
by dies having a 0°, 2°, or 7° taper. Typically, the specific energy 
consumed in deformation and friction at a moisture content ot 15 percent is 
about 14.4 kWh/ton. 
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The results of pellet mill tests show that the specific net energy of 
pelletization can be related to mass throughput ay the equation 

^n = ^^D' 

where a and b depena on die ana feed characteristics. Over a throughput 
range of 0.05 to 1.3 tons per hour. Figure 10, the specific energy require
ments drop from 170 down to about 18 kWh/tons. In addition, tests nave 
shown that the maximum throughput capacity of the pellet mill (rated at 2 
tons per hour) for a characteristic feed size of 1.0 cm is 0.8 tons per 
hour. The capacity decreases almost linearly to a value of 0.35 tons per 
hour for 2.0 cm feed. With pellets formed of screened light fraction mate
rial that has been passed through a shredder equipped witn grates having a 
1.3 cm. opening, and then densified in a 1.3 x 10 cm die, tne density of 
the pellets falls from 1.31 to 1.12 g/cc as the moisture content is in
creased from 13.6 percent to 26.4 percent. 

REFUSE-DERIVED FUEL PROPERTIES 

Some test data are available for establishing some of the basic prop
erties of an enhanced or "high quality" prepared RDF, that is properties 
that can oe produced using the latest available resource recovery technol
ogy. By enhanced, or high quality, is meant an RDF which has undergone 
some form of processing, usually screening, in order to remove the rela
tively high density, fine aggregate-type particles, such as glass and dirt 
fines, that normally compose a significant percentage of shreoded and air 
classified light fraction. Removal of dirt and glass can oe accomplished 
either through screening of the waste prior to size reduction (e.g. pre-
trommeling) or subsequent to air classification (i.e. post-trommeling). 
Some key properties of enhanced RDF detailed in a recent study prepared by 
Cal Recovery Systems are shown in Table II. The data-indicate that, on the 
average, an enhanced RDF should have 3' heating value of 7500 Btu/lb, an ash 
content of 17 percent, and a moisture content of 19 percent. 

Despite the establishment of values of heating value, moisture con
tent, and ash content for enhanced RDF, test data are lacking for other im
portant fuel characteristics, most significantly tne required particle 
size, burning rates, and ash fusion temperatures. All three of these prop
erties have an important effect upon tne performance of the RDF within the 
combustion and heat transfer zones of an energy conversion unit and have 
been insufficiently addressed oy the industry. The delineation of these 
properties is requireu in order to allow a resource recovery facility to 
respond to the needs of the user of the prepared fuel. 

MODELING OF RDF PRODUCTION SYSTEMS 

As a consequence of the information gathered during the research ano 
development programs conauctea on resource recovery processing, it has be
come possible to model certain of tne unit processes on an input/output 
basis. Although much additional information is requireo in order to allow 
a complete analytical model of resource recovery processing to be fabnco-
ted, the authors have developed some simplified modeling algorithms whicn 
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TABLE II 

Enhanced RDF Properties 

Fuel Property 

Heating Value, 
Btu/lb (dry) 

Ash Content, 
percent (dry) 

Moisture Content 
(percent) 

Number 
of Data 
Points 

14 

15 

15 

Range 

6890 - 8431 

1 0 - 3 0 

6 - 2 8 

Average 

7525 

16.6 

19.3 

Std 
Dev 

460 

7.3 

6.6 

TABLE III 

RDF Comparison Summary 

Mass Fraction, lb/lb MSW^ 

Mass Fraction, lb/lb MSW" 

Energy Yield, Btu/lb MSWa 

HHVC, Btu/lb RDpa 

Ash Content (dry basis, percent) 

Moisture Content (percent) 

Lb Ash/mmBtu 

dry basis 
wet oasis 
HHV = high heating value 

RDF Without 
Pre-Trommel 

Option 

RDF With 
Pre-Trommel 

Option 

0.03371 

0.4158 

2825 

8380 

0.0394 

11.7 

13.9 

0.3943 

0.5371 

3389 

8594 

0.0341 

8.6 

10.1 
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manifest the impact these efforts could have on the industry. Of course 
the utility of accurate modeling systems lies in their potential for eval
uating process response to changes in operating parameters and waste compo
sition, as well as the potential for process optimization without the need 
for constructing the hardware beforehand. 

An example of the foregoing can be illustrated by examining a hypo
thetical comparison of a resource recovery system with ana without the pre-
trommeling option, as shown in Figure 11. Using modeling techniques, it is 
possible to establish a mass balance for each processing sequence, such as 
that denoted by the matrix notation shown in Figure 13. The data presented 
in Table III allow the evaluation of pre-trommeling in terms of a number of 
performance parameters. 
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SHREDDING FOR PREPARED FUEL SYSTEMS 

William 3. Hazell and E. 3ames Fuller 

Henningson, Durhann and Richardson 
Omaha, Nebraska 681 l̂ t 

ABSTRACT 

This paper offers descriptions of the various concepts of 
shredding which are available to process decision makers; and 
provides public works planners with general guidance on 
engineering considerations and equipment applications. 

The conclusion reached in this paper is that shredding of 
solid waste is a proven concept for size reduction of municipal 
solid waste for the preparation of refuse derived fuel. The 
process of shredding does not stand on its own. Shredding is 
but one step in properly preparing fuel to specifications. The 
shredding step must be fit into the chosen system configuration 
to meet the specifications of the energy market and to serve 
the best interests of the community. 

This paper is not a detailed engineering analysis of 
shredders. It is intended to be an introductory document to 
educate system planners by providing descriptions of proven 
shredding equipment and by offer ing g e n e r a l des ign 
considerations which will be helpful for preliminary conceptual 
flow line determinations. 

INTRODUCTION 

Shredding can be an integral part of resource recovery 
systems. Shredding provides prepared fuel technology with the 
capability of reducing wide ranges of heterogeneous refuse feed 
stocks into a more workable size and homogeneous condition. 
This size reduction capability is also referred to as pulverizing, 
crushing, grinding, and milling and may be used for purposes 
such as: 
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Reduction in bulk density 
Preparation for further processing steps 
Meeting size specifications 
Improving material handhng 
Improving combustion characteristics 

This paper will describe the m e t h o d s of s h r e d d i n g 
available to engineers and planners for resource recovery and 
win reWew engineering design considerations and the re la t ive 
applications of each available technology. 

In most prepared fuel processing systems shredding is a 
necessary step; and it is the intention of this paper to present 
technical information, such as: advantages and disadvantages of 
various size reduction technologies, planning and selecting the 
proper equipment to fit the desired fuel product and other 
engineering considerations which offer guidance in establishing 
an appropriate process flow line. 

SOLID WASTE SHREDDERS 

The shredder industry manufactures a large var ie ty of 
size reduction devices which have been considered for use in 
solid waste resource recovery applications. Four classifications 
of available equipment have proven to operate successfully on 
mixed municipal waste - the flail mill, the ro tary shear , the 
horizontal hammermill and the vert ical hammermll l . The 
fundamental difference in these classes of size r e d u c t i o n 
equipment is in the way the cutting or breaking action forces 
are applied to the refuse. Secondary differences involve 
rotation speed, durability, application of drive motors and feed 
direction. 

The Flail Mill 

A flail mill is a horizontal shredding unit which utilizes a 
single motor driven rotor with various types of impactors such 
as blades, chains or hammers attached to the rotor as pictured 
in Figure 1. The impactors may be rigidly a t t ached to the 
rotor or they may be at tached by chains or cables . The 
original design concept of a flail mill was to utilize long free-
swing impactors to beat, cut , or thrash at the throughput 
medium causing a breaking action which was similar to the 
action of the manual threshing device called a "flail". Early 
flail mills were equipped with studded casings to assist in the 
breaking action. More recent designs, such as the fixed, non-
articulated arm model used at the Madison, Wisconsin, resource 
recovery facility shown in Figure 1 use an impact or anvil plate 
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Figure 1. Flai l Mills. 
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to allow for compression and hammering act ion and to protect 
he take away belt f rom i m p a c t by h e a v i e r P r o j e c t i l e s 

Add i t iona l beat ing action takes place when mater ia l is f la i led 

against the end plate. 

The f l a i l m i l l is an exce l l en t un i t fo r p r i m a r y s ize 
reduction when size control is not a s igni f icant f a c t o r in t he 
prepared fuel f low l ine. The f la i l can provide the act ion of 
reducing the infeed refuse to a size which is manageab le fo r 
subsequent mater ia l handling equipment. Its use is consistent 
with trommeling or screening act iv i t ies which may f o l l o w the 
pr imary shredding func t i on in some new processed fuel f low 
lines. The f la i l mi l l generally reduces refuse to an approximate 
6" product size, and offers the fol lowing advantages: 

low feed height 
low horsepower 
low capital cost 

A large percentage of solid waste is 6 inches or smaller. 
The f la i l i ng ac t ion of th is t ype shredder w i l l p e r f o r m the 
f u n c t i o n of breaking p las t ic or paper bags; re leas ing bag 
contents; reducing cartons or o ther c o r r u g a t e d m a t e r i a l ; and 
sizing larger materials while not balling or nuggetizing ferrous 
cans. The feedstock is thus prepared adequa te ly fo r fer rous 
removal and trommeling which may be the next process steps. 
Presorting of refuse feedstock may be required depending upon 
the waste character to be handled. 

Flail mills are high speed shredders o p e r a t i n g at 1200 
RPM; but are powered by lower horsepower motors (100-400 HP) 
than the i r counterpar ts - the high speed, h igh horsepower 
hammermills (500-1200 HP). The published data on the Madison 
f lai l shredder is: 

300 H.P. 
1200 R.P.M. 

50 T.P.H. (rated capacity) 

The f la i l shredder is a commerc ia l l y ava i lab le p roduc t . 
The city of Madison f l a i l , however, was actual ly designed by the 
city personnel and was manufactured for the c i t y as a speciality 
i t em . I f the l ong - te rm resu l ts of this unit at Madison are 
favorable, a trend should develop toward the market ing of f la i l 
mills. As an alternate, some shredder suppliers w i l l of fer lower 
horsepower, high speed hammermil ls w i th fewer or wider spaced 
hammers to serve the same purpose as the recognized f la i l type 
machine. 
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Rotary Shears 

The basic rotary shear type shredder is a low horsepower, 
low speed, reversible, horizontal, size reduction unit which 
utilizes multiple specialized cutters mounted on dual counter-
rotating shafts. The shear type units slice, tear and twist 
material into smaller particle sizes. The shear does not 
hammer at the feedstock. The counter-rotating circular cutters 
have cutter teeth (see Figure 2). The cutters are attached to 
the dual shafts with the teeth in staggered pitch patterns so as 
to create a screw drive effect. This configuration results in 
torsional action as well as straight cutting action as feedstock 
passes down through the cutter blades. Most rotary shears are 
electric-driven, but several manufacturers market units with a 
total hydraulic drive. The operation of these shears offer a 
cutting action which is low speed and high torque. When 
jamming results or when a difficult item is encountered the 
cutting action is reversible. The shredder controls quickly 
reverse the action automatically until the obstruction clears. 
This feature also eillows the shredder to take several new "bites" 
on difficult items. A disadvantage is that this reversible action 
limits continuous volume throughput. The rotary shear also 
offers advantages of: 

Low Feed Height 
Low H.P. 
Low Capital Cost 

The rotary shear is a shredder unit, which for IQ to 15 
years was a solution to light duty applications such as shredding 
of hospital, hotel or light industrial waste and medium-duty 
industrial wastes and tires. Recent trends in resource recovery 
have caused at least one shear vendor to develop units with 
increased capabilities. Units have been offered with 300 H.P. 
drives which are marketed to shred up to 30 tons-per-hour of 
municipal refuse. Newer units are offered which are designed 
to use 600 H.P. motors to operate the hydraulic drive. To 
further increase potential growth, the supplier even lists a 1200 
H.P. unit but this high horsepower unit has not been sold. 

The rotary shear is claimed to be able to shred high 
volumes of mixed municipal refuse - 50 to 100 tons-per-hour. 
However, there has been no tested demonstration of this 
operational capacity. The newest model shear at 600 H.P. is 
installed in Springfield, Illinois, but that unit is intended for a 
shred/landfill application where volumetric capacity is not as 
critical as it would be in a processed fuel system. This system 
may, however, be a potential testing area for rotary shear 
performance on municipal refuse. 
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There is limited test data on the size control capabilities 
of the rotary shear. Observation of films of the rotary cutting 
and shredding action indicate that size control may be a 
problem. Because of the limited data on this type shredder, it 
appears that it may be satisfactory for use as a primary size 
reduction unit in a two-stage shredding system, or as an only 
shredder in a system which has pre-separation where definite 
size control is not required. The results from the Springfield 
installation could provide more definitive data concerning the 
proper application of shear shredders in prepared fuel systems. 

Hannmermills 

Hammermills, as used for solid waste reduction, consist of 
multiple high speed (1200-3600 RPM), pivoted swing hammers 
connected circumferentially around a rotor. Refuse is beaten, 
hammered, cut and shredded by the force and shearing action of 
the hammers and other components. There are several varieties 
of hammermills. The two types which will be discussed are the 
horizontal mill and the vertical mill. 

The Horizontal Hammermill 

The horizontal hammermill commonly used in a prepared 
fuel product line consists of a single rotor mounted on a single 
shaft with attached swing hammers as shown on Figure 3. This 
figure is a composite type diagram which shows a generic 
representation of several different manufactured mills. The 
basic horizontal hammermill shreds refuse by high.speed rotation 
of the rotor and hammers. As refuse is fed by gravity into the 
hammer circle, several actions take place on the refuse. The 
first action is impact as a hammer strikes the refuse medium; 
the second action on the refuse is friction ageiinst the side walls 
or anvils; the third action is a shearing action between the 
hammers and the anvil. In some models the shearing action is 
against an adjustable breaker bar. The final action is an 
extrusion action which develops as the hammers force the refuse 
particles through the openings in the grate bars. The final 
matericd size is determined by the grate bar openings. The 
majority of the size reduction does, in fact, occur at the grate 
bar extrusion. Material will remain in the shredder housing 
until its size allows it to be dropped or forced through the 
grate openings. These hammermills are powered by high speed 
drive motors in the range of 500 to 1500 H.P. The power 
selected is dictated by the volume of material which must be 
extruded out through the grate bars and the size of the bar 
opienings. 



88 

INFEED 

HAMMERS 

ADJUSTABLE 
BREAKER BAR 

GRATE WITH 
OPENINGS 

Figure 3. Typical Horizontal Shaft Hammermill. 
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Horizontal hammermills have operated on these same 
principles for many years on mining products such as rock or 
coal , and in the metals industry shredding scrap or even 
complete automobiles. Many of the first hammermill shredders 
used in resource recovery were direct applications of these same 
units which were designed to handle concentrated loads of 
materials which are homogeneous feedstocks. However, solid 
waste is a heterogeneous mixture; and in many cases the 
technology was' not d i rec t ly adaptable. Even with this 
constraint the majority of the systems constructed in resource 
recovery have used the hammermill to varying degrees of 
success. 

In general there are successful systems which have 
demonstrated that the horizontal hammermill can handle large 
volumes of solid waste and simultaneously produce a specified 
product size on a continuing basis. This is a most important 
feature in developing a successful prepared fuel system. 

Major resource recovery systems such as Ames, Milwaukee 
(Americology), and Akron use horizontal hammermills and are 
successfully producing a prepared fuel with suitable size control 
while handling specified flow line feed volumes. 

The Vertical Hammermill 

The vertical hammermill used in prepared fuel facilities 
also consists of a single high speed rotor on a single shaft 
except that the shaft, rotor and drive motor, are all mounted 
vertically. The swing hammers, as shown in Figure 4, are 
attached to the rotor and rotate horizontally. The housing as 
shown is cone-shaped. As a result of this configuration, several 
differences occur in the shredding action. The hammers still 
impact the waste medium except that in the case of the 
vertical mill the impact action is repeated as the feed material 
moves down through each hammer circle. The second action, 
friction against the side walls also exists except that the cone 
shape housing provides a decreasing clearance from the rotor 
centerline to the housing. This configuration provides a staged 
effect on particle size control. Large particles remain in the 
upper portion of the cone until they are reduced in size or 
ejected from the machine. Material which shreds easily or 
particles which are smaller travel quickly down through the 
upper hammer circles. At the lowest point of the cone shaped 
housing a necked down section exists to separate acceptable size 
gradations from rejectable. This is a material size gauge 
feature of vertical hammermills. Shearing action takes place 
after passing through the neck. The housing in this lower 
region has breaker bars perpendicular to the hammer swing to 
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shear particles to final size. The vertical hammermill does not 
have grate bars or openings for an extrusion stage. Final sized 
material is flung outward horizontally onto conveyors for 
material handling. 

The vertical hammermill described herein is a product of 
one manufacturer and has often been confused with other types 
of vertical shredders which do not utilize the hammermill 
concept. This type of mill has operated with varying degrees of 
success operating in resource recovery applications. Recent 
design improvements have been made and tested. The results 
show that this type of hammermill with its newer models can 
be a viable alternative in prepared fuel application. The 
Pompano Beach, Florida, and Madison, Wisconsin, installations 
are successful fuel systems which show that the ver t ica l 
hammermill can handle the types of feedstock volumes common 
to prepared fuel systems and can maintain size control. 

PRELIMINARY COMPARISON OF SHREDDERS 

In planning the flow line of process equipment for a 
prepared fuel application, engineers and community planners 
need to consider the general characteristics of the various 
equipment available. They must select the flow line components 
which are appropriate for both handling established refuse 
volumes and meeting fuel specifications. This section will offer 
factors for such planning efforts. 

The major factors necessary to plan a" shredder sub
system for a processed fuel application are: 

System Throughput 
Product Size 
Costs 
Engineering Considerations 

Since limited published test data exist concerning many of 
these factors, the community decision makers must sort through 
the various claims made by equipment vendors. Many of these 
claims are conserva t ive , but often the claims are very 
optimistic and are based on shredding applications which are not 
solid waste prepared fuel systems. To properly plan a flow line 
it is necessary to evaluate each component not only on the 
basis of its individual performance, but on the results of its 
performance in a working system. System planners should 
review operating systems and the limited available test data to 
establish the best fit between the size reduction equipment and 
other components in the desired flow line. The selection of a 
flow line configuration may decrease the demand on the 
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shredder. I f p resor t ing is performed on a t ipping f loor w i th 
only selected fractions of municipal waste fed into the shredder, 
lower horsepower, and slower speed units may be sat isfactory. 
If, on the other hand, the requ i rements are for a l l was te -
including white goods, rugs, furniture and other bulky waste to 
enter directly into a shredder, then a hammermi l l is required. 

The addi t ion of t r o m m e l i n g as a f i r s t s tep in a resource 
recovery flow line w i l l have the advantage of l o w e r i n g t he 
required capacity of a unit used to shred the oversize mater ia l 
from the trommel. Some systems wh ich have d e m o n s t r a t e d 
shredding successfully and have produced a usable fuel are: 

Akron, Ohio 
Ames, Iowa 
Madison, Wisconsin 
Milwaukee, Wisconsin (Americology) 
Monroe County, New York (This project is 
currently in start-up.) 

Since no two of these systems are ident ica l , each system 
approach should be studied. These systems use f la i l mil ls and 
both types of hammermi l l s . R o t a r y shears have not been 
demonstrated in a prepared fuel system which requires specified 
size requirements. There are severa l r o t a r y systems wh ich 
shred municipal solid waste or bulky i tems for volume reduction 
prior to l a n d f i l l i n g . The la rgest of these s y s t e m s is a t 
Springfield, Ill inois. This system has been operating for several 
months and has shown that the rotary shear can be used in a 
pr imary shredder appl icat ion, depending upon the condition of 
the feedstock. No test data has been published on this system 
to date. 

System Throughput 

In planning a prepared f ue l system, i t is important to 
know that shredders cannot be expected to operate more than a 
2 sh i f t , 16 hour per iod . In many cases, a fu l l 8 hour shift 
should be reserved for maintenance of shredding equ ipment or 
other process components. This is a major determinant in the 
deasion making process of determining the conceptual design of 
a process flow line. As a guideline, planners should expect to 
obtam only 75 to 85 percent a v a i l a b i l i t y f r o m a shredding 
process line. Other process equipment in a given process line 
may be more l imi t ing. The planner must decide how much 
redundancy is needed to meet the downtime conditions. 

When planners take in to account popu la t ion g r o w t h , 
seasonal surges, daily or weekly peaks, expected operating t ime 
and other factors, these var ia t ions can resu l t in se lec t i ng a 
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shredder to process a considerably greater amount than the 
average refuse flow. However, the capacity of air classifiers, 
screens, and material handling may be the limiting factor for a 
single processing line. A shredding capacity range of 50 to 70 
tons-per-hour is about the maximum that should be planned for 
the shredding functions of a process l ine. The ava i lab le 
shredders discussed in this paper wi l l , in most cases, provide 
this throughput. 

Product Size 

When considering size control, i t is important to realize 
what performance can be expected from each shredder. It must 
be remembered that the output product size of the shredder 
impacts throughput capacity and applied horsepower. The 
energy market fuel conditions should be carefully examined and 
weighed against cost in order to determine the priority of size, 
horsepower and system throughput. In general however, fuel 
quality wil l be more important than system throughput capacity. 

Size characteristics of shredding are normally sp)ecified by 
indicating the percent of material by weight passing through a 
certain size screen. There wil l be a fraction of the shredder 
output which wil l be larger than the size specified and a larger 
fraction wil l be smaller than the desired size. Figure 5 shows 
particle distribution results published by a vertical hammermil l 
manufacturer. If the shredded fuel wil l be used in a suspension 
fired application, the nominal particle size wil l be specified as 
1-1/2 inches or less; if the fuel is to be utilized in a stoker-
grate combustion system, the nominal size specified may be 3 
to 6 inches. When two-stage shredding is included in a system, 
the primary shredders wil l normeilly specify nominal size ranges 
from 6 to 8 inches. Rotary shears and flail mills are both 
capable of producing fuel fractions in these nominal ranges. 
Therefore, these size reduction units can be considered as first-
stage components in a processed fuel f low l ine. Neither of 
these units are acceptable as final-stage shredders for refuse 
fuel preparation unless the fuel specif ications are extremely 
loose. 

The ver t ica l hammerrnil l has demonstrated good size 
control at the Madison, Wisconsin, resource recovery plant when 
used as a secondary uni t ; shredding the preshredded and 
screened product to a nominal 3/4 inch horizontal size. The 
output at Madison has shown excellent fuel qual i ty while 
delivering 90% passing a 3/4" screen with 98% less than 2 inch. 
The vertical unit has also demonstrated dependable size control 
in a "Refuse-to-Gas" application in Pompano Beach, Flor ida. 
Test results of the shredding tests at this facil ity are available 
and do show good data on size reduction capabilities of this unit 
when shredding to meet a 4" product specification, 
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Figure 5. Particle Size Distribution. 
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Horizontal hammermills have varying results in single or 
two-stage situations. Many of the single-stage operations are 
shred/landfill operations and are considered successful even 
though fuel characteristics were not evaluated since fuel was 
not the system goal. Detailed size results on horizontal 
hammermills is limited because: 

Testing has been limited to capacity. 

Test data has not differentiated between stages 
of shredding. 

Applications did not require finite size data. 

Horizontal hammermills have been demonstrated in Akron 
(single-stage achieving a 4 to 6 inch size), Ames (two-stage 
achieving a 1-1/2 inch nominal size), and Milwaukee (first-stage). 
In Monroe County, several stages of Horizontal mills are in a 
start-up and testing phase. There are a significant number of 
mills working with good results, but limited hard data is 
available. 

Costs 

Actual cost data cannot be determined without listing 
numerous parameters involved in the selection and operation 
considerations of the shredding concept. Capital costs are 
dependent upon factors such as: 

Feed opening size • 
Specified throughput 
Specified product output size 
Horsepower of drive unit chosen to meet 
throughput and sizing 
Type of refuse to be handled 
Optional equipment (dust control, 
explosion options) 

Operating costs vary, depending upon system operating 
and mcuntenance factors which can be itemized as follows: 

Electrical costs 
Maintenance (hammer wear and replacement 
parts) 
Actual tonnage throughput 
Downtime 
Material handling 
Position in the system 
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To provide specific cost data would be misleading, unless 
f.arh factor were i temized. However, i t is important to know 
approximately what costs w i l l be for each f low l ine component. 
Using study data and system knowledge. Tab le I has been 
c o n s t r u c t e d to show decis ion makers ranges of cost fo r 
shredding concepts. Table 1 lists the four shredding concepts 
and offers relative ranges of capital costs and operat ing costs. 
The capital costs shown are for the types of units discussed in 
this paper and at the size ranges discussed; and include shredder 
and drive unit only. The operating costs indicated are re lat ive 
and include only ma te r i a l rep lacement and e lect r ica l costs. 
Material replacement is generally hammer wear and replacement 
parts. Power requirements increase as size reduction increases. 
The horsepower required to drive a shredder is d e t e r m i n e d by 
the size and character of the feedstock. The cost of operating 
is dependent upon the amount of work done on the feeds tock 
and the amount of t ime tha t the unit runs. Unfortunately, 
shredder units often do have to be ove rs i zed to handle the 
occasional d i f f i c u l t items while in fact the shredder normally 
works on less power. This factor is important , but necessary in 
order to meet surges in volume and to handle d i f f i cu l t items 
without jamming. 

TABLE I 
Relat ive Cost of Shredding Concepts 

Capital Cost 
Per Unit Operating Cost 

in Dollars $/Ton 

Flail Mi l l 50-100,000 $ .25 - .35 

Rotary Shear 100-300,000 .40 - .60 

Horizontal Hammermil l 300-450,000 .75-1.00 

Vertical Hammermil l 350-550,000 .75-1 .00 

These costs are a planning tool for de te r m i n i ng system 
conf igura t ion. Labor costs are not included in these costs. 
Labor staffing is usually analyzed for each system configuration 
and would include maintenance employees as wel l as operational. 
Labor is omitted to avoid dup l i ca t i on since the ma in tenance 
involved is the routine performance of standard staff personnel; 
therefore, the cost of such labor w i l l be inc luded w i t h such 
staffing. It is advisable to obtain quotations on specific i tems 
as planning advances. 
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Engineering Considerations 

There are several other engineering considerations which 
are beyond the scope of this paper, but are important in 
planning a successful shredding system. The shredding action on 
refuse and i ts metal content can cause spark ign i t ion of 
combustible fractions of solid waste. Fire control is imperative. 
Fire contro l systems must be able to quickly detect and 
extinguish f i res on the input and output conveyors as well as 
inside the shredder. The conveyors must be capable of being 
stopped immediately to keep the fire from spreading. 

Provisions for explosions must be p lanned. Smal l 
explosions, such as aerosol cans, can occur within the shredder 
without any significant effect, but provisions such as venting 
features, blast walls, screens, and blow-off roofs, or suppressant 
systems should be planned for the rare big explosion. Probably 
the best way to prevent explosions would be by hand separation 
of potentially explosive items. A vigilant operator and tipping 
f loor man may spot many hazardous items. Rotary shears or 
f lail mills wil l decrease the possibility of explosions in the main 
shredder. Several hammermil l manufacturers offer optional 
explosion venting features. The subject of explosions w i l l be 
discussed in detail in another paper during this conference. 

Dust control systems must be designed into the shredder 
system. The rotor windage of shredding is a major contributor 
to dust. Pneumatic dust collectors are the most common dust 
control systems but water sprays inside the stvedder can be 
used. 

Economy of operation is another major consideration, 
e lect r ica l power for the shredder motors w i l l be a major 
operating cost, so the absolute minimum motor horsepower per 
ton of refuse needs to be planned. Ease of maintenance is a 
very important factor in planning for shredders. Abundant 
clearance for repairs and replacements, should be al lowed. 
Space should be allowed for l i f t ing out rotors, pulling shafts, 
and replacing motors. Overhead cranes or portable cranes 
should be provided above the shredders. Access to work on 
jammed or worn hammers should be available. Do not short 
change maintenance. Provide convenient, workable areas for 
maintenance work to be performed and allow for a centralized 
meiintenance area and adequate part storage. 

Summary 

Shredding is a proven concept for size reduction of 
municipal waste for prepared fuel applications. The shredders 
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descr ibed in th i s paper are proven size reduct ion uni ts . 
Long-term operations at Madison will determine whether flail 
mills will be widely used in front of the main shredders . 
Rotary shear shredders do not have a record in prepared fuel 
system - but they appear to be satisfactory when definite size 
control is not r e q u i r e d . Both v e r t i c a l and h o r i z o n t a l 
hammermills have produced good size control and there is 
published test data on the size control produced by ver t ica l 
hammermills. Vertical hammermills cost slightly more than 
horizontal hammermills, but both are in the half million dollar 
range. Shredder and system throughput must be planned to take 
care of seasonal and daily surges as well as downtime and long-
term growth. 

Planning for a refuse shredding system must consider the 
complex variables of energy market specifications, costs, waste 
generation and environmentally sound was te disposal. The 
system solution to these variables must be in the tiest interest 
of the community. 

REFERENCES 

1. 3.L. PAVONI, 3.E. HEER, 3r. and D . 3 . HAGERTY, 
Handbook of Solid Waste Disposal - Materials and Energy 
Recovery, Van Nostrand Reinhold Co., New York. (1975). 

2. PETER FRANCONERI, P . E . , "Se lec t ion Fac tors in 
Evaluating Large Solid Waste Shredders," Proceedings of 
National Solid Waste Processing Conference, (1976), pp 
233-247. ~ ~ 

3. GARY L. BOLEY, Wisconsin Solid Waste Recycling 
Authority, private communication, (1980). 

4. KENT M. BARLOW, GARY L. BOLEY and M.L. SMITH, 
"Design, Evaluation and Operating Experience of the City 
of Madison - Madison Gas and Electric Company Energy 
Recovery Project ," P r o c e e d i n g s of N a t i o n a l Waste 
Processing Conference. (1980). DP '>ll-'>25. 

5. P.A. VESILIND, A.E. RIMER and W.A. WORRELL, 
"Performance of the Hell Model 92B Shredder at Pompano 
Beach, Florida" test report, (February 1979). 

6. H.D. FUNK, "Evaluating Shredder Applications for Solid 
Waste," Henningson, Durham & Richardson, (1975). 

7. HARVEY W. ROGERS and STEVEN 3. HITTE, "Solid 
Waste Shredding and Shredder Selection," EPA/530/SW-ltO, 
(1975). ^ 



99 

8. BUD BRUMITT, Williams Patent Crusher & Pulverizer 
Co., Private Communication, (I98I). 

9. C H A R L E S N O R T O N , The H e l l C o . , P r i v a t e 
Communication, (1980). 

10. MIKE MCALLISTER, Los Angeles Bi-Products Co., Private 
Communication, (1980). 

11. DAN BURDA, Saturn Manufacturing Inc. , Private 
Communication, (1980). 



100 



101 
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ABSTRACT 

Tronmels had their origin in the mining and mineral processing 
industries and have since been adapted for use In solid waste pro
cessing. Results indicate they can perform a rough separation of 
combustihle and ncn-combustible material. Hole size and shape, 
drum length and diameter, angle of declination, and rotating speed 
are critical parameters affecting the desired separation. Some 
testing and analytical studies have been performed; these are 
summarized. However, much is still to be learned about rotary 
screen behavior in theory and observed performance. 

The paper briefly documents the historical use of trommels 
in solid waste processing, tabulates the facilities using tron
mels (whether as RDF processors or not), and describes the U.S. 
Department of Energy (DOE) sponsored study to investigate trom
mels both analytically and empirically, as they are applied to 
waste-to-energy systems. 

IMTRODUCTION 

Trommels, in use for more than a century, had their beginning in the 
mining industry processing coal and metallic ores, and in the paper industry 
debarking wood. Until 1921*, however, none were used in waste processing. 
Now, rotary screens are becoming more popular as size separators of both raw 
and processed waste; when used on raw waste, they can also be effective as 
bag openers. In municipal solid waste (MSW) plants, trommels vary from 
1.2 m (It ft) to 3.7 m (12 ft) in diameter, 2.1* m (8 ft) to 13.7 m (lt5 ft) in 
length, with angles of declination from 0 to l6°. Apertures are round, 
rectangular, octagonal, and elliptical. Trommels with fixed rotational 
speeds vary from 8 to 28 rpm. Some have speed change capability and can 
span large ranges (as much as 21 rpm). Drive methods are trunnion/tire, 
sprocket and chain, and flexible belt types. 

Since the first use of trommels in the solid waste industry, most of 
the hardware research has been of an empirical nature. Some modeling has 
been done, such as the work at the National Center for Resource Recovery, 
Inc. (NCRR) by Alter, Gavis and Renard [l]. Empirical data were generated 
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i . ^^P trommels i n o p e r a t i o n a t MSW p r o c e s s i n g p l a n t s [ 2 ] , and on s m a l l e r , 
mor " a r i a b i r t e t t r o L e l s [ 3 , U ] ; a l i t e r a t u r e s e a r c h o f t rommel u s e i n MSW 
p r o c e l s i n g p l a n t s has a l s o been conduc ted [ 5 ] . However t h e s e e m p i r i c a l 
d l t a ^ d modeling a r e no t r e a d i l y a p p l i e d t o i m p r o v i n g t rommel d e s i g n . Much 

r s t l l l t o be l e a r n e d about t rommel b e h a v i o r i n b o t h t h e o r y and o b s e r v e d 
Performance One program r e c e n t l y i n i t i a t e d u n d e r DOE s p o n s o r s h i p w i l l em-
bodv t h e o r e t i c a l model ing and i n s i t u t e s t i n g t o improve t h e i n d u s t r y know
ledge of t rommels . In subsequen t s e c t i o n s of t h i s p a p e r , t h e g e n e r a l sub
j e c t of t rammeling w i l l be d i s c u s s e d as i t a p p l i e s t o p r o c e s s i n g MSW fo r a 
RDF product and t o enhanc ing m a t e r i a l s r e c o v e r y . 

HISTORY 

The word " trommel" i s d e r i v e d from t h e German word mean ing drum. The 
f i r s t r e f e r e n c e t o u s i n g a t rommel t o p r o c e s s MSW i s found i n a p r o p o s a l in 
England [ 6 ] . 

In Glasgow, S c o t l a n d i n 1928 , a t rommel was i n s t a l l e d a t t h e Govan 
Refuse P l an t [ 7 ] . L i t t l e was h e a r d abou t r o t a r y s c r e e n i n g be tween t h e i n 
s t a l l a t i o n of t h a t trommel In 1928 and t h e m i d - 1 9 6 0 ' s , when i n 1966 t h e 
Grea ter London Counci l i n s t a l l e d a t rommel i n B a r k i n g , E n g l a n d [ 8 ] . As the 
r e f e r e n c e n o t e s , t h e Bark ing t rommel went u n r e p o r t e d i n t h e open l i t e r a t u r e 
however, u n t i l 1978. ( P a t r i c k b r i e f l y r e p o r t e d on t h a t t rommel i n I967 [9]). 

The Barking machine w a s , i n f a c t , a d r u m - t y p e p u l v e r i z e r , 2.1* m (8 f t ) 
in d i a m e t e r , 2 . 7 m (9 f t ) l o n g , w i t h b e a t e r drums on a c e n t r a l r o t a t i n g shaft 
i n s i d e t h e c o u n t e r - r o t a t i n g drum. T h i s c o m b i n a t i o n p u l v e r i z e r / t r o m m e l p r o 
duced t h r e e f r a c t i o n s : - 51 mm ( -2 i n . ) , 51 mm t o 152 mm (2 i n . t o 6 i n . ) and 
+152 mm (+6 i n . ) . R o t a t i n g a t 16 rpm, i t was r a t e d a t 9 Mg/hr ( lO t p h ) . 

In 197't, NCRR began a t e s t program aimed a t o p t i m i z i n g t h e d e s i g n of a 
trommel t o s i z e s e p a r a t e u n p r o c e s s e d MSW. Tha t p rogram p r o v i d e d much of the 
design Informat ion fo r t h e t rommel i n s t a l l e d a t Recove ry 1 i n New O r l e a n s , 
La. 

CURRENT TROMMEL OPERATIONS 

Table I shows t h e f a c i l i t i e s now employ ing t rommel s i n t h e U n i t e d 
S t a t e s , Canada, and t h e Un i t ed Kingdom. The m a j o r i t y of t h i s i n f o r m a t i o n 
was provided by a l i t e r a t u r e s e a r c h on t rommel s [ 5 ] , and by p e r s o n a l communi
ca t i on wi th pe r sons d i r e c t l y a s s o c i a t e d w i t h f a c i l i t i e s u s i n g t rommel s . 
Most trommels do not p r o c e s s raw MSW, r a t h e r t h e y p e r f o r m a s i z e s e p a r a t i o n 
of shredded ( m i l l e d ) w a s t e . In some c a s e s , s e v e r a l p r o c e s s e s ( such as a i r 
c l a s s i f i c a t i o n and magnet ic m e t a l r e m o v a l ) a r e p e r f o r m e d ahead of t h e t rom
mel. A d e s c r i p t i o n of each t rommel a p p l i c a t i o n f o l l o w s : 

Ames. I a . - C i ty of Ames P r o j e c t . Pe r fo rms four -way s i z e s e p a r a 
t i o n on a i r - c l a s s i f i e d heavy f r a c t i o n t o remove g l a s s , n o n -
fe r rous meta l and g r i t . 



TABLE I 

Trommel Installation Summary 

Installation 
Site 

Builder Length 
m (ft) 

Dia. 
m (ft) 

Hole Size & Shape 
mm (in) 

Capacity 
Mg/h 
(tph) 

Power 

kw 

JM) L 

Speed 
rpm 

' 

Ames, IA 

New Orleans, 
LA 

Cockeysville, 
MD 

Bridgeport, 
CN 

Jacksonville, 
FL (U.S'. Navy) 

Rochester, NY 

Pompano Beach, 
FL 

Hempstead, NY 

Combustion Power 
Co. (Gruendler) 

Triple S 

Triple S 

Carter-Day 

Carter-Day 
Carter-Day 
Carter-Day 

Sprout-Waldron 

Triple S 

Triple S 

Triple S 

Processing Trommels 

6.1 (20) 

13.7 (1+5) 

8.5 (28) 

12.2 (1*0) 

12.2 (llO) 
12.2 (1*0) 
12.2 (1*0) 

2.It (8) 

9-1 (30) 

5.5 (18) 

11.6 (38) 

1.5 
(5) 

3.2 (10) 

3.7 (12) 

3.It (11) 

3.It (11) 
3.It (11) 
3.It (11) 

1.2 (It) 

2.7 (9) 

1.2 (U) 

3.7 (12) 

l6 Dia. (5/8) 
32 Dia. (1 1/lt) 
102 Dia. (It) 

121 Dia. (It 3/ll) 

32 Dia. (1 1/lt) 

89 Dia. (3 1/2) 
61t Dia. (2 1/2) 
6 Dia. (l/lt) 

121 Dia. (It 3/lt) 
6 Dia. (1/lt) 

13 Dia. (1/2) 

19 square (3/lt) 

19 Dia. (3/lt) or 
76 Dia. (3) 

61t Dia. (2 1/2) 

3.6-lt.5 
(lt-5) 

57 
(62.5) 

h5 
(50) 

N/A 

N/A 
N/A 
N/A 

h (It.5) 

29-36 
(32-ltO) 

5-llt 
(6-15) 

90 (100) 

11 (15) 

60 (80) 

11-15 
(15-20) 

N/A 

N/A 
N/A 
N/A 

5.6 (7.5) 

15 (20) 

11 (15) 

89 (120) 

25-30 

11 

9 

N/A 

N/A 
N/A 
N/A 

8-16 

11 

1-20 

10.5 

(cont'd) 



TABLE I (cont 'd) 

Installation 
Site 

Madi son, WI 

Milwaukee, 
WI 

Houston, TX 

Salem, VA 

East Bridge-
water , MA 

Byker, U.K. 

Dntario, 
Canada 

Eastborn, U.K. 

Doncaster, U.K. 

Builder 

Madison Solid 
Waste Fuel Co. 

Triple S 

Triple S 

Sprout-Waldron 

Triple S 
Gruendler 

Heenan 

Triple S 

Buhler-Maig 

Motherwell 
Bridge Tacol 

Length 
m (ft) 

10.T (35) 

6.1 (20) 

15.5 (51) 

3.7 (12) 

9 (30) 
6 (20) 

13.lt (Itlt) 

7.3 (2lt) 

It.6 (15) 

8 (26) 

Dia. 
m (ft) 

2.It (8) 

2.1 (T) 

3 (10) 

1.2 (It) 

2.7 (9) 
2.It (8) 

2.It (8) 

1.8 (6) 

2.1 (7) 

3 (10) 

Hole Size 8e Shape 
mm (in) 

25 Octagonal (l) 
70 Dia. (2 3/lt) 

51 Dia. (2) 
102 Dia. (It) 

57 Dia. (2 1/U) 
127 Dia. (5) 

51 Cia. (2) 
127 Dia. (5) 

121 Dia. (It 3/lt) 
l6 square (5/8) 

10x50 rectangular 
(3/8 X 2) 

25x100 rectangular 
(1 X It) 

203x25lt rectangular 
(8 X 10) 

152 Dia. (6) 

19 Dia. (3/lt) 

22 (7/8) 

Uo Dia. (1 9/16) & 
210x230 rectangular 

(8 1/lt X 10) 

Capacity 
Mg/h 
(tph) 

lt5 (50) 

(ltl-lt5) 
1*5-50 

59 (65) 

7 (7.5) 

23 (25) 
N/A 

30 (33) 

18 (20) 

9 (10) 

11 (10) 

Power 
kw 
(hp) 

apprOX. 37 
(50) 

7.5 (10) 

80 (60) 

5.5 (7-5) 

approx. 17 
N/A 

6 (8) 

11 (15) 

9 (12) 

Speed 
rpm 

N/A 

13 

10 

22 

lit 
N/A 

8 

11 

28 

It.5 (6) 9-30 

(cont *d) 

http://13.lt


TABLE I ( c o n t ' d ) 

Installation 
Site 

Upper Marlboro, 
MD 

Stevenage, U.K. 

Los Gates, CA 

U.S. Bureau of 
Mines, Avondale, 

MD 

Richmond, CA 

Builder 

Combustion 
Power Co. 
(NCRR) 

Warren-Spring 
Laboratory 

Vista 
Chemical & 
Fibre Co. 

Bureau of 
Mines 

Cal Recovery 
Systems 

Length 
m (ft) 

Pilot 

3 (10) 

6.7 (21) 

6.1 (20) 

3.it (11) 

It.9 (16) 

Dia. 
m (ft) 

Hole Size 8: Shape 
mm (in) 

(R & D) Trommels 

0.9 (3) 

3.1 (10) 

2.1 (7) 

1.2 (It) 

0.9 (3) 

Various 
51 Dia. (2) & 
102 Dia. (It) 

Various 

Various 
13 Dia. (1/2) 

19 Dia. (3/lt) 

9.5 Dia. (3/8) 
or 13 Dia. (l/2) 

Capacity 
Mg/h 
(tph) 

3.6 (It) 

It.5 (5) 

15-50 
(llt-lt5) 

2.3 (2.5) 

It. 5-9 
(5-10) 

Power 
kw 
(hp) 

1.1 (1.5) 

N/A 

2.2 (3) 

5.6(7.5) 

1.5 (2) 

Speed 
rpm 

Variable 
lt-lt3 

Variable 
0-20 

Variable 

Variable 
10-30 

Variable 
12-36 
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New Orleans. La. - Waste Management, I n c . , City of New Orleans , 
and MCRR Project. Performs two-way s ize separa t ion on un
processed MSW to create -121 mm (-It 3/lt I n . ) ma te r i a l s concen
t r a t e . Oversize material t e s t ed as RDF product; RDF buyer 
search underway. 

nnckev-svllle. Md. - Maryland Environmental Serv ices . Operated by 
Teledyne National for Baltimore County. Separates shredded, 
a i r -c lass i f ied l igh t fract ion t o remove r e f r a c t o r i e s and -32 mm 
(-11/lt i n . ) inorganics. Oversize mate r ia l re-shredded EUid 
pellet lzed into densified refuse-derived fuel (d-RDF). 

Bridgeport, Ct. - Connecticut Resource Recovery Authori ty Plant 
operated by Combustion Equipment Associates . Trommel operates 
on unprocessed MSW; oversize mater ia l f l a i l e d and re- in t roduced 
into trommel; undersize mater ia l a i r - c l a s s i f i e d and l i g h t f r a c 
tion processed into ECO-FUEL II.® 

Jacksonville, Fl . - U.S. Navy I n s t a l l a t i o n . F l a i l e d MSW trom-
meled to remove inorganics , g r i t , g l a s s , e t c . Oversize mater
i a l burned In modular inc inera tor or used t o produce d-RDF. 

Rochester, NY - Raytheon Service Co. operates f a c i l i t y for 
Monroe County. Primary shredding of MSW followed by a i r c l a s 
sif icat ion and trommeling of heavy f r ac t ion . Trommel concen
t r a t e s g lass , g r i t , non-combustible from heavy f r ac t ion . 

Pompano Beach, Fl . - Waste Management, Inc . Demonstration of 
methane gas generation under DOE (previously Energy Research & 
Development Administration) funding. Makes t h r ee s i ze separa
t ions of shredded, magnetically scalped MSW. Middling f ract ion 
is a i r - c l a ss i f i ed . Light f ract ion i s mixed with sewage sludge 
in digester to form methane gas fue l . 

Hempstead, NY - Hempstead Resource Recovery Corp. Wet pulping 
process. Trommel separates raw MSW into two s i z e s . Undersize 
material passes to non -a t t r i t i on pulper . Trommel removes r e 
fractor ies , g las s , e t c . , t o reduce abrasion in pulper and im
prove RDF qual i ty . 

Toronto, Ontario, Canada - Ontario Ministry of the Environment. 
Two-part size separation of a i r - c l a s s i f i e d heavy f rac t ion t o 
remove inorganic f ines. Beneficiates overs ize mater ia l for com
post product. 

Madison ' ^i- - City of Madison in cooperation with p r iva te firm. 
Trommel processes f l a i l ed MSW a f t e r ferrous metal removal. 
Undersize and middling mater ia l r e j e c t e d ; oversize mater ia l 
shredded into fluff RDF. 

Milwaukee, Wi. - Americology f a c i l i t y uses trommel t o perform 
three-way size separation on shredded, a i r - c l a s s i f i e d heavy 
fraction. Minus 25 mm (-1 i n . ) g la s s and aluminum-rich con
centrate formed for mater ia ls recovery. 
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East Bridgewater, Ma. - Combustion Equipment Associates Facility. 
Flailed MSW trommeled; oversize material re-introduced into flail 
for further size reduction; undersize material air-classified and 
further processed for ECO-FUEL II. 

Houston, Tx. - Reynolds Metals Co./Browning-Ferris Industries. 
Trommel separates raw MSW into three fractions. Middling fraction 
further processed to produce aluminum-rich stream for hand-picking. 

Salem, Va. - City of Salem. Modular incinerator fitted with trom-
mel (owned by Reynolds Metals Co.), provides aluminum can-rich 
stream for aluminum recovery and beneficiates MSW prior to in
cineration. 

Byker, United Kingdom - Municipal Project. Trommel performs 
three-way separation on shredded MSW. Middling fraction air-
classified, light fraction further re-shredded and pelletized 
into d-RDF. 

Eastborne, United Kingdom - Shredded MSW trommeled to remove grit. 
Oversize material air-classified. Light fraction processed into 
d-RDF for co-firing with coal in utility boiler. 

Doncaster, United Kingdom - Municipal Project. Flailed MSW trom
meled into three fractions. Middling fraction air-classified, 
light fraction then re-shredded, dried and pelletized. Fine 
undersize to glass recovery and oversize to paper recovery. 
Trommel removes non-combustible fines. 

Test trommels are flexible in design and feedstock and, therefore, are 
not described here. They are, however, listed in Table I. 

Only 5 of the 17 processing trommels listed in Table I screen raw 
waste; the remainder receive shredded or air-classified material. However, 
there is a trend to use trommels to process raw MSW. Impetus for this came, 
in large part, from Recovery 1 where NCRR successfully used a trommel ahead 
of the shredder. Advantages of pre-trommeling are: (l) reducing shredder 
maintenance by removing abrasive materials; (2) enhancing materials recov
ery by not reducing metal and glass to a non-recoverable size, thereby cre
ating a materials-rich stream; (3) reducing loading on the shredder; and 
(It) reducing ash content of the oversize. 

Most large trommels in the United States are trunnion-driven with two 
or more friction-driven metal rings encircling the drum. As Table I shows, 
few trommels have speed change capability. Most are mounted so they are 
slightly declined to aid material transfer. Tuinbling for bag opening and 
particle liberation is assisted by lifters emd blades. Notable exceptions 
are two trommels in the United Kingdom. The Byker trommel is horizontal and 
the drum at Doncaster is declined only 1.75°. The Doncaster trommel also 
has lifters and two helical scrolls inside the drum to aid in material trans
fer and bag opening. The Byker trommel has one scroll and lifters; spikes 
aid in puncturing bags to spill the contents. 
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Several trommels are located In the United S t a t e s , and one in the United 
vr,.^r.m that are purely research machines, though some are as l a rge as those 
fZTin processing plaJ:ts. Three of these research trommels are noted. 

NCRR is conducting t e s t s with a 0.9 m (3 f t ) diameter , 3 m (lO f t ) long 
drum at the i r resource recovery labora tory in Upper Marlboro, Md. The trom
mel angle of declination can be varied between 0° and l 6 ° , with speed varia
ble between It and lt3 rpm. Hole configuration can be changed with bolt-on 
panels. The unit i s being used in the current DDE-sponsored t e s t [10] . 

Warren Spring Laboratory has a la rge 3.1 m (10 f t ) diameter by 6.7 m 
(21 ft) long trommel that can have a v a r i e t y of hole s i zes and shapes, as 
well as various angles of decl inat ion and r o t a t i n g speeds. This uni t will 
also be used for t e s t ing under the DOE t e s t program conducted by NCRR [lO]. 

Cal Recovery Systems, I n c . , has two t e s t trommels. The one for l ight 
fraction is 0.9 m (3 f t ) in diameter. It.9 m ( l6 f t ) long, va r i ab l e declina
tion from 5 to 20°, var iable speed from 12 t o 36 rpm, with screen panels. 
The other trommel i s primarily for t e s t with raw waste. Both u n i t s wi l l be 
used in tes t ing under a research contract between DOE and Cal Recovery [ l l ] . 

PERFORMANCE AND TEST EXPERIENCE 

In the United S ta tes , the f i r s t t e s t i n g of trommels using unprocessed 
MSW was done by Woodruff at NCRR in 1975 [It]. Two p i l o t trommels were 
tested. The f i r s t was an hor izonta l ly mounted drum 2 m (7 f t ) in diameter, 
1.5 m (5 f t ) screen length with square wire mesh 152 mm (6 i n . ) openings. 
The primary objective of these f i r s t t e s t s was t o determine i f trommels could 
remove from raw MSW objects, already small enough to s a t i s f y a shredder per
formance guideline of 95^ -102 mm (-It i n . ) . I f so , considerable economic 
benefit could be derived. Addi t ional ly , avoiding s ize reduct ion of recovera
ble glass and metal could make recovery e a s i e r . 

Results of t h i s f i r s t t e s t showed most loose -152 mm (-6 i n . ) material 
could be removed; the contents of bags, however, were not always released in 
the trommel. I t was concluded tha t the 2 m (7 f t ) diameter was insufficient 
to tumble the p las t ic bags enough t o t e a r them open. A l a r g e r diameter 
yields greater free f a l l and a b e t t e r chance for bag opening. Also, the 
larger diameter decreases burden depth, giving the bags l e s s cushioning when 
they f a l l , also increasing the chance of bag rup tu re . Another important ob
servation showed that many objects in the -152 mm (-6 i n . ) product were 
greater than 102 mm in any one dimension and lead t o the conclusion that 
openings don't need to be much l a rger than the des i red top s i ze t o Insure 
correct size separation. 

These f i r s t t e s t r e su l t s were used to design a second trommel tha t was 
2.7 m (9 ft) in diameter, 3 m (lO f t ) long, with 102 mm (It i n . ) square open
ings. The addition of four l i f t e r s 25lt mm (10 i n . ) high assured the opening 
of bags. The second ser ies of t e s t s showed t h a t an average of h9% of the In-
feed material reported as undersize. The mate r i a l s of i n t e r e s t for recovery: 
magnetic metal, aluminum and glass were concentrated in the tmderslze. This 
traction contained 6k% of the magnetic meal, 75.3^ of the aluminum, and96.6? 



109 

of the glass. Important information was developed - optimum speed, reten
tion time, and angle of declination - in relation to screening efficiency 
and throughput. 

These tests formed the basis for the design of a full-scale trommel for 
the Recovery 1 facility in New Orleans. As Table I shows, this trommel is 
3.2 m (10 ft) in diameter, 13.7 m (lt5 ft) long, with 121 mm (It 3/lt in.) cir
cular holes, turned at 11 rpm, and declined 5°. In late 1977, two compre
hensive tests of this trommel were made [2]; they proved the trommel's effec
tiveness in concentrating recoverable materials, and thereby confirmed 
Woodruff's results. Further, the tests revealed the RDF value of oversize 
material as having relatively low ash and high heating value. 

The Recovery 1 trommel was installed primarily to concentrate recovera-
bles prior to shredding. Predictions based on Woodruff's tests showed that 
approximately 70^ of the metals (ferrous and non-ferrous), 90^ of the glass, 
and 30^ of the combustibles in the infeed raw MSW would pass through the 
121 mm (It 3/lt in.) diameter holes. Data taken from the tests showed 6l% of 
the metal, 99^ of the glass, and 38^ of the combustibles in the infeed re
ported as undersize. To further quantify the trommel's performance, screen
ing efficiencies of these components were calculated. This showed that 
8l.5^ of the infeed material smaller than 102 mm (It in.) (equivalent area to 
121 mm (It 3/!t in. ) circular hole), reported to the undersize; metal was 
screened at 83.51 efficiency and glass at 99^ efficiency. Combustibles were 
screened at 68.5^ efficiency. 

As mentioned earlier, the oversize material was analyzed for its fuel 
properties. A sample of oversize material from each of the two tests was 
dried, ashed and processed in a bomb calorimeter. They were found to have a 
dry weight calorific values of 17.73 and 12.9lt MJ/kg (762lt and 5563 Btu/lb), 
less than 0.1^ sulphur, 10.17 and 5.51^ ash, and 19.0,and 32.5^ moisture 
(wet basis). As an alternate use, the processing of New Orleans trommel 
overs, using dry and wet cleaning stages, into a papermaking feedstock was 
analyzed and experimentally studied by Renard [12]. Samples fromFourdrinier 
paper rolls showed mechanical and physical properties quite comparable to de-
inked news. 

In addition to the separation efficiency data, several other observa
tions were made about the trommel's behavior: (l) The tumbling action re
sults in some evaporation of moisture (approximately 2.1 percentage points, 
0% reduction). (2) Size comminution of friable objects occur. No intact 
glass containers were found in either oversize or undersize samples. How
ever, numerous whole glass bottles were found in the raw MSW sample. The 
experimental trommel provided 5 to 6 revolutions of oversize whereas the 
Recovery 1 trommel provides approximately 17. This could account for the 
breakage. (3) An estimate was made of volume of material at rest in the 
barrel. The volume of the material in the barrel increased from feed end to 
discharge end by approximately 3 percentage units (5 to 8%) and reflects the 
fluffing action the trommel imparts. 

Also reported in 1977, the Tennessee Valley Authority (TVA) funded a 
series of tests by Woodruff and Bales [13] using the second NCRR test trom
mel (described earlier). TVA was interested in exploring the utility of a 
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-, = „ nrenrocessor to remove cans and g lass from raw waste before 
trommel as % P " P ™ f ' ' ° ^^^^^^ the feedrate var ied between 6 and 30 tph, 
t t l r o : ^ ; ! : 1 ned : : 1 , : " n d ' 5 ° , and the r o t a t i o n a l speed was fixed at 
7 ™ ^ h e ea r l i e r t e s t s in 1975 [M showed 11 rpm optimum, _but 7 rpm was 
L o s " ; for three reasons: (D pr imar i ly , t o minimize excessive cleanup; 
fP^to investigate efficiency at lower speed; and (3) i n v e s t i g a t e bag open-
tl If C e r speed. Based upon 19 t e s t s , Woodruff and Bales concluded that 

m^lmL efficiency occurred at 15 tph . (This agreed with the 1975 t e s t re
sults ) Changing the bar re l angle had l i t t l e ef fect Tests on seed can re
covery in the undersize reached maximum eff ic iency (82 to 90%) at 9 tph. 

Tests have been run by the Ministry of the Environment on the trommel 
at their Toronto, Canada f a c i l i t y [ l i t ] . This 1.8 m (6 f t ) diameter , 7.3 m 
(2lt f t) long machine has 19 mm (3/lt i n . ) diameter holes t o remove g r i t and 
other Inorganics from the a i r - c l a s s i f i e d heavy f r ac t ion . The oversize ma
t e r i a l i s further processed into a compost. The undersize can be sorted for 
glass recovery although t h i s has not been pursued t o much ex ten t . Tests 
showed the trommel Is about 52% e f f i c ien t on a l l ma te r i a l at 19 t o 22 tph 
feedrate. Approximately 11^ of the infeed repor t s as unders ize . 

The University of California conducted t e s t s at t h e i r Richmond Field 
Station comparing f l a t deck v ibra t ing screen and ro t a ry screen performance. 
Savage and Trezek reported the r e s u l t s [ 3 ] . The feedstock was shredded, air-
classified l ight fraction from MSW. The trommel was 0.9 m (3 f t ) in diame
t e r , It.9 m (l6 ft) long, with 12.7 mm (1/2 i n . ) square ho le s . This config
uration contained approximately 13 m̂  (lltO ft^ ) of screen surface. The flat 
deck screen had two ident ica l decks with a co l l ec t i on pan under each deck. 
This screen also had 12.7 mm (1/2 i n . ) square holes and i t contained a total 
of 2.8 m̂  (30 ft^) of screening surface ( l . l t m̂  per deck). 

The two types of screens had a great d i f ference in screen surface area 
so the resul ts were expressed in r e l a t i o n t o t he infeed mass flow ra te per 
unit area of screen surface. They showed tha t t he trommel screening ef f i 
ciency was 89 to 96.3? at Infeed r a t e s of 0.6 kg/hr/m^ t o 1.02 kg/hr/m^ 
(lit.2 to 2lt.l I b / h r / f t ^ ) . In con t r a s t , the f l a t deck screen was only able 
to manage 5lt.l to 71.8? efficiency under Infeed r a t e s of 0.67 and 1.26 
kg/hr/m^ (I6 to 30 I b / h r / f t ^ ) . For near ly i d e n t i c a l Infeed r a t e s (0.67 and 
0.66 kg/hr/m^), the trommel screened with an ef f ic iency of 93.5% versus 
71.8? for the flat deck screen. Fur ther , the t e s t s showed the trommel effi
ciency was not affected by the percentage of undersize mate r ia l in the in-
feed. Trommel efficiencies of 93? were repor ted with 38% and 63% undersize 
in the feed material . Aside from the g rea te r screening ef f ic iency , i t was 
concluded that trommels require l e s s dr ive power, are l i g h t e r in construc
t ion, require less foundation support and a r e , t h e r e f o r e , l e s s cos t ly to 
construct, i n s t a l l and operate. 

Cal Recovery reported the r e s u l t s of a r e l a t e d ana ly t i ca l study [15] 
predicting the Impact of trommellng on the s impl i f ied un i t process models. 
For screening, shredding, a i r c l a s s i f y i n g , and magnetic metal removal, four 
resource recovery flow sheets were represented . I t was determined that 
trommellng prior to shredding at the Ames p lan t process flow reduces RDF ash 
from IB.8 to 6%, and glass content in the RDF from 5 to 0.6%. These reduc
tions would be at the expense of reducing Btu y ie ld of the RDF from 88 to 
W/: of available Btu's in the infeed. They note the-t ~^}.~ ••:,.,,,. ^.^t.^.s -^^'-
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trommels account for the possible Btu yield loss, and use trommels that pro
duce RDF with as much as 10 to 15% ash but are able to attain 70 to 80^ of 
infeed as RDF. 

The Cockeysville, Md. facility operated by Teledyne employs a trommel 
on shredded light fraction to remove refractories smaller than 32 mm (ll/lt 
in.) prior to pelletizing for d-RDF. Test data [l6] were taken on material 
fed to the trommel. Using lab screens, a determination was made of ash re
moval as a function of screen aperture. Table II shows these data. 

TABLE II 

Cockeysville Md. Sample, Shredded, 
Light Fraction^ Oversize 

Ash, Dry Basis 

% 

7.5 

8.0 

10.0 

12.5 

17.0 

2lt.5 

Screen Opening 
ram (inch) 

203.2 (8) 

50.8 (2) 

20.3 (0.8) 

10.2 (O.lt) 

5.1 (0.2) 

2.0 (0.1) 

Calorific Value 
Btu/lb 

12,200 

9,600 

8,100 

7,300 

6,600 

6,000 

These data describe the response of Btu value and ash to variation in 
screen opening. Clearly, while the 203 mm (8 in.) opening results in less 
ash than the smaller openings, and yields a higher calorific value RDF, be
cause of the removal of the generally heavier ash-producing material, it is 
not shown that more combustible material is lost to the undersize with the 
larger screen openings. Therefore, the price of this low ash is a reduced 
RDF yield. 

The Monroe County Facility trommel was tested for its ability to con
centrate glass, sand, etc., in the undersize and, after aluminum separation, 
make the oversize acceptable for addition to the primary RDF product. Tests 
were done with two different square openings [l6]. Both 19.1 mn (3/lt in.) 
and 12.7 mm (1/2 in.) holes were used. Table III reports the results [17]. 
While some of the values appear to be unusual (i.e., 20% increase in infeed 
rate for 19.1 mm (3/lt in.) hole tests yield a 6% change in total screen effi
ciency, and essentially no change for a 23% increase in infeed rate for 
12.7 mm (1/2 in.) hole tests, the data suggest the efficacy of the trommel 
to beneficiate a heavy fraction for combining with a fuel fraction. 
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TABLE I I I 

Monroe County Trommel Pe r fo rmance 

Test No. 

Feedrate 
Mg/hr (tph) 

% Reporting to 
Undersize 

a 
Screening 
Efficiency (?) 

Hole Size 
mm (in.) 

. b 
Inert Undersize 
Screening 
Efficiency (?) 

1 

3lt.2 (38) 

52.1 

68 

19.1 (3/lt) 

88.5 

2 

28.lt (31.6) 

51.6 

71* 

19.1 (3/lt) 

99 

3 

18.8 (20.9) 

38.8 

81t 

12.7 (1/2) 

81t 

It 

23.6 (26.2) 

ItO.l 

85 

12.7 (1/2) 

88 

\ e l g h t ? of u n d e r s i z e m a t e r i a l i n I n f e e d d i v i d e d by w e i g h t % u n d e r s i z e 
r e p o r t i n g t o u n d e r s i z e . 

Weight ? of i n e r t u n d e r s i z e m a t e r i a l i n i n f e e d d i v i d e d by w e i g h t % i n e r t 

unde r s i ze r e p o r t i n g t o u n d e r s i z e . 

OBSERVATIONS AND COMMENTS ON TROMMEL CONSTRUCTION 
OPERATIONS AND PERFORMANCE 

A trommel i s of g r e a t e s t b e n e f i t when a c c o m p l i s h i n g e f f i c i e n t s i z e 
s e p a r a t i o n , but hav ing t h e c o r r e c t h o l e s i z e , s h a p e , s p a c i n g , r o t a t i n g speed, 
and i n c l i n a t i o n i s u s e l e s s i f such p rob lems a s m e c h a n i c a l f a i l u r e s occur . 

A common method of c o n s t r u c t i o n combines s u p p o r t and d r i v e f u n c t i o n s -
t h e drum i s d r i ven by t h e f r i c t i o n be tween s e v e r a l a x i a l l y - s u p p o r t e d t r u n 
nions and a meta l r i n g s u r r o u n d i n g t h e drum. T h i s m e t h o d , however , o f t en 
n e c e s s i t a t e s l o c a t i n g t h e t r u n n i o n d r i v e s h a f t and t r u n n i o n - r i n g i n t e r f a c e 
in t h e u n d e r s i z e m a t e r i a l p a t h . T h i s i s u n u s u a l l y d i s a d v a n t a g e o u s when 
trommellng removes s m a l l , g r i t t y m a t e r i a l ( a s i t o f t e n d o e s ) . M a t e r i a l 
f a l l i n g onto t h e d r i v e s u r f a c e s c a u s e s a b r a s i o n . I f more t h a n one t runnion 
i s p rov id ing t h e d r i v i n g f o r c e ( a s I s g e n e r a l l y t r u e ) , o r i f t h e drum I s 
dr iven on both s i d e s by t r u n n i o n s , t h e wear w i l l b e uneven b o t h from one 
s ide t o ano ther and a long t h e a x i s . When t h e wear becomes s e v e r e enough, an 
i n s t a b i l i t y w i l l r e s u l t i n t h e r o t a t i o n , and s h u d d e r w i l l d e v e l o p and may 
lead t o s e r i o u s s t r u c t u r a l o r o p e r a t i o n a l p r o b l e m s . The v i b r a t i o n i s not 
only l i a b l e t o cause suppo r t s t r u c t u r e p r o b l e m s , b u t a l i g n m e n t i s a l s o dlf-
i i c u l t t o m a i n t a i n . T h e r e f o r e , i f t r u n n i o n - t y p e d r i v e i s s e l e c t e d , t h e 
runnions should be p l a c e d o u t s i d e t h e u n d e r s i z e s t r e a m . T h i s w i l l a l s o 

http://28.lt
file:///elght
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remove the trunnion drive shafts from the undersize flow and prevent flexi
ble, stringy material from winding around the shafts. If sufficient struc
tural strength can be obtained in the drum, trunnion support and drive can 
be located at the ends of the drum, outside of the material flow path. This 
was done in at least one case at the Bridgeport, Ct. facility, reported by 
Combustion Equipment Associates [l8]. 

Cement-drying kilns have a commonality with trommels even though their 
purpose is different. They are large, heavy rotating drums and are usually 
driven by bull gear and pinion. While it may be more expensive than trun
nion drive, its reliability would be greater. 

Large trommels may be segmented to facilitate shipment; this requires 
field assembly by bolting the segments together. Extended use, however, may 
result in the bolted sections failing and separating from the drum, falling 
from the support points. While re-attachment is possible, in the case of a 
large trommel, this is costly and alignment after repair is difficult to 
achieve. Therefore, one-piece construction requiring no on-site mechanical 
assembly is desirable. 

One advantage rotary screens have over flat deck vibrating screens is 
the ability to reduce blinding. (Blinding is described as material perma
nently covering the hole to the extent that screening is substantially 
affected.) Rotary screen performance as related to blinding was observed by 
Woodruff [It]. Though flexibles would drape over the wire mesh screen in the 
trommel, they often would fall off and be replaced by new pieces as the drum 
revolved. This was observed with the 102 mm (It in.) square openings. 

Ling reported a relationship between blinding and hole size and land 
width between holes [19]. He detected severe blinding of 230 mm (9 in.) 
apertures while 100 mm (U in.) holes tend to be self-cleaning when fed raw 
MSW. He also reported that coarse textiles, lengths of plastic sheet, and 
other long flexibles tended to fall only part way through the larger holes 
and not detach. As the drum rotates, the long flexibles wind themselves 
around the longitudinal land. As a solution, an attempt was made to remove 
the troublesome material when it was airborne in the trommel. This method 
employed a cable traveling through the upper part of the trommel; it cap
tured the flexible material, then passed out the end of the trommel to be 
unloaded. While the optimum model rag conveyor was successful in removing 
a great amount of the blinding material, partial hole blockage still 
occurred after long periods of operation. 

Ling observed that providing greater longitudinal land width would re
duce the tendency of stringy items to wrap around the lands. Testing, which 
substantiated an improvement, suggested a land width 1.2 times as great as 
the circumferential aperture width. This obviously decreases screen open 
area, although it offers a solution to some kinds of blinding. 

Multiple-hole size trommels can either be one drum with varying hole 
sizes along the drum length, or two concentric drums. If two size separa
tions are desired in a one-piece drum, the smaller hole size area must be at 
the feed end. This causes all material to initially pass over the smaller 
holes, thereby increasing the possibility of blinding. However, two size 
separations can be made without this disadvantage by using two concentric 
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•fh t h e l a r g e r h o l e s on t h e i n n e r drum r e c e i v i n g t h e i n f e e d m a t e r i a l . 
T r ^ : : ; : e s \ ^ ^ v L s l z e m a t e r i a l t o be removed and t h e ^ ^ ^ ^ 

f e ^ ? : i r a r L ' " o r i " r e : ° a ) o n e ^ d ^ u : i s no t a t optimum s p e e d , and (2) ma-
t e f l l i s f a n back from t h e o u t e r drum I n t o t h e i n n e r drum. 

A g e n e r a l co^nent from trommel u s e r s h a s b e e n t h e d i f f i c u l t y w i t h long, 
s l ender Objects r e p o r t i n g t o t h e u n d e r s i z e f r a c t i o n . These o b j e c t s u s u a l l y 
h a v e l w o dimensions s i g n i f i c a n t l y s m a l l e r t h a ^ t h e s c r e e n a p e r t u r e . _ These 
ob j ec t s t y p i c a l l y I n c l u d e a u t o m o t i v e e x h a u s t p i p e s , i r o n p lumbing p i p e s , 
S l e s h a f C broom hai^dles , l umber , e t c . As a r u l e , i t i s n o t d e s i r a b l e to 
w e t h e s e l o n g , s l e n d e r i t ems i n t h e u n d e r s i z e f low b e c a u s e o f t h e ma te r i a l 
handl ing problems t h e y c a u s e . The raw w a s t e t rommel a t Recove ry 1 and the 
trommels i n Monroe County, NY s c r e e n i n g s h r e d d e d , a i r - c l a s s i f i e d heavy f rac
t i o n have bo th r e p o r t e d downstream prob lems w i t h such i t e m s . P o s s i b l e solu
t i o n s a r e - ( l ) c o v e r i n g t h e f i r s t ( i n l e t ) s e c t i o n t o p r e v e n t p a s s a g e and 
o r i e n t t h e s e o b j e c t s i n a l o n g i t u d i n a l d i r e c t i o n r a t h e r t h a n r a d i a l l y , and 
(2) reducing t h e h o l e s i z e In t h e f i r s t s e c t i o n . Wi th r e g a r d t o s c reen ing 
t he se k inds of o b j e c t s , f l a t deck s c r e e n s o f t e n p e r f o r m b e t t e r t h a n trommels 
because t h e m a t e r i a l i s u s u a l l y p r e s e n t e d t o t h e f l a t deck s c r e e n p a r a l l e l 
t o t h e sc reen deck. 

RESEARCH AND TEST PROGRAMS 

Both t h e U.S. Env i ronmen ta l P r o t e c t i o n Agency (EPA) and DOE have funded 
p i l o t and f u l l - s c a l e t e s t p r o g r a m s , l i t e r a t u r e s e a r c h e s and t h e o r e t i c a l 
s t u d i e s . The EPA-supported s t u d y and t h e DOE l i t e r a t u r e s e a r c h have been 
d i scussed [ 2 , 5 ] . More r e c e n t l y , a c o m p r e h e n s i v e e f f o r t h a s been I n i t i a t e d 
by DOE invo lv ing t e s t s of f u l l - s c a l e o p e r a t i n g t r o m m e l s , p i l o t - s c a l e trom
mels , economic and e n g i n e e r i n g a n a l y s i s , and compute r m o d e l i n g t o a i d in de
veloping r e l a t i o n s h i p s among d e s i g n and o p e r a t i n g v a r i a b l e s . The g e n e r a l 
o b j e c t i v e s a r e t o b e t t e r d e s c r i b e e x i s t i n g t rommel p e r f o r m a n c e and develop, 
t e s t and r e f i n e r e l a t i o n s h i p s , f o r u s e i n d e s i g n i n g , s c a l i n g and eva lua t ing 
trommels app l i ed t o s o l i d w a s t e . The t h r e e g r o u p s p a r t i c i p a t i n g i n t h i s r e 
search a r e : NCRR [ l O ] , Cal Recovery S y s t e m s , I n c . [ l l ] and Midwest Research 
I n s t i t u t e [ 2 0 ] . 

Cal Recovery w i l l conduct a s e r i e s of t e s t s a t i t s Richmond F i e l d Sta
t i o n , Inc lud ing model ing and r e l a t e d e x p e r i m e n t a t i o n on two p i l o t - s c a l e 
trommels. 

Midwest Research I n s t i t u t e h a s p r o p o s e d t o c o n d u c t pe r fo rmance and eco
nomic a n a l y s i s of t h e f u l l - s c a l e commerc ia l t rommel a t t h e C o c k e y s v i l l e , Md. 
p lan t and a t t h e B r o w n i n g - F e r r i s p l a n t i n H o u s t o n , Tx. 

NCRR p lans per formance t e s t i n g on t h e p r o d u c t i o n t rommels a t Recovery 1 
and In Doncaster and Byker , U.K. The a n a l y t i c a l e f f o r t s of d e v e l o p i n g a 
model w i l l be supplemented by e x p e r i m e n t a t i o n s on t h e s m a l l t rommel located 
at t h e i r Resource Recovery L a b o r a t o r y . An e n g i n e e r i n g a n a l y s i s of s t r u c t u r a l 
and d r ive r equ i remen t s and a t e c h n i c a l and economic a n a l y s i s o f a trommel-
based p roces s ing system fo r a s m a l l community a r e a l s o i n c l u d e d i n t h e p ro j 
e c t . 
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CONCLUSION 

The success of trommels as size separators of both raw and processed 
waste is resulting in their incorporation into more plant designs. Most 
trommel designs are based on empirical data because of a lack of analytical 
knowledge. With the proliferation of trommels, more test data will become 
available. With such research programs as the DOE rotary screen study, how
ever, theoretical models will be upgraded for use in designing trommels for 
specific applications (RDF and materials recovery) in the resource recovery 
industry. 
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ABSTRACT 

The classification of solid particles in an air stream is 
discussed in terms of theories of separation and applicabilities to 
the production of refuse derived fuel. Empirical models of air 
classifier performance are outlined, and theories of separating 
"ideal" spheres and "non-ideal" irregularly shaped objects are pre
sented. The effects of particle concentration, as well as the 
impacts to the walls of classifiers, are highlighted as limitations 
to the basic theories of separation. The limited knowledge of the 
fundamental aspects of air classification and design are seen to 
indicate future research needs. 

INTRODUCTION 

The objective of air classification is to separate the light, mostly 
organic materials from the heavy, mostly inorganic fraction. Such a separa
tion is critical to systems designed to produce refuse derived fuel. The 
basic premise is that the light materials will be caught in an upward current 
of air and carried with the air currents. The light fraction entrapped in the 
air stream then must be separated from the air. Commonly, this is done with 
a cyclone, but it can be accomplished equally well with a large box or bag 
into which the particles drop while the exit air is filtered and escapes. 
The air in the classifier system can be either pushed or pulled, and the fan 
can be placed either before or after the cyclone. Except for smaller instal
lations, placement of the fan to suck the material through the blades is not 
recommended, because of the wear and tear suffered by the blades. The various 
arrangements for air classifiers are shown in Fig. 1. 

Similar in function, but slightly different in construction, is a series 
of classifiers more properly labeled air knives, where the air is blown hori
zontally through a vertically dropping feed. The aerodynamlcally light par
ticles will be carried with the air stream while the heavy ones will have 
sufficient inertia to resist a change in direction and drop through the air 
stream. This technique also allows for separation into more than two cate
gories, as shown by a typical arrangement in Fig. 2. 
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,- J j„fo In i-lip terminology for the product (out-considerable con us on ex tsnthe^termi^^^^gy^^ ^^^^^^^^ ^^^^^^ ^^^^ 

put) streams f ^^f .^^^'^^'^^'.^^^ and the material falling the heavj, fraction, 
the air stream the J J ^ iE5££i2_ separation. Better terms 

for:ir™:s:ifirr arro've^f":: Ind'^ndLLw, but these imply vertical geo-
m tr" lie material susii^^didTy and removed by the air stream is better 
cauld the extract, and the material not so removed xs the reject. 

One of the main requirements for achieving effective separation of light 
and heavy materials in an air classifier is the creation of turbulence within 
the column and the development of large shear forces. Both turbulence and 
shear forces will tend to break up clumps and provide for cleaner separation. 

This objective can be achieved in several ways, most notably by what is 
commonly called a zigzag classifier. In this device, the vertical flow col
umn consists of a series of 90° or 60° turns, as illustrated in Fig. 3. Lab
oratory work with smoke tracers has demonstrated that at nominal air veloci
ties (flow/cross-sectional area of tube) of 2.5 m/s (500 ft/min) a central 
air core is formed, with turbulent vortices at the corners which touch the 
central core.l As the air velocity is increased to 3.5 m/s (750 ft/min), the 
corner vortices disappear altogether, indicating fully turbulent conditions. 
The fraction of material reporting as reject and extract can obviously be 
altered by changing the flow characteristics in the classifiers. 

Within the turbulent vortices, the clumps are broken up and the light 
particles are transferred to the upward air stream. The heavy particles drop 
from vortex to vortex until they exit at the bottom. The dropping action 
also helps break apart any agglomerated particles. 

An apparent improvement on the zigzag classifier has been developed at 
the University of Utah.2 The pockets for the vortices have been increased 
by removing the underside of the zigzag, as shown in Fig. 4. In addition, 
the throat is tapered, so that the air velocity decreases toward the upper 
part of the column. This allows the heavy particles, which should have 
dropped out, but by chance were carried upward, the opportunity to return to 
the lower stages and possibly be discharged with the heavy fraction. 

Air classifier geometry can make a substantial difference in performance. 
Figure 4 shows the efficiency (defined here according to Worrell as the pro
duct of the fraction of lights reporting to extract times the fraction of 
heavies reporting of reject) versus the air speed for the different classi
fiers of equal throat area but different throat geometry.^ 

A useful technique for plotting air classifier test results is shown 
in Fig. 6. The data shown are for a simulated refuse, with realistic frac
tions of shredded paper, plastic, aluminum, and ferrous.3 These curves can 
also be used for an economic analysis of air classifiers by estimating the 
market value of the classifier products at various flow rates."̂ ^ If, for 
example, the extract is to be used as supplemental fuel, its Btu value is 
important but if the total amount of inorganic contaminants is high (at 
high air flows), the Btu/lb drops, thus reducing the market value. On the 
other hand, at low air flows, the extract is clean (high Btu/lb), but not all 
01 the organics are captured. The market value of the other recovered mate
rials can be similarly analyzed. Figure 7 is a plot showine the economics of 
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air-classifier operation using a simulated shredded refuse as before. In 
real life. It would of course be advisable to operate at the point where the 
products have maximum value. 

As an example of what air classification can do with real municipal re
fuse, typical data for the Utah University air classifier are shown in Table-
I. 

The fuel characteristics of the extract in Table 1 was found to be as 
shown in Table II, Also tabulated are the fuel properties of two other fuels 
prepared from MSW by air classification. The first is fuel comprised of 
cubettes which were prepared from air-classified MSW, and the second is a 
proprietary product known as Eco-Fuel, which Is air classifier extract chemi
cally treated to make it biologically stable.5 

Empirical Models of Air Classifier Performance 

The selection of the proper air speed is the major operational variable 
in air classification. A number of empirical models have been proposed for 
calculating the air speed. Among the earliest is the Dallavalle model for a 
vertical air classifier: 

13.300y ,0.57 

where v = velocity, ft/min 
d = particle diameter, in , 
Y = particle specific weight, lb/ft 

For horizontal air classifiers, the velocity to carry the entrained 
particles was proposed by Dallavalle; 

* 

6000Y ,0.398 

where the terms are the same as above, except that v is now the necessary 
velocity for horizontal conveyance." 

Using pure materials of various shapes, Sweeney found that the terminal 
velocity could be calculated as 

v = 1.9 + 0.092p + 5.8A 

where v = terminal (falling) velocity, ft/s 
p = particle density, Ib/ft^ 
A = particle area (e.g., for a plate, A = length x width) 

2 
The size limits to this equation are between 0.0625 and 1.00 in. , which is 
generally considerably smaller than shredded MSW. 

Sweeney also showed that if the area function in the preceding equation 
were eliminated, there would be little loss in accuracy. In other words, the 
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terminal velocity seems to be ^oslli^llll^Z limits^use^ i r t h r e S r i - ' ^ 
: ^ ^ rhe^ : :L i ru : in ro : i rden : ie i i r fhe ' ?ndependent variable, was found 

to be 
v = 1 . 9 1 p / ^ ^ 

The model showed reasonable agreement with steel, aluminum, paper, and balsa 

wood as the materials. 

Another model, suggested but unverified, is 

" Jp T 
m 

where Q = feed rate to the air classifier, ton/h 
J = dimensionless constant 
pn = bulk density, ton/m^ 
T = throat area of classifier, m 

Using the dimensions above, v is in m/h. The bulk density of shredded refuse 
is difficult to evaluate. Bulk density of the material is its density in 
bulk, as opposed to particle (material) density. For shredded refuse, this 
presents a serious problem because refuse compacts readily, and thus the bulk 
density is changed. However, the advantage of the foregoing model is twofold: 
it is dimensionally correct, and it is an operational model, relating the air 
velocity to the feed rate. 

It has been possible through the analysis of extensive air-classifica
tion experiences to generalize the overall recovery (percent of 
feed reporting as light fraction)1^ as 

overall recovery (%) = -rzr 

where v is the air velocity in ft/min. 

This model has its obvious weaknesses, such as being able to achieve 
higher than 100% recovery, but it represents a reasonable approximation for 
design purposes. 

Air Classification of Ideal Particles 

The theory of air classification is explained most readily by consider
ing the motion of ideal particles; spheres with consistent density and sur
face characteristics which are not interfered with by other particles (i.e. 
low solids concentration in the air classifier). The last constraint allows 
the analysis to be for a single particle. 

The motion of a particle suspended in a fluid such as an air stream is 
governed by three forces: 

Fj, = some external force such as gravity or centrifugal. 
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F = buoyant force, 

F = drag force 

The motion of the particle is described as 

dt *• E D B-̂  PgV 

3 
where V = particle colume, m , 

Pg = particle density, kg/m 

dv 2 
-rr = particle acceleration, m/s 

A particle falling in a fluid under gravity has two phases in its motion: 
acceleration and terminal velocity. The latter is attained when the three 
forces F , F , and F„ are balanced and the acceleration dv/dt = 0. Thus, 
during a steady fall (terminal velocity), 

F = F + F 
B D E 

These three forces can be expressed as 

''E 

''B 

^D 

=* 

= 

= 

p Va 
s 

pVa 

v'p* 
2 

where Pg = density of the solid particle, kg/m^ 
V = voltime of the particle, m^ 
a = acceleration due to some external force, m/s^ 
p = density of the fluid, kg/m^ 
Cj) = drag coefficient 
v = differential velocity between the particle and the fluid, m/s 
A = projected area of the particle, m ' 

Assuming for the sake of convenience that the particle is a perfect sphere, 
j2 j3 

A lid , „ lid A = —;— and V = —r— 4 6 

where d is the particle diameter, and assuming that the external force 
causing the acceleration is gravitational (a = g ) , we can reduce the equation 

'° n 1/2 
4(p_ - p)gd 

3CpP 

which is the well-known Newton's law. If we now assume laminar flow 
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9i/ND where NR = the Reynolds number = vdp/y, p being the 
conditions. Cc = 2 4 % , where NR f ^ ^ ^ i a r Stokes ' s law: 
fl.WH in-sros l tV. S u b s t i t u t i n g , we gei. fluid viscosity 

d^g(Pg - P) 

lIvJ 

-. „ =̂ not anollcable for a i r c l a s s i f i e r s , however, because the 
Z l Z Z l T r i: "air Massif ica t ion i s about 10.000, p lac ing the flow well 
into the turbulent flow regime. 

Consideration of some of the terms in the Newtonian ve loc i ty equation 
above can yield some clues as to efficiency of a i r c l a s s i f i c a t i o n . The 
obiectlve is to have a large var ia t ion in the terminal v e l o c i t i e s (v) be
tween the organic and Inorganic f rac t ions . Recognizing tha t the difference 
In densities and the pa r t i c l e diameter vary as the square root of v , i t is 
logical to attempt c lass i f i ca t ion with greater poss ib le densi ty differences 
and largest par t ic le s i zes . The former i s , however, tempered by the differ
ent ia l uptake of moisture between organics and inorganics , and wet feed could, 
in fact, be detrimental to separat ion. The l a t t e r term, however, can be 
controlled, and i t seems that the larger the p a r t i c l e s i z e s , the greater will 
be the efficiency of separation (assuming of course equal s i z e s , and that Cp 
is not affected). 

Air Classification of Non-Ideal Pa r t i c l e s 

One of the major drawbacks to the use of the foregoing analys is i s 
that the par t ic les were assumed to be spheres, which had a spec i f i c measure-
able diameter. Real p a r t i c l e s , especia l ly in refuse processing are obviously 
not perfect spheres, and thus the measurement of a p a r t i c l e diameter proves 
d i f f icul t . 

One solution to th is problem is to define an "aerodynamic diameter" 
which can be back-calculated using known v e l o c i t i e s . Using t h i s technique, 
the aerodynamic diameters for shredded MSW l igh t f r ac t ion have been found 
to be about 40% of actual diameters as defined by screening. 

Alternatively, i t i s possible to correct for the diameter by selecting 
a modified drag coefficient . Although Cn is approximately 1.0 for disk-
shaped par t ic les under ideal condi t ions , Cj) - 2.5 for refuse p a r t i c l e s in 
air c lass i f icat ion. 

In some cases, instead of adjusting the drag coef f ic ien t or back calcu
lating an aerodynamic diameter, i t might be more convenient to define an 
"effective diameter," which might be the average dimension of the pa r t i c l e 
as i t is presented to the a i r stream. Since 

.2 
A = I ^ * 4 

the effective diameter, d ' , can be defined as 

^'-(f 
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This may be reasonable where f l a t objects such as p ieces of paper are 
suspended. In other cases , the e f f e c t i v e diameter could equally we l l be 
defined by the volume as 

- • ( ? ) 
1/3 

A further complication of analyzing non-spherical particle aerodynamics 
is that they present different faces to the air stream, and thus experience 
a continually changing drag coefficient. For example. Table III lists the 
drag coefficients and terminal settling velocities (that air velocity at 
which the particle will just begin to rise in the air stream) for pieces of 
plastic and aluminum. An order of magnitude difference is noted, explaining 
in part the stochastic nature of particle behavior in air classifiers. 

Only regld shapes have been considered thus far. Obviously, many of 
the materials In air classifiers are flexible and porous, and this fraction 
normally makes up the majority of the organic lights that must be suspended 
by the air stream. 

Experimental data with parachutes, wind socks, and flags show that 
drag coefficients rarely exceed 0.3 for most clothlike materials.7 It has 
also been found that drag Increases exponentially as a function of fabric 
weight and linearly as a function of the aspect ratio (horizontal over 
vert ical dimens ions).^^ 

Experiments with autorotatlng wings at Reynolds numbers of about 4000 
may also provide some insight into the aerodynamics of air classifying 
shredded refuse.-^ It has been found that drag coefficients of moving ob
jects such as blades increase linearly with the logarithm of the Reynolds 
number, with the drag coefficient ranging between 1.0 and 1.3. 

Effect of Particle Concentration In Air Classification 

When the particles are sufficiently concentrated, they act as a body, 
with little interparticle movement. This can occur in air classification 
when a large slug of feed enters the throat section and is carried upward 
In mass with the air stream. 

One of the earliest attempts (1926) to take the effect of particle con
centration into account was to modify the Newton equationl* as 

V = K 
c 

4d(p^ - Pc^g 

3C„P D c 

1/2 

where v^ = settling rate of a suspension (a mass of particles settling 
as one body) 

P(, = density of the suspension 
K = constant 
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A.ofhpr annroachlS is to express the Newton's equation in terms of Another approach F ^^^ ^^^^ ^^^^^^ ^^^ s e t t l i n g or flota-

t l L ^ i l ^ S f l l l ^ d t the fluid (in th i s c a s e , ^ a i r ) . The equation would then 

^^ r4d(p - P )g 

3CnP, 

where e i s the voldage. 

These preceding two equations are not t o t a l l y acceptable because of 
some unsupportable assumptions. For example, the e f fec t ive buoyancy forces 
acting on the pa r t i c l e are assumed to be dependent on the densi ty of the 
suspension. This cannot be true for any s ing le p a r t i c l e , or for a suspension 
of par t ic les se t t l i ng at a uniform r a t e . 

In one study of the effect of so l ids concentrat ion on a i r c l a s s i f i e r 
performance,•'• pieces of aluminum and p l a s t i c were fed to a zig-zag c lass i 
f ier on a segmented conveyor be l t loaded with a predetermined amount of feed. 
The number of par t ic les in the a i r c l a s s i f i e r were determined by photograph
ing the transparent throat sect ion and counting the p a r t i c l e s . The mass of 
the par t ic les in the a i r c l a s s i f i e r i s divided by the feed r a t e , and thus 
the average par t ic le residence time can be ca lcula ted as 

' • ! 

where N = par t ic les in a i r c l a s s i f i e r , g 
^ = feed r a t e , g/sec 
t = average pa r t i c l e residence time, sec . 

I t should be noted that individual p a r t i c l e residence times vary 
widely due to the s tochast ic nature of turbulence in the t h r o a t , the particle-
par t ic le in teract ions , and pa r t i c l e -wa l l i n t e r a c t i o n s . 

The average pa r t i c l e residence time thus defined i s p l o t t e d in Fig. 8. 
I t appears that as the feed ra te to the c l a s s i f i e r i nc rease s , the residence 
time decreases. Both the aluminum and p l a s t i c p a r t i c l e s cont r ibute to this 
decrease. 

The reduced residence time with higher feed r a t e can be explained in 
several ways. F i r s t , i t may be that at the higher feed r a t e , some of the 
par t ic les were hidden behind others and not counted. Another explanation 
might be that at the higher feed ra tes some of the p a r t i c l e s moved in large 
clumps and were individually less affected by the turbulence in the throat. 
Due to the decrease in buoyancy, these large clumps can then report more 
directly to the underflow, decreasing the residence t ime, and causing a 
deleterious effect on the c l a s s i f i e r performance. 

This observation can be demonstrated fur ther by f i r s t expressing 
tne c lass i f ier performance in terms of the recover ies shown in Table IV. It 
rp„nrM " ' ^ ' ^^ ^^^ ^^^^ " ' ' ^ inc reases , the t o t a l f rac t ion of the feed 
slues nf̂  ? underflow increases . This again suggests the formation of 

S 1 par t ic les which behave as a s ing le p a r t i c l e having a la rge diameter 
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and hence a high terminal settling velocity. 

These recoveries can also be used to calculate the classifier efficiency 
as previously defined, and plotted against the feed rate (Fig. 7). Extrapo
lation of the curve to zero feed rate approximates the efficiency which might 
have been possible at very low feed rates where there is minimal particle-
particle contact. 

Effect of Classifier Walls on Particle Motion 

Another problem with applying Newton's law to air classification is that 
the analysis assumes a single particle settling in an infinite fluid (no 
boundary conditions). This is obviously not correct, and some accommodation 
must be made for the problems of interparticle actions and the effect of the 
walls. 

In the turbulent regime, the effect of the wall on a single particle 
can be accounted for by a correction factor,^ given as 

3/2 

-i-i-) 
where r = radius of the sphere 

R = radius of the tube 
m = correction factor 

This correction factor can be used to adjust the terminal velocity to take 
into account the effect of walls, so that 

4d(p^ - p)g 
1/2 

Although substantial work has been done in analyzing the effect of 
container walls in the settling of concentrated slurries, no work thus 
far has been reported on the effect of classifier walls or the efficiency 
of separation and problems of scale-up. 

Conclusion 

Air classification has been used for many centuries in agriculture, as 
farmers accepted the practice for separating the heavy wheat from the light 
chaff. In energy production systems classifiers have the potential to 
separate the desired organic matter from the inorganic noncombustibles. 
Unfortunately, the knowledge of the fundamental aspects of air classifier 
operation and design is limited. Basic research needs to be conducted 
before it will be possible to predict classifier performance with confidence 
and achieve the desired separation of organic and inorganic particles by 
their aerodynamic properties. 
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TABLE I 

Typical Air-Classification Results, 
for Shredded MSW, at 65% Overall Recovery 

Component 

Noncombustible 

Rocks and dirt 
Ferrous metal 
Nonferrous metal 
Glass and other 

Combustible 

Paper 
Wet garbage 
Yard and garden 
Other 

Percent by weight 

Shredded refuse Extract 
(as received) (from air 

classifier) 

0 0 
7.8 0.08 
1,0 0.05 
7.8 1.82 

16.9 1.94 

52.2 78.8 
11.8 0.1 
6.7 8.6 
12.2 10.6 
82.9 98.1 

Source: Ref. 2 

TABLE I I 

Fuel Charac ter i s t ics of Air -Class i f ied Extract 

(1) (2) (3) 
Air-Class i f ied MSW Cubettes Eco-Fuel 

Moisture (%) i^ 

Ash (%) 8.3 

Higher heating value, Btu/lb 6930 

15 10 

6 11 

6800 6900 

Source: Column (1) . Ref. 2; Column (2 ) , Ref. 2; Column (3 ) , Ref. 5 



127 

TABLE III 

Drag Coefficients and Terminal Settling Velocities 
for a Rectangular Pieces of Plastic and Aluminum (p=0.9) 

Shape of 
Particle 

Flat plate normal 
to the air stream 

Flat plate parallel 
to the air stream 

Plastic 

Drag 
Ceofflclent 

1.20 

0.0042 

(P=0.9) 

Terminal 
Velocity 
m/s 

4.96 

38.0 

(Aluminum 

Drag 
Coefficient 

1.20 

0.0035 

(P=2.21) 

Terminal 
Velocity 
m/s 

7.79 

63.3 

TABLE IV 

Fraction of Feed Reporting as Extract and Reject 
16 

Feed rate 
(g/min) 

68 
136 
204 
272 
409 
545 
818 

Percent reporting as 
Overflow 
(Extract) 

44.3 
34.8 
29.6 
25.6 
22.1 
18.1 
12.8 

Underflow 
(Reject) 

55.7 
65.2 
70.4 
74.4 
77.9 
81.3 
87.2 
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Figure 1. Three different air c lassif ier arrangements. 
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Figure 2. Air knife classifier. 

^ ^ ^ ^ A i c 

Figure 3. Zig-zag a i r c lass i f i e r . 
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Figure 4. Utah a i r c l a s s i f i e r . 
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Air ipeed Ift/min) 

Figure 5. Comparison of the efficiency of three different 
air classif iers . 

Figure 6. 
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Performance of an air classif ier in separating 
four fractions of a synthetic refuse. 
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Figure 7. Value of products from an air c lass i f i e r 
as a function of a i r speed. 
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Figure 8. Average residence time of particles in an air 
classifier as influenced by the feedrate. 



134 

V 
o 
z 
UJ 

o 
U-
U-
UJ 

200 400 600 

FEED RATE (g/mIn) 

800 

Figure 9. Efficiency of a i r c l a s s i f i c a t i o n as influenced by 
the feedrate . 
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ABSTRACT 

The production of densified refuse-derived fuels (d-RDF) as 
a substitute for coal in industrial or institutional spreader-
stoker boilers is a developing waste-to-energy alternative. The 
early production experience at several pilot plants and continuing 
operations at eight densification facilities in the U.S. and 
abroad will be reviewed. Equipment requirements, performance and 
product properties are summarized from the production of over 
1300 Mg d-RDF. Experiences in storage and handling are also dis
cussed. Projection of capital and operating costs for a densifi
cation module are provided. 

Over 25 combustion tests have been conducted utilizing various 
sizes and quantities of d-RDF in controlled blends; with coal in 
several types of stoker-fed boilers. Observations and results on 
the boiler capacity, efficiency and emissions are briefly reviewed. 

INTRODUCTION 

The emphasis of early waste-to-energy demonstration and commercial pro
jects in the United States was on the preparation and firing of refuse-
derived fuel (RDF) in suspension-fired boilers burning pulverized coal. 
These types of boilers, which are typically large with steam-generating 
capacities generally over l80 Mg/hr steam, offer a potential for combustion 
of large quantities of waste. However, the plants tend to be concentrated 
near larger cities and, due to economies of scale and the nature of utility 
rate structuring, their cost of primary fuel tends to be lower. The pres
sures to minimize fuel costs is also less than that for industrial boiler 
operators. 

The industrial and institutional boiler population, including those 
with steam-generating capacities of 30 Mg/hr to 110 Mg/hr steam includes 
some 8,500 unitsl. These boilers are widely dispersed in both large and 
small communities; and, because of their small size, they cannot benefit 
from discounts for quantity, purchases and deliveries of the coal. 
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Regulations on sulphur dioxide emissions are also forcing these operators to 

either buy expensive low-sulphur coal or invest in costly air pollution con

trol equipment. 

For these reasons of location, size and fuel specifications and costs of 
this smaller power boiler market, there appears to be a good match to the 
availability, locations and fuel characteristics of waste-derived fuel. To 
minimize the modifications to the existing feed and combustion systems, den
sified form of refuse-derived fuel (d-RDF) rather than fluff RDF burned in 
suspension-fired boilers Is desirable. The goal then is to produce a d-RDF 
with physical and combustion properties comparable to the "lump" or stoker 
coal normally burned In these industrial-scale boilers. 

Production and test work on d-RDF accomplished by the National Center 
for Resource Recovery from 1976 to 1979 for the U.S. Environmental Protection 
Agency and Department of Energy has been reported both in final project re
ports 2. 3, 1* and on specific topics or In abbreviated versions in other 
papers 5, 6, 7̂  jjiig paper will Include results and observations from each 
of these NCRR projects, as well as summaries of other activities in produc
tion, handling and combustion of d-RDF both in the United States and abroad. 

PRODUCTION TECHNOLOGY STATUS 

Densified refuse-derived fuel Is obtained by compacting the light or
ganic fraction of solid waste, which has been processed to remove non-
combustibles into particles. The term d-RDF as used here refers to mixed 
residential or commercial wastes densified in pelletizing, cubing, extru
sion or briquettlng devices. Typical products from these various equipment 
types are shown in Figure 1. Densification of blomass feedstocks, although 
of growing interest, is not considered here. 

Densification Equipment 

Pelletizing of RDF Is accomplished with a hard steel die perforated with 
a dense array of holes from 6 mm to 32 mm in diameter. As the die and an 
inner set of pressure rollers rotate against each other, the feedstock Is 
forced through holes, and the pellets broken off at random lengths up to 38 
mm. Cubetting is a modification of pelletizing in which the d-RDF is pro
duced in the form of cubes, generally 32 mm square. 

Extrusion as a means of producing d-RDF employs a screw or reciprocating 
plunger to force the feedstock under pressure through a die. Large diameter 
cylinders (50 to 200 mm) are produced, and binding agents such as pitch or 
paraffin are typically added to Increase integrity. (Artificial fireplace 
logs, for example, are manufactured by an extrusion process.) The larger 
cylinders place the products outside the size range acceptable for stoker-
fired boilers. 

Briquettlng involves the compaction of feedstock in cavities between tvo 
rollers. A material is produced similar in size and shape to charcoal bri-
^!!!"^^' t^though some experimental work has been conducted in the bri-
ZTnlt'^f ''I /t.' P̂ "̂ !̂ -"̂  "ith feeding and binding have been experienced. 
Briquettlng of d-RDF Is not practiced commercially at this time. 



Figure 1. Various Forms of Densified Refuse-Derived Fuel 
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The mechanism that bonds compacted refuse-derived fuel is not fully un
derstood. With wood and agricultural feedstocks, natural binders in the form 
of lignin are present. For other materials and in most briquettlng opera
tions! binders such as paraffin, lignins or bettonite (clay) are added. For 
densification of residential waste feedstocks, there has been no reported 
need or use of binders. Apparently the presence of moisture and lignin. 
waxes and greases in the waste combine to bind the particles. 

A densification system is typically made up of several component parts: 
(1) a feeder, typically a screw bottom bin. to meter the feed to the system; 
(2) a conditioner or mixer, usually a screw conveyor where binders or other 
additives may be mixed with the feedstock; (3) the densifier with associated :, 
dies, rollers, drive system and base structure; and (ll) a cooler, usually a j 
conveyor carrying a thin bed of d-RDF through which air is drawn to remove ;! 
excess heat or moisture and thereby harden the product. Figures 2 and 3 are 1 
illustrations of the equipment at the experimental densification facility * 
operated by NCRR. 

Table I provides a partial listing of densification equipment manu
facturers. A summary of some of the larger currently operating and notable 
older d-RDF production facilities in the U.S. and U.K. are noted in Table 11. 

Firm 

California Pellet Mill 

Agnew Environmental Products 

Papakube Corporation 

Ferro-Tech 

Sprout-Waldron 

BUhler-Miag 

Trans Energy Systems 

TABLE I 

Selected Densifier Equipment Suppliers 

Address 

m i l E. Wabash Ave. 
Crawfordsvi l le . IN 1*7933 

P. 0. Box 1168 
Grants Pass, OR 97526 

1211 Rockhurst Dr. 
San Diego, CA 92120 

1+67 Eureka Rd. 
Wyandotte, MI Ii8l92 

Koppers Co., Inc. 
Muncle. PA 17756 

1+515 Willard Ave. 
Chevy Chase. MD 20015 

1605 116th Ave.. N.E. 
Bellevue. WA 9800l( 



Figure 2. Secondary Shredder and Pelletlzer at the NCBR Pilot Plant 
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Figure 3. Interior View of the Pelletlzer 



TABLE II 

Summary of Selected d-RDF Production Facilities 

Operator/ 
Location 

Vista Chemical Co., 
Los Gatos, CA 

Leigh Forming Co. , 
Easton, PA 

NCRR, Washington, 
D.C. 

National Recycling, 
Ft. Wayne, IN 

Maryland Environmental 
Service, Cockeysville, 
MD 

U.S. Navy, Jacksonville, 
FL 

Doncaster, U.K. 
(municipal) 

Buhler Miag, Inc., 
Eastborne, U.K. 

Byker, U.K. 
(municipal) 

Operating 
Period 

197'*-

19T7-

I97lt-T9 

1971-T3 

1976-

1980-

1980-

1980-

1980-

Plant Type/ 
Capacity 

Prototype, 
5-7 Mg/hr 

Prototype, 
9 Mg/h 

Pilot plant , 
9 Mg/hr 

Prototype, 
5-13 Mg/hr 

Commercial. 
9 Mg/hr 

Prototype, 
I Mg/hr 

Commercial, 
10 Mg/hr 

Commercial, 
9 Mg/hr 

Commercial, 
30 Mg/hr 

Front-end 
Processing 

Trommel, shred, 
air classify, 
trommel 

Shred, air 
classify 

Shred, screen, 
air classify, 
shred 

Shred, air 
classify, 
screen 

Shred, air 
classify, trom
mel , shred 

Flail, trommel, 
classify 

Trommel. air 
classify, shred, 
dry 

Shred, trommel, 
air classify, 
shred, dry 

Shred, trommel, 
air classify, 
shred 

Densified 
Product 

Ring extrusion, 
6 mm to 38 mm 
dia. 

Ring extrusion, 
16 mm dia. 

Ring extrusion, 
13 mm and 25 mm 
dia. 

Cuber, 32 mm dia. 

Ring extrusion 
(2), 13 mm dia. 

Ring extrusion, 
19 mm dia. 

Ring extrusion, 
16 mm dia. 

Ring extrusion, 
20 mm' dia. 

Ring extrusion, 
16 mm. dia. 

Report 
Ref. 

" 
2,3,1* 

8 

9 

10 
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Densification Equipment Performance and Problems 

As in many Instances where equipment from other industries has been 
applied to solid waste, the performance of the densification equipment has 
not equalled performance on traditional agricultural and forest product resi
due feedstocks. The following discussion of solid waste densification will 
be viewed from the perspective of the differences in feedstock and applica
tion. Lacking extensive operational experience, such a viewpoint provides a 
good base for understanding observed performance or identifying needs for im
proved feed preparation and delivery systems. 

Note that while nearly all of the densification efforts to date have 
been with pilot and experimental plants, most of the densifiers have been 
full size. Thus, the observations and data on throughput, reliability and 
feedstock/product relationships are valid for assessing commercial-scale per
formances, capabilities and limitations. Also note that these data and rela
tionships should apply to most types of densifiers although experience has 
been exclusively with pelleting and cubetting-type machines. 

Throughput. Processing capacities of 8 to 12 tons per hour are common 
for pelleting traditional feedstocks with the equipment size and configura
tions utilized at NCRR, and severEil other waste densification plants. How
ever, maximum capacities of only 5 tons per hour and sustained feedrates of 
only 2 to 1* tons per hour have been achievable with RDF feedstocks without 
frequent blockages or deterioration of d-RDF qualityS. Rather than a single 
explanation for the shortfall, there seem to be several Interrelated factors, 
including equipment configuration and condition, feedrate stability, and 
feedstock properties including moisture, density and particle size. The im
pact of these factors will be discussed below. 

Equipment Configuration and Condition. Densifier capacity and product 
characteristics are affected by the die and roller configuration (die hole 
diameter, taper and thickness and roller diameter and surface covering). 
Lacking experience with waste feedstock, for the first generation plants 
these components have been selected based on the manufacturer's intuition. 
Today there is still insufficient documented operating experience with a 
variety of hardware configurations or feedstocks to improve much on such a 
selection process. 

The impact of the condition of the dies and rolls on throughput was 
evident at NCRR in changes in throughput rate and the frequency of jams on 
the densifier with increasing wear on dies and rolls. When a new die with 
sharp corners at the hole inlet or new rolls with imworn corrugations were 
first installed, the feedrate could be increased by kO%; blockages and 
stalls of the machine were also reduced. After processing less than 100 Mg, 
the abrasive feed blunted the die and roll surfaces; again, only lower 
throughputs could be maintained without jams. 

Feedstock Size. In traditional densification applications, the feed-
stock IS reduced to a top size, equal or smaller than the diameter of the 
die hole opening. In all waste densification applications to date, the par
ticle size has been larger than the die aperture. This would lead to 
greater power consumption and, thus, reduced capacity, as material must be 
shreared by the die and rolls as it is forced into 
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materials particularly resistant to size reduction such as plastics and tex
tiles have been observed to wind on augers and impellers and jam the rolls, 
stopping the machine. 

In exploring sizing approaches at both NCRR and Warren Spring Labora
tory (WSL), it was found that the product from hammermill and knife shredders 
varied both in the proportion of top size materials as well as particle and 
bulk properties2. Conclusions from the investigations suggested two or more 
stages of haimaermilling necessary to achieve the same size control as could 
be obtained with a single pass through a knife shredder. In addition, the 
knife mill product tended to be flatter, crumpled less and have a higher bulk 
density than the hammermill product. Recognized limitations of a knife m m 
applied to solid wastes are susceptible to damage from tramp metals and wear 
from abrasive fines. 

Moisture. The moisture content of most traditional pelletlzer feed-
stocks Is controlled by steam conditioning or drying to a level of 12 t° J-̂-*-
NCRR experience suggests a comparable range of moisture of 12 to 20/.; also, 
results in formation of pellets of good quality; moisture content ̂ ^^^^^^ 2° 
and 30^ resulted in generally acceptable but fluctuating pellet l^^l^^y. ̂^̂ ^̂  
moisture content over 307,, pellets are difficult to form and have l^"!^^^^" 
tained integrity. In all cases, it was noted the hardness and durability 
improved with cooling. 

The first use of dryers to lower and control moisture content of the 
solid waste feedstock has been in commercial plants in Doncaster and 
Eastborne, U.K., which began operating in 1980. Results are not yet availa-
ble. 

Bulk Density. Agricultural and forest product feedstocks tend to have 
fairly consistent buS densities in the range of 8 to 12 pounds Per cubic 
foot. This compares to densities ranging from 2 to;5 pounds per -bi^ ^oot 
for waste fuels! Such lower and more variable *-"--*^/^\^^^^„^° ̂ ^f ̂ ^"f ̂ 
in introducing shredded waste into the working area of *1^^ f "^^f ̂^ ^\^ 
uniform rate. The feed augers tend to fluff or compress the ^^^^ °^; ̂ ^ 
lower densities, the feed tends to temporarily bridge m the inlet section to 
thldie Both Conditions lead to feed surging, a condition apparent in the 
fluctuaiing densifier power consumption noted in making power measurements. 

Power consumption. The power consumption of the densifier is a func
tion of'the die and roller size and condition, feedstock properties (parti-
c s e!lomposmon and moisture) and throughput - * . - J - ™ ^ - ^ ^^f.^^" 
With a 2 5 ton per hour feedrate, nominal wear on a 1/2 die ^ f f ^ / ^ ^ ^ / 
cal MSW waste feedstock, the measured power requirement was 82 kw or 3b kw/ 
S l ^ For an office ;aste (high paper) feedstock of similar -x^e and 
m^ls?u;e, power consumption over the same ranges of throughput was 55 kw/Mg/ 
hr**. The reason for this difference is not known. 

Both of these figures are higher by a factor of 2 *° 3 *han estimated 
of 16.U kw/Mg/hr made by the densification equipment supplier based on ex
periences with other feedstockŝ - . 
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Maintenance. Wear on the die and press roller is the most significant 
component of maintenance. While the wear patterns are similar to those ob
served for traditional feedstocks, they occur at a much faster rate with 
RDF. This is due both to the abrasive characteristics of cellulosic 
materials and the presence of abrasive inorganic fines (glass and grit) in 
the feed. Projections based on experience by NCRR suggest that a die life of 
3500 Mg and roller life of 1700 Mg could be expected for a low-ash content 
(10-12^) waste feedstock. Measurement of wear on a variety of densifiers 
and components, over a long duration and for a range of feedstock charac
teristics, is required to develop reliable wear rates and maintenance costs 
for waste fuels densification. 

d-RDF Properties and Characteristics 

For utilization of d-RDF as a supplemental fuel in stoker boilers, there 
are several physical characteristics that have a bearing on handling, trans
port, storage, feeding and combustion. These Include d-RDF size, particle 
density, bulk density, fines content and Integrity. Typical values for these 
characteristics for d-RDF sampled at several production and boiler facilities 
are summarized in Table III and are discussed below. Data on d-RDF proper
ties such as moisture content, ash content, chemical composition and heat 
content are also shown. Care should be taken in comparing or interpreting 
these data since the sampling and analysis procediires may not have been con
sistent. 

d-RDF Size. The d-RDF dimensions (cross-section and length) have an im
pact on handling through relation to packing density and to burning rate in 
the boiler. Most past and current commercial and test production has been 
with particles from 13 to 20 mm diameter or 32 mm square. Lengths are randcm, 
and range from 1 to 2 times the diameter. Difficulty with particles larger 
than these dimensions result from reduced bulk density and an Increased ten
dency to bridge. 

d-RDF Particle Density. More dense particles indicate higher mechanical 
strength and resistance to abuse. With denser particles flow is improved In 
and out of storage, and the ballistic behavior through the stoker system 
would more closely approximate particles of coal. Particle density of coal 
IS on the order of 1.3 gm/cm'. Table III indicates pellet densities 10 to 
20? below that for coal. 

d-RDF Bulk Density. Due to the lower calorific value for d-RDF (typi
cally 1/2 to 2/3 that of coal), a larger mass and volume of d-RDF must be 
fired to maintain the same boiler loading compared with coal alone. A higher 
bulk density is therefore desired In order to minimize the effects of in
creased fuel volume on the stoker feeder's capacity and combustion bed thick
ness. Higher bulk density will also alleviate possible problems in material 
flow during storage, retrieval and firing. The bulk density ranges in Table 
111 reflect variation in d-RDF size and particle density as well as density 
variations related to the feed composition. 

, d-RDF Fines Content. For coal, fines are specified as screened, minus 
b mm material. The definition of fines for d-RDF has not been standardized, 
but in the cases where it is reported in Table III, it has generally been de-
Iined as 3 mm less than the pellet diameter. Fines can accentuate material 
llow or segregation and result in dusting in handling and feed systems. 



TABLE III 

Summary of d-RDF Properties 
Results on Dry Wt Basis 

d-RDF 
Sample 
Source & 
Description 

Ho. samples 

Diameter - mm 

Length - mm 

Pellet density 

Bulk density - kg/m 

Fines content - % 
(-9 mm) 

Moisture content - % 

Ash content - % 

Heating value - MJ/g 

Carbon - % 

Nitrogen - % 

Sulphur - /. 

Chlorine - % 

NCRR - As-
Produced 
from MSW 
Ref. 2 

>25 

13 

15.9 

1.01 

575 

ll*.9 

22.9 

23.1* 

17.1* 

1*2.6 

0.77 

0.1*8 

0.57 

NCRR - As-
Produced 
from MSW 
Ref. 2 

>10 

25 

0.76 

1*32 

9.6 

22.8 

22.8 

NCRR - As-
Produced 

from Office 
Wastes 
Ref. 3 

>10 

13 

20 

1.13 

687 

2.6 

21.5 

9.6 

18.0 

1*6.0 

0.17 

0.13 

0.16 

NCRR - Post 
Storage 
Ref. 13 

U 

13 

538 

1*6.7 
(-6 mm) 

29 

30.7 

15.7 

1*0.6 

0.59 

0.1*3 

0.31 

Teledyne 
Post 
Storage 
Ref. 13 

13 

13 

522 

27.9 
(-6 mm) 

31.1* 

13.8 

18.9 

1*5.7 

0.37 

0.23 

0.38 

PLM - As-
Produced 
Ref. ll* 

Unknown 

32 x 32 X 30 

U50 

15 

10 

16.3 

0.29 
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While some fines may be desirable for obtaining a mix of suspension and grate 
burning (for coal a 30? fines level is often specified), higher levels of 
d-RDF fines could Increase slagging on the boiler tubes and could overload 
air pollution control equipment. The tolerable level of fines will vary with 
the boiler fuel, equipment and operations at a specific site. It should be 
noted that fines content of the d-RDF product can be controlled by screening 
after production. 

Integrity. The Integrity of d-RDF product is defined as its ability to 
sustain handling without breaking or losing mechanical strength. Fracture 
planes are created in production of the pellets by pieces of plastic or tex
tile that bond poorly to adjacent materials. Observations during storage and 
handling by NCRR^ and Systec^^ further suggest the susceptibility to breakage 
is a function of moisture and temperature. Neither test methods nor units 
expressing relative integrity are as yet refined and defined for d-RDF, al
though they have been and are being explored2,12. The d-RDF particle density 
property is probably the best interim Indicator of integrity. 

Care in handling and storage after production is Important to prevent 
delaminatlon and disintegration leading to increases in fines content and re
duced particle and bulk density. Such a loss in integrity can be seen in 
Table III in comparing the properties for d-RDF as-produced at NCRR and after 
handling and storage as-fired in the test burn in Erie, PA. 

d-RDF Ultimate Analysis. The moisture, ash and chemical contents and 
heating values reported in Table III for the various d-RDF products are a 
function of the composition and preparation of the waste feedstock and are 
not properties directly affected by the densification process (although the 
reverse is not true as was seen in discussions on the densification process 
and equipment). From the standpoint of combustion, it is clearly desirable 
to produce a d-RDF with the highest possible heating value by minimizing 
moisture and ash to levels consistent with that required for densification. 

Storage and Handling 

The experience accumulated thus far with densified fuels has shown, as 
expected, that in addition to being easily handled and transported, they 
alleviate the problems of material spillages, dusting and bridging, common 
with fluff forms of RDF. 

However, NCRR experience with storage of more than 1000 tons of d-RDF 
from mixed municipal waste indicated that problems with degradation, com
posting and oxidation can occur over a longer term. After 10 months in a 
covered, 2 to 1* m high pile, several seams of smoldering pellets surfaced at 
the edges of the pile and Ignited plastic sheet covers. The pellets them
selves did not Ignite, although the seams of pyrolyzed, charred pellets ran 
deep into the pile. Excavations revealed both very wet (>130!5 moisture) and 
(VnfT^^^ moisture), Interspersed with material of average, as-produced 
UU/.J moisture contents. Such conditions Indicated that significant moisture 
transfers had also been occurring. Both the wet and oxidized materials ex
hibited significant pellet degradation (increased fines). 
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The reasons and mechanisms for formation of the oxidized seams are not 
clear. It is felt that inadequate cooling of the pellets after production, 
use of an unventHated cover, the long storage period and interim movement of 
the stored material all contributed to the problems. Similar problems with 
oxidation of d-RDF in storage have apparently not been observed elsewhere, 
and it is felt that with proper storage conditions and/or for reasonable 
periods, the problem of oxidation would be eliminated and degradation held to 
a lower, more tolerable level. 

Densification Costs 

As part of the investigations of densification technology.supported by 
EPA, the economics of d-RDF systems for small communities (100-200 tons per 
day) were explored^. In the study, the capital and operating cost for a 
densification module were estimated and used to back calculate what feed sys
tem preparation costs (plant and equipment) could be afforded, given a range 
of fuel values and landfill cost avoidance. 

The reader is directed to the EPA report for detailed discussion of the 
approach and result of this analysis. For the purpose of the discussion 
here, only the costs developed for the densification module are cited. 

Table IV provides a list of equipment and costs for a 7.2 Mg/hr capacity 
densification module (2 each ring extrusion pelletizers with nominal 25 mm 
holes). Such a system operated two shifts per day (lU hr) and 250 days per 
year would produce 25,000 tons annually. Table V provides the operating and 
maintenance costs for a two-shift operation. Table VI summarizes these_ 
costs yielding a total capital and operating cost of $9.20/Mg. Processing of 
the feedstock is presumed to include sizing to less than one inch, and con
trolling ash content to less than 12^ (reflecting removal of most inorganic 
fines). Drying of feedstock is not suggested unless the average moisture 
content of the feedstock is above 25^. 

DENSIFIED REFUSE-DERIVED FUEL COMBUSTION EXPERIENCE 

Table VII provides information on six test firings of d-RDF in the U.S. 
from the earliest reported tests at the Fort Wayne Municipal Power Co. m 
19728. Several are noteworthy for their duration or more detailed documenta
tion of results. 

More than 20 other tests (not shown) have been conducted (listed in Ref. 
2 15) Most were of short duration (several hours) and generally yielded^ 
oAly observations on performance of the fuel handling system, and indications 
of significant changes in boiler responses, burnout and stack emissions. 

In December of 1977, the EPA sponsored combustion trials using d-RDF at 
the Maryland Correctional Institute in Hagerstown. During the tests, 285 
tons were burned over 230 hours at various blends of d-RDF and coal. No par
ticular problems in material handling were observed-Lo. 

Stack opacity, along with SO2, were found to decrease while ctHo^ide 
emissions increased. The Hagerstown program served as a feasibility field 

. . ,̂-_ •, „« ^^oTo toot biiT-n s-nnnsored bv EPA in a 150,000 ID/nr 
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TABLE IV 

Densification Module Equipment Cost Detail (Ref. 2) 
Two Densifiers - 1979 Costs 

Î êm Cost 

Equipment 

Conveyors (1*) - feed and product $ 32 700 
Densifiers (2) - w/surge bin, spare die and rolls, 
motor I81t,600 

Pellet cooler 2.k 50O 
Pellet screener 6*200 
Motor control center 5*000 

Freight and taxes ^j QQQ 

Installation g^^OOO 

Building allocation - 75 sq m 20 000 

Engineering 27,600 

Contingency 17.300 

Total Capital Cost $389,900 

TABLE V 

Densification Module Operating and Maintenance Cost Detail (Ref 2 ) 
Two Densifiers - ll* hr/day - 250 day/yr 

7.2 Mg/hr Nominal Throughput - 25,200 Mg/yr 

Labor (annual basis) 

Materials, supplies 12,000 o.W 

Utilities 

Maintenance 

Unit Throughput 

$1.19 

1.28 

Dies 
Rollers 
Miscellaneous (densifier, conveyors 

cooler, screen) ' 

50,1*00 2.00 
32,250 1.28 

15.900 0.63 

$172,800 $6.86/Mg 
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TABLE VI 

Densification Module Capital and Operating Cost Summary (Ref. 2) 

Item 

Capital Costs 

Total cost 

Annual 8%, 10 years 

Unit cost 

Operating Costs 

Labor 
Materials, supplies 

Utilities 

Maintenance 

Total Operating Costs 

Total Capital and Operating 
Costs 

Annual 

$389,900 

58,1*85 

2.3l*/Mg 

1.19 

0.1*8 

1.28 

3.91 

6.86/Mg 

$9.20/Mg 



TABLE VII 

Summary of Selected d-RDF Combustion Tests 

Location Date 

Ft. Wayne. IN 

Boiler Type/Size 

1972 Underfeed stoker; 1*0.000 kW 

d-RDF Description/Blend 

36 Mg 38 mm X 38 mm cubes; 
3:1 coal:d-RDF by volume 

Report 
Ref. 

Chanute. A.F.B., IL 1975 Traveling chain grate, gravity 
overfeed; 16 Mg/hr steam 

135 Mg 28 mm pellets; 1:1, 
0:1 coal:d-RDF by volume 

Hagerstown. MD 1977 Traveling grate, spreader 
stokers (2); 27 Mg/hr, 
33 Mg/hr steam 

252 Mg 13 mm pellets; 1:1, 16 
1:2, 0:1 coal:d-RDF by 
volume 

Washington, D.C. 1979 Underfeed multiple retort; 
32 Mg/hr steam 

113 Mg 13 mm pellets (office 
waste); 1*:1. 3:2, 2:3 coal: 
d-RDF by volume 

Erie. PA 1979 Traveling grate spreader 
stoker; 68 Mg/hr steam 

1,260 Mg 13 mm pellets; 
1:1, 1:2, 1:1* coal:d-RDF 
by volume 

13 

Wright-Patterson 198O-81 Traveling grate, spreader 
A.F.B. stoker; 36 Mg/hr steam 

Contracted for 7.200 Mg/y 
13 mm pellets; 1:1 variable 
coal:d-RDF by volume 
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spreader stoker-fired boiler in Erie, PA, in early 1979. 

Just over 1700 tons of d-RDF from the National Center and Teledyne 
National production facilities were burned at Erie in volumetric blends of 
coal to d-RDF of 1:1, 1:2 and 1:1*. The tests spanned 1*00 hours of co-firing 
and 230 hours of coal only firing. A full set of measurements and data was 
made by Systems Technology on material handling, boiler performance and en
vironmental controll3. 

The results of the Erie tests demonstrated that co-firing of coal and 
d-RDF had minimum impact in the performance of the power plant test boiler. 
Weathering and subsequent deterioration of the d-RDF from multiple handlings, 
transportation and storage (for periods of 5 to l8 months) were significant. 
Nearly 500 tons of the d-RDF fired to the boiler contained 50% unpelletized 
material (fines) with the other 1200 tons of d-RDF having an average of 307, 
fines These material conditions led to some problems of channeling, 
erratic flow and bridging of the coal/d-RDF blends in the fuel bunkers, but 
had no noticeable influence in the operation of the stokers or fuel distri
bution in the furnace. 

Boiler performance as measured by efficiency was reduced only 2 to 3% 
at the 1-2 coal to d-RDF blend. Derating of the boiler was not experienced 
with substitution of the d-RDF for coal (in part due to excess capacity m 
the design). While higher ash pellets (20-30/, ash) tended to form ash 
clinkers, lower ash pellets (l2-15f,) did not exhibit this tendency. There 
was increased slag in the lower walls of the furnace but it was easily re
moved during scheduled maintenance. Fouling of the tubes was not observed. 
Testing on samples of slag and ash showed no corrosion problem. 

From an environmental performance standpoint, the particulate emissions 
rate and precipitator performance was unchanged from firing coal only. Com
paring gaseous emissions from combustion of coal atone to gaseous emissions 
from combustion of the blends, increases were noted in lead, cadmium, zmc 
and chromium; while hydrocarbons and carbon monoxide remained constant and 
sulphur dioxide decreased. 

Several short-duration test burns were conducted in early 1979 at the 
Pentagon power plant near Washington utilizing pellets prepared from office 
wastes3 Firing trials were conducted with baseline coal, and blends of 20, 
1*0 and 60^ d-RDF by volume. Unfortunately, the tests were run with a re
duced (1*0-50̂  of rated capacity) and fluctuating boiler load. Although 
bridging and channeling were again evident in the fuel bunker, they were less 
than that observed at Erie; this was probably due to the condition of the 
coal rather than that of the pellets. Segregation of the d-RDF and coal, 
which occurred during loading of the bunker, resulted in uncontrolled fluc
tuations in the ratio of d-RDF and coal fed to the boiler. At the 607,_ 
volumetric blend, this segregation resulted in higher volume feeds, which ex
ceeded the stoker capacity and caused hot spots in the fuel bed in areas of 
high d-RDF concentration. These problems were not evident with the 20 and 
l*0iS blends. 

The amount and handling of bottom ash was no different than with coal. 
Particulate emissions actually decreased, while the gaseous emissions dis-
Dlaved the same trends evident in the Erie tests. 
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Short-term, low-tonnage firings have been tested to date in the U.K. 
with small Industrial boilers using reciprocating stokerslT. The conclusions 
were that with newer modifications, d-RDF could be used in existing combus
tion systems and conform with environmental regulations. Significant data 
are expected over the next several years from the commercial d-RDF firing 
programs in Doncaster, Byker and Eastborne. 

In Sweden, the PLM Company has test fired up to several hundred tons in 
several one to five day tests^^. The results of these tests are yet to be 
reported. 
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REDUCING EXPLOSION DAMAGE IN PRIMARY 
AND SECONDARY REFUSE SHREDDERS 

Rick A. Haverland 

Systems Technology Corporation 
Xenia, Ohio 45385, U.S.A. 

ABSTRACT 

The article is a general overview on the problem of refuse shredders. 
Differences between explosions in primary and secondary shredders are 
briefly discussed. A description of the various alternatives for reducing 
explosion damage in refuse shredders is also detailed, concluding with 
specific recommendations for the reduction of shredder explosions. 

INTRODUCTION 

The resource recovery Industry has been plagued with numerous problems 
and failures during its development in the recent past. In order to assure 
that the industry moves forward, the experience of existing facilities must 
be considered in the design of new facilities. One of the most costly and 
most common problems with resource recovery facilities has been the 
occurrence of fires and explosions. While the fires and explosions have 
occurred in numerous areas of resource recovery facilities (receiving pits, 
trommels, storage bins) most have been in the shredders. Almost every refuse 
shredder in operation today has experienced at least one explosion. 
Designers of refuse shredding facilities must be made to understand that it 
is not a question of jj. a shredder explosion will occur but when. Therefore, 
the purpose of this paper is to alert designers of the problem of shredder 
explosions and to evaluate the potential alternatives to reduce the hazards 
of this problem. 

EXPLOSION THEORY 

The logical approach to solving any problem is to first identify the 
cause of the problem. Therefore, it is necessary to understand explosion 
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Ki»™ r̂f .shredder explosions is to be solved. An explosion 
theory if the problem "f^^redder p ^^^^^ ^^^^^ ^^^ basically two 

is defined -^^.^^/ ^,^:t^„ f-^: agratlons and detonations. The following 

jrrb?ierde::r:ptlorof ::ch of tLse types of explosion reactions. 

Deflagrations 

A deflagration explosion is a combustion wave that travels at subsonic 
velocities. Deflagrations produce relatively low pressures compared to 
detonations and the reaction is sustained by the combustion reaction. 
Depending upon the speed of the reaction and the volume of confinement for 
the reaction, a deflagration reaction may cause a fire or an explosion both 
of which are a problem in refuse shredders. If the reaction is slow, fire Is 
the usual result Chat can be caused by the accumulation of any combustible 
material solid, liquid, or vapor. A rapid deflagration reaction will result 
In an explosion caused by a mixture of air and combustible vapors or dust or 
by self-oxidizing liquids and solids. In a confined volume such as a 
shredder, the products of combustion are usually gases with a much larger 
specific'volume than the original combustible material. During a 
deflagration reaction, these gases cannot escape fast enough from the 
confined volume, and a pressure rise occurs. However, even a slight pressure 
rise of 1 to 3 psi can shatter glass, buckle metal siding, or damage a block 
wall. 

Detonations 

A detonation Is a shock wave that travels at supersonic velocities and 
has very high pressures compared to deflagrations. Detonations can be 
caused by numerous types and combinations of reactions including oxidation 
and decomposition. A detonation caused by an oxidation (combustion) reaction 
is sustained by shock wave compression and cannot be initiated by flames or 
sparks. Therefore, a deflagration usually precedes a detonation caused by an 
oxidation reaction. According to Zalosh,^ because of the size and shape of 
refuse shredders, hydrogen and acetylene are the only materials that can 
cause a detonation in refuse shredders. Because it would be unusual to find 
these gases In a refuse shredder, it is highly unlikely that oxidation 
reactions are the cause of any detonations in refuse shredders. Detonations 
can also be caused by decomposition and combination type reactions from such 
materials as TNT, nitroglycerin, and military ordinance. Since these 
materials are slightly more likely to be in refuse, this type of detonation 
reaction Is more likely to occur. 

According to Zalosh, ̂  it is easy to assess the difference between a 
deflagration explosion and a detonation explosion because a detonation will 
cause metal to shatter. During his investigations of refuse shredders, he 
has found that most shredder explosions to date have been deflagrations 
rather than detonations. 



157 

EFFECT OF SHREDDER FUNCTION 

Because primary and secondary refuse shredders have different functions, 
the causes and probabilities of shredder explosions are different for primary 
and secondary shredders. At this time, there is little data on secondary 
shredder explosions. However, if one looks at the basic function of these 
two different types of shredders, some logical assumptions can be made since 
all the waste must pass through the primary shredder before the secondary 
shredder. First, all detonations and most deflagrations will occur in the 
primary shredder. Second, only deflagrations should occur in the secondary 
shredder, and these explosions should be very infrequent. 

METHODS OF REDUCING EXPLOSION DAMAGE 

The seven basic approaches for reducing shredder explosion damage are: 
preprocessing, monitoring, purging, suppressing, venting, reinforcing, and 
isolation. The following is a brief description of each method and a 
discussion of the advantages and disadvantages of each method. 

Preprocessing 

The most common type of preprocessing before shredding is sorting and 
removal of obvious explosion hazards such as gas cans, gas tanks, propane 
tanks, and cylinders from the incoming wastes. However this approach is 
essentially impractical on a large commercial facility due to the quantity 
and variety of materials contained in the waste stream. Many of the 
explosives are small in size and cannot be easily spotted and removed from 
the waste stream. 

Mechanical preprocessing equipment such as rotary air classifiers and 
trommels may also be helpful in reducing shredder explosion damage. Since 
most explosives would be part of the heavies portion of the refuse, they 
could be removed by a rotary air classifier. Since these heavies receive no 
further processing, the explosion potential within the plant is greatly 
reduced. A trommel would not be quite as efficient since the explosives are 
usually oversize items and would remain with the fuel portion of the refuse 
which receives further processing including shredding. In addition, the 
explosion hazards within any preprocessing equipment should also be 
considered. 

Monitoring 

Since most of the shredder explosions with a known cause were caused by 
flammable vapors, some explosions could be prevented if an automatic 
flammable vapor detector was installed on the shredder feed conveyor to stop 
the conveyor automatically when certain levels of flammable vapors are 
reached. Once the conveyor is stopped, a manual flammable vapor detection 
could be used to find the flammable material so it could be removed before 
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shredding. While this type of system could prevent some explosions, the 
flammable materials may be contained and not released as vapors until 
shredding. In addition, this system cannot detect any solid type of 
explosive such as dust or dynamite. 

Purging 

Another method of reducing explosion damage is to remove the combustible 
vapors that cause most of the shredder explosions by purging the shredder 
with air. It would involve inducing air flow through the inlet and outlet 
conveyor galleries into the shredder and out a vent. This approach may cause 
sufficient air pollution problems that require a baghouse or other air 
pollution control equipment. In addition this approach is only effective for 
vapors and dust and will have no effect on any solid explosives. Purging 
the shredder with air should prevent deflagration explosions from progressing 
into the inlet and outlet conveyor galleries by preventing any build up of 
combustible vapors In the galleries. 

Reaction Suppression 

Reaction suppression systems reduce explosion damage by stopping the 
combustion reaction (deflagration) before or just after the reaction begins 
but before it can cause any damage. Since reaction suppression systems work 
only to stop deflagration reactions, they have no effect on detonations. 
Reaction suppression systems work on the theory of removing one of the key 
elements that is necessary to sustain a deflagration reaction (fuel 
oxidizer and energy). Many of the methods for reducing shredder damage 
described previously rely on removing the fuel. The most common types of 

Ind chemlca?"'" " 7"'""" " ' ""'""̂  ^P"^^' ^^^'o-fo^, inert atmosphere, ana chemical suppression. ' 

Water Sprays— 

Water sprays reduce shredder explosion damage by removing the heat or 

Micro-fog— 

by removlnrthl hea'^o; t "'"""^"S system reduces shredder explosion damage 
However a ml.r. f ^^ necessary for the deflagration reaction, 

droplet; ^ L T ' "T"" '"J""" "^'" ^"'° 'h^ '"'-"•'-' -« very fine 
Casti: DelLre "r^^ °Peratlon of the micro-fog system at the^New 
drople now rat;s are o"2s"'°'''^ facility, the recommended water and 
dronl»K=/ ; "'^f„«"^e 0.25 gpm and approximately 1.25 x IQI 1 
droplets/mm per 1000 ft3 of shredder volume.2 I micro-fog system has the 
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same disadvantages as water sprays, but because considerably less water is 
used the effect on RDF moisture and ash content should be much less. 

Inert Atmosphere— 

An inert atmosphere system reduces shredder explosion damage by removing 
the oxidizer necessary to the deflagration reaction. An inert atmosphere 
system usually operates by flooding the shredder with inert gas such as 
nitrogen or flue gas. This type of system requires large volumes of gas. 
Therefore, to be economical the gas source must be near by. This method may 
require the installation of some air pollution control equipment to remove 
the dust from the exhaust gases of the shredder. 

Chemical Suppression— , ^ j i. 

Chemical suppression systems do not reduce shredder explosion damage by 
removing any key element of the deflagration reaction but act as an 
anticatalyst to inhibit the formation of the intermediate products of 
combustion that sustain the chain reaction. A chemical suppression system 
consists of a pressure sensor, used to detect any slight pressure rise in the 
shredder and extinguisher, which contains an inert gas and a halogenated 
hydrocarbon suppression agent. When a deflagration reaction begins, the 
pressure sensor detects the slight pressure rise within the shredder and 
activates the extinguisher to inject the suppressing agent into the shredder 
before an explosion can occur. The disadvantages of this system are that it 
must be armed and maintained to be effective, and a considerable amount of 
down time results after activation. In addition, secondary explosions can 
occur after the suppressant has been dissipated out of the shredder. 
Finally, the sensors can plug, resulting in false activations and possibly 
undetected explosions. 

* 
Venting 

Venting is used to reduce shredder explosion damage by relieving the 
pressures of a deflagration reaction by discharging the combustion gases to 
the atmosphere. The design of vents for refuse shredders is primarily an 
art. Factory Mutual is presently conducting a research program to define 
the most appropriate methods of venting refuse shredders. Based upon 
shredder explosion experience, a venting guideline of 1 ft^ of vent for 
every 20 ft^ of contained volume has been recommended for refuse shredders. 
Vents must be short and straight or diverging to prevent any compression of 
the deflagration gases which would result in higher pressures. All vents 
should be extended through the roof of the building to relieve pressures out 
of the building. Vents must be isolated and directed away from areas where 
people may be during an explosion. 

There is some question as to what is better-horizontal or vertical 
vents. Horizontal vents allow for the build up of refuse which will cause- a 
housekeeping problem and potentially a fire hazard. With horizontal vents, 
the gases may have to make a turn to be vented if the explosion is low on 
the shredder. Finally, a vertical vent will act as a chimney to relieve the 
hot gases that result from a deflagration reaction. 
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A ballistic shield or cage must be placed over the vents to prevent 
flying debris from injuring any personnel or other equipment. The New 
Castle, Delaware, facility has curved dlverter plates which actually throw 
the ballistics on the roof of the shredder building. 

The advantages of vents on a refuse shredder are that it is a passive 
system and has a very low capital and operation cost. The disadvantages of 
vents are that they will not suppress or prevent explosions and will only 
relieve the pressures that result from deflagration reactions. The vents 
will have no effect on detonations because the damage is caused by a shock 
wave rather than a pressure rise. 

Reinforcing 

Structural reinforcing of a refuse shredder will allow the shredder to 
withstand reasonable force that could occur in some of the mild explosions. 
Reinforcing is the only means available for reducing explosion damage from 
reactions. Vents on refuse shredders are subject to a considerable force 
during deflagration and detonation explosions. Based upon the experience at 
the New Castle, Delaware, and the City of Baltimore facilities, shredder 
vents should be constructed of 1-ln.-thick steel plates. 

Isolation 

If a refuse shredder is isolated from other processing equipment and 
personnel. less damage and Injury are likely to occur. Some of the methods 
for Isolating the shredder are to build blast walls around the shredder, to 
locate shredders in separate buildings, and to restrict personnel from the 
iTcttri? "^^' ^^ advantage of Isolation is that it is the best method of 
protecting personnel. The disadvantage of isolation is that it has little 
effect on property damage, and it results in higher construction costs for 
the resource recovery facility. 

RECOMMENDATIONS 

damage'ln1ef!l''r".'f °" '" "^'^ ^^^^ P ° ' " ^ '° ''̂ ^ '^^^ ^^at explosion 
Thrfol owlL ^ f i f f"^ ' r " ° ' "' P-^—'ed but can possibly be reduced. 

severity of L o l o ^ / . "'/ "'''*'°''' °' '^^-^i-& the possibility and the severity ot explosions in refuse shredders. 

1. 
TvZZ T^'lr'^'l "^'"1^1^ f'̂ '̂" incoming refuse. A vapor detection 
system on the shredder feed conveyor may be helpful. 

ln"th/i ^' i™POsslble to locate and remove all potential explosives 
instaned' f/^f"!' ^ reaction suppression system should be 
installed on all shredders to suppress deflagration reactions. 
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3. As a factor of safety, vents should be added on primary shredders 
since most explosions occur in the primary shredders. 

4. An air purging system should be installed on the Inlet and outlet 
of the primary shredder. 

5. The shredder, including the vents, should be reinforced to withstand 
a moderate amount of pressure. 

6. For safety reasons and since detonations cannot be prevented, all 
shredders should be Isolated as much as possible. 
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RAYTHEON SERVICE COMPANY 

EXPERIENCE 4 PROGRAMS IN RESOURCE RECOVERY 

INTRODUCTION 

On January 26, 1981, Monroe County, New York started receiving and process
ing all of the waste collected by the City of Rochester in its newly completed 
Resource Recovery Facility, even though this facility is still in its start-up 
and test phase. Rochester Gas 4 Electric Corporation is scheduled to start 
receiving RDF (refuse derived fuel) produced by this facility this summer upon 
completion of receiving and firing facilities at an existing coal-fired power 
plant. In the interim, the County has made arrangements to ship up to 200 tons 
per day of RDF to Hooker Chemical in Niagara Falls, New York, in order to test 
combustion of Monroe County RDF in Hooker's newly completed spreader stoker 
boilers. 

As contractor to Monroe County, Raytheon Service Company (RSC) is assisting 
the County in the construction and operation of this major new and innovative 
system for coversion of waste to energy and other saleable materials. 

Early in the 1970's, RSC started development work to recover resources from 
solid waste as a means of improving solid waste disposal. Shortly, thereafter, 
we entered into a cooperative agreement with the United Stated Bureau of Mines' 
for the development work utilizing the Bureau's pilot plant and testing facilities 
in College Park, Maryland. 

From this beginning, Raytheon has become one of the major innovators in the 
resource recovery field with key projects in Monroe County, New York; Wilmington, 
Delaware; and elsewhere. 

RSC's participation in the resource recovery field is best prefaced by 
an outline of our parent Company and our history in this new and evolving field. 

RAYTHEON COMPANY 

Raytheon Company is a diversified, international, technology-based company 
employing more than 7 7,000 men and women worldwide. Sales for 1980 were about 
cZ'Z ;t : '^''°"' "̂̂  percent of total sales are for U.S. government end-use. 
ZIL / P̂ = seven years. Raytheon has grown at an average annual rate, com
pounded, of 26 percent in net income on a 14 percent increase in sales. 

A year ago, "Dun's Review" selected Raytheon as one of the five best run 
companies in the U.S. The "Wall Street Transcript's" annual overview this year 
witMn t record of Raytheon has been outstanding and their performance 
witnin each specific market relative to the competition has been outstanding — 
r,-!L r^-"* ""^ "*"" thought out acquisition strategy They are in all the 
a tight r.'?r'*''" ^^^^ ''"̂ '̂' leadership in the business they go into keeping 

B I- reign over operations, anticipating the future and really balancing the 
company's operations very well." 
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PRIMARY BUSINESS AREAS 

Raytheon's primary business areas are electronics, energy, aviation, appli

ances, construction, and publishing. 

Electronics - A little less than half of Raytheon's business involves the 
design, engineering, manufacture, and servicing of advanced electronics devices, 
equipment, and systems for both commercial and government customers. Raytheon 
is a major supplier of tactical air-defense, fire control and guidance systems, 
including Hawk, Sparrow, Patriot, Aegis, and Trident requiring sophisticated 
systems analysis, design and implementation capability. 

Energy - Energy services, including geophysical exploration and the design, 
engineering, and construction of refineries, petrochemical facilities and elec
trical generating plants constitute about one-fifth of total sales. United 
Engineers and Constructors, which actively assists the Raytheon Service Company 
in its resource recovery activities, is a leading international design and build 
organization for large electric power plants and other industrial facilities. 
Raytheon is also actively developing alternative fuels by converting coal to 
gasoline and experimenting with new techniques to recover shale oil. 

Aviation - About 15 percent of sales now results from the Beech Aircraft 
Corp. which was merged with Raytheon last year and is the second largest producer 
of general aviation aircraft. 

Other Lines - The remainder of Raytheon's sales include major appliances, 
such as Araana, Caloric, Speed Queen, and Modern Maid, together with other lines 
such as D.C. Heath, Iowa Manufacturing Company and the Raytheon Service Company. 

RAYTHEON SERVICE COMPANY 

* 
Raytheon Service Company, established in 1962 and reorganized in 1968, now 

has over 3500 employees and provides technical field support for sophisticated 
electronics systems built by Raytheon and others for government and commercial 
organizations. Services provided range from development and installation of 
"turnkey" systems to short-term, specialized, technical and operational support. 
While our activities has expanded dramatically both in character and volume over 
the years, our function continues to be service and support oriented. 

RAYTHEON'S ENTRY INTO THE RESOURCE RECOVERY BUSINESS 

process of planning a renovation and expansion of a large Raytheon 
veil, Massachusetts, we became aware of some of the City's solid and 

In the 
plant in Lowel_, . . 
liquid waste disposal problems. In 1971, Raytheon personnel advised city 
officials of the work being done by the U.S. Bureau of Mines using ore dressing 
techniques to process incinerator residue. We then supported the City in its 
successful application to the EPA for one of the original Section 208 Solid Waste 
Disposal Act demonstration grants. In parallel with this activity, the Raytheon 
Service Company was awarded a contract by the Commonwealth of Massachusetts to 
develop a state-wide master plan for solid waste disposal. 
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Continuing our work with the Bureau of Mines' p i l o t plant program, and 
supported by subs tant ia l in te rna l development e f for t and t e s t i n g , Raytheon developed 
new processing techniques for recovery of fuel , metals and minerals from solid 
waste. This work became the basis for the systems now being implemented in 
Rochester, New York for the County of Monroe; and in Wilmington, Delaware, for , 
the Delaware Solid Waste Authori ty. Both projec ts are complex and ex t rac t fuel 
metals and g lass ; the Delaware process a lso co-disposes p a r t i a l l y dewatered sewage 
sludge. In both cases we responded with our own perception of what we thought 
local of f ic ia ls were seeking in t he i r formal requests for p roposa l s . We are 
now negotiating on a f a c i l i t y which wi l l process municipal waste to prepare an 
inexpensive fuel for a dedicated bo i l e r supplying process steam and e l e c t r i c i t y 
for an indus t r ia l complex. 

The resource recovery projec ts we are involved in , cover a broad range of 
technical complexity in response to s ta ted or perceived customer and community 
requirements. The Monroe County F a c i l i t y i s county-owned and funded mainly 
by general obligation bonds. The Delaware f a c i l i t y i s owned by the Delaware 
Solid Waste Authority and funded by revenue bonds. The new project in 
Massachusetts current ly being f ina l ized wi l l be financed by a combination of ' 
private equity funds, i ndus t r i a l revenue bonds and federal urban development 
grants . Raytheon is completing negot ia t ions to support Refuse Fuels , I nc . , 
a private Massachusetts Corporation, for t h i s new resource recovery project 
with f a c i l i t i e s located in Haverhill and Lawrence, Massachuset ts . This project 
is in the developmental s t age . 

As i l l u s t r a t e d , our projects encompass a l l of the following: 

• Solid waste and co-disposal of sol id waste with sewage sludge 

• RDF combustion in u t i l i t y and i ndus t r i a l bo i l e r s 

• Use of RDF for steam d i s t r i b u t i o n , e l e c t r i c i t y and co-generat ion ! 

• Refuse derived fuel production combined with recovery of metals 
and mineral resources . I 

The papers which follow present some basic information on each of our major 
resource recovery p ro jec t s . F i r s t , we bel ieve i t would be of general in teres t < 
to present a comparative review of mass-burning systems with those processing 
waste to prepare fuel prior to combustion. 
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SPECTRUM OF RAYTHEON EXPERIENCE 

Monroe County 
Resource Recovery 

Facility 

Type of Project 

Financing 

Customer/Owner 

RDF Production 

Process 

Combustion Process 

RDF Use 

RDF Combustion Mix 
with Fossil Fuel 

Energy Produced 

Solid Waste 

General 
Obligation 
Bonds 

NYS DEC Grant 

County 

2 S tages : 

Shredding 

Air C l a s s i 
f i c a t i o n 

Suspension 
Fired 

U t i l i t y 
Bo i l e r 

15-30% 

E l e c t r i c i t y 

Delaware 
Reclamation 

Project 

Haverhill/Lawrence 
Resource Recovery 

Project 

Co-disposal 

Revenue Bonds 

EPA Grants 

State Authority 

Single Stage: 

Shredding 

Air Classi
fication 

Suspension Fired 
or Spreader Stoker 

Utility or Industrial 

Boiler* 

100% (Industrial) 
10% (Utility) 

Process Steam 

Solid Waste 

Revenue Bonds 

UDAG Grants 

Equity Funds 

Private 
Corporation 

Single Stage: 

Shredding 

Screening 

Spreader 
Stoker 

Dedicated 
Boiler 

100% 

Co-generation 

*Humus product also produced from mix of RDF and sewage sludge. 



170 

INCINERATION OR PREPARED FUEL COMBUSTION 

Currently there are two distinct methods of burning solid waste for energy 
recovery: 1) mass burning of unprepared solid waste, and 2) spreader stoker 
firing of prepared fuel. 

Mass Burning 

Raw solid waste is discharged into a large pit. A bridge crane and clam
shell device are used to obtain some mixing of the solid waste and to move the 
material to the charging chute. A typical schematic of a mass burner is shown 
in Figure 1. The solid waste is moved to the first grate by a hydraulic ram. 
Various types of grates, such as reciprocating or roller, can be used to agitate 
and move the solid waste down the sloping grate surfaces. Currently mass burning 
boilers are available in size ranges approaching 600 to 700 tons of solid waste 
per day. 

Figure 1. Mass Burner Schematic 

Waterwall combustion of unprocessed solid waste in incinerators has over 
20 years experience in Europe, and over 10 years in the USA. A summary of 
operating data for 24 incinerator installations is given in Table 1. The data 
on incinerators 1 through 14 were taken from a recent 19 volume Battelle Institute 
survey prepared for the EPA Office of Solid Waste Management. The data for the 
other incinerators are all published in the literature. Although a great deal 
ot ettort went into the collection of this information, the data was found to be 
requently incomplete, inconclusive and sometimes even contradictory. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23 

24 

City 

Werdenberg 

Baden-Brugg 

Dusseldorf 

Krefeld 

Wuppertal 

IssyCes-Molineaux 

Hagenholz 

Hamburg 

Hague 

Goteborg 

Uppsala 

Horsens 

Copenha gen-Ama ge r 

Copenhagen-West 

Nottingham 

Braincree 

Chicago, NW 

Harrisburg 

Montreal 

Nashville 

Norfolk 

Quebec 

Saugus 

Table 1. 

Country 

Switz 

Switz 

Germany 

Germany 

Germany 

France 

Switz 

Germany 

Neth 

Sweden 

Sweden 

Denmark 

Denmark 

Denmark 

UK 

MA, USA 

ILL, USA 

PA, USA 

Canada 

TN, USA 

VA, USA 

Canada 

MA, USA 

Hempstead-Oceanslde NY, USA 

Performance of 

Manufacturer 

Wldmer Ernst 

Widmer Ernst 

VKW 

VKW 

VKW 

Joseph Martin 

Joseph Martin 

Joseph Martin 

Von Roll 

B-S 

B-S 

B-S 

Volund 

Volund 

Joseph Martin 

Riley Stoker 

Joseph Martin 

Joseph Martin 

Von Roll 

Detroit 
Stoker 

Detroit 
Stoker 

Von Roll 

Von Roll 

Flynn-Emrlch 

5team Pro 

(TPD) 
Capacity 

132 

220 

1389 

617 

1587 

2116 

379 

992 

1190 

1190 

423 

132 

952 

1323 

827 

240 

1600 

720 

1200 

720 

360 

1000 

1500 

750 

ducing 

No. of 
Units 

1 

2 

5 

2 

4 

4 

1 

2 

4 

3 

4 

1 

3 

4 

2 

1 

4 

2 

4 

2 

1 

4 

2 

3 
65 

Incinerators 

Availability 
7. 

75.8 

79.4 

63.2 

53.6 

33.9 

74.5 

72.4 

66.2 

53.2 

64.4 

56. ' 

55.1 

74.5 

57.9 

69.5 

100.0 

68.8 

62.5 

83.3 

71.0 

38.9 

75.0 

67.0 

85.5 

Boiler 

Efficiency 7. 

68.0 

51.4 

68.5 

63.5 

50.8 

60.1 

50.7 

75.0 

73.6 

50.2 

66.0(w) 

64.4(w) 

85.9(w) 

83.7(w) 

55.0 

78.2 

39.2 

64.2 

62.5 

70.1 

(134.2) 

40.9 

83.2 

77.0 

Emission 
grains/cu ft 

0.038 

0.043 

0.025 

0.043 

0.043 

0.020 

0.018 

0.076 

0.016 

0.065 

0.011 

0.077 

0.033 

0.039 

0.030 

0.030 

0.030 

0.049 
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Average data, along with standard deviations, for the 65 incinerator units 
listed in Table 1 are as follows: 

Average incinerator: 332 +_ 130 TPD (13.8 *_ 5.4 TPH) 

Smallest unit: 110 TPD (4.6 TPH) 

Largest unit: 750 TPD (31.25 TPH) 

Availability: 66.8% +_ 14.4% 

Thermal efficiency: 66.4% +_ 13.2% 

Thermal utilization: 43.7% +_ 10.4% 

Average steam temperature: 595 +_ 207°F 

Average steam pressure; 444 +_ 225 psig 

Average stack gas temperature: 550 + 84°F 

Thermal utilization is the product of availability and boiler efficiency, 
giving a good datum for conversion of the annual heat energy in solid waste into 
steam. 

An attempt was made to correlate boiler availability and thermal utiliza
tion with steam temperature. The following incinerators (as listed in Table 1) 
were not considered in the correlation; 

Reason for Omission 

Extremely high over-design 

Hot water boiler 

Hot water boiler 

Hot water boiler 

100% availability given 

Uncertain steam production 

Firing with oil 

Boiler efficiencies and thermal utilizations are plotted in Figure 2 as 
functions of steam temperature. Boiler efficiency can be expressed as; 

E% = 81.4 - 0.01802T 

2»o. 

5 

10 

11 

12 

16 

17 

21 

City 

Wuppertal 

Goteborg 

Uppsala 

Horsens 

Braintree 

Chicago 

Norfolk 
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Figure 2. Incinerator Availability and Thermal Utilization 

as a Function of Steam Temperature 

and annual thermal utilization as: 

U% 61.0 - 0.02278T 

The straight lines in Figure 2 indicate that for a boiler producing steam: 

Steam temperature, °F 300° 400° 500° 600° 700° 800° 

Days unavailable per year 88.0 94.0 101.0 107.0 114.0 121.0 

Thermal utilization, % 54.2 51.9 49.6 47.3 45.1 42.8 

m practical terms, these data mean that for each 100°F increase in steam tem
perature, the incinerator is down an additional 6 to 7 days and the overall energy 
recovery decreases by about 2.3 percent. 

Figure 3 shows the boiler efficiency as a function of steam temperature. No 
definite trend could be observed, due to the many variables involved, such as: 
higher heating value of solid waste, lower heating value of solid waste, moisture 
content, excess air, etc. It must be noted that the European practice uses the 
lower heating value and therefore the given boiler efficiency is about 7 percent 
points higher than those expressed on the basis of higher heating values used in 
American practice (and in this presentation). 
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Figure 3. Incinerator Efficiency as a Function of Steam Temperature 

A a^jLt"^^""" """' information, we would like to mention a few actual cases. 
A 960 TPD system was built in Dusseldorf, West Germany, in 1966. A few years 
later, when the solid waste delivered was over 70 percent of the capacity, an 

til t h ^ ,""." """ K- '"'̂  '*'" capacity increased to 1260 TPD. Since that 
time the plant operates between 60 and 65 percent capacity. 

Al.h ^" """ingham. Great Britain, a Martin Incinerator was built in 1960. 
Although it was assumed that a problem-free system was selected, the following 
problems had to be corrected over the years: 

- Deficiencies in the crane operation 

- Dust and fire control in the tipping area 

- Chute blockages, fires, lack of divergence 

- Excessive grate wear 

- Breakdown of silicon carbide refractory 

Excessive deposits on boiler tubes, high pressure water washing 

High maintenance and modifications of ash discharge system 

Pump availability due to rapid swings in steam generation 



175 

- Pump bear ing and shaf t breakdown 

- Control system m o d i f i c a t i o n s . 

A detailed investigation of the Von Roll Incinerator System installed in Saugus, 
Massachusetts, showed the same type of problems initially, necessitating much 
redesign and modification before the system became fully operational. 

A general argument brought frequently to our attention is that European 
incineration technology has been proved over 20 years in many hundreds of 
installations. The argument does not justify their selection in each case. 
A recent review of European incinerators by Battelle led to the following 
result; 

Only 15 percent of the 463 units have a nominal capacity of 360 TPD or 
larger. There are only 10 installations in Europe that are larger than 360 
TPD and produce high pressure, high temperature steam (above 650 psig and 700°F), 
and even from these, three are using co-firing with coal. Most of these installa
tions are tied into a large power plant or district heating system, utilizing at 
the same time several fossil fuel burning boilers and therefore, the steam pro
duction and availability from the incinerators is not critical. 

In summary, the advantages of mass burning systems are: 

1. No refuse preparation required 

2. Low space requirement since no area required for front-end processing 

3. Reduced fly ash loading leaving the furnace 

Disadvantages are: 

1. Slow response to load changes 

2. Wide variation in steam flow and pressure 

3. High excess air requirement results in lower thermal efficiency 

4. Lower furnace requires protective coating 

5. Reduced recovery potential 

6. Reduced availability 

Spreader Stoker Firing of Prepared Fuel 

With this system the solid waste is prepared so that it has 6-inch top size 
and 95 percent is less than 4 inch. A typical schematic is shown in Figure 4. 
The prepared fuel is delivered on demand at a controlled rate to pneumatic fuel 
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Figure 4. Spreader Stoker Schematic 

distributors located on the furnace front to assure even feed on the grate sur
face. A large quantity of the light fraction is burned in suspension above the 
grate. The grate is a continuous ash discharge type traveling grate. The stoker 
is almost Identical to currently used stokers firing coal or other waste 
cellulose fuels. Spreader stoker systems are available that can handle the 
fuel derived from 1200 TPD of solid waste. 

Advantages of this system are: 

1. Fast boiler response rate 

2. The unit can be designed to burn other fuels as well 

3. Reduced corrosion resulting from a more uniform combustion process 

4. High thermal efficiency due to the ability to use lower excess 
air and preheat of air 

5. Improved materials recovery potential 



177 

Disadvantages are: 

1. Fuel preparation required 

2. Fuel storage required 

3. Higher fly ash quantities leaving the furnace 

Comparison of Systems 

The differences between incinerators burning solid waste and spreader stokers 
burning prepared fuel are given in Table 2. Table 2 is based on our general evalu
ation using data supplied by equipment manufacturers and operating facility evalu
ations. A similar comparison was prepared by William H. Pollock of Combustion 
Eneineering, Inc., and presented at the International District Heating Association s 
70th Annual Conference in 1979. The technical data of the Nashville Thermal Trans-
sfer Corporation's incinerator and the City of Hamilton's spreader stoker insuUatioi 
using shredded solid waste after magnetic metal removal show a similar trend. 

The most pronounced difference between systems shown in all these data is 

the higher thermal efficiency of spreader stokers, which is the result of l°"er 

excess air, lower stack temperature, and preheating of combustion air. The 

incinerators show a 9 to 10 percent higher heat loss. 

Based on our evaluation and those presented by major boiler manufacturers, 

the differences between spreader stokers and incinerators can be summarized as: 

1. Refuse delivered to a mass burner is very heterogenous and variable. 
It is difficult to supply the right amount of combustion air to a 
stoker that has one area covered with cardboard boxes, another with 
lawn clippings and a third with a pile of mufflers. In firing the 
spreader stoker, a homogeneous fuel is uniformly distributed, lower 
excess air is required to burn the fuel, and coupled with lower carbon 
loss, yields a higher boiler efficiency. 

In an incinerator, a large inventory of fuel is in the furnace which is 
unresponsive to changes in steam demand. It is difficult to stop the 
combustion in case of an emergency as for example on loss of feedwater 
to the boiler. The spreader stoker has a low fuel inventory and is more 
responsive to steam demand. 

The constantly changing firing conditions in incinerators, alternating 
oxidizing and reducing atmosphere, leads to superheater corrosion and 
convective surface fouling potential and require protective refractory 
coating on the lower furnace water wall. Corrosion is reduced in a 
spreader stoker due to the uniform combustion process. 

With more uniform firing in spreader stokers, the stoker i«/^^^^"^J"^ 
to overheating. This permits the use of preheated air, while with the 
mass burner ambient air must be used. 
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Feed Rate 

Steam Rate 

Air Preheat 

Excess Air 

Stack Gas Temperature 

Availability 

Efficiency 

Control System 

Increase in ESP Volume 

Table 2. System 

Incinerator 

Highly Variable 

Highly Variable 

Not Used 

80 - 120% 

550°F 

67% 

64% 

Up to 5 Loops 

180% 

Compa rison 

Spreader Stoker 

More Uniform 

More Uniform 

Used 

30 - 50% 

350°F 

75% 

70 - 75% 

2 Loops 

100% 

Cost Comparison 

Based on recently obtained data from one of the l a rges t bo i l e r manufacturers, 
the investment cost of an inc inera tor i n s t a l l a t i o n was compared with the cost of 
spreader stoker boi ler i n s t a l l a t i o n . In each case , the chute- to-s tack-erec ted 
cost was multiplied by a factor of 2 for the a u x i l i a r i e s , foundations and housing, 
There is a s ignif icant difference between the cost of i nc ine ra to r s and spreader 
Stokers. 

Figure 5 shows the cost of the f a c i l i t y as a function of actual average 
daily tonnage of solid waste handled. According to t h i s Figure an ins ta l la t ion 
processing 1000 TPD of solid waste should cos t : " 8 " r e , ins ta l l a t ion 

Incinerator $38.5 m i n i o n 
Spreader Stoker 20.0 mi l l ion 

Difference $18.5 mi l l ion 

and for a 2500 TPD processing capaci ty : 

Incinerator 592.0 m i n i o n 
Spreader Stoker 44.0 mil l ion 

° ^ " " ^ " " $48.0 mi l l ion 

o f " ; e q u i v a l e n t " ' • ° ' " i " " « l l - ' i ° n ' » investment cost i s only 48 to 52 percent or an equivalent inc inera tor i n s t a l l a t i o n . 
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SP. STOKER 
1000 TPD NOM 

1000 1500 2000 

ACTUAL CAPACITY, TPD 

Figure 5. Incinerator and Spreader Stoker Investment Cost 
as Functions of Actual Daily Throughput 

The given cost reduction is not a net gain, since for the spreader stoker 
installation a front-end processing system must be provided with appropriate 
receiving and storage facilities. Since a simple processing system (shredding, 
nagnetic separation and oversize removal) is used in most cases, the overall 
investment cost of a prepared fuel-spreader stoker system should be about 10 
to 20 percent lower than the cost of an incinerator system of equal capacity. 

The data used in the cost comparison are given in Table 3. 

Conclusions 

Solid-waste burning incinerators, after 20 years experience, should be 
optimized and perform at their peak. Experience shows that out of every three 
incinerators, only two are operational at any given time, and for continuous 
operation 150 percent of the required capacity must be installed. Their thermal 
efficiency is about 64 percent, and in average they can recover only about 44 
percent of the available energy in the form of steam. 

Engineering design calculations and commitments of boiler manufacturers 
show significantly increased availability and thermal efficiency of spreader 
stokers burning prepared fuel or refuse-derived fuel. The lack of long range 
experience should not prevent the use of this new and improved technology since 
present operating systems (Hamilton, Ontario; Harrisburg, Pennsylvania; Akron, 
Ohio) seem to support this view. 

Finally the total cost of a prepared fuel-spreader stoker installation 

should be slightly lower than the investment cost for a comparable incinerator 

installation. 
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Table 3 . Cost Data 

500 TPD Incinerator (manufacturer 's budgetary 
cos t , chute to s tack, i n s t a l l e d ) 1 un i t $ 7.9 million 

3 un i t s 22.75 million 

147,000 Ib/hr Spreader Stoker (chute to 
s tack, i n s t a l l ed - 557 TPD sol id waste) 1 un i t $ 5.83 million 

3 un i t s 16.8 million 

213,800 Ib/hr Spreader Stoker (chute to 
s tack, i n s t a l l ed - 1000 TPD sol id waste) 

Further Data Used: 

Heating Value, Btu/lb 

Thermal Efficiency, % 

Availability, % 

Maximum Steam Production 

Actual Steam Production, 

lb/ton solid waste 

lb/ton solid waste 

1 unit 
2 units 

Incinerator 

100 

4500 

70 

66 

e 6029 

3979 

$ 

Sp 

7 
14 

re 

.44 million 

.5 million 

ader Stoker 

87.9 

4696 

75 

80 

5925 

4740 
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MONROE COUNTY RESOURCE RECOVERY PROJECT 

The Monroe County Resource Recovery Facility (MCRRF), shown in Figure 1, 
is designed to process a combination of residential, commercial and light 
industrial solid waste at a rate of 140 tons per hour (TPH) over two operating 
shifts for a rated capacity of 2000 tons per day (TPD). The facility separates 
the waste material into refuse derived fuel (RDF), mixed color glass, ferrous 
metals, heavy combustibles, sand, aluminum and heavy non-ferrous metal products. 
Approximately two-thirds of the facility output will be in the form of RDF. 

Figure 1. Monroe County Resource Recovery Facility 

CONTRACTURAL CONSIDERATIONS 

Monroe County's overall resource recovery program is divided into two 
elements: the MCRRF and the RDF Receiving Facility at Rochester Gas & Electric 
Corporation's Russell Station generating plant. 
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Requests for proposals for the MCRRF were issued by the County in 1974. 
Subsequently, the County negotiated a three-phase contract with Raytheon Service 
Company (RSC) for the: 1) design and construction supervision; 2) start-up and 
test; and 3) operation of the facility. 

Raytheon Service Company and its engineering subcontractor, United Engineers 
and Constructors, Inc. (UE&C), completed the final design of the facility in 
mid-1976. Under New York State law, competitive bids to construct the RRF were 
solicited and were received in July 1976. Six separate prime contracts were 
awarded in September 1976 and construction began in October 1976. These 
contracts totaled $28.5 million, which was considerably less than anticipated. 
The ultimate total cost of construction, including change orders for additional 
work, IS expected to be approximately $33 million. 

In addition to providing standard construction management services during 
the construction period, RSC also provided facility management and start-up 
services. These include the preparation of all facility management policies 
and procedures, the hiring of key personnel, overseeing the process contractor's 
equipment testing phase, adjustment and tuning of the equipment, finalizing 
marketing arrangements for uncommitted products, operation and management of 
the RRF during contractor testing, and the testing of the process system to 
satisfy the Performance Guarantee provisions of RSC's contract with the County 
of Monroe. In September of 1979, the comprehensive functional testing program 
began. Following completion of contractor testing, RSC will complete its 
acceptance testing. When all performance requirements have been adequately 
demonstrated and the RRF accepted by the County, then a 5-year operating contract 
between the County of Monroe and RSC will be initiated. 

Construction of the RDF Receiving Facility began in the Spring of 1979 and 
is scheduled to be completed in the Summer of 1981 at a cost of $12.5 million. 
Functional testing is scheduled to begin in July of 1981. The receiving facility 
is adjacent to a 250 megawatt pulverized coal-fired generating plant located 
approximately 8 miles from the RRF. The receiving facility was designed to be 
constructed in two stages. The first stage, currently under construction, includes 
the buildings and equipment required to handle either rail or truck delivery of 
2,500 tons per week (TPW) RDF in transfer trailers; the second stage involves 
the addition of a second line of process equipment to expand the caoacitv to 
5,000 TPW. V ] 
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PROCESS OPERATIONS 

The basic process system configuration and materials balance is shown in 
Figure 2. Table 1 summarizes the characteristics of each product. 

Figure 2. Process System Configuration 
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Table 1. P roduc t C h a r a c t e r i s t i c s 

REFUSE DERIVED FUEL (RDF) - 66% 

D e s c r i p t i o n : P a p e r , p l a s t i c s , t e x t i l e s , o r g a n i c s and o t h e r low d e n s i t y 
m a t e r i a l t h a t have been a i r c l a s s i f i e d from c o a r s e shredded 
m u n i c i p a l w a s t e , s c r e e n e d t o remove g r i t and d i r t and shredded 
t o a f i n e p a r t i c l e s i z e . 

S p e c i f i c a t i o n s ; M o i s t u r e Conten t ( a s r e c e i v e d ) 13-25% 
Ash (as r e c e i v e d ) 17% a p p r o x 
C a l o r i f i c Value ( a s r e c e i v e d ) 5 , 0 0 0 - 7 , 0 0 0 BTU/lb 
P a r t i c l e S ize ( d r y ) 90% minus 3 /4 i n . 
Dens i t y ( a s r e c e i v e d ) 2-7 l b / f t - ' 

HEAVY COMBUSTIBLES - 5% 

D e s c r i p t i o n ; C o r r u g a t e d , heavy p a r t i c l e s , t e x t i l e s , wood, l e a t h e r , rubber 
and o t h e r o r g a n i c m a t t e r . M a t e r i a l h a s been s h r e d d e d , a i r 
c l a s s i f i e d to remove l i g h t c o m b u s t i b l e s , m a g n e t i c a l l y separated 
to remove f e r r o u s m e t a l s , s c r e e n e d t o remove g l a s s , and eddy-
c u r r e n t s e p a r a t e d t o remove n o n - f e r r o u s m e t a l s . 

S p e c i f i c a t i o n s ; Dens i t y ( a s r e c e i v e d ) 26 l b / f t a v e r a g e 
M o i s t u r e (as r e c e i v e d ) 15-45% 
Free I n o r g a n i c ( d r y ) 15% approx 
C a l o r i f i c Value ( a s r e c e i v e d ) 5600-7800 BTU/lb 
P a r t i c l e S ize ( d r y ) 90% minus 2 i n . 
Ash ( a s r e c e i v e d ) 12-14% 

LIGHT FERROUS METALS - 7% 

D e s c r i p t i o n : Can s c r a p t h a t h a s been m a g n e t i c a l l y s e p a r a t e d from municipal 
r e f u s e . Most of t h e food m a t t e r and l a b e l i n g h a s been removed 
by seconda ry s h r e d d i n g and m a g n e t i c s e p a r a t i o n . M e t a l l i c coat
i ngs and p a i n t a r e s t i l l p r e s e n t . 

S p e c i f i c a t i o n s : Dens i ty ( a s r e c e i v e d ) 25 l b / f t 3 min 
P a r t i c l e S ize 95% minus 6 i n . 
Free N o n - M e t a l l i c C o n t a m i n a n t s 
( d r y ) 5% 

HEAVY FERROUS METALS - 0.3% 

D e s c r i p t i o n : Massive f e r r o u s m a t e r i a l s such as e n g i n e b l o c k s , c a s t i n g s , 
a p p l i a n c e s , e t c . , which have been m a g n e t i c a l l y s e p a r a t e d from 
shredded m u n i c i p a l w a s t e and t h e n p a s s e d o v e r a d i f f e r e n t i a l 
magne t i c s e p a r a t o r t o s e p a r a t e t h e heavy f e r r o u s from the light 
f e r r o u s . 

S p e c i f i c a t i o n s : Dens i t y ( a s r e c e i v e d ) 25 l b / f t 3 app rox 
P a r t i c l e S i z e 90% minus 12 i n . 
Loose N o n - M e t a l l i c s ( a s r e c e i v e d ) 15% max 

// 



Table 1. Product Characteristics (Cont) 

tlllMINUM - 0.35% 

D e s c r i p t i o n ; 

S p e c i f i c a t i o n s : 

P r i m a r i l y s h r e d d e d can s c r a p which h a s b e e n s e p a r a t e d from 
m u n i c i p a l r e f u s e , p a s s e d o v e r a 12-mesh s c r e e n t o remove f i n e s , 
and h e a v y - m e d i a s e p a r a t e d t o remove h e a v y n o n - f e r r o u s m e t a l s 
p r i o r t o f i n a l s c r e e n i n g and d r y i n g . 

D e n s i t y ( a s r e c e i v e d ) 15 I b / f t ^ a p p r o x 
P a r t i c l e S i z e ( d r y ) 90% minus 2 i n . 

3% max minus 12 mesh 

M e t a l l i c Y i e l d ( d r y ) 60% min 

HEAVY NON-FERROUS METALS - 0 .05% 

D e s c r i p t i o n : 

S p e c i f i c a t i o n s : 

CLASS - 9% 

Description: 

Mixture of non-magnetic metals consisting of copper-base and 
zinc-base alloys which have been heavy-media separated. 

Particle Size (dry) 
Density (dry) 
Non-Metallic Contaminants (dry) 

Finely ground mixture of non-color-
a yellow-white beach sand. It has 
ceramics and stone, and has passed 
field to remove the weakly magnetic 

90% minus 2 in. 
80-90 Ib/ft^ approx 
5% max 

Specifications: Moisture Content (as received) 

Particle Size (dry) 

Organics (dry) 
Magnetics (dry) 
Inorganics (non-magnetic metals, 

refractories, etc.) 
(dry) 

Refractories (dry) 

SAND - 3% 

Description: 

Specifications; 

LIGHT WASTE - 9% 

Description: 

Specifications: 

Density (dry) 

sorted cullet resembling 
been froth floated to remove 
through an induced magnetic 
particles. 

No drainage from sample. 
Non-caking and free flowing. 
99% minus 20 mesh 
15% max minus 140 mesh 
0.5% max 
0.05% max 

0.1% max 
Per 1 lb sample: 
-20+40 mesh, 2 particles max 
-40+60 mesh, 20 particles max 
80 Ib/ft^ approx 

Fine ceramic, brick, stone, and other friable materials, includ

ing some glass. 

Density (as received) 70 Ib/ft^ average 
Particle Size (dry) 99% minus 20 mesh 
Loss On Ignition 3% 

Mixture of food waste, paper, plastic, wood, leather, and 
other organic matter. Contains less than 2% of glass, grit, 
dirt and light aluminum (foil). 

Moisture Content (as received) 
Density (as received) 

50% average 
25 Ib/ft^ approx 
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Vehicles carrying solid waste enter the enclosed t ipping area from the 
south end of the f a c i l i t y where they are weighed on e i t he r of two computerized 
entrance weigh sca les . The vehicles are directed to any of the 10 t ipping bays 
where they discharge the i r loads onto a depressed storage floor 12 feet below 
(Figure 3) . The exit ing vehicles are weighed on e i t he r of two computerized exit 
scales and the net weight is calculated by, and stored in , the computer memory 
for la ter invoicing. 

Figure 3. Tipping and Storage 



187 

The waste dumped on the storage floor is moved to the two infeed conveyors 
by front end loaders (Figure 4 ) . Each variable speed pit conveyor feeds onto an 
inclined apron conveyor which carries the waste from the storage area into the 
processing area. 

Figure 4. Infeed Conveyor 
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Figure 5 is a schematic flow diagram of the e n t i r e p rocess . The system 
process has two para l l e l dry process l ines for production of RDF, whereas the 
refining systems for ferrous, g l a s s , and non-ferrous metals cons i s t of only a 
single line for each. Appropriate by-passes have been included to add system 
f l ex ib i l i t y , and to minimize the effect of equipment outages on opera t ions . 

(T)pRIMABVSMHEDDen - Br.aki 
^ ^ OD ll-f " " I e bv coa'iely ihredding 

innloapproiimaielv I2'irch 

(T)MIMAHV AIR CLASSIFIER -

(T)SCREEN - Increiiet Ihe qutlit^ 
ol th* light combuitible$ by 
wnoHing itnall, non-combuilibli 
eontimintnti K I M flltii. flrHl. 

(INCOMBUSTIBLE SHREDDER -
^^Shred$ the hghi combuinblm «.( 

•pproiimilelV 3/4 mch pi«cei 
mprovinj 111 ibihlv to l» burn. 

(i^DUST COLLECTOR - Acts « 1 
^-"^ pollution eontiol d»»ic» removm 
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cally conveved, then removed 
'om ihe-4iritre«m t^ cyclones, 
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Figure 5. Process Flow Diaeram 
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1. Fuel Preparation 

dry process system, rated at 70 TPH per line, the primary shredders 
signed to reduce the size of incoming waste to a coarse (up to 
inch) particle size. This large particle size reduces the power 
s, minimizes shredder maintenance, and reduces the amount of fine 
can become a contaminant in the RDF. The skim classifier (not 

ocated over the shredder discharge, where it can draw off a small 
of lights, and provide an initial dust control pickup. The skim 
is designed to remove a maximum of 15 percent of the waste as a 
stible material. This material is later separated, along with the 
the air stream by a cyclone (13) located ahead of the dust collectors 
ombined light combustible/dust material is then added to the RDF 

In the 
(1), are de 
nominal 12 
requirement 
glass which 
shown) is 1 
percentage 
classifier 
light combu 
dust, from 
(5). The c 
stream. 

Each shredder discharge is divided into two streams and fed into the 
two primary air classifiers (2). These primary air classifiers manufactured 
by Iowa Manufacturing Company, each with a design capacity of 35 TPH separate 
the light combustible materials (primarily paper and plastic) from the heavier 
glass, metallics, and heavier organic fractions (Figure 6). The classifier is 
essentially a rotating drum which is inclined upward from the receiving end. 
As the coarsely shredded material is fed to the rotating drum, it is transported 
upward around the periphery by means of flights or lifters. When released near 
the top of the 9 foot diameter drum into a low velocity air stream directed up 
the incline, the tumbling action combined with repeated gentle air classification 
causes the material to migrate to the upper end where the combustibles are 
collected in plenum chambers. The plenum reduces the velocity of the air stream, 
and allows the light combustible material to drop to the bottom of the chamber 
for removal. The heavy materials, mostly non-combustibles, fall out the bottom 
of the drum and go on for further processing. 
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The light combustible fraction, up to 60 percent of the air classifier in-
feed, by weight, is discharged from the bottom of the plenum where it is joined 
by the light combustibles and dust recovered by the skim classifier and from 
secondary processing of the primary air classifier heavy fraction. These 
combined materials are then conveyed to a vibration screen (3) with 1/4 inch 
openings where small, non-combustible contaminants, such as fine glass and grit, 
are removed, thereby improving the quality of the fuel product. From the vibrat
ing screen, the material moves to a vibrating feeder which discharges it to a 
combustible shredder (4). The combustible shredder (Figure 7), designed to process 
45 TPH, shreds the coarse material to a 90 percent minus 3/4 inch particle size, 
"fluff" RDF product . This finely shredded RDF product discharges from the com
bustible shredders to a pneumatic transport system designed to convey the material 
to cyclones at the top of an exterior storage bin-compactor module (Figure 8). 
The RDF is removed from the air stream by the cyclones and is discharged into 
the storage bin. Bag filters (not shown) are utilized to remove remaining dust 
from the air stream, prior to discharge to the atmosphere. The storage bin is 
divided into two sections, each equipped with a live bottom that feeds into three 
standard transfer trailers. The RDF is compacted into 65 cubic yard transfer 
trailers which are parked on individual scale platforms. When a trailer reaches 
a predetermined weight, the compactor automatically shuts down, and a signal is 
given to the operator that the trailer is loaded and ready to be removed. The RRF 
has been designed with an on-site rail spur so that the trailers can either be 
loaded onto rail cars, or trucked to RG&E's Russell Station, or other destinations. 

Figure 7. Combustible Shredder 



Figure 8. Compactor Module 

The finely shredded "fluff" RDF product resulting from this process is 
a high quality fuel that can be burned in existing utility boilers. Ash 
content is expected to be approximately 17 percent, and the fuel value is 
expected to be about 5,000 BTU's per pound; about half that of coal. 

2. Materials Recovery and Refining 

Ferrous Metals - The heavy fraction discharged from the lower end of the 
rotary drum primary air classifiers is conveyed to a multi-stage magnetic 
separator (6). One unit is installed on each process line. The ferrous metals 
recovered from each of the redundant processing lines are combined and then fed 
to the ferrous refining system. The remaining materials, after ferrous metals 
removal, move on to rotating trommel screens (10) for further processing, 
conveyed to the ferrous refining system are first processed by the differential 
magnetic separator (7). This unit separates the light weight ferrous metals, 
primarily can stock, from the more massive ferrous metals, which are conveyed 
directly to an exterior storage hopper and loaded into trailers for hauling to 
regional markets. The light ferrous metals picked up by the differential magnetic 
separator are fed into the ferrous shredder (8), where the size is reduced to a 
nominal 3 inches. This shredding process opens can stock for easier tin removal 
and increaes product density. The output of the shredder passes through a drum 
type magnetic separator (9) to provide a final cleaning step. The light ferrous 
product is then conveyed to an exterior storage bin, weighed, and discharged into 
either onen trailers, or rail cars for transport to the detinner. 

Materials 
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Non-Ferrous Metals - Following i n i t i a l magnetic separa t ion , the remaining 
material is conveyed to the rotary trommel (10) , Figure 9. The two rotary trommel 
screens, one on each process l i n e , are 9 feet in diameter, with optimum hole size 
to be determined by further t e s t i n g . The undersize f rac t ion from the trommel 
screens, the glass-r ich residue, i s conveyed to the residue recovery portion of tiie 
system. The oversize fraction from the trommel moves on for further processing, 
and for non-ferrous metals recovery. This f ract ion is reshredded in the secondary 
shredders (11) and discharged as a nominal 2-inch p a r t i c l e in to two secondary air 
c lass i f ie rs (12) for further removal of combustible m a t e r i a l s . These combustible 
materials join the RDF processing l ine ahead of the combustible shredders . The 
heavies discharged from the secondary a i r c l a s s i f i e r s are fed to a high intensity 
magnetic separator to remove small amounts of weakly magnetic p a r t i c l e s which are 
added to the heavy combustibles product. The non-magnetic m a t e r i a l s , which are 
primarily organics and non-ferrous metals , are fed to the non-ferrous metals 
refining system. The major equipment item in th i s system i s the non-ferrous metal 
separator (14), Figure 10. This unit uses permanent magnets beneath a series of 
inclined boards to separate the non-ferrous metals by the eddy current principle. 
These units remove non-ferrous metal in the feed stream and discharge i t to the 
non-ferrous refining system. In the non-ferrous ref in ing system, the output of 
the non-ferrous metal separator is fed to the heavy media separa tor (15) . This 
unit uses a heavy media, f e r ro s i l i con , to " f loa t " the aluminum from the heavy 
non-ferrous metals. The recovered aluminum is discharged to a screen for washing 
then to the aluminum dryer (16) where moisture is reduced to 1 percent before 
conveying to an exter ior storage bin . Aluminum is discharged from the bin to 
ei ther t r a i l e r s or r a i l cars for t r anspor ta t ion to the aluminum user . 

Figure 9. Rotary Trommel Screen 
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Figure 10. Nonferrous Metal Separators (on left, with Secondary 
Shredders/Air Classifiers on right) 

Glass - The glass-rich residue, the undersize fraction from the rotary 
trommels, is passed over a drum magnet, to remove any remaining ferrous metals. 
The flow is then split and discharged into interim holding bins used to meter 
this feed material to the glass recovery/refining system. This glass-rich feed 
material is discharged from the bins to the jigs (17), where a pulsating bed of 
water is used to float the organics away from the glass. These organics are 
then pumped to the wastewater treatment system where they are separated from 
the waste stream, dewatered, and conveyed to an exterior storage bin for removal 
as a light waste residue. After discharge from the jigs, the glass enters a 
coarse material washer (18) where fine contaminants are removed. From this point, 
the glass is conveyed to the rod mill (19), Figure 11, where the particle size 
is reduced minus 20 mesh by the tumbling and crushing action of heavy steel rods. 
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Figure 11. Rod Mill 

I l a s s i f i e r l 2 T f̂  " ? ' ' ' ' ' '' ^'""^^^ ' ^ ^ " " 8 ^ ^ = " - - (20) to the desliming 
a f otation - ^ " ^ ' ' ' ' ' ' " ' ° ' ' ' ' f l o t a t i on c e l l s (22 and 24) where 

on l!n nts 'H ' ' ' " combination with a i r to f loat the g lass from 
Cl:ZTul\Tary\T/::r"r' ?f°"^ P - t - l e s . A sp i r a l c l a s s i f i e r (23) 
glass par t ic les The e l ! ^ r ^ ^ f lo t a t ion c e l l s , separates fines from coarser 
remove any remaining wf̂ wi " ' ^""^""^ ^° ^ " " ">3gnetic separator (25) to 
(26) for U a t e r i L ' "^.^^^^ .""^f""" p a r t i c l e s , and then to a vacuum sand f i l t e r 
moisture content i s ' r e d l p H T "^^P"'= '''^y^^g' i " « "^ot^y drum dryer (27), where 
The dried glass product . K ° " " " ' ' ' non-caking, free flowing glass cu l l e t . 
for shipmen\^:; t r a i l e ' - t L c k W " : : ! : ! " ^ ^ ' ^ ^ " " ^ ^ ' ^ ' " " " " ° ' " ° ^ ^ ^ ^ '^"^ 
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3. Products Storage, Handling and Transportation 

The product storage facilities are shown in Figures 

and shipment to customers are described for each product. 

12 and 13. Handling 

Figure 12. Aluminum Storage Bin (on left), Water process Module and 
Storage Area for Heavy Combustibles, Sand and Light Waste 

RDF - Both fluff and coarsely shredded RDF products are transported to the 
compalt^r module (Figure 8) for loading into transfer trailers. These 65 cubic 
yard trailers are then trucked to the RDF user, or loaded piggyback on rail cars 
for shipment. At this time, during the functional testing phase, RDF shipment 
is by truck; and it is anticipated that initial shipments to RG&E, during their 
testing phase scheduled to begin in the Summer of 1981, will be by truck. 

Aluminum - Shipment of aluminum is expected to be by rail, although shipment 
by truck may be used initially. Rail shipment will utilize box cars which will 
be loaded from the storage bins. Heavy non-ferrous metals, a by-product of the 
aluminum refining system, will be drained and loaded directly into lockable 
containers for shipping by truck or rail. The purchaser of the aluminum product 
is Reynolds Metals Company and shipment to their Bellwood, Virginia, facility is 
anticipated. 
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Figure 13. Storage Bins for Light and Heavy Ferrous, and Glass 

. Light Ferrous Metals - The light ferrous metals are weighed in the bulk 
weighing scales beneath the storage bins and will be discharged directly to 
gondola rail cars for shipment to the detinning market. This material can also 
be transported by truck, but the primary mode is r a i l . The purchaser is Vulcan 
Materials Company in Pittsburg, Pennsylvania. 

Heavy Ferrous Metals - The heavy ferrous metals will be transported by 
truck to regional spot markets. 

shioDTTT^ ^h"'^ ^^u^' ' " ' ° ' ' " " ' " discharged from the storage bins, weighed, and 
tn'cJ°i[ r " " " ' " " ^ ' ^ ' " ' ^ material t r a i l e r s . Direct loading to 
product ? , \ h / r " u ' ' '^""'^'^ ^ "'"'•'''=' accessible by ra i l develop. The glass 
product IS shipped to the Owens-Illinois, Brockport , New York plant. 

metai rT^ Combustibles - Heavy combustibles, the by-product from non-ferrous 
„TrZt separation, consisting primarily of wood, leather, heavy p las t ic , heavy 

loaH^H . ' ' " " " ' " " " ' • ^ ' ^ ' ^ ^ - ^ i" ^ " exterior bin. From this bin, i t is 
loaded into open-top t ra i lers for tran ' 
boiler. 

sportation to landfill or a grate type 
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Residue/Light Waste - This material, composed of vacuum dried sludge from 

the wastewater treatment system, and solids removed by the glass refining system, 

is discharged from the storage bin to open-top trailers for transportation to 

landfill. 

Sand - The sand, originating from street sweepings and construction wastes, 
is removed during the processing of wastewater. This material is discharged 
from its storage bin to open-top trucks for transportation. 

4. RDF Firing 

The initial user of the RDF produced by the RRF will be RG&E. The RG&E 
Facility, Russell Station (Figure 14), utilizes four Combustion Engineering, Inc., 
tangentially fired suspension type, coal burning boilers with nominal megawatt 
ratings of 42, 62, 62, and 75. All of the four Russell Station boilers are being 
converted to provide the capability of burning the RDF as a supplemental fuel, 
initially at 10 to 15 percent of the total heat input. If operation is successful 
at this level, the burning rate will be increased to maximize the heat input in 
gradual steps. It is estimated that the Russell Station Facility will ultimately 
burn approximately 650 tons per day RDF, average for winter and summer months. 
However, the RDF Receiving Facility, currently under construction, will have an 
initial capability of handling 450 tons per day RDF. 

Figure 14. Rochester Gas & Electric's Russell Station Power Plant 

5. Environmental Considerations 

Air Emissions - Air discharges from the process systems of the RRF pass 
through cyclones to remove process materials and through dust collectors (bag 
filters) to remove dust. Treatment includes discharges from primary air classi
fiers, skim classifiers, secondary air classifiers, and pneumatic transport lines. 
Dust hoods have been provided at various strategic points through the RRF to 
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Water E f f l u e n t s - The w a t e r p r o c e s s module ( F i g u r e 12) of t h e RRF, i s 
des igned t o provide pr imary t r e a t m e n t of a l l p r o c e s s w a s t e w a t e r g e n e r a t e d in the 
RRF. This p r o c e s s i n g i n c l u d e s s o l i d s removal t h r o u g h s c r e e n i n g , f l o c u l a t i o n and 
s e d i m e n t a t i o n , and d e w a t e r i n g of s o l i d s and s l u d g e t h r o u g h t h e u s e of a "V" 
p r e s s and vacuum f i l t e r , r e s p e c t i v e l y . A major p o r t i o n of t h e w a s t e w a t e r flow 
i s r e cyc l ed to the p r o c e s s sys tem w h i l e t h e r e m a i n d e r i s d i s c h a r g e d t o t h e 
munic ipa l sewer . 

Residues - I t i s a n t i c i p a t e d t h a t m a r k e t s w i l l be d e v e l o p e d f o r t h e heavy 
combust ib le and sand p r o d u c t s . The major r e s i d u a l i s , t h e r e f o r e , t h e l i g h t 
waste m a t e r i a l which makes up a p p r o x i m a t e l y 9 p e r c e n t by w e i g h t of t h e feed 
m a t e r i a l to the p l a n t . Th is m a t e r i a l w i l l be l a n d f i l l e d . 

Design Advantages /Des ign F l e x i b i l i t y - The RSC sys t em i n c o r p o r a t e s b a s i c 
design advantages over t h a t of compe t ing t e c h n o l o g i e s , and a d e s i g n f l e x i b i l i t y 
t h a t pe rmi t s the a p p l i c a t i o n of t h e RSC sys tem t o t h e needs of v a r i o u s communities. 
The RSC system uses proven equipment and t e c h n o l o g y t o g e n e r a t e a c l e a n , f l e x i b l e , 
RDF product t h a t can be f i r e d i n a c o n v e n t i o n a l u t i l i t y b o i l e r , o r i n a dedica ted 
b o i l e r designed s p e c i f i c a l l y for RDF c o m b u s t i o n . I n e r t c o n t e n t a n d , t h e r e f o r e , 
ash handl ing p rob lems , a r e reduced t h r o u g h u s e of c o a r s e s h r e d d i n g , t h e h i g h l y 
e f f e c t i v e r o t a r y drum a i r c l a s s i f i e r s and s c r e e n s . The p a r t i c l e s i z e i n the 
RDF can be v a r i e d to meet t h e u s e r ' s n e e d s . The r e d u n d a n t b a s e l i n e sys tem provides 
r e l i a b i l i t y and o p e r a t i o n a l f l e x i b i l i t y . 

Depending upon the q u a l i t y of the fue l p r o d u c t t o be p r o d u c e d , and the 
m a t e r i a l s to be r e c o v e r e d , the RSC sys tem can be expanded as n e c e s s a r y t o f u l f i l l 
the needs of a d i v e r s e number of commercia l and m u n i c i p a l c u s t o m e r s . I t can be 
expanded from the b a s i c f u e l p r o d u c t i o n p r o c e s s of s h r e d d i n g , t r o m m e l i n g , and 
f e r rous meta l s r ecove ry s e r v i n g t h e needs of d e d i c a t e d b o i l e r u s e r s ; t o the 
complete system for the p r o d u c t i o n of a f i n e l y s h r e d d e d h i g h q u a l i t y c l e a n RDF 
produc t , with p r o c e s s l i n e s fo r r e c o v e r y of g l a s s and aluminum as w e l l as fer rous 
meta ls r e f i n e m e n t , as c o n t a i n e d in t h e Monroe County R e s o u r c e Recovery F a c i l i t y . 

OPERATING EXPERIENCE 

As d i s c u s s e d above, t h e RRF has been i n a f u n c t i o n a l t e s t i n g mode s i n c e 
September of 1979. At t h i s t ime t h e MCRRF i s commit ted t o p r o c e s s i n g a l l of the 
s o l i d waste m a t e r i a l from t h e c i t y of R o c h e s t e r , New York. A mixed f e r r o u s 
product i s being r e c o v e r e d and s o l d , i n i t i a l s h i p m e n t s of t h e g l a s s p r o d u c t 
have r e c e n t l y taken p l a c e , and a p o r t i o n of t h e RDF p r o d u c t h a s been f i r e d a t 
Hooker Chemica l ' s Niagara F a l l s F a c i l i t y , which i s u n d e r g o i n g s t a r t - u p t e s t i n g . 
Numerous t e s t burns have a l s o been s u c c e s s f u l l y comple t ed a t o t h e r f a c i l i t i e s . 
Operat ion i s on a s i n g l e s h i f t b a s i s t h r o u g h one of t h e two p r o c e s s i n g b a s e l i n e s . 
Due to the on-going t e s t i n g p rogram, t h e p r o c e s s i n g l i n e i n u s e a l t e r n a t e s , 
depending upon the t e s t s s c h e d u l e d and t h e equipment d i f f i c u l t i e s e n c o u n t e r e d , 

t h i s t ime , the RRF manning l e v e l i s a t 7 3 , and t h i s manning i s s c h e d u l e d to 
i n c r e a s e to 95 by the end of 1981 when t h e f a c i l i t y i s e x p e c t e d t o e n t e r i t s 

o p e r a t i o n a l mode." 

As a p a r t of the management s e r v i c e s p r o v i d e d by RSC, c o m p l e t e o p e r a t i o n s 
and maintenance manuals and p l a n s were d e v e l o p e d . The documents p r o v i d e an 
^ t eg ra t ed schedule for r e g u l a r m a i n t e n a n c e and r e p a i r , t h r o u g h u s e of t h e 
computerized Management I n f o r m a t i o n System (MIS) . A l a r g e i n v e n t o r y of manu-

ac u r e r recommended s p a r e p a r t s a r e k e p t on hand t o r e d u c e downt ime , and a s s u r e 
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continuous facility operation. A wide range of tools, equipment, and shop 

facilities have been provided so as to make most equipment repairs possible at 

the facility. 

As would be expected in a state-of-the-art project of this magnitude, 
numerous start-up problems have been experienced. Although the resolution of 
the majority of these problems is at hand, the delays in their implementation 
have prevented the operation of all systems to design tonnage. Material handling 
problems are a major source of downtime. The system contains 92 conveyors 
(belt-type, bucket elevators, aprons, vibrators) which range in size from 14 to 
96 inches in width. Belt tracking and spillage problems, together with flow 
problems in chutes and storage bins, have been the most significant material 
handling difficulties encountered. Few major equipment problems have been 
experienced except for material handling and storage. However, these problems 
are well on their way to resolution, with the implementation of corrective 
work scheduled for this year. 

CAPITAL COSTS 

The cost of construction for the RRF is $33 million and overall program 
costs are $62.2 million, including start-up and the RDF Receiving Facility. 
RSC's contract with the County of Monroe, New York for the Resource Recovery 
Facility includes a performance guarantee wherein RSC has assumed the responsi
bility for correcting certain process system deficiencies at its cost, after 
the exhaustion of a contingency fund established to correct such deficiencies. 
The total cost of the facility in its completely operational state is not, 
therefore, known at this time. Similarly, the cost of facility operation 
will not be known until the functional testing phase has been completed, equip 
ment and system improvements implemented, and the facility is operational. 
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DELAWARE RECLAMATION PROJECT 

In August 1978, a f t e r c o m p e t i t i v e p r o p o s a l s u b m i s s i o n s and d e t a i l e d 
n e g o t i a t i o n s , the Delaware So l id Waste A u t h o r i t y (DSWA) c o n t r a c t e d w i t h RSC 
for the d e s i g n , c o n s t r u c t i o n , d e m o n s t r a t i o n and o p e r a t i o n of t h e Delaware 
Reclamation P r o j e c t , a s o l i d was te and sewage s l u d g e r e c y c l i n g f a c i l i t y located 
a t Pigeon P o i n t , Wilmington, De laware . The DSWA i s a l s o p l a n n i n g t h e a d d i t i o n 
of a s t e a m / e l e c t r i c g e n e r a t i n g f a c i l i t y a t the s i t e . 

F igure 1 i s an a r c h i t e c t u r a l r e n d e r i n g of t h e p r o j e c t showing the two major 
e l e m e n t s : the Sol id Waste P r o c e s s i n g Module (SWPM) and t h e Sewage Sludge Process 
ing Module (SSPM). The P r o j e c t w i l l p r o c e s s 1000 t o n s per day of s o l i d waste 
and 350 tons per day of sewage s l udge t o r e c o v e r a c o a r s e (4 i n c h nomina l ) 
re fuse de r ived fue l (RDF), m e t a l s and g l a s s , and t o p roduce s e v e r a l composted 
humus-based p r o d u c t s . 

F i g u r e 1. Delaware R e c l a m a t i o n P r o j e c t 
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Contractual Considerations 

Total project cost is $65 million which is being financed through revenue 
bonds and EPA grants. RSC's firm fixed price contract with the DSWA is for 
$31,4 million which includes all facets of the design, construction, start-up 
and product marketing (excluding the RDF), except for the construction of the 
SSPM. Similar to Monroe County construction, the SSPM has been competitively bid 
as required under the EPA's Office of Water Programs grant for this portion of 
the project. A $9 million Section 208 grant from the EPA Office of Solid Waste 
Management has been applied to the SWPM portion of the project. 

In addition to providing a turnkey contract for construction, except for 

the Sewage Sludge competitively-bid construction, Raytheon also provided an 

operating cost ceiling price for the first 2 years of the 20 year operating 

contract. 

DRP recovered products are similar to those of the Monroe County Facility 
with the addition of the humus product. The DSWA is responsible for the sale 
of RDF. Proposals are under evaluation to use the RDF to generate process 
steam for sale to ICI Americas, Inc., an industrial chemical company located 
nearby, and to generate electricity for internal use. 

RSC is responsible for marketing the non-fuel products with a combined 
annual product revenue guarantee of $1,435,000. Negotiations are in progress 
with the detinning and steel-making industries for the ferrous product and an 
executed purchase-sale agreement is expected soon. The glass cullet product 
has been contracted under a favorable 5-year agreement with Owens-Illinois for 
50 percent of the production and a purchase-sale agreement is expected shortly 
for the remainder of the product. 

Interest in the mixed non-ferrous product has been established, however 
final product specifications and pricing mechanisms remain to be determined before 
realizing a sales agreement. Sand is not considered as a revenue producer but 
will be marketed as available to a consumer at no cost to the DRP. 

The DSWA stipulation that humus markets cannot incude direct food chain 
types of crops has been the significant factor in selection of potential humus 
markets. The largest market for this product will be poultry litter. Test^ 
flocks of chickens grown on litter have been in progress at two of the area s 
major chicken farms with favorable results. We are also progressing in establish
ing markets for the humus as fertilizer, potting soil, land rehabilitation and 
light weight fertilizer carrier. 

Process Operations 

At commercial capacity, the DRP will operate 16 hours a day, 5 days a 
week. As depicted in Figure 2, a tipping and storage building, shredder build
ings (two) and dry process building make up the SWPM, From the tipping floor, 
the waste will be conveyed to two totally-enclosed vertical shredders operating 
at 70 TPH (Figures 3 and 4 ) . The shredded material will be conveyed to two 
air classifier systems (Figure 5) which, as in Monroe, separate the light 
combustible fraction from the heavies. Magnetic separation is used to produce 
the ferrous product with the remaining material going to the SSPM for further 
processing. 
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Figure 2. Solid Waste Processing Module 

"SS/l 

Figure 3. Construction Progress 

- Conveying System 
Figure 4. Vertical Shredder 
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Figure 3. Air Classifier System 

Figure 6. Tipping/Storage, Shredders, 
Dry Process Buildings 

The SSPM is capable of receiving 430 tons of the solid waste residual 
fraction from the SWPM, combining it with 350 tons per day of sewage sludge and 
producing glass, non-ferrous metals, humus and sand. 

A rotary tommel screen will separate the non-magnetic fraction from the 
SWPM into an oversize fraction from which the non-ferrous metals will be produced, 
and an undersize fraction which will be further size-reduced and froth floated 
(as in Monroe) to produce mixed color glass and sand products. The remaining 
material will be mixed with the incoming sewage sludge and fed to one of four 
aerobic digestors, manufactured by Fairfield Engineering. Each digester will 
process at least 170 tons per day of feed with a 5-7 day residence time. The 
digesters' discharge will be dried, sized and separated to produce both un
pelletized and pelletized humus products for various markets. 

Project Status 

Construction of the SWPM is approximately 80 percent complete. Figure 6 
shown the current construction status of the tipping/storage, shredders and dry 
process buildings. Bids have been received for construction of the SSPM and an 
award is imminent. Commercial operation of the DRP is scheduled for early 1983. 
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HAVERHILL/LAWRENCE RESOURCE RECOVERY PROJECT 

In October 1980, HUD awarded two g r a n t s t o t a l l i n g $ 8 , 0 0 0 , 0 0 0 t o t h e C i t i e s 
of Lawrence and H a v e r h i l l , M a s s a c h u s e t t s , t o h e l p f i n a n c e a new w a s t e - t o - e n e r g y 
f a c i l i t y to be l o c a t e d n o r t h e a s t of B o s t o n , Mass . T h i s was t h e key s t e p i n 
a r r ang ing a f inanc ing package for t h i s p r o j e c t . Revenue bonds w i l l be s o l d by 
Lehman Bor the r s Kuhn Loeb I n c . The p r o j e c t w i l l p r o c e s s m u n i c i p a l s o l i d waste 
to supply p rocess steam and e l e c t r i c i t y t o an i n d u s t r i a l complex i n t h e C i ty 
of Lawrence. This w i l l r e p l a c e o i l a s t h e p r i m a r y e n e r g y s o u r c e i n t h e o i l - f i r e d 
power p l a n t c u r r e n t l y s u p p l y i n g e n e r g y t o i n d u s t r i a l c u s t o m e r s ; howeve r , the o i l -
f i r e d b o i l e r s w i l l be r e t a i n e d as a back -up t o a new RDF-f i red b o i l e r . 

SYSTEM CONCEPT 

The major e lements which make up t h i s p r o j e c t a r e t h e P r o c e s s i n g F a c i l i t y 
and adjacent s a n i t a r y l a n d f i l l l o c a t e d i n H a v e r h i l l , and t h e Energy Convers ion 
F a c i l i t y (ECF) and a d j a c e n t e x i s t i n g power p l a n t i n Lawrence , abou t 7 m i l e s away. 

The H a v e r h i l l f a c i l i t y w i l l p r o c e s s 1300 tons per day of m u n i c i p a l s o l i d 
waste to produce a c l e a n , low a s h , r e f u s e - d e r i v e d f u e l (RDF) which w i l l be 
burned in a s p e c i a l i z e d b o i l e r a t the ECF to c o g e n e r a t e s t e am and e l e c t r i c i t y . 
The p rocess w i l l a l s o r e c o v e r f e r r o u s m e t a l s . Both s t eam and e l e c t r i c i t y w i l l 
be sold to customers a t an a d j a c e n t i n d u s t r i a l complex . S u r p l u s e l e c t r i c i t y 
(approximate ly 43 m i l l i o n k i l o w a t t hou r s p e r y e a r ) w i l l be s o l d t o t h e New 
England Power Company. A l l u n p r o c e s s i b l e was te and t h e ash p roduced by the 
combustion of RDF w i l l be d i s p o s e d of i n t h e s a n i t a r y l a n d f i l l . The p r o j e c t i s 
def ined in F igure 1. 
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igure 1. Haverhill/Lawrence Resource Recovery Project 
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The project is a private enterprise. Refuse Fuels, Inc. (RFI), a 
Massachusetts corporation founded specifically to develop this project, will 
be the owner of all facilities. With the assistance of Mintz, Levin, Cohn, _ 
flovskv and Popeo, a Boston and Washington law firm, RFI is obtaining all required 
approvals and project financing, and contracting for waste delivery, facilities 

• construction and operation, landfill operation, and energy sales. 

RFI is currently negotiating a full service contract with Raytheon to 
support all phases of the project. Raytheon will be responsible for the con-

•' struction and operation of the Processing Facility and the Energy Conversion 

• Facility, and will also operate the existing power plant. 

PROCESS 

The Processing Facil i ty (depicted in Figure 2) will receive waste 12^hours 

for hazardous and unprocesc^.^..^ ...-^ .•„f„„j 
loaders will push the acceptable waste onto variable-speed, apron-type infeed 
conveyors which will carry i t to two ver t ical shredders. 

TH& Pg(^CE:e6 
FACILITY 

m̂ ^ 

^ ^ 

Figure 2. Processing Facility Diagram 
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There are two processing lines, each designed to process in excess of 70 
TPH This redundancy provides flexibility and a back-up capability. If necessary^ 
each line will be able to process an entire day's input on a three-shift, 24-hour 
operating schedule. A dust collection system is incorporated in each process 
line Dust pick-up hoods will be installed at all critical transfer points and 
ducted to a common cyclone and baghouse to filter the air prior to discharge to 
the atmosphere. 

The shredders, which are totally-enclosed and equipped with explosion 
suppression and venting systems, will reduce the incoming waste to a nominal 
particle size of less than 4 inches. The shredded material will be conveyed 
to a primary magnetic separator for removal of ferrous metals which will be 
further cleaned by a secondary magnet. 

A two-stage rotary trommel screen will be employed to remove undersize 
and oversize material. The remaining fraction, the RDF, will be conveyed to 
the RDF storage building where compactors will load it into transfer trailers 
for transport to the receiving station at the Energy Conversion Facility. The 
trommel oversize and undersize fractions will be combined and trucked to the 
sanitary landfill. Removing the oversize material from the RDF will enhance 
its material handling characteristics while removing the undersize material 
improves the fuel quality. 

Figure 3 shows the planned site for the Energy Conversion Facility adjacent 
to the existing power plant. The ECF will operate 24 hours a day, 7 days a week, 
burning approximately 1000 TPD of the RDF to produce steam. A process flow 
diagram is given in Figure 4. Conveyors will transport the RDF from the receiving 
station to the boiler feed surge bin from which it will be metered into a 250,000 
Ib/hr semisuspension travelling grate boiler designed for the combustion of RDF. 
Since the RDF will have been shredded and sized, it will be relatively homogenous 
and will burn uniformly with a minimum of excess air, and with a minimum of furnace 
and boiler maintenance problems. With screening, much of the glass in the solid 
waste will be eliminated from the RDF so that problems such as slagging will be 
minimal. 

A fully equipped control center will maintain steam quality at about 750''F 
and 650 psig. RDF boiler design features along with this relatively low pressure 
and temperature will minimize boiler corrosion and erosion. To ensure an adequate 
steam supply in case of RDF quality or quantity fluctuations, the boiler will 
also have oil-burning capability for stabilization and back-up. Use of this 
fuel will be minimized. 

Exhaust gases produced by the ECF will pass through an electrostatic 
precipitator system to reduce particulate emissions to acceptable regulatory 
levels. Because RDF has a low sulfur content, no sulfur oxide emission controls 
will be required. Gases eminating from the pollution control equipment will be 
exhausted through an existing 325-foot stack. 
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221,000 LB/HR 

46,000 LB HR 

Figure 4. Energy Conversion Facility, Process Flow Diagram 
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Ash produced by the combustion of RDF wi l l be accumulated in t r a i l e r s and 
periodically hauled to the sani ta ry l a n d f i l l . 

The RDF boiler wi l l replace the o i l - f i r e d bo i l e r s in the ex i s t i ng power 
plant as the main source of steam supply. The ex i s t ing o i l - f i " < i t o i l e r s will 
continue to be maintained for use during periods of the RDF b o i l e r maintenance. 

The steam produced by the ECF wi l l pass through some combination of five 
existing extraction and condensing turbines having a combined e l e c t r i c a l capacity 
of 28.8 megawatts. Steam extracted from the turbines wi l l be furnished and sold 
to users through the exis t ing steam d i s t r i b u t i o n system. The e l e c t r i c i t y 
generated will be d is t r ibu ted to i ndus t r i a l customers and a l l excess power will 
be sold to the New England Power Company. 

The sanitary l andf i l l has been approved by the Massachusetts Department of 
Environmental Quality Engineering and incorporates s t a t e - o f - t h e - a r t techniques 
for leachate, erosion, sedimentation and drainage c o n t r o l . Under contract to 
Refuse Fuels, Inc . , SCA Services wil l operate the s an i t a ry l a n d f i l l which has a 
capacity in excess of 6 mill ion cubic ya rds . 

STATUS 

The to ta l capi ta l cost for the project i s approximately $70,000,000 and 
tipping fees would be competitive with ex i s t ing l a n d f i l l s in the a rea . Pre
liminary design has been completed and the project schedule should s t a r t into 
the construction phase th is spring when the financing arrangements are completed. 
RFI has already obtained long-term cont rac ts for so l id waste in excess of 1000 
TPD to insure a continuous waste supply and v i r t u a l l y a l l regula tory approvals. 
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THE AMERICOLOGY 

RESOURCE RECOVERY SYSTEM 

by 

George M. Mallan 

American Can Company 

Greenwich, Connecticut 06830 

ABSTRACT 

The Americology resource recovery plant, located in 

Milwaukee, Wisconsin, is owned and operated by the American 

Can Company. Construction of the plant was conducted by 

the Bechtel Corp. and beqan in 1975, at an original capital 

cost of $18.7MM. Plant operations commenced in April 1977 

and 400,000 tons have been processed through August 1980. 

The plant was designed to produce shredded, air-classified 

refuse-derived fuel through a relatively simple, low cost 

process. The plant also is capable of reclaiming ferrous, 

aluminum, glass and bundled paper. The refuse-derived-fuel 

produced was to be sold for combustion with coal. 

Although the plant itself is a proven technological suc

cess, utilization of the refuse-derived-fuel has been sub

stantially less than anticipated. Americology is currently 

considering several alternatives, including construction of a 

boiler designed to burn refuse-derived-fuel and produce 

steam for sale to industrial customers. 
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THE AMERICOLOGY RESOURCE RECOVERY SYSTEM 

IN MILWAUKEE, WISCONSIN 

I. BACKGROUND 

History of Corporate Development 

Americology is fully owned and operated by the 

American Can Company, a major consumer and indus

trial products manufacturer with yearly sales of 

approximately $5 billion. Americoloqy is part of 

the Recovery Systems Division which also includes 

Lignin Chemicals and Index Chemicals and Pharma

ceuticals. 

The Lignin business produces a wide range of 

liqnosulfonate chemicals from the waste liquors 

which are byproducts of the pulp and paper indus

try. Inolex produces a variety of industrial and 

personal care products from industrial chemicals 

and low grade proteinaceous byproducts. 

The Americology effort to recover enerqy and 

material resources from municipal solid waste was 
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conceived by the American Can Company in 197 0 to 

meet the following objectives: 

1) To investigate the potential of entering a 

new, rapidly emerging business opportunity. 

2) To build on existing technology resident at 

ACC. 

3) TO demonstrate that a viable alternative to 

deposit legislation existed for consumer 

activity in solid waste and energy issues. 

B. History of the Milwaukee Project 

The Americology contract was the result of a 

five-year effort by the City of Milwaukee to find 

an environmentally sound, economical method for 

municipal solid waste disposal. Prior to 1970, 

Milwaukee relied solely upon incineration for 

disposal of its municipal solid waste. However, 

in 1970, Milwaukee's incineration units were shut 

down because of air pollution problems. Milwaukee 

then changed to sanitary landfill as an interim 

solution, while continuing to move toward its 

stated goal of switching to resource recovery. 

In early 1973, Milwaukee's Common Council 

authorized its Commissioner of Public Works to 

solicit proposals for "any method of disposal 

that will not cause degradation of the environment 
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or natural resources." In January 1975, the City 

executed a full-service contract with the American 

Can Company, wherein its Americology Division, 

would build, own and operate a resource recovery 

plant and dispose of the City's municipal solid 

waste for fifteen years. In return for providinq 

this service, the City guaranteed to deliver to 

Americoloqy on a "put or pay" basis a minlmuri of 

226,800 metric tons (250,000 tons) of refuse 

annually. The Bechtel Corporation finalized 

Americoloqy's processinq design and completed 

construction of the plant in January 1977. 

Americology commenced startup operations in April 

of that year. 

The Americoloqy plant is located on 2 hectares 

(5 acres) near the downtown business section of 

Milwaukee. The Americoloay System also includes 

three transfer stations which collect refuse from 

outlying sections of the City. Operation of 

these stations, and the transportation o*' all waste 

and products has been subcontracted to Waste 

Management of Wisconsin, Inc. 
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System Size 

The Americoloqy plant is designed to process 

1452 metric tons (1600 tons) a day of refuse, two 

operating shifts per day, five days per week. In 

April 1980, after three years of overcominq start

up problems, the Americoloqy plant achieved its 

rated design capacity. It has demonstrated the 

capability to consistently produce at above de

sign capacity, averaging 764 metric tons (842 

tons) per 8-hour shift over one recent five-month 

period. 

II. TECHNOLOny 

Design Philosophy 

The plant was desiqned to produce a doubly 

shredded, airclassifled, refuse-derived-fuel 

through a relatively simple, low cost process, as 

well as reclaim ferrous, aluminum, alass and paper 

materials. Figure I is a simple flow diagram of 

the Milwaukee plant. 

1) Fuel Preparation 

Incoming refuse is delivered to the plant by 

15 ton compactor trailers, and 2-5 ton 

municipal packer trucks. Refuse is received 

on a tipping floor, which can hold approximately 
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MATERIAL FLOW CHART - AMERICOLOGY 

FIGURE 1 
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1361 metric tons (1500 tons) of m.aterial. 

The plant has two nearly identical processing 

trains, each capable of handling 63.5 metric 

tons (70 tons) per hour. Refuse is pushed 

into conveyor pits by front end loaders. 

The first processina step is a manual in

spection of the refuse to remove hazardous 

materials such as gasoline cans and larae 

quantities of aerosol bottles. Two pickers 

per train are responsible for removal of 

such dangerous materials, a step which 

Americology believes is critical to the safe 

operation of the plant. When the recycled 

paper market warrants recovery, two additional 

men per train remove newspapers and corrugated 

paper products from the refuse stream. 

After passinq throuqh the pickinq platform, 

the refuse is conveyed into 1200 HP Williams 

horizontal shaft hammer mills. Shredded 

refuse is fed directly to a ziq zaq air-

classifier of proprietary desiqn. The liqht 

fraction from the classifier is airveyed to 

a secondary Heil vertical shaft shredder. 

After shredding, the material is 90% minus 

3/4 inch and constitutes about 55 weight percent 
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of the as-received refuse. The refuse-

derived-fuel product is then airveyed to a 

disenqaqinq cyclone which deposits the pro

duct on a conveyor leadinq to two Heil com

pactors. The fuel is then loaded into trailers 

for transport. 

2) Materials Recovery 

The Americoloqy plant is designed to recover 

ferrous and non-ferrous metals and a qlassy 

agqregate from the airclassifier underflow 

stream. This heavy fraction is first conveyed 

under two Dinqs maqnetic separators where 

ferrous is removed. Approximately 6 weiqht 

percent of the as-received refuse is recovered 

as a ferrous product. 

After ferrous separation, the oriqinal de

sign of Americology envisioned removal of a 

glass aggregate for road building purposes, 

and reclamation of aluminum through a CARPCO 

eddy current separation system. However, 

relatively minor operatincr problems associated 

with glass and aluminum recovery have not 

yet been corrected and these sub-systems are 

not operational. Americology has completed 

detailed engineerinq required to upqrade 

these systems. 
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3) Fuel Handling and Storage 

Americology's light fraction RDF is trans

ported from the plant in trailers to Wis

consin Electric Power Company's facility 

at the Oak Creek Power Station 2 0 miles 

away. Three 15 ton capacity trailers at 

a time can unload RDF into a pit fitted 

with a drag chain conveyor. This conveyor 

feeds into a rotary valve from which the 

RDF is airveyed into the top of an Atlas 

storage silo. 

The capacity of the Atlas silo is 816 

metric tons (900 tons), but it is usually 

operated in 363-454 metric tons (400 to 

500 ton) range. The silo feeds RDF into 

four pneumatic transfer lines which have 

a total capacity of 54 metric tons (60 

tons) per hour. These lines lead to two 

310 mW steam boilers which are one quarter 

mile from the silo. The pneumatic trans

fer lines can feed one boiler at four 

corners, or two boilers at two corners. 
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Since the Atlas silo works on a last-in, 

first-out basis, the silo is emptied 

about every two weeks. This prevents 

bio-degratation which can cause over

heating, reduces moisture problems, and 

permits routine maintenance. Some very 

localized wear along the bottoms of 

horizontal transfer pipes and at elbows 

has been taken care of by annual rota

tion of the pipes and addition of wear-

back elbows. 

Supplemental Fuel Firing 

Two boilers at the Oak Creek Power Sta

tion, units 7 and 8, have been modified to 

accept RDF. These are base loaded, steam 

generators operating at 2400 psig, 1000°F. 

They are Controlled Circulation,^balanced 

draft, tangentially fired units. Each fires 

pulverized bituminous coal into four corners 

of the boiler at five different levels. Four 

separate RDF fuel nozzles were installed into 

the corners of each boiler above the level of 

the topmost coal nozzle. Each boiler qenerates 

2 million pounds per hour of steam to drive 

turbine-generators rated at 310 mW. 
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The Wisconsin Electric Power Company 

reports that the Oak Creek units were designed 

in the early '60's and constructed between 

1965 and 1967. Like many utility boilers of 

that era, the Oak Creek units initially had 

pressurized furnaces which later were converted 

to balanced draft. As such, these units have 

compact furnaces with a relatively high heat 

release rate. At the time of conversion, 

other system constraints dictated tight de

sign of the added induced draft fans allowing 

little, if any, capacity margin. This is 

proving to be an operational handicap for 

both firing coal alone, and co-firing coal and 

RDF. These units are not unusual in having 

little if any margin to accomnvodate changes 

in fuel quality or any increase in duty. 

Electrostatic precipitator performance and 

soot blower capacities also allow little 

room for variability in fuel quality or quan

tity. Further, air handling, bottom ash and 

fly ash removal capabilities are limited. 

The original boiler design was based upon 

firing good quality mid-western bituminous 

coal with a heating value of approximately 
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12,000 BTU per pound, 7% moisture and 8.5% 

ash. However, the quality of coal supplied 

to Oak Creek has consistently deteriorated 

over the years. A typical analysis now run 

at 11,300 BTU's per pound, 10.8% moisture and 

10.7% ash. Degradation of fuel quality was 

not anticipated in the original design. 

(Ref:-American Power Conference, April 1980, 

Chicago, II.) 

In short, due to deteriorating coal gual-

Ities, the Oak Creek units are more prone to 

furnace slag formation than was originally 

anticipated when firing coal only. WEPCO 

claims that the introduction of RDF, with its 

higher ash per BTU content, aggraves this 

operating problem. 

At the beginning of the RDF project, 

WEPCO was seriously concerned about potential 

erosion and corrosion of boiler tubes at Oak 

Creek. This subject was studied extensively 

by Combustion Engineering Inc. in a two-year 

effort during which about 100,000 tons of RDF 

were fired into one boiler equipped with 

sampling probes. The results of this study were 

presented to the American Power Conference in 

April 1980 with the following conclusion: 
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"On the basis of these initial probe 

studies, wastage of boiler materials does 

not appear to be noticeably affected by opera

tion with a 10% to 15% RDF co-fired with coal 

normally fired in WEPCO Oak Creek boilers 7 and 

8." 

(Ref:-American Power Conference, April 1980). 

C. Meeting Environmental Standards 

1. Air Emissions 

The Americology plant has no problem with 

air emissions. While there is a minor 

fugitive dust control problem within the 

plant, this has not posed a significant 

health problem. 

Particulate emissions at the Oak Creek 

Power Station reported by. WEPCO to the 

Wisconsin Dept. of Natural Resources, 

are generally greater when firing coal/RDF, 

than when firing coal alone at a given 

steam load (REF:-WEPCO Particulate Emissions 

Evaluation Program, final report 1980. 

Prior to the RDF program at Oak Creek, 

the electrostatic precipitator units 

could control coal particulate emissions 

to within state limits, but by only a 

small margin. At present WEPCO is 
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testing upgraded electrostatic precipita

tors while burning coal only. The up

graded electrostatic precipitators are 

expected to improve particulate emissions 

and may permit firing of coal/RDF within 

emission regulations. 

The effect on SO, emissions appears to 

be negligible, possibly resulting from 

the low sulfur content of the RDF. The 

relatively high chloride content of the 

RDF tends to increase hydrogen chloride 

emissions by approximately 0.05 Ib./lO BTU. 

However, cofiring RDF and coal results in 

decreased NO generation. (REF: American 

Power Conference). 

Water Effluents 

Combustion of RDF has not significantly 

increased water effluents at the Oak 

Creek Power Station. However, in 1982, 

the facility must meet a zero discharge 

level. Waste water equipment, including 

Lamella separators, has been installed 

to meet this requirement. Small quantities 

of floating, uncombusted RDF particles 
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affect the performance of the waste water 

treatment system and must be screened out. 

Equipment for this procedure is not yet 

in place. 

Design Advantages 

The Americology system provides a simple 

low-cost approach to RDF production. It pro

vides a less capital intensive alternative 

than waterwall incineration. The metal re

covery system has performed extremely well. 

Ferrous recovered generally has less than 3% 

organic contamination, making it perhaps the 

cleanest product in the industry. 

Plant Safety 

The Americology plant design has received 

high marks for health and safety. The Mid

west Research Institute, undei; contract to 

the National Institute of Occupational Safety 

and Health, recently conducted a comprehensive 
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survey of conditions in the plant. The re

port stated "that workers at the Americoloqy 

Resource Recovery facility are not exposed to 

any serious health hazards. In fact, very 

few potential health risks were in evidence 

at the facility." 

The report went on to state that Americoloay 

"is a good example of proper forethought in 

the planninq stage of such facilities and 

what can be accomplished when industrial hy

giene concerns are integrated into plant 

designs." 

Since April 1977, Americolooy has pro

cessed about 363,000 metric tons (400,000 tons) 

of refuse and no serious injuries have been 

sustained by anyone associated with the entire 

operation. There has been, however, three 

explosions in the primary shredder, one of 

which was guite severe and could have seriously 

injured a number of people. 

Americology has installed a number of 

additional safety features to diminish the 

threat of a new explosion and to minimize 

the effects if one should occur. Since 

December 1978, there has not been a single 

explosion. 
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The safety improvements included: 

Additional Fenwal explosion suppresant 

ecTuipment doubling the coveraqe previously 

installed. 

» Automatic water sprays throuahout the 

entire primary feed conveyor system 

instead of merely within the shredders. 

I Flammable vapor detection equipment near 

the output of the shredders. 

• Shredder enclosure consisting of a flame 

curtain and continuous blast mats woven 

from half-inch steel elevator cable to 

replace accoustical panels in the 

oriqinal design. 

• A qrid of 1*5" steel piping above the 

shredder room to contain any flying 

debris. 

• solid steel wall one-half inch thick 

between the shredder enclosure and the 

picking station. 

• A grid of Ih inch steel pipinq covering 

the picking station. 

With the protection the plant originally 

had, together with the use of two pickers 

per train to remove hazardous materials, 

Americology believes it had a very safe refuse 
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processinq plant. 

With the addition of the above mentioned 

safety features, Americologv believes that 

the threat of shredder explosions has been 

reduced. More importantly, however, the 

effects of any new explosion will in all prob

ability, be confined to the shredder enclosure 

itself. As no one is allowed in this area 

when the shredders are runninq, the chance 

of injury to personnel is siqnificantly reduced. 

F. Desiqn Flexibility 

The Americoloay plant desiqn could include 

the installation of fuel dryers to reduce 

RDF moisture content. However, the plant 

site in Milwaukee is too small to accommodate 

such equipment. 

In early 1981, under FPA fundinq to the 

County of Milwaukee, Americoloqy will be 

installinq densification equipment at the 

end of one processinq train to take half of 

that line's RDF product. Under a six month 

test proqram, approximately 2722 metric tons 

(3000 tons) of densified cubes 1!̂ " square 

will be produced and fired throuqh mechanical 

stokers into a 49,900 Kams (110,000 lbs.) 

per hour travellina arate boiler operated by 

the County. 
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III. OPFRATION 

A. Operating Fxperience 

From startup in April 1977 throuah Auqust 

1980, Americoloqv processed about 363,000 metric 

tons (400,000 tons) of refuse. Up until September 

1979, Americoloqy produced RDF on ten shifts per 

week, with five shifts devoted to maintenance. 

This constituted 24-hour operations, 5 days per 

week. At this level, the plant reauired 64 hourly 

personnel and a salaried staff o^ 24 to supervise 

the plant as well as the three transfer stations 

within the system. In September 1979, due to 

diminishing RDF sales, production was reduced 

to five shifts per week and in January 1980, pro

duction was again reduced to three shifts a week 

with two shifts per week devoted to .maintenance. 

At this level, the hourly staff numbers 24, while 

the salaried staff employs 2 0 people. 

The recent three year operating history of 

Americology on a per shift basis is shown in 

Fiqure 2. The dramatic increase in operating 

capacity was brouqht about by relatively few capî -

tal improvements and primarily was the result of 

attention to problem solvinq to increase the on-

streaT -̂ actor. 
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B. Plant Retrofit Proqram 

Since startup, there has been only one major 

revision to the plant's operatinq equipment. In 

mid-1978, in a $1.7 million retrofit proqram, 

Rader disc screens were added to improve the quality 

of the fuel product. Two screens in series were 

added to the airclassifier overhead RDF product 

stream. The first removes plus 4 inch materials, 

and the second reduces the ash concentration by 

removinq minus 3/8 inch materials. The former 

operation is completely successful and together 

with the addition of an overhead maqnetic separator, 

has virtually eliminated pluqginq problems in the 

pneumatic transfer lines at the Oak Creek Power 

Station. However, operation of the second 3/8 inch 

disc screen, has only been moderately successful. 

Instead of reducinq ash by 2/3's as full-scale 

trials had earlier indicated, ash has been reduced 

by only 2 5%, at a loss of 14% in m^ yield. The 

problem appears to be the location of these second 

screens which is downstream of the secondary 

shredders. To test this assumption, several full-

scale tests were conducted at the plant where all 

secondary shredder hammers were removed. The 
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results indicate that another 25% reduction in 

ash can probably be realized. In a contemplated 

$4.6 million, second staae modification program, 

these screens would be moved upstream of the 

secondary shredders. 

As part of the plant's first $1.7 million 

retrofit proaram, many of the heavy fraction con

veyors were widened. Finally, a four-segment 

Rader disc screen was installed to replace a vi

brating unit on one of the processing trains. 

The location is downstream of the ferrous recovery 

system on the heavy fraction stream and its in

tended purpose is to separate a minus 3/8 inch 

fraction for glass recovery; a plus 3/8, minus 

2 inch fraction for aluminum recovery; and a plus 

4 inch fraction for rejection to landfill. The 

plant's other processing train has a Triple S 

Dynamics trommel which is designed to provide 

similar separations. Unfortunately, due to surqing 

in the airclassifiers, caused by passinq the air

flow directly through the secondary shredder be

fore exhausting through a baghouse, too many 

light organic materials report to the heavy 

fraction. As a result screens as well as the 
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downstream glass and aluminum recovery systems 

become overloaded and cannot be operated. For this 

reason, the entire heavy fraction from Americology, 

after ferrous recovery, is sent to landfill. 

This represents about 45% of the as-received material. 

To correct the above problem, a second staae 

retrofit proqram has been enqineered and is ready 

for implementation. The major effort would be to 

separate the airflow within the airclassifier from 

the secondary shredder by installinq a new 250 HP 

fan and its own baqhouse system. Minor modifica

tions to the airclassifier itself would also be 

made. As previously mentioned, the 3/8" Rader 

disc screen on the airclassifier overhead stream 

would be relocated from its position downstream 

of the secondary shredder, to an upstream location. 

Finally, the existing wet glass recovery system 

would be replaced with a dry, pneumatic process 

and the aluminum system would also be upgraded. 

Material Balance Data 

During mid-1980, five careful material balance 

determinations were made at Americology. During 

these tests, Train #1 was run at processing rates 

ranging from 20 to 48 tons per hour using both 

small and large primary shredder grates. The 
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former had openinqs of 5" x 8" and the latter 

were 8" x 11". The processinq train was run for 

20 to 50 minutes, dependinq upon the feed rate. 

All materials processed were collected from eight 

processinq streams and each stream was weiqhed 

and analyzed for moisture and ash. Selected 

streams were handsorted for various constituents 

and sent to a testinq laboratory for heatinq 

value determinations. 

In reviewinq the data, it must be recalled 

that Americology considers the performance of 

its zig zaq airclassifier to be less than satis

factory. The unit performs quite well with respect 

to removing heavy materials from the fuel product 

overhead stream, but does not adequately remove 

light materials from the underflow. As previously 

discussed, this situation is a result of pneumatic 

suraes caused by passinq the airflow from the 

classifier through the secondary shredder before 

exhaustinq throuah a baqhouse. Americology believes 

that if the airclassifier airflow was separated 

from the shredder, suraes would be greatly re

duced, and perhaps even eliminated considerina 

the uniformness of the feed to the primary 

shredders. 
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A typical overall material balance is pre

sented in Table 1. In this case, 68.8% of the 

primary shredded refuse was carried out of the 

top of the airclassifier, and the remaininq 31.2% 

reported to the underflow systems. When larger 

primary shredder grates were used, the split was 

about 65/35 overhead to underflovr. when the 

feed rate is reduced to about 20 tons per hour, 

and the airflow is cut accordingly, splits of 

75/25 were attained. Americology believes that 

if the airflow around the classifier were separated 

from the secondary shredder, a similar 75/2 5 

split could be obtained at 50 or 60 tons per hour. 
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TABLE 1 

TYPICAL AMERICOLOGY 

MATERIAL BALANCE DATA 

MID - 1980 

Conditions: 29,485 lbs. Total Sample 

42 Tons Per Hour Processing Rate 

Maximum Airflow Through Classifier 

Small Primary Shredder Grates 

Stream Analyzed wt.% Ash % ^2^ ^ BTU/lb. 

Airclassifier Overhead 

Final RDF Product 

-3/8" RDF Rejects 

+4" RDF Rejects 

Airclassifier Underflow 

Ferrous Product 

Glass Feed 

Aluminum Product 

Aluminum Rejects 

+3/8", -2" Rejects 

100.0 

54.4 

14.0 

0.4 

19.9 

35.5 

5.4 

28.5 

21.6 

15.1 

5092 

4076 

7562 

6.7 

4.5 

0.2 

4.1 

15.7 

-

74.7 

56.9 

8.6 

25.5 

-

16.2 

15.0 

15.1 

21.6 

-

-

-

7258 

5026 



235 

Americology's RDF product is measured by 

WEPCO from samples taken several times each day. 

Average values for moisture, ash and heatinq 

value are 29.2%, 19.3% and 5035 BTU/pound respecr-

tively. Monthly averages are presented in Table 2. 

Most of Americology's airclassifier underflow 

streams were analyzed by hand sortinq 15 to 50 

pound representative samples. However, the 

ferrous product and glass recovery feed streams 

were not sampled durinq this period. Organic 

contamination of the ferrous product has averaged 

about 3 weiqht percent for several years. The 

glass feed stream from the -3/8" portion of the 

Rader disc screen typically runs about 50% glass 

and 30% organic materials. More detailed 

analyses of the remaining heavy fraction streams 

are presented in Table 3. 

Aluminum Recovery 

With its present airclassification configura

tion, aluminum recovery through the existing 

CARPCO unit is not practical due to heavy volumes 

of material reporting to the underflow systems. 

However, during the mid-198 0 material balances, 

the distribution of non-ferrous materials was 

carefully analyzed. The data from one run is 

depicted in Table 4 and indicates that 1.16 

weight percent of Milwaukee's refuse is non-ferrous 
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TABLE 2 

PROPERTIES OF AMERICOLOGY RDF PRODUCT 

(As R e p o r t e d by W i s c o n s i n E l e c t r i c Power C o . ) 

1979 
MONTH 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1980 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Average 

% HjO 

26.7 

31.0 

29.6 

30.1 

27.5^ 

27.3 

38.7 

32.7 

-

32.7 

-

26.2 

26.8 

24.7 

25.3 

26.3 

29.1 

24.2 

37.9 

29.2 

% ASH 

19.7 

19.0 

19.4 

23.1 

20.3 

22. 0_ 

16.5 

17.7 

-

17.4 

-

20.8 

17.6 

20.6 

18.6 

19.7 

18.7 

19.9 

16.6 

19.3 

BTU/Lb. 

5229 

4885 

5011 

4807 

5117 

5030 

4449 

4771 

-

4862 

-

5314 

5385 

5480 

5199 

5163 

4832 

5384 

4675 

5035 
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TABLE 3 

ANALYSIS OF AMERICOLOGY AIRCLASSIFIER UNDERFLOW STREAMS 

Aluminum Rejects: 

Non-Ferrous ~ 10.5% 

Ferrous ~ 1-3 

Wood - 5-2 

Hv. Plastic, Rubber - 30.5 

Paper, Lt. Plastic - 52.5 

Aluminum Product: 

Non-Ferrous - 56.9 

Other - 43.1 

- 10.5 

- 0.8 

+3/8", -2" Rejects 

Non-Ferrous 

Ferrous 

Paper, Wood, Lt. Plastic- 29.3 

Food, Animal Matter - 38.2 

Hv. Plastic, Rubber - 9.1 

Glass 

Inerts 

- 8.3 

- 3.8 

+4" Rejects: 

Ferrous 

Wood 

Paper, Textiles - 32.3 

Hv. Plastic, Rubber - 6 0.2 

- 3.2 

- 4.3 
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TABLE 4 

TYPICAL NON-FERROUS MATERIAL BALANCE 

Conditions: 2 9,48 5 lbs. Total Sample 

42 TPH Processing Rate 

Maximum Airclassifier Airflow 

Small Primary Shredder Grates 

Stream Analyzed 

Aluminum Product 

Aluminum Rejects 

+3/8", -2" Rejects 

Final RDF Product 

Total Non-Ferrous in Refuse 

WT. % of 
Refuse 

0.20 

4.1 

15.7 

54.4 

WT. % 
Non-Ferrous 

56.9 

10.5 

2.2 

0.5 

WT. % 
Non-Ferrous 
In Refuse 

0.11 

0.43 

0.35 

0.27 

1.16 
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The average for all five material balances 

was 1.1% non-ferrous with very little scatter in 

the data. Table 4 indicates that about 25% of 

all the non-ferrous is lost in the airclassifier 

overhead stream. Larger primary shredder grates 

and an improved airclassifier confiquration would 

probably reduce these losses sianificantly, while 

causinq only a modest increase in secondary 

shredder duty. A substantial 30% loss of non-

ferrous materials occurs in the minus 3/8 inch, 

plus 2 inch reject stream from the Rader screen. 

Larger primary shredder grates could be expected 

to reduce these losses substantially. It is also 

possible that with a properly operatinq airclassifier,' 

the entire plus 3/8 inch, minus 4 inch stream could 

be processed throuqh the CARPCO unit. 

The original Americoloqy concept was to re

cover only hiqh valued non-ferrous metals such as 

can stock, while rejecting the minus 2 inch 

material which contains a hiqher percentaqe of 

zinc and red metals. However, improvements by 

others in density separation of non-ferrous 

materials has now advanced to where such rejec

tion at Americoloqy is no lonqer warranted. 
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E. Approach to R e l i a b i l i t y 

Americology has two n e a r l y i d e n t i c a l p r o c e s s i n g 

t r a i n s ra ted a t 70 TPH,. After two yea r s of s t a r t u p , 

these t r a i n s now perform a t b e t t e r than maximum 

desiqn capac i ty with an onstream f a c t o r of a p p r o x i 

mately 75%. There i s no d e r a t i n g of t h e p l a n t and 

the amount of equipment revamp t o ach ieve t h i s 

r a t e was r e l a t i v e l y minor for a f i r s t - o f - i t s - k i n d 

f a c i l i t y . 

IV. ECONOMICS 

At present, Americology has had difficulty in 

selling a high proportion of its RDF product. Until 

this situation is resolved, it would be premature 

to discuss economics. 

V. MARKETING PHILOSOPHY 

A. Sales Approach 

At present, Americology has put its marketing 

efforts in other cities in abeyance pending reso

lution of our financial problems in Milwaukee. 

However, our philosophy at the time of Milwaukee 

was to approach cities on a direct basis as well 

as to respond to requests for proposals. Americology 

prepared the preliminary desiqn for its plant; 

Bechtel, Inc. was hired to finalize the desiqns 

and to construct the facility. 
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Procurement Approach 

Americoloqy's approach was to provide full 

service to a municipality takina responsibility 

for design and long-term operation. While Ameri^ 

cology in Milwaukee is owned and paid for by the 

American Can Company, ownership of future facilities 

would probably be subject to different arrange

ments. Since American Can's philosophy is to pro'̂  

vide a turnkey service, we do not believe that 

this approach fits well into A&E procurement 

procedures. In Milwaukee, we had no difficulty 

with state bidding laws, but we recognize that 

there are different situations in other cities. 
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ECO-FUEL^ II: THE THIRD GENERATION 

F. Hasselriis, H. Master, C. Konheim, H. Betzig 

Combustion Equipment Associates, Inc. 
555 Madison Avenue 

New York, N.Y. 10022 

ABSTRACT 

Municipal solid waste, at 600 tonnes per day, has been converted 
at Bridgeport, Connecticut, by embrittling and hot ball milling, 
to ECO-FUEL'^ II (ECO-FUEL), a dry powdered fuel. 

The free flowing ECO-FUEL, devoid of troublesome cellulosic 
fibers, is readily stored, transported, pneumatically conveyed and 
precisely metered to burners. Co-firing with residual oil has ex
ceeded 51% without apparent loss of boiler efficiency. The low Ig
nition temperature and high volatile content of ECO-FUEL improves 
oil combustion, and reduces NOx. Stack emissions are within State 
permitted conditions. Furnace slag flows readily, and routine soot 
blowing removes superheater deposits. 

Operating experience was reviewed to develop the third genera
tion process. Better materials separation and size reduction tech
niques will result in greater simplicity, reliability, safety, eco
nomy and minimum downtime. The process may be "piggy-backed" to RDF 
"fluff" processes to maximize fuel value. One tonne of ECO-FUEL is 
equivalent to 2.82 barrels of oil. The fuel sold for $3.43 per mil
lion kj. 

BACKGROUND 

Combustion Equipment Associates, Inc. (CEA) is an international company 
engaged in manufacturing of pollution controls, agricultural equipment, ener
gy conservation and combustion systems, and design and operation of resource 
recovery facilities. These capabilities were used in developing a process to 
produce fuels from municipal solid wastes and blomass. 

CEA's attention to resource recovery began a decade ago when residual 
oil was selling for under ten cents a gallon. Having just acquired Interna
tional Boiler Works, a licensee of a major European water wall Incineration 
technology, CEA could have pursued the direction of mass burning of municipal 
wastes. However, to a company in the forefront of designing pollution con-
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trol systems this appeared to be inconsistent with the thrust of national 

environmental policy. CEA sought an innovative method of extracting energy 

from refuse. 

In the early 1970's CEA set up a facility to process municipal solid 
waste (MSW) and produce refuse-derived-fuel (RDF) at East Bridgewater, MA, 
where CEA was under contract to dispose of MSW using a more conventional in
cineration system. In association with Arthur D. Little (ADL), CEA produced 
a fluff RDF (ECO-FUEL'^ I). It was found that reduction of fuel moisture con
tent to 15X or less would arrest microbiological activity, improving storage 
life, classification efficiency and the ash content of the fuel. 

While this was a breakthrough in refuse-to-energy technology, ECO-FUEI?! 
shared some of the commercial disadvantages present in fluff RDF. Large par
ticle size and low bulk density adversely affected storability, transporta
bility and efficient combustion of this fuel. 

In an effort to overcome these disadvantages, CEA and ADL began an in
tensive research and development program to design an advanced process for 
recovering energy and materials from MSW with these basic objectives: 

° Reliability - the process should use proven equipment with high 
on-stream availability. 

° Flexibility - it should be possible to modify the process to take 
advantage of future technology. 

o Compatibility - the process should be compatible with other recycling 
programs such as source separation and source reduction. 

0 Recovery and Marketability - the process should strive for high re
coveries of marketable by-products. 

o Energy Efficiency - the process should maximize energy recovery and 
minimize use of fossil fuels and electric power in the overall process 
of converting MSW to energy. 

o Mobility - the product should be a fuel which is readily and indefin
itely storable, and which could be transported and metered using con
ventional Industrial techniques. 

Further laboratory development work suggested that use of a combination 
ot selected, readily available, inexpensive chemicals, in combination with 
heat embrittled the cellulosic fraction of MSW, essentially eliminating its 
troublesome fibrous nature, reducing it to a free-flowing powder with a 
dramatic reduction in grinding power requirements. 

more !"^^"^ " ? " °^ ^"^' laboratory investigations were continued to define 
T a H o ^ f r y optimum conditions (i.e., the most effective chemicals, 
powdered f u e f ^ H / " "'! "̂'̂  temperature ranges), for production of the dry 
FUFn p ,̂  ̂ ^^"^'^"^ ^^ '^^f-* ''y ASTM E-38) and named ECO-FUEL^ II (ECO-
deveLp thrn^T^"'' ^"^ '° September 1975, a pilot plant was operated to 

H tne aesign parameters for a commercial faciiiKV aw* to or.w,.̂ *. '..,.-• --
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cient quantities of ECO-FUEL for evaluation and combustion testing. During 
this period about 18 tonnes of ECO-FUEL were produced. 

Using the results of the three-year development program, a commercial-
size prototype plant was built In East Bridgewater and operation started in 
February, 1977. The plant could convert 20-25 tonnes per hour of MSW to 
8-10 tonnes per hour of ECO-FUEL. Production was suspended in July, 1980 In 
order to concentrate manpower and resources on the startup of the new faci
lity in Bridgeport, Connecticut. 

ECO-FUEL FIRING 

The first commercial demonstration of ECO-FUEL firing took place at 
Fitchburg, Massachusetts, in an Industrial power boiler generating 9 tonnes 
per hour of steam. The boiler was equipped with a combination pulverized-
coal/residual oil-firing burner, then burning oil only. A portable feed 
hopper, blower and duct, connected to the burner permitted test-firing of 
the boiler at various ratios, including self-sustained firing without oil. 
CEA confirmed that ECO-FUEL could be stored, retrieved, metered and trans
ported pneumatically to the burner, and that it burned better than pulverized 
coal. When firing ECO-FUEL in combination with No. 6 residual oil, the flame 
envelope became shorter and more luminous. When ECO-FUEL was fired alone, 
the flame was stable, clean and intense. The demonstration justified a 
larger, full-scale industrial application. 

CEA acquired a steam and electric power-generating boiler plant in 
Waterbury, Connecticut and installed a permanent ECO-FUEL storage and firing 
system. The plant had two boilers, designed for coal firing (then burning 
oil), with most of the burner system for coal-firing intact. Unit #1, with a 
steam capacity of 125 tonnes per hour and Unit #2, with a 62 tonnes per hour 
steam capacity, were equipped with ECO-FUEL storage, petering and pneumatic 
fuel transport lines. After burning for over a year, performance confirmed 
the favorable observations at Fitchburg and provided the design criteria 
for commercial application of the ECO-FUEL burning system at a major electri
cal generating station. 

THE BRIDGEPORT/RESOURCE RECOVERY FACILITY (1) 

In 1976 CEA joined with Occidental Petroleum Company to form CEA/OXY 
Resource Recovery Associates, to design, construct, and operate a resource 
recovery system for the Connecticut Resource Recovery Authority (CRRA) in 
Bridgeport, Connecticut. Previous to this, CRRA had contracted with the 
United Illuminating Company (UI) to use all fuel produced at a Bridgeport 
Resource Recovery Facility in its Bridgeport Harbor Station. 

CEA, performing as general contractor, broke ground in Bridgeport in 
June, 1976. Final engineering was conducted parallel with construction in 
order to expedite completion. Extensive midpoint modifications were under
taken following an explosion in the East Bridgewater facility in November, 
1977. Strikes and severe weather created delays in 1978. The facility 
began to receive refuse in May, 1979. 
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During the startup phase it was decided to concentrate on startup of 
only one of the two parallel lines, so that the second line could be modified 
later with whatever revisions were found necessary. By the spring of 1980, 
the single line was up to half its design capacity, with an on-stream relia
bility of approximately 33%. In May, 1980, a task force of CEA personnel was 
assigned to accelerate the startup by eliminating choke points and areas of 
low operating reliability. This team addressed numerous areas which required 
optimization and heavy Investment by CEA. During this period, high-quality 
ECO-FUEL was produced and fired at increasing rates, reaching a maximum of 
500 tonnes per day of MSW processed with an on-stream reliability of 65%, and 
51% firing at United Illuminating with excellent performance. Figure 1 shows 
graphically the 1980 Bridgeport operating experience. 

BURNING ECO-FUEL AT UNITED ILLUMINATING (2) 

The 86 MW BiW boiler which generates 6.9 MPa (1500 psi) steam at 538 C 
(1000 f), has a high power cycle efficiency of 34%, requiring only 10.55 MJ 
per kWhr. It was equipped with three cyclone burners, originally burning coal 
or oil. Coal had not been burned for over 15 years, and much of the coal 
handling equipment was removed or inoperable. ECO-FUEL feeding systems were 
installed for each of the three burners, consisting of a fuel storage silo, 
Acrison weigh-feeder, rotary airlock, blower, and 200 mm pneumatic feeding 
lines discharging the fuel into the primary air duct of the cyclone furnace. 
Each burner system can feed up to II tonnes per hour, representing 200 GJ 
(189 million Btu) per hour. The three burners can replace 93 bbl per hour of 
residual oil, which is 65% of unit capacity. 

A new ash-removal system was installed to remove the slag drained from 
the furnaces (mostly frit), transport it with sluicing water to a screen and 
thence to a container body for disposal. The fines are accumulated by a 
thickener and discharged to the waste water treatment system of the entire 
power plant. 

Over a three-month period firing was tested up to 2.3 tonnes per hour 
through each burner, then advanced to 3.5 tonnes per hour. At this point 
slag was seen flowing into the slag tank, and a boiler inspection conducted 
to assess slag and flyash distribution throughout the boiler. The inspection 
team, composed of representatives of Babcock & Wilcox, UI and CEA found the 
cyclone walls were evenly coated with protective slag. The superheater-re-
heater tubes had soft brownish ash deposits on the leading edges which were 
loosely bonded and were easily removed by sootblowing. No bridging of tubes 
was observed. The hoppers below the superheater and economizer contained a 
granular ash and the Ljungstrom air preheater was clean. The precipitator 
eaten was tan, as compared with the gray color with oil firing. 

the hI??o''°^^^""°",°^ '̂ ^ inspection team was that "nothing was evident in 
from flH ^ r ^ r,° "̂"̂ ^̂ '̂̂  ̂ "y inmediate adverse affects in the boiler 
dlffpronf ^. .""^^"^I- Subsequent inspections did not reveal essentially 
Af er ê .V, "^ ""̂  ^^'^^"S ""^^^ "̂ '̂ ^ increased to 20% and over. 
Utilltv nffi^'T'u"" """P^^" °^ ''l̂ S '̂"'i fly^^h were taken for analysis. 
satisZctZ.:\ reported that the fuel has been proven to be entirely 

that the supply was'ir^t'd "° P""^"" "'"^ '^^ boilers; they only regretted 
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FUEL CHARACTERISTICS 

Although it is refuse-derived, ECO-FUEL is, in the true sense of the word, 
a specification fuel since it has the required characteristics: a high heat 
ing value compared with many coals and wood; can be burned readily in burners 
and boilers designed for fossil fuels without changes to the burner; produces 
essentially the same furnace temperatures as fossil fuels; does not require 
more combustion air per unit of heat released than fossil fuels, nor are more 
gases released to the stack. 

Actually, cellulosic materials in MSW and blomass crops and wastes re
quire about 7% less oxygen for combustion and produce substantially higher 
flame temperatures than fossil fuels. Combined with their high volatile con
tent and the low temperatures at which they are released, these materials can 
be made into fuels which improve the combustion of fossil fuels, provided 
that they are dried and reduced to small particles. 

A good fuel should have these characteristics: 

• Low moisture for rapid combustion; low excess air; high combustion 
temperatures and minimum boiler stack losses; and complete combustion 
of all components especially chlorinated ones. 

• Low ash, reducing transport weight, boiler deposits and slagging, and 
minimizing ash-handling equipment. 

• Small particle size to accelerate and assure complete combustion. 

• Free-flowing characteristics to facilitate fuel handling, storage 
and feeding to the burner. 

• High density to reduce storage and transport .volumes and the size 
of feeding devices. 

• Low variability of its properties to minimize upsets and unbalances 
of fuels/air ratios in combustion, pressure fluctuations in the fur
nace, and consequent requirements for excess air and generation of 
products of incomplete combustion. 

ECO-FUEL meets the above requirements better than less-processed, refuse-
derived fuels mainly due to its low moisture and powder consistency. 

The original specifications of ECO-FUEL are listed in Table I. The fuel 
produced actually improves on these specifications In moisture, ash and heat
ing value, as shown in Tables II to IV. 

The value of a fuel depends upon its chemical composition which deter
mines its dry, ash-free heating value and, secondarily, upon its moisture 
and ash content, which subtract and detract from its use-value. 

Table II compares the proximate and ultimate analyses of several coals, 
ECO-FUEL, Agrifuel and residual oil for comparison on a dry basis. Pine 
bark and ECO-FUEL have high volatile contents: 73 and 74%, as compared with 
coals, which range around 40%. On an ash-free basis, ECO-FUEL and AGRI-FUEL 
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have 85% volatiles. 

The dry, ash-free heating value of bark and ECO-FUEL is about the same, 
21.7 MJ/kg, as compared with 23 for western coal, two thirds that of Penn
sylvania coal and half that of the oil. 

TABLE I 

CEA SPECIFICATIONS FOR ECO-FUEL^II 

Higher Heating Value 

Particle Size 
Moisture Content 
Sulfur Content 
Ash Content 
Specific Heat 
Density 

17,400-18,600 kJ/kg 
(7500-8000 BTU/lb) 
less than 50% less than 200 mesh 
less than 5% 
less than 1% 
less than 15% 
0.45 BTU/(lb)(OF) 
0.3-0.6 g/cm3 (20-40 Ib/cu ft) 

TABLE II 

COMPARISON OF CELLULOSIC WITH FOSSIL FUELS (DRY) (3) 

PROXIMATE 
ANALYSIS 
Volatile 
Fixed carbon 
Ash 

ULTIMATE 
ANALYSIS 
Hydrogen 
Carbon 
Sulfur 
Nitrogen 
Oxygen 

HIGHER 
HEATING VALUE 
Dry MJ/kg 

BTU/lb 
Dry, Ash Free 

MJ/kg 
BTU/lb 

PINE 
BARK 

72.9 
24.2 
2.9 

5.6 
53.4 

.1 

.1 
37.9 

21.0 
9030 

21.6 
9300 

*AGRI-FUEL is produced by a 
crop wastes such as bagasse 

C 0 A L S 
WESTERN PENN. 

43.4 
51.7 
4.9 

6.4 
54.6 

.4 
1.0 

33.8 

21.9 
9420 

23.0 
9900 

37.7 
52.2 
10.1 

5.0 
74.2 
2.1 
1.5 
7.1 

31.0 
13310 

34.5 
14800 

CEA process 
and energy c 

ECO-FUEL 

74.0 
13.0 
12.0 

5.7 
42.0 

.7 

.6 
29.0 

19.1 
8200 

21.7 
9318 

AGRI-FUEL* NO. 6 

83.0 
15.0 
1.1 

5.0 
43.9 

.2 
,5 

48.8 

18.9 
8130 

19.1 
8220 

for embrittlement 
tops. 

OIL 

99.5 

0.5 

11 
88 
1 

41.9 
18000 

42.0 
18090 

and grinding of 
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The heating value of undried RDF suffers severely from its high moisture 
and associated high ash. The thermal value of the fuel must be evaluated 
using as-received moisture. The moisture in the fuel contributes to the 
water vapor released in the combustion process, and also affects the excess 
air required for combustion, thus reducing the boiler efficiency. Figure 2 
shows the effect of fuel moisture on boiler efficiency. Figure 3 shows the 
effect of fuel moisture on the amount of stack gases per unit of steam gener
ated by the boiler taking into account the excess air requirements which in
crease with fuel moisture. Figure 4 shows how the steam generating capacity 
of a boiler is reduced due to the fixed capacity of the induced-draft fan and 
the increased fraction of water vapor and excess air. 

Table III compares moisture, ash and higher heating values (HHV) of ECO-
FUEL and two typical RDF-3 types. The moisture content of ECO-FUEL is 2.6 
with a percent standard deviation (PSD) of 31%, whereas the St. Louis EOF is 
26.6% with 27% PSD. The Ames RDF has about the same moisture but a smaller 
PSD, possibly because there is less food waste or the processing removes more 
of the variable-moisture materials. Ash content shows a PSD of about 22% for 
the RDF and 14% for the ECO-FUEL. 

On an as-received basis the heating values vary substantially, ranging 
from 10.6 to 18.3 RJ/kg. On a moisture-and-ash-free basis the mean HHV ran
ges only from 21.2 to 22.2 kJ/kg, with percent standard deviations ranging from 
2.6 to 6.2% of the mean. The as-received HHV ranges from 10.6 to 18.3 with a 
PSD range of 4.3 for the ECO-FUEL to 12.9 for the St. Louis RDF. 

From the standpoint of combustion in a boiler, it is more appropriate to 
consider the fuel properties as related to a unit of heat released by the 
fuel, such as per GJ or Million BTU, as listed in Table IV. 

TABLE III • 

COMPARATIVE PROPERTIES OF RDF-3 AND RDF-4 

PROPERTY 

MOISTURE 
ASH 

HHV, MJ/kg 
As received: 
Dry ash free: 
HHV, BTU/lb 
As received: 
Dry ash free: 

DENSITY, g/cc 

Sample period: 

ECO-FUEL 
(RDF-4) 

mean % 

2.6 
12.5 

18.31 
21.69 

7870 
9324 

0.48 

s.d 

31.0 
14.0 

4.3 
3.5 

4.3 
3.5 

12.6 

80 trucks 

ST. LOUIS (4) 
(RDF-

mean % 

26.6 
21.7 

10.62 
22.19 

4565 
9540 

0.07 

-3) 
s.d. 

27.4 
21.2 

12.9 
6.2 

12.9 
6.2 

22.0 

97 daily 

AMES, IOWA (5) 
(RDF-

mean % s 

24.5 
18.0 

11.98 
21.16 

5150 
9096 

0.17 

-3) 
.d. 

7.0 
22.2 

4.2 
2.6 

4.2 
2.6 

14.1 

22 weeks 
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TABLE IV 

WEIGHT OF CONSTITUENTS OF RDF PER MJ OF HEATING VALUE 

ECO-FUEL ST. LOUIS (4) AMES (5) 
Mean % SD Mean % SD Mean % SD 

WEIGHTS, kg/GJ 
FUEL 
MOISTURE 
ASH 
SULFUR 
CHLORIDE 
STACK GAS 

i4.6 
1.4 
6.8 
,38 
.33 
403 

4.3 
31 
14 
13 
13 

94.2 
25.0 
20.4 
.17 
.43 
460 

6.4 
12 
11 
15 
28 

83.5 
20.5 
15.0 
.36 
.20 
441 

7.8 
29 
18 
25 
45 

CUBIC METERS OF FUEL 0.11 13 1.35 13 0.49 24 

As-received properties are important from a transport standpoint, but 
weights per unit heat release are more important from the boiler standpoint. 
The sulfur content on this basis, eliminating the diluting effects of moist
ure and ash, will surprise many who are more familiar with data on an as-re
ceived basis. The sulfur content of refuse has a wide variability due to the 
variability of the constituents, such as food and rubber, which contribute 
to sulfur. There is close agreement on Moisture and Ash-Free Heating value 
(MAF HHV). Normal MSW, containing food and plastics, has a MAF HHV close to 
9500 to 9600 BTU/lb. A relative lack of plastics and oils may account for 
the substantially lower MAF heating values reported for Ames. 

The percent standard deviation (PSD) of the mean values of fuel shipment 
samples (collected as noted at Bridgeport, St. Louis and Ames), indicates the 
amount of variability of the properties. The ECO-FUEL is much less variable 
than the fluff RDF-3 in most cases. The 31% variation in ECO-FUEL moisture 
represents 1% fuel moisture variation, as compared with 27.4% of 26.6 or 
7.3% and 7% of 24.5 or 7.3% variation for the other RDFs, at one standard de
viation. Translating standard deviation into confidence level, the weight 
of moisture in the fuel for 95% of the samples will vary within a range of 
+1-1.4/, 13% and 3% of the fuel weight for the ECO-FUEL, St. Louis, and Ames 
fuels, respectively. 

Considering heat content, the difference is striking. One GJ is con
tained in 55 kg of ECO-FUEL, occupying 0.11 cubic meter. A GJ of RDF-3, on 
the other hand, would occupy 4 to 12 times the volume and would weigh about 
i.j times more. 

wel^.hw'^""! characteristics include ease of removal from storage, transport 
otlfrrl'^ M T"? '^ ^̂ '̂̂ "̂̂  '° burners. ECO-FUEL stores and handles like 
?ests InH h"^^ free-flowing powders such as pulverized coal. Based on 
less than T.'T^'^T' ^' ""^'^-^ Illuminating, it can be fed to burners with 
can beTnnV; 11 ̂ f\ .\^°" ^" ^^^^ and about 1% weight precision. ECO-FUEL 
can be controlled fully automatically as a prime fuel. 

rhsr J i r ! ^^°"^"^L is as combustible as paper and has the combustible 
aracteristics of Pittsburgh pulverized coal, it is contained in vessels 
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able to withstand at least 5 psi pressures. At UI, the design rating in the 
feeding system was increased to 40 psi, well within the range readily with
stood by the pneumatic conveying blower and piping. 

COMBUSTION CHARACTERISTICS OF ECO-FUEL, RDF-3 AND FOSSIL FUELS 

Figure 5 shows the Burning Profiles of distillate oil, ECO-FUEL powder 
and briquets, residual oil, and a typical coal. These profiles, published 
by Babcock and Wilcox (7) and Hecht (8), show the rate of weight loss versus 
furnace temperature, and thus the rate at which volatiles are released during 
combustion. Distillate (No. 2) oil starts to release volatiles directly 
above ambient temperature, and peaks at about 150 C. ECO-FUEL also has a 
small peak at this temperature, indicating, perhaps, the presence of oils. 
When the distillate oil Is completely burned out, the ECO-FUEL peak starts, 
topping out at 300 C, and is burned out at 380 C. A small peak develops over 
400 C. 

Residual oil, being a blend, will show various peaks according to its 
composition. The curves shown are typical. The first peak coincides with 
the ECO-FUEL peak at 300 C. Additional peaks in the 400 to 500 C range rep
resent the more carbonaceous oil fractions which are prone to cause soot or 
cenosphere formation since these particles do not all burn out within the 
furnace envelope. 

The profile for ECO-FUEL briquets starts just as sharply as the powder, 
and at the same temperature, but is wider, and is sustained in the 400 to 500 C 
range due to the delayed combustion of the briquet. The volatiles are driven 
off quickly and the char which remains, although porous due to the loss of 
volatiles, burns more slowly, like residual oil. 

Coal starts to burn at 300 C, peaks at 500 C, and continues to burn up 
to 800 C as the char remaining after devolatillzation is burned. Since it 
has less volatile matter, the char is less porous and takes more time to burn. 
It is also nearly pure carbon, which requires a very high temperature to burn. 
This explains why coal is more prone to create black smoke and produces so 
much carbon in the flyash. Pulverized coal Is faster burning, of course, but 
this material burns much more slowly than powdered ECO-FUEL. 

In a comparison of ECO-FUEL with oil and coal, then, it can be described 
as slower-burning than distillate #2 oil, similar to the light fractions of 
residual oil, such as #4 oil, and much faster-burning than residual #6 oil, 
and pulverized and lump coals. We note that the low ignition temperature and 
high volatile content causes a rapid heat release, without the troublesome 
char phase which plagues residual oil and coals. 

It is not surprising, then, that the use of ECO-FUEL with either resid-
al oil or coal improves the combustion of these fossil fuels by the early 
release of gaseous fuel which accelerates the combustion of the slower-burn
ing fuels, helping them to attain complete combustion within the furnace. 

For the same reason that oil has to be atomized and coal pulverized, RDF 
must be size-reduced to achieve efficient combustion. The particle size has 
a significant effect on the time required to burn a particle, as is shown In 
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Flcure 6 which shows the burning times required versus particle size for 
carbon spheres and plates, as developed by Howard. (8) These times are 
based on high oxygen concentration. As the oxygen concentration is reduced 
bv consumption of oxygen or by dilution by water vapor or combustion products, 
the rate of combustion decreases. The area marked for combustion of pulver
ized fuels, such as ECO-FUEL and coal reflects the loss of oxygen as the com
bustion proceeds, and shows that 0.1 to I second is required. The time re
quired to burn RDF-3 is an order of magnitude greater, around 10 seconds. 
This area is much broader due to the diverse materials present in partially 
refined RDF. When relying on suspension firing of RDF-3, many combustion 
chambers cannot provide this much time, resulting in Incomplete combustion 
and char. 

Particle thickness is obviously important, but so is the length of a 
flake since oxygen is not able to reach the burning material while water 
vapor and the products of combustion are leaving. Actual burning times of 
large particles of RDF-3 have been observed to range from 10 to 30 seconds, 
including time to heat up to ignition temperature, devolatilize and burn 
the char. (9) 

Although drying the fuel requires additional capital and operating ex
pense, these costs are more than compensated for by improved combustion effi
ciency and net energy recovery. In addition, variations In moisture content 
in the fuel create storage, transport and metering problems. 

Poor combustion caused by variations in fuel moisture, rates of feed to 
combustion chambers and in particle size and shape results in boiler tube cor
rosion. Products of incomplete combustion can result due to such variations. 
These can present especially serious problems in the case of chlorinated 
dioxins and furans which can be formed under some combustion conditions. 

EMISSION CHARACTERISTICS OF COFIRING WITH OIL 

Figures 7 to 9 show graphs of the SOx, particulate, and NOx emissions of 
the UI boiler at various firing rates up to 20% of heat input. The particu
late data show the wide range of fluctuation characteristic of precipitator 
performance. All points are well under the state code of 85 ng/J (0.2 lb per 
million BTU), and are consistent with the assumed precipitator efficiency of 
94% or better. The SOx increased as ECO-FUEL firing was increased, but stayed 
under the variance limit of 425 ng/J (1.0 pound per million BTU). NOx emis-

lirBTOras ECrFUF7'f?\'°" '"'"/'° '° """"^ " ° "̂ -̂̂  (0-^ ^° °-2^ Ib/mll-
the boiler '̂  """^"^ "^^ Increased above 10% of total heat input to 

FUEL ASH, SLAG AND FLYASH CHARACTERISTICS 

nalyses of fuel ash, slag, tube deposits, 
„ „ff , - ^ - ̂ fter firing 2000 tons of ECO-FUEL in the Ui poller, in 
nreMnif. ^ ^^J" ̂  profile of ash chemistry throughout the boiler. The 
taken f n v " "^^ , ^^"P^^ obtained during co-firing is compared with a sample 
taKen tor a period of n^^ f̂ -J 

flvoJ^''^^ y ^̂ '""̂  analyses of fuel ash, slag, tube deposits, hopper ash and 
tlyash samples taken after firing 2000 tons of ECO-FUEL in the UI boiler, in 
an etrort to nhi-a4r. ̂  «^«c4i_ . .̂  , , . . . ' 

taken for a period of oil firing. 



253 

TABLE V 

ASH AND SLAG PROFILES FROM ECO-FUEL/OIL FIRING (2) 

FUEL 
ANALYSIS 

ASH 

Si02 
A1203 
MgO 
CaO 
Na203 
Fe203 
803 

5 0 . 7 
1 1 . 3 

1.2 
8 . 0 
5 . 8 

1 8 . 6 
2 . 2 

SLAG 

BOTTOM FURN 

1 5 . 1 
4 0 . 0 

3 . 3 
5 . 2 
1 .5 

3 0 . 9 
0 . 1 

1 3 . 9 
4 1 . 9 

9 . 0 
1.4 
1 .0 

2 9 . 7 
0 . 5 

ASH FUSION TEMPERATURES, OF: 
Sof ten 2200 1990 2105 
F l u i d 2400 2200 2200 

Loss on I g n i t i o n , % 

SUPERHTR AIR HTR PRECIPITATOR CATCH 

DEPOSITS HOPPER OIL/ECO-FUEL 

26. 
6. 
3, 
5, 
4, 

44. 

1600 
1950 

32.2 
16.5 
4.8 

10.4 
7.6 

12.1 
13.7 

4.5 

27.6 
12.8 
5.9 
8.8 
7.2 

12.1 
16.8 

OIL 

19.3 
10.5 
5.5 
5.9 
7.0 

11.5 
23.9 

21.^ 

THE ECO-FUEL PROCESS - THIRD GENERATION 

The design of the Bridgeport Facility was evolved from the East Bridge-
water Facility. Many Improvements resulted from operating experience and re
search and development both inside and outside CEA. Experience was obtained 
at East Bridgewater with a flail mill, primary trommel and air classifier/ 
dryer and a secondary trommel to remove fine inerts. The high ash in the pro
duct showed that glass should be removed before shredding to avoid irrever
sible entralnment. The decision was made to use this arrangement at Bridge
port based on extensive testing, done by CEA's R&D department, of the Primary 
Trommel prior to shredding and supported by full-scale experience at Recovery 
One. This arrangement, combined with partial drying, produced a low-ash fluff 
RDF feed to the embrittling and grinding process and an ECO-FUEL product hav
ing an ash content which could be adjusted within the range of from 10 to 15%. 

The third generation system was developed based on further R&D studies 
and in-plant testing and operation of the East Bridgewater and Bridgeport 
plants, which provided more complete understanding of the relationship between 
the unit operations, the amount of rejected materials and the product ash 
content. 

Comprehensive project design data has been prepared for the third genera
tion plant, including flowsheets, material and energy balances, P&ID's and 
layouts. A plant model, major equipment specifications and detailed cost 
estimates have also been completed. 

The third generation was designed to meet these objectives: 

° Simplify the process as much as possible. 
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o Maximize equipment reliability and safety. 

0 Use straight-line arrangement of the main process equipment. 

0 Minimize the number of conveyors and material transfer points. 

o Provide adequate access to equipment for maintenance. 

o Improve dust and odor control. 

0 Isolate equipment with explosion potential. 

o Provide means for diverting process flow streams during operation 
to permit minor maintenance. 

o Provide flexibility in the process to permit tailoring the re
covery streams to suit market conditions. 

o Design the process for high energy efficiency and yield, con
sistent with economic considerations. 

o Keep operating costs to a minimum. 

Any actual facility must, of course, be tailored to suit the nature and 
amount of the MSW available and site-specific conditions. For the City of 
Newark and surrounding communities^ the process was designed for a capacity 
of 2700 tonnes per day, with initial requirements far lower. Smaller plants 
and other conditions would dictate a Slightly different process configuration 
and different equipment selection. However, this design illustrates some 
of the simplifications which would characterize this generation. 

Figure 10 shows a simplified flow diagram of this process. The air 
classifier and secondary trommel, and the ducts, rotary airlocks and con
veyors associated with them, have been omitted since their functions have 
been taken over by the primary trommels. 

Major features of the third generation ECO-FUEL process: 

° The system consists of two parallel processing lines to provide 
redundancy and capacity steps with practical equipment sizes. 

° ti^A "^^8''i"8> the refuse trucks enter the closed trucking module 
and dump onto the tipping floor. MSW is processed on first-in, 
first-out basis, with daily floor cleaning to minimize odors. 

th^fro^^^^^^" '""^"^ controller coordinates the activities of 
thl IT 1° operators who handle the MSW on the floor with 
tne scale house and approaching trucks. 

Otier InwInteH " 7 ^ ' '"^ '^" ^'^^^"8 area by front loaders, 
strelm on ^H . f ̂ ''^=="<^°"" materials are picked from the waste 
stream on the tipping floor. 

The front loaders deliver material to the conveyors which feed the 
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Primary Trommels. 

o Primary Trommels, with Improved screening and classification, re
move undesireable inert materials, primarily glass, from the 
stream which feeds the size-reduction unit, and thus eliminate 
the need for air classification and second-stage screening of 
fine inert materials. The removed materials may be further pro
cessed or landfilled to the extent determined by numerous techni
cal, site-specific and economic conditions. 

o Size reduction is performed by a cascade mill which has discharge 
grates to control the maximum particle size. This machine is a 
slow-speed, low-maintenance, reliable and safe device offering 
advantages, confirmed by CEA tests, for large-capacity plants. 
The mill discharge is diverted to one or both of two lines to 
for further processing. 

0 Magnets remove ferrous metal from the size-reduced streams, which 
are now essentially RDF-3 (fluff RDF). The degree of further 
processing of the ferrous fraction depends on market conditions. 

o Embrittling agents are applied in rotating spray drums to the 
fluff before discharging it to the grinding mills. 

o Ball mills, using circulating hot balls, grind the fluff RDF Into 
ball mill product. 

o Ball mill product is separated in a steam atmosphere from the 
circulating balls and discharged from a collecting cyclone into a 
separating screen. 

o Rotating screens are used in preference td flat deck screens for 
effective recovery of ground material from ball mill product. 
Oversized material is recycled or rejected. 

o The ground material (ECO-FUEL) is cooled and conveyed to storage 
silos from which it is discharged to trucks for shipment to 
final users. 

o Heat for the drying and milling process is provided by a process 
heater, capable of burning a variety of fuels including wastes, 
and which also serves as a thermal oxidizer for process odors. 

This process is greatly simplified compared with the Bridgeport fac
ility, yet provides flexibility to control the ash content of the fuel pro
duct to suit end-user requirements and adjust the quality of ferrous scrap. 

It should be noted that the 'front end' process described delivers a 
material which is essentially RDF-3 (fluff) of minus 100 mm particle size, 
to the embrittlement/grinding portion of the process. Other front-end 
designs may be used to prepare suitable fluff for conversion to ECO-FUEL, 
including existing or contemplated plants. 
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ENERGY BALANCE AND YIELD OF THIRD GENERATION PROCESS 

About 80-85% of the energy in the incoming solid waste (MSW) can be 
converted into ECO-FUEL. A portion of the residues can also be recovered 
and used to generate heat. The yield of energy depends upon the character 
of the highly variable MSW and the desired or required ash content of the 
product. 

The energy required for milling the MSW is estimated to be about 72 kWH 
per Mg (65 kWh per ton). To generate this power at 10.55 MJ/kWh (10,000 
BTU/kWh) requires heat energy of 756 MJ/Mg (0.65 million BTU per ton). a 
major portion of the milling energy is actually used to dry the MSW. 

Drying the MSW requires the heat equivalent of about 23.8 liters of 
fuel oil per tonne (5.7 gallons per ton) of MSW. This represents a heat in
put of 927 MJ/Mg (0.8 million BTU/ton). 

The energy invested in processing is thus 1683 MJ/Mg. If the fuel is 
not pre-dried, most of this energy would have to be provided within the com
bustion chamber of the boiler to dry the fuel, taking time and space, and 
adversely affecting the combustion and the boiler efficiency by increasing 
the water vapor and excess air losses of the boiler. 

The MSW is normally assumed to contain 10,932 MJ/Mg (4700 BTU/lb or 
9,400,000 BTU per ton). The ECO-FUEL, we have seen, contains 18,258 MJ/Mg 
(7870 BTU/lb or 15, 740,000 BTU/ton) . If we recover 50% of the MSW weight 
as ECO-FUEL, the gross energy recovered in the fuel product is 18,258 x 0.5 
or 9130 MJ/Mg of MSW, which is 83.5% of the available energy. If we subtract 
the energy invested in drying, we get the net energy recovered: 

Gross energy recovered in ECO-FUEL = 18,258x0.5 = 9,130 MJ/Mg 

Energy used in processing: 

Power: 72 kWh/Mg (3 10.55 MJ/Mg = - 756 

Fuel: = 23.8 1/Mg at 39 MJ/1 = - 927 

Net energy recovered in ECO -FUEL: = 7,447 MJ/Mg 

The gross energy efficiency is the energy in the product as a fraction 

obtain ^""^^ "^"' " ° ' considering the energy used for processing. To 

product energy:^""^^ efficiency we deduct the energy used in processing from 

rv„== L. „^, energy in product 9,130 
Gross Energy Efficiency = = __I 

energy in MSW 10,932 
84% 

68% 
Ho^ p„ ^^^ "^' energy in product 7,447 
Net Energy Efficiency = ^ __J 

energy in MSW 10,932 

ECO-FUEL^^a^^/?!^^ comparison of RDF having various moisture contents with 
. aecaiied analysis must be made to include the energy 'borrowed' 
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in drying the MSW, the actual energy used in processing, and the actual 
boiler and power cycle efficiencies which result. 

MARKETS FOR ECO-FUEL PRODUCTS 

Resource Recovery has evolved Into Waste-to-energy. The major focus of 
CEA has been to produce a high value refuse-derived fuel which replaces im
ported oil and an be burned in existing boilers. Each tonne of ECO-FUEL 
is equivalent to 2.82 barrels of residual oil, and can generate 1731 Kw of 
electric power when fueling an efficient generating system such as UI Units 
1,2, and 3. 

As the price of coal increases, aided by price supports, the market is 
developing for ECO-FUEL briquets for firing In stoker and pulverized coal-
fired boilers. 

Firing of ECO-FUEL/oil slurries has a potential similar to that of coal/ 
oil mixtures. Both require development of reliable methods of storage, pump 
ing and controlling feed to the burners. It has been confirmed by Hecht (7) 
that ECO FUEL/oil slurries can be atomized satisfactorily and burn well, due 
to the low ignition temperature and high volatile content of cellulosic 
materials. 

ECO-FUEL has also been converted In laboratory scale and in pilot plant 
investigations to gas, methane, oil and gasoline, (10) and has been found to 
be a synergistic binder in coal gasification (Simplex process). Work remains 
to be done to determine where and to what extent these processes have eco
nomic application, and to what degree the feedstock must be prepared to suit 
these processes. 

% 

C O N C L U S I O N 

The choices for the future of the waste-to-energy industry are more 
clear as the result of the experience gained in the production and firing of 
ECO-FUEL. The alternatives of burning refuse without preparation or with 
minimum preparation in dedicated or remote boilers can be compared with the 
process which can convert MSW into a highly satisfactory storable, trans
portable, controllable alternate fuel, suitable for use in efficient power 
cycles, commanding maximum price and thus justifying this more complex, en
vironmentally sound method of waste disposal. 
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ADDENDUM TO "ECO-FUEL*II: THE THIRD GENERATION" 

The commercial success of the ECO-FUF.L P " " " J^'^ f P""'' 
..non achieving a favorable relationship between costs and 
T v e n u - The analysis of generic ^V-^-^^-,",/"!J^.^^gh 
presented below are not site or project specific, altnougn 
they are based on 18 months of experience gained while 
Operating a full-scale facility -^^f^^^^^^ru ;s:im el ar^ 
reflect Improvements In process design. All 
stated in 1980 dollars. 

CAPITAL COSTS 

Assumptions: Rated Capacity " 2400 TPD 
Guaranteed throughput - 1800 TFU 

Process Equipment Cost - $15 MM x 3.8 = 557.0 KM*^ 
Fuel User Installation - 5.5 -̂  

Total Capital Cost = $62.5 MM 

d ash 

Add: Construction escalation 
over 4 years and startup 
(9 mos. one line. 6 mos. 2nd line)^ - $10 «« 

, , $25 - 35 MM 
Cost of Capital: 

Approximate cost per ton of throughput = $50,000 per ton. 

OPERATING COSTS 

The following table IS P^^esented in terms^o^^ costs per 

ton of municipal solxd "^ste. The varla ^^^ accept, 

affected by the ash content ""'^^ '^^^„^^"?^ burned to provide 
and the extent to which process ' ^ ^ " " " / j . , , 

^,»,^ nr need to be hauled to land fill, process heat or neea <-" " = 

An ash specification of 15% «ould result In a^$J.OO 

cost for disposal, "^'"eas a -"^^^^^^ f/.f.ple. There is a 
would reduce this cost to ?3'°°' " ^ 3i„ce more of the 
corresponding variation in fuel ^ ° ^ ^ ^ ' ^^^ ^^,t. The lower 
combustibles are •'"-^^"//"^."^r./^Ire ects an energy user 
$1.00 for transport cost for ECO 
adjacent to the processing site. 
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RF.VENUKS 

As a h i g h q u a l i t y s u b s t i t u t e f o r o i l , c o n t a i n i n g 15 .7 
m i l l i o n F.Ttl p e r t o n , E C 0 - F I : E I , c a n command a p r i c e o f $ 7 . 0 0 per 
m i l l i o n BTU. T h i s i s b a s e d on t h e e x i s t i n g c o n t r a c t w i t h 
P u b l i c S e r v i c e Gas a n d E l e c t r i c i n New J e r s e y , w h i c h s p e c i f i e d 
a 207. d i s c o u n t f rom t h e p r e v a i l i n g c o s t o f o i l t o c o v e r a n y 
a d d i t i o n a l o p e r a t i n g a n d m a i n t e n a n c e c o s t s t o t h e u t i l i t y . 
T h i s r e s u l t s i n a v a l u e o f S87 p e r t o n o f E C O - F U E L , 
c o r r e s p o n d i n g t o a r e t u r n p e r t o n o f MSW o f $ 3 9 t o $ 4 3 , b a s e d 
on a 4 5 - 5 0 % f u e l y i e l d . 

T i r n r i G F E E S 

T h e s e r e v e n u e s a r e p r o j e c t e d a g a i n s t o p e r a t i n g c o s t s 
f o r t h e f i r s t a n d f i f t h y e a r o f p l a n t o p e r a t i o n . S i n c e t h e 
e s c a l a t i o n o f f u e l r e v e n u e s o u t p a c e s o p e r a t i n g c o s t s , u n d e r 
mos t c i r c u m s t a n c e s r e s o u r c e r e c o v e r y b e c o m e s v e r y c o m p e t i t i v e 
w i t h l a n d f i l l c o s t s . 

TADLE VI - OPERATING COSTS PER TON OF MSW 

LABOR: 70 I? $ 3 0 , 0 0 0 $ 3 . 5 9 
POWER: 65 KK @ 0 . 0 7 c e n t s 4 . 5 5 
FIXED: AOEMT 

WATER 
MAINTENANCE 5. EQUIPMENT 
REPLACE'IENT 

RESIDUE DISPOSAL @ $ 2 0 PER TON 
FERROUS 
OBW 
TROMMEL UNDERS 
OTHER RESIDUES 
FUEL COST 

FUEL TRANSPORT 

OVERHEAD: 

1 2 . 6 6 

$ 2 0 . 8 0 

0 . 0 
0 . 4 0 
3 . 0 0 
0 . 18 
0 . 6 2 

$ 4 . 2 0 

1 . 0 0 

t o 

t o 

TO 

0 . 0 
0 . 4 0 
4 . 0 0 
1 . 7 0 
4 . 8 0 

1 0 . 9 0 

4 . 3 0 ( 2 0 M I . ) 

SUBTOTAL: $ 2 6 . 0 0 $ 3 6 . 0 0 
4 . 0 0 4 . 0 0 

TOTAL COST: $ 3 0 . 0 0 TO $ 4 0 . 0 0 
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'."vTI - OPFRATTMG COSTS PFR TON MSW: YEAR ONE TAni 

FUEL RFVEIIur. 
COSTS: orr.RATING 

ur.r.T SERVICE 
PP.OFTT 

NET COST: 
PRICE. SUPPORT 

TIPriKG FEE: 

AVERAGE TIPPIIIG FEE: 

BEST 

30 
20 
4 

CASE 

$43 

-5 4 

$ 11 
- 3 

WORST 

40 
30 
4 

CASE 

$39 

-74 

45 
- 8 

$ 37 

$20 

T l r i r v i l T - OPERATING COSTS PER_TON^>!SW^-_VEAR^FIVr. 

"' ° B E S T ' C A S E • WORST CASE 

S77 no $ 6 5 . 3 0 
FUEL RFVr.-n'E 5 7 2 . 0 " 
COSTS: OPFRATTNC 4 3 . 5 0 5 8 . 0 0 

DEBT SERVICE 2 0 . 0 0 3 0 . 0 0 
/. no _fi7 50 A.on - y / . " > ' 

PROFIT 4.00 -67.50 4.00 

S -4.50 23.26 
NET COST: 5 I ' l 8.00 
PRICE SUPPORT "•"" 

TTPPING FEE! 

AVERAGE TIPPING FEE: 

$ -7.94 $ 23.26 

$7.80 

IsSUMPTinNs'I'FUF.L ESCALATION - 13.5% (1.5 X CPI) 
CPI "= 5.07, 
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THE ROLE OF THE CONSULTING ENGINEER IN THE 
IMPLEMENTATION OF RESOURCE RECOVERY SYSTEMS 

W i l l i a m C. Anderson , P .E . 
Managing P a r t n e r 

P l c k a r d and Anderson 
69 South S t r e e t , Auburn, New York 13021 

INTRODUCTION 

What I s or s h o u l d be the r o l e o f the c o n s u l t i n g e n g i n e e r In the i m p l e 
mentat ion of r e s o u r c e r e c o v e r y s y s t e m s ? That i s the q u e s t i o n O i l c h I s most 
o f t en a s k e d , but i t i s n o t t h e c e n t r a l q u e s t i o n from w h i c h i t e v o l v e s . 
Rather the key q u e s t i o n i s what i m p l e m e n t a t i o n s t r a t e g y I s b e s t — t h e s t a n d 
ard A/E a p p r o a c h , t u r n k e y , or f u l l s e r v i c e — b e c a u s e the c o n s u l t i n g e n g i n e e r 
can and has p a r t i c i p a t e d In each of t h e s e Implementa t ion s t r a t e g i e s , a l b e i t 
h i s c l i e n t I s n o t a l w a y s a m u n i c i p a l i t y . There have been no c l e a r - c u t a n 
swers t o t h i s q u e s t i o n and p r o p o n e n t s f o r b o t h the t r a d i t i o n a l A/E approach 
In munic ipa l p u b l i c works p r o j e c t s and f o r t h e f u l l - s e r v i c e a p p r o a c h a r e 
many, a l t h o u g h few seem to f a v o r the turnkey a p p r o a c h . 

While the c o n f r o n t a t i o n be tween t h o s e two oppos ing v i e w p o i n t s c o n t i n 
u e s , I b e l i e v e i t peaked In 1 9 7 6 - 1 9 7 7 . During t h a t t i m e USEPA s t a f f w e r e 
tour ing the c o u n t r y c o n d u c t i n g a s e r i e s of s e m i n a r s d e s i g n e d t o e n c o u r a g e 
m u n i c i p a l i t i e s t o examine r e s o u r c e r e c o v e r y . D u r i n g t h o s e s e m i n a r s t h e y 
s t r o n g l y a d v o c a t e d t h a t the o n l y r e s p o n s i b l e , e f f e c t i v e way t o I m p l e m e n t 
r e s o u r c e r e c o v e r y p r o j e c t s was t h e f u l l s e r v i c e a p p r o a c h — c o n s u l t i n g e n g i n 
e e r s were n o t up t o the j o b t h e y s a i d . The American C o n s u l t i n g E n g i n e e r s 
Council (ACEC) t o o k e x c e p t i o n to t h i s p o s i t i o n and I , a s Chairman o f t h e 
C o u n c i l ' s S o l i d Waste Task F o r c e , and o t h e r s a t t e n d e d t h e s e seminars to d e 
fend our c o n t i n u e d i n v o l v e m e n t In such p r o j e c t s . We s u c c e e d e d i n t o n i n g 
down the r h e t o r i c , but we a l s o r e a l i z e d t h a t l e g i t i m a t e q u e s t i o n s had b e e n 
r a i s e d which d e s e r v e d a n s w e r s . And, o b j e c t i v e a n s w e r s t o t h e s e q u e s t i o n s 
did not e x i s t . 

STUDY OF RESOURCE RECOVERY 
IMPLEMENTATION STRATEGIES 

Background 
Rather than wait for o thers , ACEC contrac ted with the I n s t i t u t e for 

Social Research of the University of Michigan in 1978 to perform a p i l o t 
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study of the problem, ffore spec i f i ca l ly , that p i l o t study had as i t s ob
jectives (1): 

(1) To explore the process by v*lch municipal it ies adopt and Implement 
resource recovery systems; 

(2) To compare the various implementation s trateg ies currently used; 
(3) To determine the f e a s i b i l i t y and p r a c t i c a l i t y of conducting a 

larger scope project using survey research methods; and 
(4) To develop some Instruments and research procedures that could be 

used in a more comprehensive analys i s . 

The pilot study surveyed only 4 m u n i c i p a l i t i e s , but the p i l o t study 
objectives were accomplished. As a r e s u l t of that I n i t i a l work, a more 
comprehensive study i s now underway, funded pr imari ly by the National 
Science Foundation and secondarily by ACEC to survey a l l m u n i c i p a l i t i e s 
that have Implemented or are In the process of Implementing resource re
covery systems. While the full scope study wil l not be completed until the 
Fall of 1981, much can be learned about the problems regarding implementa
tion from the results of the p i l o t study which I wish to summarize and 
share with you today. 

Some additional background is helpful to understanding the study find
ings. Objectivity was of paramount concern to both ACEC and ISR. ISR has 
an excellent nation-wide reputation for o b j e c t i v i t y and the contract for 
the pilot study guaranteed that study findings and conc lus ions of the re
searchers would be theirs and theirs alone. In addi t ion , r epresenta t ive s 
of the American Public Works Association, National Sol id Waste Management 
Association and the American Society of Civil Engineers reviewed the study 
Instruments and report drafts. 

Both the pilot study and the more comprehensive study c o l l e c t data us
ing personal Interviews. A special ly designed Interview form was developed 
for use In these Interviews. Also to counteract local bias several o f f i c 
ia ls with different project roles are Interviewed In each municipality sur
veyed. 

Pilot Study Findings (1) 
"niough extensive research has been conducted on resource recov

ery systems, only a limited amount of th i s work has dealt with these 
systems expl ic i t ly as Innovations which must be adopted and imple
mented by municipalities. Nevertheless, these sys tems—part l cuar ly 
the high technology systems such as refuse derived fuel systems, py
rolysis , and energy recovery/Incineration systems—are In fac t Inno-
f!^i°"f ^1'^ ^^"^ ^^"^ ^""^ important c h a r a c t e r i s t i c s with other 
technological Innovations which have been studied In re la t ive ly great 
mlAf \' '^^ synthesized r e s u l t s of r e s e a r c h o n , f o r example , 
H^n. ^P^'="l"'"l. educational, and c e r t a i n i n d u s t r i a l innova
tions can be applied, at least to some extent , to Identify and anal-
sTurr. P""^"^ °f implementing any innovat ion (2 ) - l n c I u d i n g re -
conduMr°' '"^'^"^'°^- * ' "^^ """^ fundamental l e v e l , research 
nlcioallM " T l""°va"ons has two Important Implications for mu-
that th interested In resource recovery sys tems . The f i r s t Is 

hese systems represent changes which are brought about by means 
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of a complex process incorporating a time-phased series of s tages or 
subprocesses. The second is that the way in which t h i s process i s 
carried out potential ly can affect not only the municipalities deci
sion to adopt or reject a system but also the eventual effect iveness 
of the system. More specif ical ly, different innovation s t r a t e g i e s — 
e.g. , for the Implementation of the system—are characterized by cer
t a in ' a t t r ibu te s . These a t t r i bu te s , in interact ion with the charac
t e r i s t i c s of the resource recovery system and the cha rac t e r i s t i c s of 
the adopting uni t , can determine whether or not an implementation 
strategy is appropriate for and acceptable to a particular municipal
i ty ." ' 

The Innovation-Decision Process (1) - "Various models have been proposed 
to represent the process by which social systems adopt innovat ions . 
Those that appear to be most consistent with the process^^used by mu
nic ipal i t ies to adopt resource recovery systems are the " co l l ec t i ve 
innovation decision-making models ( 2 ) . One such model de l inea tes 
seven stages through which social systems go in the process of i n i t i 
ating and implementing Innovat ions . These stages or subprocesses 
are- evaluation, solution generation, diffusion, legitimation, adop
tion, ins ta l l a t ion , and routinization (3). As shown on Figure 1 with 
respect to resource recovery systems, the f i r s t four s tages concern 
the in i t ia t ion of the innovative system by the municipal i ty and the 
la t ter three stages concern i t s implementation. 

The four stages comprising the In i t i a t i on phase are more completely 
described in other reports (1) , and not in this paper due to i t s focus on 
implementation. Nevertheless, they are Important to the implementation 
process. 

The Implementation Phase (1) - "The Implementation-phase begins a f t e r 
acceptance of the general solution In i t s "f inal" form and r e f l e c t s 
the adoption of the change. At this point, designs are prepared and 
plans are made for ins t a l l ing the system, and the munic ipal i ty i s 
prepared (e .g . , f inancially) for i t s i n s t a l l a t i o n . The system Is 
constructed at the ins ta l la t ion s tage , during which c i t y managers, 
engineers, and the other Individuals and groups Involved must make 
the transit ion from the old system to the new one. Finally, rout in i 
zation represents the actual use of the system along with the ident -
I ? I ^ l o n and solving of any r e s idua l problems In -̂̂ s ° P " ^ ^ i ° " ' 
Once in use, the new system can be evaluated and the c o l l e c t i v e de 
sign process can begin again. 

The collect ive decision process model is prescriptive in nature 
and may not accurately ref lect the process by which ce r t a in munici
pa l i t i es adopt or reject recovery systems. Further, the stages prob
ably are not as d i s t inc t as implied and, even if they are , municipal
i t i e s are l ikely to cycle through ce r t a in s tages a number °f t^"^^ 
before completing the process. Nevertheless, the interviews conducted 
during the ISR pi lot study indicate that municipal off icials and city 
managers can re la te to the sequence of events implied by the model. 



Phases: [•• - I n i t l a t i o n - - ] [- -Implementation-

Stages : Evaluation 
Solution 
Generation D i f f u s i o n L e g i t i m a t i o n Adopt ion I n s t a l l a t i o n Rou t in i z a t i o o I 

I m p l e m e n t a t i o n S t r a t e g i e s : A/E Approach Des ign ^ C o n s t r u c t i o n ^ O p e r a t i o n 

Turnkey Approach Des ign " - C o n s t r u c t i o n ^ O p e r a t i o n 
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THE INNOVATION-DECISION PROCESS 
I m p l e m e n t a t i o n S t a g e s and S t r a t e g i e s 
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Resource recovery systems are unique in the studies of the inno
vation decision-making process, because different s t r a t e g i e s are a-
va i l ab le for implementation and there p r e s e n t l y e x i s t s l i t t l e 
research-based information about the r e l a t i v e appropr ia teness of 
these s t ra teg ies . The s trategies currently available for Implementa
tion include: the archi tectural / engineering approach; the turnkey 
approach; and the fullservice approach (4, 5) . 

The architectural/engineering (A/E) approach to implementation 
Involves three separate con t r ac t s or arrangements for the des ign, 
construction, and operation of the resource recovery system. One 
contract is entered Into for the design of the system, another gen
eral contract for i t s cons t ruc t ion , and a separate arrangement i s 
made for i t s operation (usually operation direct ly by the municipal
i t y ) . Thus, the A/E approach maintains the d i s t i n c t i o n between the 
three stages comprising the Implementation phase. The turnkey a£-
proach involves two separate contracts or arrangements: one contract 
for the design and construction of the system and a second arrange
ment for i t s operation (again, usual ly by the mun ic ipa l i t y ) . The 
full-service approach involves a single contract for the design, con-
struction. and operation of the resource recovery system. Thus, this 
third approach combines the adoption. Ins ta l la t ion , and routinization 
stages and provides for implementation within the framework of a sin
gle agreement (Refer to Figure 1). 

The avai labi l i ty of three different implementation s t r a t e g i e s 
provides a high degree of f l ex ib i l i ty , allowing the municipal i ty to 
select the strategy which seems most consistent with the requirements 
of the s i tuat ion. T^is f lex ib i l i ty is important because an extensive 
amount of research on organizations (6) . decision^making 7) . leader
ship processes (8) . and Innovation implementation (9) indicates tha t 
the effectiveness of different decision-making structures and imple
mentation s trategies depends on the c h a r a c t e r i s t i c s of the soc ia l 
system ( i . e . . the municipality) and the nature of the decision ( i . e . , 
the resource recovery system) under consideration. More s p e c i f i c a l 
ly, a particular Implementation strategy may be su i t ab l e for a par
ticular type of community (with certain resources, needs , e " - ) ° f 
not for another type of community. Thus, the avai labi l i ty of mu l t i 
ple implementation s trategies Increases the l ikel ihood that munici
pa l i t ies with a particular set of character is t ics can select and use 
an "appropriate" approach. These al ternat ive strategies do. h o " f J « ' 
increase the complexity of the overall innovation decis ion Process . 
If three different technical systems and three different implementa
tion strategies are identified at the solution 8^"^'^^^^°" f^^^^e. this 
implies that up to nine different system-strategy combinations would 
have to be assessed. 

The pi lot study found that municipalities appear to Invest s i g 
nificantly less time and energy in the selection of an Implementation 
strategy than in the selection of the system i t s e l f . Nevertheless 
the s t ra tegies that municipalities e i t h e r e x p l i c i t l y or i ^ P l i - i ' l y 
s e l e c t can have a s i g n i f i c a n t a f f e c t on the change e f f o r t . 
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The selected strategy may be more or l e s s appropr ia te for the munici-
oal i tv in terms of i t s g u a l i t y - t h e extent to which the approach i s 
obiectively the best one-and i t s a c c e p t a b i l i t y - t h e ex ten t to which 
the approach is l ike ly to be accep ted by the community. The A/E, 
turnkey and ful l -service approaches d i f fe r from one another with r e 
spect to a number of a t t r i b u t e s , and these d i f ferences can define the 
re la t ive quality and accep tab i l i ty of each approach under d i f f e r e n t 
circumstances. Furthermore, the a t t r i b u t e s of these s t r a t e g i e s can , 
in a subtle way, become a t t r i b u t e s of the resource r e c o v e r y sys tem. 
Thus, if the cha rac t e r i s t i c s of a pa r t i cu l a r implementation s t r a t e g y 
are unacceptable to a community, the e n t i r e resource recovery system 
may be rejected rather than Just the Implementation approach i t s e l f 
(and vice-versa) ." 

Implementation Strategies At t r ibu tes (1) - The r e s u l t s of the in terviews 
conducted during the p i lo t study suggest tha t the Implementation s t ra tegies 
are characterized by a number of Important a t t r i b u t e s . 

"Some of these a t t r i b u t e s are pr imary — t h a t i s , t hey a r e in 
t r ins ic charac te r i s t i cs of the s t r a t e g i e s tha t appear to be perceived 
in consistent ways by persons a f f i l i a t e d with d i f f e r e n t m u n i c i p a l i 
t i e s . Other a t t r i bu t e s are secondary—that i s , t hey a r e l e s s o b j e c 
tive charac te r i s t ics of the Implementation s t r a t e g i e s and a r e per 
ceived differently by individuals in d i f fe ren t s i t u a t i o n s ( 1 0 ) . The 
resul ts of the p i lo t study suggest that ce r t a in a t t r ibu tes—both p r i 
mary and secondary—may be useful In explaining i^y d i f fe ren t munici
pa l i t i es select par t icu lar Implementation s t r a t e g i e s . Some of these 
a t t r ibutes are l i s t ed in Table 1 (1 ) . 

Table I 

Primary and Secondary At t r ibutes of Implementation S t ra teg ies* 

Primary Secondary 
Municipal control Bureaucratic compat ib i l i ty 
Concentration of r e spons ib i l i t y Legal compat ib i l i ty 
Public/private domain Radicalness 
Differentiation Contractor pool consistency 
Coordination 

* Some of these a t t r i b u t e s were c l a s s i f i ed as p r imary or secondary 
on the basis of interviewees ' responses to c l o s e - e n d e d q u e s t i o n s 
about the a t t r i b u t e s . Other a t t r i b u t e s , however, were c l a s s i f i e d 
according to i n t e r v i e w e e s ' r e s p o n s e s to open-ended q u e s t i o n s 
regarding the implementation s t r a t e g i e s . These l a t t e r a t t r i b u t e s 
were mentioned only by ce r ta in respondents and , t h e r e f o r e , t h e i r 
c l a s s i f i c a t i o n as pr imary or secondary i s based on somewhat 
incomplete information. 

The a t t r ibu te of municipal c o n t r o l , r e f l e c t s the amount of d i 
rect Influence the Implementation s t ra tegy a f fo rds the m u n i c i p a l i t y 
over the a c t i v i t i e s associated with the adopt ion , i n s t a l l a t i o n , and 
routinization of the resource recovery sys t em. According to those 
nterviewed, the A/E approach i s rated high and the turnkey approach 
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is rated moderate with respect to this a t t r i bu t e . Although the full 
service strategy provides for municipal Influence by means of a con
t rac t , th is control is somewhat indirect and the approach Is consist
ently 'viewed as low with respect to control . 

A somewhat similar a t t r i b u t e - b u t one that "behaves" d ^ f ^ ^ ^ t l j 
than municipal control—is concentration of responsibi l i ty . B°th t^e 
A/E approach and the full-service approach are viewed as providing a 
high degree of concentration; in the former case , r e s p o n s l b l l t y i s 
centralized within the municipality and, in the l a t t e r ca se , i t I s 
centralized in the hands of a s ing le c o n t r a c t o r . The turnkey ap
proach appears to be associated with a lower degree of concentrat ion 
of responsibi l i ty . 

A third a t t r i bu t e , public/private domain, concerns the extent to 
which the strategy implies public versus private "ownership of the 
implementation ac t iv i t i e s associated with the resource recovery sys
tem. According to the study respondents, the A/E approach keeps the 
system's implementation In the public domain * i l e the f u l l - s e r v i c e 
approach places i t in the private sector. This primary f " I b u t e i s 
strongly related to municipal con t ro l - the s t rategy that of fers the 
greatest direct control keeps the system's implementation (Pa r t i cu -
L r l y i t s operation) in the public domain, and the s t ra tegy tha t i s 
viewed as providing the least control places i t in the pr iva te do
main. It is nevertheless important to distinguish between these a t 
tributes because a municipality or municipal decision maker may react 
differently to these two a t t r ibu tes . For example, placing implement
ation in the private sector may be positively valued, but the associ
ated reduction in direct control may be negatively valued. 

Two other primary a t t r i b u t e s along which the implementation 
s t r a t e g i e s cin be c l a s s i f i e d involve the general systems theory 
property of " d i f f e r e n t i a t i o n " and the problem of "coord ina t ion . 
Differentiation represents the tendency of organizational systems to 
befomrmore elaborate and to move In the direction of spec ia l i za t ion 
\nZ With respect to the implementation of ---"^'^^'I'^XlZll-
tems differentiat ion is reflected In the extent to v*lch the imple-
Tertl t ion strategy promotes the use of different " " « - ' - / J ° ; „ J „ " , : 
ferent implementation stages. This a t t r ibute ^ P P ^ " \ " , f , ^ ^ ^ , 7 ° ^ _ 
tant one since, in their interview, certain municipal o f f i c i a l s ex 
pressed concer; about being able to select the most -PP-f^J^5^^ , f "7 
tractor ( e .g . . in terms of competence, c o s t , soc ia l a ccep t ab i l i t y ) 

ach ' : f%;e various implementation phase - ^ ^ f ^ ^ / - ^ ^ / J . ^ ^ ^ T 
implementation s trategies seem to be characterized by Af fe ren t lev 
els of d i f f e ren t i a t ion - the A/E approach i s viewed as relat ively high 
aid the full-service approach is viewed as ^^'^^^^^'y'llJ-^::^'^.'-
tor di f ferent ia t ion. (These two approaches a re more s imilar how 
ever, in terms of subcontractor differentiat ion that in terms of gen-
eral contractor different iat ion.) 

similarly the A/E approach is re la t ively high with respec t to 
the a l o ^ n t o f ' l o S i M t l o ^ required by the municipality. While t h i s 
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was not mentioned by many respondents, the pos i t i ve r e l a t i o n s h i p b e 
tween dif ferent ia t ion and coordination i s c o n s i s t e n t wi th p rev ious 
research. Differentiat ion gives r i s e to the problems of coordinat ion 
(12) since the design, const ruct ion, and operat ion s tages a r e i n t e r 
dependent. This interdependence i s " s e q u e n t i a l " (13) and somewhat 
complex in that construction depends on des ign, and operat ion depends 
on both design and construct ion. R i r t he rmore , t h i s i n t e r d e p e n d e n c e 
maybe "reciprocal" ( e . g . , if const ruct ion problems n e c e s s i t a t e fu r 
ther design ac t i v i t i e s ) and can be p a r t i c u l a r l y d i f f i c u l t to coord
ina te when d i f f e r e n t c o n t r a c t o r s a r e r e s p o n s i b l e for d i f f e r e n t 
stages. Thus, from the perspective of the munic ipa l i ty , t h i s i n t e r 
dependence may be somewhat eas ier to manage and the amount of coord
ination required may be lower if a l l t h r e e s t a g e s a r e handled by a 
single ful l -service cont rac tor . 

An Important secondary a t t r i b u t e of resource recovery system im
plementation s t ra teg ies i s bureaucrat ic c o m p a t a b i l i t y . This a t t r i 
bute ref lects the degree to which the a d m i n i s t r a t i v e s t r u c t u r e s r e 
quired to effectively use a s t ra tegy are cons i s ten t with those which 
are available within the munic ipa l government . The b u r e a u c r a t i c 
compatibility of a par t icu lar s t ra tegy may di f fer s i g n i f i c a n t l y from 
one municipality to the next . On the one hand, a mun ic ipa l i t y which 
has Implemented many la rge-sca le technical systems by means of an A/E 
approach, and which has developed a d m i n i s t r a t i v e s t r u c t u r e s to use 
this approach, may view th i s s t ra tegy as more compatible than a fu l l -
service contract . On the other hand, a m u n i c i p a l i t y which has had 
l i t t l e experience with the A/E s t ra tegy (and which has few s t ruc tu res 
to support this strategy) may view a f u l l - s e r v i c e or turnkey contract 
as more compatible. 

A somewhat similar a t t r i b u t e , sugges ted by the work of Hopper 
(4) . is legal compatibi l i ty . The legal compat ib i l i ty of a pa r t i cu l a r 
implementation strategy may vary from one m u n i c i p a l i t y to the next 
depending on the community's a b i l i t y to enter i n t o c e r t a i n types of 
contracts. Thus, the fu l l - se rv ice approach may be viewed as low in 
compatibility by a community which cannot ( a t l e a s t under e x i s t i n g 
legislation) enter Into long- te rm c o n t r a c t s wi th I n d u s t r y , cannot 
legally sel l or lease a s i t e to a pr iva te firm, or i s c o n s t r a i n e d by 
split-bidding laws (which require s e p a r a t e c o n t r a c t s for d i f f e r e n t 
services). Similarly, the A/E and turnkey s t r a t e g i e s may be seen as 
legally incompatible by munic ipa l i t i es which a r e c o n s t r a i n e d by low 
debt limits or by "salvage laws" which can complicate the sa le of the 
recovered materials (4 ) . 

which^L"'^ ' secondary a t t r i b u t e i s r a d i c a l n e s s . or the e x t e n t to 
I t r a L t f'""" , ' ' ^'""^'^ ^ ' "^" ^""^/"^ d i f f e r e n t . The tu rnkey 
nitl tl : 1°" ^''^"Pl^> "ight be seen as somewhat r ad ica l by a commu-
nast ^ " ^ " ^ ^""^"^ °* """^ c o n s i d e r e d t h i s approach in the 
munUv ^ % T ' " ' " ' ^ 8 ^ ' however, would seem less r ad ica l to a com-
th^t L s 1 T^ ^ ' ^ " ^ ^ " a r rangement for ano the r p r o j e c t or 
that has observed a neighboring community's use of t h i s approach. 
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Another important a t t r i b u t e i s one t h a t can be c a l l e d — f o r l a c k 
of a b e t t e r l a b e l — c o n s i s t e n c y with c o n t r a c t o r p o o l . Decision makers 
in c e r t a i n m u n i c i p a l i t i e s may f ee l t h a t they have a c c e s s to a l a r g e 
number of c o n t r a c t o r s who can ca r ry out the Ind iv idua l s t a g e s of t h e 
implementation phase but few who can c a r r y ou t two or t h r e e s t a g e s 
combined. In o ther m u n i c i p a l i t i e s , dec i s i on makers may p e r c e i v e t he 
opposite s i t u a t i o n . In the former c a s e , t h e A/E a p p r o a c h would be 
seen as h igh ly c o n s i s t e n t with the a v a i l a b l e pool of c o n t r a c t o r s ; i n 
the l a t t e r c a s e , the tu rnkey and f u l l - s e r v i c e s t r a t e g i e s would be 
seen as more c o n s i s t e n t . 

There are l i k e l y to be a number of o ther p r i m a r y and s e c o n d a r y 
a t t r i b u t e s which a r e useful In expla in ing why d i f f e r e n t i m p l e m e n t a 
t ion s t r a t e g i e s a r e p re fe r red by d i f f e r e n t m u n i c i p a l i t i e s , bu t t h e 
synthesized r e s u l t s of the p i l o t s tudy s u g g e s t t h a t the a t t r i b u t e s 
Jus t descr ibed a r e among the more Important ones ( 1 ) . Ques t i ons i n 
cluded in the p i l o t study in te rv iews to a s se s s the usefulness of some 
other a t t r i b u t e s . I n c l u d i n g : cos t (both the c o s t of i n s t a l l i n g t he 
system and the cos t of opera t ing i t ) ; modi f ica t ion p o t e n t i a l (the ex
ten t to which the s t r a t e g y would enable modi f ica t ions of the resource 
recovery system during i t s implementa t ion) ; and r i s k ( t h e d e g r e e to 
which the s t r a t e g y reduces the r i s k of a f a i l u r e to the community) 
found tha t these a t t r i b u t e s ma^ not be as useful for expla in ing muni
c ipa l preferences as o r i g i n a l l y expected ( 1 ) . " 

CONCLUSIONS 

From the r e s u l t s of the p i l o t study i t i s safe to conclude t h a t t h e r e 
i s no one bes t Implementation s t r a t e g y . The bes t s t r a t e g y for a community 
depends upon the a t t r i b u t e s of the s t r a t e g y , how municipal d e c i s i o n makers 
weigh these a t t r i b u t e s and the c h a r a c t e r i s t i c s of the m u n i c i p a l i t y and the 
type of system under c o n s i d e r a t i o n . The p i l o t study did not examine enough 
c o l u n l t i e s to determine any commonalities in how a t t r i b u t e s a r e we ighed . 
However, the r e s u l t s of the p i l o t study s u g g e s t t h a t t he s e l e c t i o n of an 
implementation s t r a t e g y can be as impor tan t , a l b e i t a p o t e n t i a l l y complica
ted dec i s i on , for m u n i c i p a l i t i e s as the s e l e c t i o n of a r e s o u r c e r e c o v e r y 
system. 

The p i l o t study I d e n t i f i e d severa l hypotheses which a r e being examined 
and tes ted as p a r t of the f u l l scope s tudy . Ihese hypotheses i n c l u d e : 

" 1 . The perceived a t t r i b u t e s of an Implementation s t r a t e g y depend on 
the c h a r a c t e r i s t i c s of the community as well as on the s t r a t e g y 

2. Thf Importance attached to the a t t r ibutes of an implementation 
strategy depends on how the a t t r i b u t e i s perceived as well as 
the character is t ics of the municipality and of the resource r e 
covery system under consideration. 

3. The appropriateness of an implementation strategy depends on the 
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6. 

oerceived a t t r i bu t e s of the s t ra tegy as well as the importance of 
IZse a t t r ibu tes for a pa r t i cu la r munic ipa l i ty . 
Tso t r ce recovery systems are more l i k e l y to be adopted In muni-
f lDal i t ies that consider the various implementa t ion s t r a t e g i e s 
a t an early stage of the decision-making p rocess . 
The implementation phase wi l l be c a r r i e d out more e f f i c i e n t l y 
( i e . more smoothly) in munic ipa l i t i e s where various s t r a t e g i e s 
have been considered. This eff ic iency w i l l be r e a l i z e d to the 
extent that the considerat ion of various s t r a t e g i e s leads to the 
selection of the most appropriate approach. 
The Information provided to a m u n i c i p a l i t y by a p a r t i c u l a r 
source ( e .g . , a consul tant , a f u l l - s e rv i ce c o n t r a c t o r , ano the r 
municipality) may focus mainly on a s ingle Implementation s t r a t 
egy. However, information about a l l three approaches i s r equ i r 
ed if an Implementation s t ra tegy i s to be se lected In a r a t iona l 
manner. This hypo thes i s , i f v a l i d , i m p l i e s t h a t i n fo rma t ion 
should be sought out from mult iple sources ( 1 ) . " 

It is doubtful that the ful l scope study wi l l a l t e r the pr imary con
clusion, there i s no one bes t implementa t ion s t r a t e g y . However, i t Is 
hoped that a more extensive sample wi l l permit d e f i n i t i o n of the commonali
t ies among communities with respect to the implementation s t r a t e g y a t t r i 
butes and how they are weighed. If these commonalities can be establ ished, 
the successes and fa i lures of those who have pioneered in the r e sou rce r e 
covery field can serve as valuable guldeposts to the r e s t who wi l l follow. 
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ABSTRACT 

Combustion Engineering, Inc., known worldwide as "The Energy 
Systems Company", has been a supplier of major equipment to public 
and private utilities and large industrial energy users for over 
65 years. Over 40 percent of the thermal electric energy gener
ated in the Free World today is developed by steam generators 
designed or supplied by C-E. C-E's experience in the combustion 
of a variety of waste fuels extends back to the early 1930's. 
The C-E resource recovery system is predicated on using simple 
preparation steps and efficient burning of the "refuse fuel" in 
C-E's versatile semi-suspension fired industrial type boilers. 
These boilers, an industry standard for over 40_ years, fire the 
prepared refuse with approximately 50 percent burning above a 
traveling grate and the remainder in a thin bed on the grate insur
ing efficient and complete combustion. The preparation steps in
clude flail shredding for bag opening, magnetic separation of 
ferrous metals, separation of sand, glass and dirt by screening 
and fuel size reduction to six inches top size. The state of the 
art has shown that the principal problems in prepared fuel oper
ations have been external to the boiler. C-E's simplified approach 
to processing permits projects to enjoy the benefits of higher 
reliability and availability in the energy conversion system 
which means lower tipping fees for project participants. 

PREFACE 

Future energy supply depends in large part on conservation, technologi
cal innovation, and the development of alternative energy sources. 

For over 65 years, C-E has been a leader in the design, manufacture and 
installation of equipment for electric power generation. Today, C-E is also 
a leading designer and manufacturer of products and services for oil and gas 
exploration and production processing, petroleum and petrochemical processing, 
residential and commercial construction,environmental control and energy 
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conservation. 
Alternative energy sources w i l l play a major par t in reshaping the 

world's energy future. The Company's programs include coal g a s i f i c a t i o n and 
liauefaction recovery and ref in ing of heavy o i l , ex t r ac t i on of high-pressure 
natural gas and of o i l from tar sands and o i l sha l e , and resource recovery. 

Combustion Engineering, Inc . has long been an es tab l i shed leader in the 
business of recovering energy from waste ma te r i a l s of a l l d e s c r i p t i o n s , 
C-E's experience base extends from b l a s t furnace gas to s ludges , to bark, 
bagasse, agr icu l tura l , i ndus t r i a l and municipal waste and many other wastes 
of solid liquid and gaseous mate r ia l s . For over 40 years C-E has demon
strated the ab i l i t y to convert these waste fuel products In to useful energy. 

C-E is the world's l a rges t suppl ier of steam generat ion systems. Since 
1960 C-E has completed 1889 Foss i l u n i t s and 7 nuclear i n s t a l l a t i o n s and 
has in progress 91 Fossil un i t s and 24 nuclear f a c i l i t i e s . In f ac t , over 
40% of the thermal e l ec t r i c energy generated in the free world today i s 
developed by steam generators of C-E design or supply. Some 50% of C-E's 
total annual sales are complete systems requi r ing pro jec t management ex
pert ise. C-E brings th i s experience to the municipal so l id waste market 
through the Resource Recovery Systems Divis ion. Combustion Engineering is 
the only company serving the so l id waste Business which has background and 
experience in power systems and i s offer ing f u l l se rv ice capab i l i t y in the 
design, construction and operation of e i t h e r prepared or mass f i red systems. 

A discussion of C-E's commitment to resource recovery i s covered in 
the following pages. 
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The 

- : J , r r " o v e r y When incorporatec, ^ ^ I J - ^ ; ^ - l^l.n.nil.1.. 

" " f ^ t r c io^l m^rovement depends on the types of energy o u t l e t s avai l-
extent of economic. t- s t a b i l i t y of these o u t l e t s , the value of 
f n ^ r g r a n r t h e ^ r i ^ i t y ^ t r g a r p l r t i c i p a l i o n of the energy using market in 
the waste-to-energy project . 

Proiect approaches vary. Some w i l l go the conventional A 6, E procure
ment route. Some may consider turnkey as t h e i r bes t option Most communi-
Mes will look to ful l service system supp l ie r s s ince the r i s k s a re substan-
M ! I 1 V less This i s an important considera t ion inasmuch as most communi
t ies today,'heavily impacted by s p i r a l i n g i n f l a t i o n , are rap id ly approaching 
or have already reached the i r legal debt l i m i t s . 

C-E is uniquely positioned to serve the municipal market. We offer a 
broad range of equipment and we can read i ly undertake e i t h e r turnkey or full 
service projects . More importantly perhaps to the communities i s the fact 
that C-E is the only supplier who can offer both mass burning waterwall in
cinerators and prepared fuel systems with waterwall spreader s toker steam 
generation systems. 

Depending upon the pa r t i cu l a r project cons idera t ions and customer re 
quirements, C-E's capab i l i t i e s and exper t i se allow for complete project 
design and management, from i n i t i a l design through cons t ruc t ion , s ta r tup oper
ation and marketing of recovered products . We are a l so w i l l i n g to a s s i s t in 
the development of financing a l t e r n a t i v e s . C-E w i l l t r a i n loca l people if 
the customer determines that i t i s in t he i r bes t i n t e r e s t to operate the 
entire system. However, we recommend tha t the r e s p o n s i b i l i t y for system 
operation not be s p l i t between the front end and back end f a c i l i t i e s . 

Mass burning by i t s nature r e s t r i c t s the projec t to those market outlets 
which are primarily base load systems. As a r e s u l t p ro j ec t s that have energy 
markets that can offer subs tan t i a l ly b e t t e r economics may not be given 
consideration. 

Prepared fuel systems offer f l e x i b i l i t y . Markets can be ex i s t ing faci
l i t i e s where refuse derived fuel can be burned as a supplement to coal or 
other fuels. With dedicated bo i l e r s energy users requ i r ing va r i ab l e supply 
can be accommodated. Plants can be designed as peaking u n i t s a t substant ial
ly higher energy values, or to work in conjunction with coal or other waste 
fuels that cannot be accommodated by other technologies . 

C-E's business i s primari ly energy. C-E has developed a long standing 
relationship with most large energy u s e r s . C-E expects these re la t ionsh ips 
to continue as a resu l t of continued customer s a t i s f a c t i o n over time. C-E 
will not jeopardize these long es tab l i shed r e l a t i o n s h i p s by offer ing less 
than our best when pa r t i c ipa t ing in a municipal waste- to-energy p ro jec t . 

Revenues must flow to maintain pro jec t economic v i a b i l i t y . I t has been 
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r F's position that this can best be accomplished by employing prepared fuel 
fpchnology. C-E fully acknowledges that municipal waste is a heterogeneous 
™,terial that it periodically contains explosive or otherwise dangerous 
^terlals which can, if not properly handled or extracted, result in per
sonnel injury or even substantial damage to a facility. 

From C-E's vantage point, i.e., that of a supplier capable of providing 
either mass burning or prepared fuel systems, we prefer again to offer 
the prepared fuel approach. First, this type of system provides several _ 
Places where such materials can be spotted and extracted prior to processing, 
second, should they cause an explosion, fire or otherwise negatively impact 
the system, it is a matter of proper design, isolation and protection plus 
having spa;es and redundant process lines and the ability to maintain equip
ment in order to minimize process line down time. Further, these situations 
do not interrupt the steam generator output and revenue flow since fuel 
sto^e and inventory is provided. The most capital intensive piece of 
e uipraent i.e., the steam generator, is never exposed to problem materials 
Tich can cause damage, extensive down time and a significant loss of revenue 
flow and finally, with prepared fuel, the boiler can be designed for a more 
homogeneous fuel with semi-suspension combustion, and the project and com
munities can share in the improved benefits derived from higher conversion 
efficiency, higher reliability and higher availability. 

The combustion concepts and technology of spreader stokers is well 
known aL accepted. For this reason this paper will ^ - ^ / ^ " ^ ^ ,̂,°̂ „'"l,3 
technology C-E has adopted for front-end processing and fuel preparation its 
brckground and history and the proven ability to perform in an economic and 
environmentally acceptable manner. 

The Front-end Concept 

of plant products and residues. 

The process design approach is as much one of efficient material han
dling as it is sorting and separating the plant products and residues There 
are stron. similarities between the process design requirements of our 
"fuse ?u:i preparation system and the high speed production oriented 
o^er'ion: ofthe packaging industry where process lines turn out hundreds 
of finished products per minute. 

Combustion Engineering's design experience draws on -"^ y-^^f^^H;-
facturlne experience in the supply of energy systems and is complementeo ny 
: s firrechnology studied and developed over a -^^/^^^ P-^^,^/, ,^ 
Continental Can Company (1) (2) plus the success ul P'^°f f ^ " ^ ^ f " " " ' ^^ 
the city of Madison, Wisconsin where this technology was utilized. 

High speed production oriented operations with good quality control^and 
efficient utilization of manpower, equipment, and raw material i e ^ 
!n the successful production, pricing and marketing of packaging materials. 



290 

In developing the preparation technology, we have followed the basic ap
proach used in the day to day manufacture of some 1000 d i f f e ren t packaging 
products. 

In manufacturing many of these products , such as the three piece easy 
open beer and beverage can, the container process l i n e s turn out 500-600 
finished products per minute while running near 100% a v a i l a b i l i t y , ( three 
shifts per day, seven days per week during some months of the year) and 
averaging 87% of the scheduled l i ne a v a i l a b i l i t y . Many of the process lines 
have 25-30 operating s teps . 

We believe that C-E's front-end prepara t ion system, by incorporat ing 
the design ta lents of both Combustion Engineering and Continental Can, meets 
the needs for an eff ic ient low cost approach to preparing a refuse fuel for 
energy conversion. 

Overview 

C-E's front-end preparation system uses simple coarse r e f in ing tech
niques which have been well developed and are now in use in a number of 
locations. 

The basic objective of the front-end system i s to recover a good 
quality refuse fuel and marketable ferrous metals with some f l e x i b i l i t y to 
incorporate new technologies as they Become proven and economically v iable . 

Key Processing Steps 

In addition to the receiving and s torage function the C-E system employs 
four key processing s teps : coarse shredding, magnetic separa t ion , screening, 
and fine shredding. They are i l l u s t r a t e d in the process flow diagram 
(Figure 1). 

The remaining four auxi l i a ry plant operat ions inc lude : a i r cleaning and 
densifying the ferrous metal, secondary c la s s i fy ing one of the screen under
size fractions using a i r c l a s s i f i c a t i o n and add i t i ona l screening, f i l t e r i ng 
of plant dust emissions, and t r anspor ta t ion of recovered products and 
residues. 

C-E's process design object ives may be simply s t a t e d . They a r e : 

- Develop a simple process, rugged highly r e l i a b l e and highly 
performance o r i e n t e d . . . 

- Recover a good qual i ty refuse fuel and marketable ferrous metals 
with f l ex ib i l i t y to Incorporate new t e c h n o l o g i e s . . . 

" ^""^f f f l ex ib i l i t y to accommodate changes in waste composition 
and s t i l l maintain good product q u a l i t y . . . 

- Conserve energy. . . 
- Use proven separation t e chn iques . . . 

" dlH!»%*'^®^ V^^'^ " ^^^^ ™1™^ unloading areas to accommodate 
aeliverles and minimize unloading t i m e . . . and 
rrovlde equipment and plant layout for good housekeeping, 
access and main ta inabi l i ty . 
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C-E's facility design objectives ppovtde; 

- Process line redundancy.., 
- Reserve shift and maintenance time... 
- Close attention to spare parts supply and inventory... 
- Adequate raw waste and refuse fuel storage... and 
- Conservative process line capacity. 

Our equipment selection is premised on the following criteria: 

- Tested and field proven equipment only,.. 
- Provide reserve capacity for peak loads and expansion... 
- Provide adequate redundancy... 
- Our equipment must be capable of being operated in compliance 
with safety and environmental regulations... and 

- It must be easily maintained and repaired with readily 
available spares. 

Combustion Engineering does not intend to formulate experimental technol
ogy which has caused problems for some plants initiated during the past 
decade. As emphasized in several places throughout this paper, C-E will 
use existing and proven technology. 

Process Design Considerations 

Most of the non-combustible material present in mixed municipal solid 
waste can be removed by magnetically separating ferrous metals and screening 
inorganic fines after breaking glass. A small amount of preparation is 
needed ahead of these two steps to loosen the waste, expose the ferrous and 
break glass. (Fine pulverizing at this stage is not required and is, in 
fact, detrimental to downstream separation.) 

Opeiating History 

Front-end preparation svstems drawing on European technology began to 
emerge in this country In the mid-sixties, initially in federal solid waste 
demonstration projects and privately operated compost operations. 

Presently operating systems vary from single stage shredding with 
materials separation (the earlier approach) to refuse derived fuel (.RDF) 
systems as included in C-E's front-end preparation system. 

The tabulation below compares the present operating status of the 
principal projects within North America. 
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Principal North American Resource Recovery Projects 

Hempstead, NY 
Bridgeport, CT 
Milwaukee, WI 
Chicago (SW) IL 
Saugus, MA 
Chicago (NW) IL, 
Nashville, 
St. Louis, 
Ames, IA 
Akron, OH 
Baltimore, 

(1) 
(D) 

MD (2) 

Hamilton, ONT^^^ 
Madison WI 
Cockeysville, MD 
Niagara Falls, NY 
(Hooker Chemical) 

Monroe County, NY 
Albany, NY 
Harrisburg, PA 

Prepared Mass 
Fuel Burning 

X (wet) 
X (powder) 

Unresolved 
Problems 

Demonstration 
X 

Shakedown 

Shakedown 

Shakedown 
Shakedown 

X 

(D) Demonstration; (l)early problems; (2)changed from pyrolysis to excess air. 

Process Description 

C-E's basic process flow is shown in Figure 1. 

The process lines are conservatively designed to operate at 100 tons per 
hour, seven hours per shift and two shifts per day. 

Each facility is designed with substantial reserve shift and maintenance 
time and with excess storage and line capacity. A two-line plant is used for 
tonnages up to 2800 ton/day unless the site specific needs indicate the need 
for spare idle capacity to be held in reserve. 

The comment has been made that preprocessing of municipal waste consumes 
more energy than can be recovered. In fact, the opposite is true. A well 
prepared fuel burned in a spreader stoker water wall steam generator general
ly results in higher thermal efficiencies, reliability and availability than 
attainable in mass burning systems and hence an enhanced revenue flow for 
the project. 

A typical C-E waste-to-electrlcity facility will consume approximately 
60 kWh/ton of raw waste received. 

In the same system, based on waste with a heat value of 4500 RTU/Lb.the 
gross electrical output would be approximately 590 kWh/ton. Discounting the 
50 kwh/ton used for operation, the net electric output from the system is 
530/kWh/ton, or about 90% of the systems gross generating capability. 
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Briefly, municipal solid waste is pushed onto a horizontal apron feed 
conveyor and a metered flow is fed into a low horsepower flail type shredder 
of the type developed and operated at high capacity in the western U.S. over 
the past 15 years and in Madison, WI for the last two years, to coarsely 
shred refuse prior to magnetic separation. The output from this shredder 
is very coarse. Bags are opened and all materials are loosened and exposed. 
Glass is broken but not finely pulverized. The Madison plant employs the 
solid waste process technology marketed by C-E. 

Large drum type magnets separate the ferrous metal with 90-957. recovery 
efficiency. The separated ferrous metal is conveyed and dropped through an 
air chute (for removal of loose tramp material such as pieces of paper and 
plastic), passed through a roll crusher and placed on the scrap trailer. 

The remaining waste passes through low RPM, low Hp rotary screens. In 
the first section of the two stage screen fine sand, dirt and glass are 
separated and hauled to landfill. In the second stage larger material 
mostly combustible but including rock, large pieces of glass, and other heavy 
dense objects are removed leaving approximately half of the initial waste 
stream (a very clean combustible material — mostly paper) in the screen to 
be passed to the secondary shredder. The material removed in the second 
stage of the screen is already properly sized and can be conveyed around the 
secondary shredder direct to fuel storage or be given additional screening to 
remove the small amount of non-combustibles remaining in this fraction. 

The secondary shredder is a rugged hammermill sized to achieve appropri
ate fuel particle size. The process operations ahead of this unit are 
designed to remove glass and other fine non-combustible material, which 
causes wear on the shredder and would otherwise be pulverized into, and 
carried with the refuse fuel, and reduce the load and capacity requirement 
of this unit. > 

The discharge from the secondary shredder is designed to skim off any 
remaining heavy non-combustibles and to air convey the fuel to storage. 

Process energy is conserved by designing to the characteristics of the 

waste, by doing only the minimum necessary amount of work on the waste in the 

Initial coarse shredding and bag opening step, and by using the simple low 

horsepower operations of magnetic separation and screening ahead of secondary 

shredding. 

Process Equipment Description - Operating Experience & Support Data 

Primary Shredder (Figures 2, 3) 

The primary shredder is a rugged machine with horizontal rotor and thin, 
widely spaced replaceable swinging hammers. As noted in Figure 2, the 
hammermill is slowly fed by drag conveyor. Material averaging about one foot 
in depth is pushed slowly into the path of the shredder where the hammers 
tear open bags and assist in breaking glass before it is placed on the dis
charge conveyor. 

The primary shredding system used by C-E was developed especially to 
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shred municipal refuse and has been proven in production operation by the Los 
Angeles By-Products Company at four locations in the Western United States 
over the past 15 years. These locations include Sacramento (1963*), Martinez 
(1965*), Oakland (1968*), and San Francisco (1972*). Collectively over two 
million tons of waste has been shredded using this technology. 

This equipment is the key operating step in the system since it provides 
a uniform pre-sized feed to downstream separation and processing steps. 

The operating experience of this equipment at the Solid Waste Engineering 
and Transfer Systems Plant in San Francisco is shown on Tables 1 & 2 for 
1974 and 1975. Their single line process, which contains processing functions 
similar to C-E's up through the ferrous metal recovery stage, performed with 
better than 92% availability during this period. The By-Pro system processed 
waste at an average of approximately 135 tons per hour whereas C-E has con
servatively rated their process line at 100 tons per hour. 

TABLE I 

Operating Experience 
Los Angeles By-Products Company 
San Francisco Refuse Shreddlng-

Ferrous Separation Plant 

Average/Month 

Average/Day 

No. 
Work 
Days 

247 

21 

Total 
Material 
Shredded 
(Tons) 

212,693 

17,724 

861 

Total 
Equipment 
Operating 
Hours 

per Month 

1479.67 

131.63 

6.38 

Tons/Hr. 
Processed 
During 

Non-Operating Actual 
Time Hours Operating 
Equipment Down Time 

113.35 

9.45 134.6 

0.45 

Overall System Availability = Operating Time x 100 

Available Time 

6.38 
6.38 + 0.45 

X 100 = 93.4% 

*InstaHatlon Date 
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TABLE II 

Operating Experience 
Los Angeles By-Products Company 
San Francisco Refuse Shreddlng-

Ferrous Separation Plant 

iiZi 

TOTAL 

Average/Month 21 

Average Day 

No. 
Work 
Days 

252 

21 

Total 
Material 
Shredded 
(Tons) 

216,331 

18,028 

858 

Total 
Equipment 
Operating 
Hours 

Per Month 

1574.20 

131.16 

6.25 

Non-Operating 
Time Hours 

Equipment Down 

131.24 

10.92 

0.52 

Tons/Hr 
Processed 
During 
Actual 
Operating 
Time 

137.9 

Overall System Availability = Operating Time x 100 
Available Time 

6.25 X 100 = 92.3% 
6.25 + 0.52 

Magnetic Separation System CSee Figure 4) 

The magnetic separation system proposed is similar to the one presently 
installed in the new system in Madison, Wisconsin. 

This system is of a proprietary design developed In the early 1970's by 
the Continental Can Company. It employs a large rotating manganese steel 
drum enclosing an electromagnet and permanent magnets for collection and 
transfer of the ferrous products (See Figure 4). 

The ferrous, when extracted, contains some loose tramp paper and rags 
which are removed in a simple air chute separation process. The metal is then 
passed through a roll crusher to Increase its density for economical trans
portation to the recovery markets. 

Similar magnetic separation systems have been installed at Charleston, 
SC; Beaufort, SC; Georgetown, SC; Fort Lauderdale, FL; and Chicago, IL. 
Each installation has an air chute to remove loose tramp material. 

Rotary Screening System (See Figure 5) 

Trommel screens have widespread use in mineral benefication and over 200 
units such as those in Sheffield, England have been operated successfully 
throuahout Eurooe since the early fifties to separate ash and inorganic fines 
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ahead of incineration. 

The use of trommels to separate so l id waste ma te r i a l in North America is 
relat ively new but rapidly Increasing. Rotary or trommel screens have been 
Installed in North America in Madison, WI; New Orleans, LA; Ames, IA , 
Toronto, Ont. and In The Reynolds Metal Aluminum recovery system in prototype 
operation for the las t s ix months in Houston, TX. 

In contrast to some refuse preparat ion approaches which re ly heavily on 
high horsepower a i r c l a s s i f i ca t ion we have concentrated on the use of low 
energy trommel screens to remove g l a s s , sand, d i r t and other inorganic fines 
from the refuse fuel. 

Trommel screens have considerable operat ing f l e x i b i l i t y . This f lexi 
b i l i ty is measured, in ra te of throughput, and types , q u a n t i t i e s and size of 
materials separated and i s achieved by varying the dr ive RPM, slope and mesh 
sizes to accomplish the desired r e s u l t s . Screen mesh p l a t e s can be easily 
replaced if necessary or to accommodate s i g n i f i c a n t , seasonal changes in 
waste composition. 

Trommel Screen Class i f ica t ion i s i l l u s t r a t e d in Figure 5. Fine sand, 
dir t and glass are removed in the front sec t ion of the screen while a 
middling fraction of larger mostly dense combustibles i s removed in the back 
section of the screen, leaving a clean overs ize f r ac t ion to be carr ied to the 
secondary shredder. 

The middling fraction separated in the second s tage of the screen is 
already properly sized and need not be passed through the secondary shredder. 

The C-E process provides the f l e x i b i l i t y to e i t h e r pass t h i s material 
direct to fuel storage or provide add i t iona l screening which may be desirable 
for such reasons as changes in waste composition. 

Secondary Shredding System 

The secondary shredders in the C-E process , a re s imi la r to pulverizers 
used in rock crushing and metal scrap shredding, except for s i z e , horse
power and the use of thinner hammers, 

American experience in fine shredding municipal so l id waste , i . e . , 
shredding 80% - 90% of the waste to l e s s than 3" p a r t i c l e s i z e , follows 
5-10 years of ea r l i e r development work in Europe and dates back to compost 
plants instal led in the mid-1960's. Several American manufacturers have 
developed couslderable f ie ld experience in shredding refuse to the specif i 
cations required for fu l l and semi-suspension burning. 

a«JMison,_WJ. .sconsnj i j ;ac i l^ (See Figure 6) 

system''̂ •''̂ '̂  °^ Madison has been operating a municipal waste shredding 
Citv™ ^"^'^^ •'•̂ '̂- It was their successful experience that prompted the 
Thev h^A ^^^^ '° 'Contract for a total reconditioning of their plant, 

y nad agreements with Madison Gas & Electric, a local utility, to provide 
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a high quality refuse derived fuel which would be supplementally burned in 

two coal fired units. 

The schematic, Figure 7,shows the current plant layout which was 
completely installed by January 1979 and in operation later that summer. 

This plant provides Madison with the following options: 

- Direct bypassing of the waste from the tip floor to the 

transfer packer/trailers. 

- Coarse shredding with bypass direct to the residue load out 

area of all material. 

- Coarse shredding, ferrous metal extraction with the remaining 

material out loaded through the residue system. 
- Total processing including ferrous metal extraction, residue 

outfeed and quality refuse fuel production. 

The City of Madison's system was sized for 50 T/hr throughput. This 
required scaling down the technology from that which had been developed. 

Their current system throughput is approximately 250 tons per day and 
Includes some waste from towns outside of the City. All waste received is 
processed each day and the plant is cleaned each day. 

Madison and plant personnel take great pride in their operation and 
it is without question one of the cleanest and best performing refuse-to-
fuel plants operating anywhere in the world today.-..a fact attested to by 
many of the thousands of visitors logged through their facility. 

The Madison plant employs the solid waste process technology marketed 
by C-E. C-E has had the opportunity to propose this technology into many 
varied types of projects. The simplicity, ruggedness and flexibility to 
accommodate wide variations in processing needs and waste composition has 
always been more than adequate. 

Table III compares the Madison RDF system with a., typical C-E type 
project when the end products would be fer)?ous metal and electrlctty. 

Overview - Prepared Fuel Technology 

The C-E nrepared fuel technology can be grouped into two categories: 

A. Front-End Preparation System 

The technology C-E uses to prepare municipal solid waste and im
prove its feed, firing and burning characteristics for handling in C-E 
solid fuel burning steam generation equipment/systems, is referred 
to as the front-end preparation system. 
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TABLE I I I 

Process ing System 

Design Capacity 
No. of Process ing Lines 
Process Line Rat ing 
Primary Shredder Horsepower 
Ferrous Magnet System 
Trommel Screens /L ine 
Non-combustible F ines Removal 
Combustible Recovery from 

Trommel Heavies 
Fuel Recovery Pe rcen tage /Ton MSW 
Products Marketed 
RDF Sizing 

System Comparisons 
Summary 

Madison 

400 T/D 
One 

50 T/Hr 
300 Hp 

Yes 
1 @ 8'D x 35' Lg 

Yes 

No 
MSW 55% 

90% < 3/4" 
2" Topsize 

Typical 
System 

2800 T/D 
Two 

100 T/Hr 
500 Hp 

Yes 
2 (3 9'D X 40' Lg 

Yes 

Yes 
80% 

95% < 4" 
6" Topsize 

Energy System 

Energy Used 
U t i l i z a t i o n of RDF 

Component of P r o j e c t 
Type of B o i l e r s 

Madison Gas & E l e c . 
S u p p l e m e n t a l w / C o a l 

No 
B&W Suspension 
w/Drop Grates 

(XXXX) 
D e d i c a t e d Bo i l e r 

6. T/G 
Yes 

C-E S p r e a d e r Stoker 
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The Continental Group (Continental Can Company) spent six years 
of research and development and the City of Madison, Wisconsin is now 
completing their second year of operation, aimed at developing and 
perfecting the front-end preparation technology we plan to use. 

In addition to C-E's rigorous internal review this technology has 
also been given an in-depth critique by a technical team from the 
Bechtel Corporation on behalf of Detroit Edison and by the Mitre 
Corporation for both the Detroit project and the HPOWER project for the 
City and County of Honolulu, both projects where C-E has been selected 
as the full service system vendor. 

These groups have expressed their satisfaction that the proposed 
technology is sufficiently sound to allow us to meet project guarantees. 

B. Energy Generation 

Combustion Engineering, Inc. is known as "THE ENERGY SYSTEMS COMPANY" 
having been suppliers of major equipment to public and private utilities 
and large industrial energy users for almost 70 years. 

In fact, over 40% of the thermal electric energy generated in the 
Free World today is developed by steam generators designed or supplied by 
C-E. 

C-E's experience in spreader stoker combustion of a variety of 
waste fuels extends back to the early 1930's. The continued application 
and expanding use of these and other materials today is the direct 
result of Combustion's pioneering efforts in this field. 

The following condensed listing is included,to demonstrate the 
variety of waste fuel products that C-E has successfully converted into 
useful energy: 

Gases 

Coke Oven Gas 
Blast Furnace Gas 
Carbon Monoxide 
Refinery Gas 

Liquids 

Tars 
Pitch 
Sulfite Liquor 
Black Liquor 
Dirty Solvents 
Spent Lubricants 
Paints 
Resins 
Oil Wastes 
Industrial Sludges 
Wet Sludges 
Liquid Wastes 

Solids 

Bark 
Bagasse 
Sander Dust 
General Wood Wastes 
Sawdust and Shavings 
Refuse 
Dried Sludge 
Coffee Grounds 
Nut Hulls 
Rice Hulls 
Corn Cobs 
Municipal Wastes 
Industrial Wastes 
Agricultural Wastes 
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Combustion Engineering is proud of its capahillty in the processing and 
burning of waste materials. It has been our experience that when these 
materials are analyzed in their chemical form, waste cellulosic materials 
look very much like natural fossil fuels. For this reason C-E does not 
have a special boiler selection or proposal department for waste fuels, but 
processes requests concerning these materials by standard procedures in a 
department that serves all fuels. This group establishes the proper design 
and combustion criteria that assure reliability, availability and performance 
once C-E puts a unit in the field. 

The C-E VU-40 Boiler using the spreader stoker concept is a proven 
system. While an actual count is not available, it is estimated that there 
are 3,000 to 4.000 spreaders to key units operating in the United States 
today and over 1,000 additional units of this design employed elsewhere in 
the world. 

Technology Compnrjlsons 

The following section takes a look at the advantages of the spreader 
stoker approach as well as mass burning technology and compares their per
formance capabilitlGp. 

Spreader Stoker Firing of Prepared Refuse 

With this system, the refuse fuel is prepared such that it has a 6 in. 
(152 mm) top size and 95% is less than 4 in. (102 mm). A typical preparation 
system was shown In Fig. 1. The prepared refuse is delivered on demand to 
small storage/mptering bins at the boiler front where the refuse is delivered 
at a controlled rate to the pneumatic refuse distributors located in the 
furnace front wall. The feeder in the bottom of each bin will be 
controlled by the combustion control system to respond to the steam demand 
rate. High pressure air is delivered to the pneumatic refuse distributors to 
assure even feed of the grate surface. The air quantity required for the 
refuse distributors is approximately 5% of the total air required for 
combustion. 

The refuse delivered to the boiler has a greater percentage of large 
material that will burn on the grate surface than does a full suspension 
system, but thpre is a sufficient quantity of the light fraction to allow for 
suspension burning above the grate. The suspension burning, combined with 
the metering bins located near the boiler, will produce fast boiler response 
to maintain stable operation when the fuel or steam demand quickly changes. 
The grate employed with this firing system is a continuous ash discharge 
type which travels from the rear toward the front of the furnace. The stoker 
is almost identical to the continuous ash discharge spreader stokers current
ly used for stoker firing coal or other waste cellulose fuels. A more 
detailed boiler arrangement is shown in Fig. 8. 

With the spreader stoker refuse firing system, a single Boiler can handle 
the fuel derived from waste inputs in excess of 1500 tons/day. Total steam 
temperatures are limited to 8250F (441C) to avoid excessive corrosion when 
firing 100% refuse. 
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The advantages of this system include; 

1. Fast Boiler response rate, 
2. The unit can be designed to burn other solid waste fuels 

or coal on the stoker. 

3. The homogeneous nature of the fuel reduces the potential for 
furnace wall corrosion which can result from an alternating 
reducing/oxidizing atmosphere. 

4. High thermal efficiency due to the ability to use lower excess air. 
5. Resource recovery potential 
5. High sludge disposal potential. 

Mass Burning of Unprepared Refuse 

With this system, raw refuse is discharged into a large pit. A bridge 
crane and clamshell are used to obtain some mixing of the refuse as well as 
move the material to the charging chute. Typically, the refuse is moved to 
the first grate by a hydraulic ram. Various types of grate surfaces can be 
employed to agitate and move the refuse down the gently sloping grate 
surfaces. Agitation is required to expose all of the refuse to the air in 
order to complete the combustion. Since the refuse size is not reduced, the 
bulk of the combustion occurs at or near the grate surface. 

Most mass burning boilers are available in size ranges approaching 
700 tons of refuse per day. 

The lower furnace must be necked out to accommodate the large grate 
area required for a mass burning stoker but the totaL furnace must, as with 
the previously described systems, be sized to cool the gases to at least 
I600OF (8710C) before they enter the first convective surface. Mass fired 
systems have higher potential for high temperature superheater corrosion 
and convective surface fouling than other systems. 

Due to fluctuating furnace conditions resulting from the nonuniform heat 
input rate the steam temperature should be limited to 75CPF (39SPC) for mass 
burning. The nonhomogeneous nature of raw refuse can result in wide fluctu
ations in the steam flow, steam pressure and boiler water level. If the 
steam produced must be delivered at a uniform pressure and flow, special 
equipment such as accumulators, pressure reducing stations, etc. are required. 

The constantly changing firing conditions require that the convective 
system and sootblower coverage in a mass burning system be more conservative
ly designed than for either the full suspension or spreader stoker type 
systems. 

Specific advantages of the mass system include: 

1. Lower auxiliary power consumption since the refuse preparation 

system is not required. 
2. Reauires less space than other systems. 
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3. Reduced flyash loading leaving the furnace. 

A comparison of the boiler performance for the spreader stoker and an 

equivalent mass burning system when burning 600 tons/day of refuse i s included 

In Table IV. 

With spreader stoker firing of prepared refuse, i t is possible to 
design for stoker firing of other solid fuels such as coal, wood, bark, 
bagasse, or sludge in combination with the stoker fired refuse. 

Solid fuels can be mixed with refuse for mass burning boiler but the 
maximum quantity of the supplementary solid fuel wi l l generally be less than 
with the spreader stoker. The mass burning stokers were developed specifical
ly for refuse and are, therefore, less adaptable to other fuels. 

TABLE IV 

Systems Comparisons 
(600 Ton/Day 750° TST 300OF Feedwater) 

Spreader Stoker Mass Burning of 
Firing of Prepared Unprepared 

Refuse Refuse 

HHV 5690 BTU/Lb 4600 BTU/Lb 
Steam flow 126,542 Lb/Hr* 124,171 Lb/Hr 
Excess air 40% 80% 
Efficiency 74.79 69.74 
Stack temperature 350oF (177oc) 350OF (1770C) 

*Assumes combustible loss in preparation 

Options Available to Prepared Fuel 
Energy Recovery Systems 

Market Advantages Over Mass Fired Systems: 

1. Base Load Energy Use 

Both prepared fuel and mass burning systems can be operated for 
steady state outputs of hot water, steam and e l ec t r i c i t y . 

Prepared fuel systems can, however, provide more benefits due to 
higher energy recovery efficiency plus higher r e l i ab i l i t y and higher 
availability of the overall system. 
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2. Ability to burn coal 

Prepared fuel systems can burn coal with, oj? tn place of, refuse to 
assure that energy contracts are always met. Coal is not compatible 
with mass burning combustion. 

This is an important consideration should there be a shortfall in 
delivery of waste tonnage, should there be an emergence of new techno
logies for disposal, should major changes occur in waste composition, or 
should there be prolonged strikes by collection workers, etc. 

This approach will also permit designs of larger energy recovery 
systems, including load following and peaking arrangements. 

3. Load Following 

Demands for energy in many systems will rise and fall. The most 
efficient energy systems are those designed to follow load swings which 
may range from 25 - 100% of maximum demand for energy. 

The larger combined raw waste and fuel storage capabilities, faster 
boiler response and range of boiler response readily available through 
prepared fuel/spreader stoker systems allow these systems to he easily 
adapted to load following conditions. Mass burning is substantially less 
adaptable to these demands. The added value which energy users place on 
load following can substantially increase project income. 

4. Ability to Serve Peaking Requirements. 

C-E's long-term relationship with major energy users has led to an 
indepth understanding of the needs and concerns of their operations. 
In the field of utility power generation the output capacity at all 
times is monitored and controlled by sophisticated computerized programs 
that assure that all the systems in the grid are synergistically oper
ated at the least overall operating cost .... often referred to as 
economic dispatch. 

This means that the lowest heat rate units constitute their base 
load units. As their system output requirements increase, units offering 
the next lower heat rate are phased in until such, a point as they ap
proach the peak demand. It is not uncommon that to meet peak output 
needs older, less efficient fossil units using more expensive fuel and 
even gas turbines are operated. 

If, for example, gas turbines are used they can have, depending on 
type and age, heat rates of up ts four ti-mes that of new fossil designs. 
With operating costs that may be 95% fuel costs the incremental value 
of not having tocperate these peaking units is apparent. 

Prepared fuel spreader stoker systems have the ability to perform 
in peak load situations but at a heat rate substantially better than 
most existing peaking plants. To the degree that a waste-to-energy plant 
can be operated to effect the utility's peaking costs, the utility will 
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negotiate for the project's energy at the enhanced value. This may re
quire larger spreader stokers than if the unit had been designed for base 
load operation. 

In one developing project, in which C-E participated, the cost of 
the larger steam generators was increased by approximately 35% whereas 
the power value to the project increased over 100%, a substantially cost 
effective consideration for the project and communities. In this in
stance the utility investigated to their satisfaction C-E's technology 
and its related availability and reliabil i ty and made the judgement 
that the utility could justify paying 4Q mills for power. This 
equated to 29 mills for power and 11 mills of capacity credit for the 
plant. 

In this project, by designing to meet the needs of the ut i l i ty , C-E 
offered improved revenue flow to the project from a base load level of 
19 mllls/kwh to 40 mills/kWh, a 110% increase in revenues. 

This Increase would have been even further improved by virtue of the 
fact that C-E's overall system efficiency and power generation output is 
higher than that attainable by mass burning technologies. 

Another very Important advantage to this project related to the 
system's capacity to process and burn a l l of the waste in the ut i l i ty ' s 
100 hour/week peaking window. This approach left the system with a 
capability to accept up to 68% more tonnage and to proportionally 
generate more power. Since the project's economics were Based on the 
utility's peaking needs all additional power revenues plus the added 
tip fees, less a small incremental increase in 0 & M costs, meant an 
even greater potential for project profit improvement. 

5. Refuse Derived Fuel Sale 

Prepared fuel systems produce a storable refuse fuel which can be 
burned on site or be marketed as a supplemental fuel to local utility 
and/or industrial coal fired units. 

6. Densified Refuse Fuel and Other Uses 

seeaM^^? ""Hkely that this will be a significant option in the fore-

TaZlt ' " ^ ^ ° " " " " *"= discounted for flexibility in developing 
long range uses, including small RDF markets and paper fiber markets. 

gOM_lHonolujj^^ggra5Lof, Waste Energy Recovgrv)̂  

servicrvrr™f'"*^"^"'"^' ^ " ' - ^ " ' ' *"^^=' ^"^ - " ^ ^ ^ selected as the full 
for an 1800 Zn°^ , project based on bid data submitted October 16, 1980, 

Lun per day facility. 

the City ulM^»f ^ " ^ ' " ^ ^ ^ bad fifteen interested contractors, eleven of whom 
tractors submUted t ^ T ^ qualified to submit technical proposals. Five con-

submitted technical proposals. These were reviewed by the City to 
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insure compliance with established criteria on technical system design, system 
management and environmental Impacts. Three contractors were found to have 
acceptable technology and were invited to submit price bids. 

Two contractors, one a mass burner vendor, the other C-E/Amfac, with pre
pared fuel spreader stoker technology, prepared and submitted a total of 
six price bids to the City. The low bid of $90.4 million submitted by C-E 
was over $23 million less in capital cost than the mass burning system. 
Other highlights of the proposal are: 

- Energy recovery from solid waste at 545 k?fh/Ton for 305,960,000 kWh/Yr. 
- Energy recovery from bagasse at 636 kWh/Ton for 25,480,000 kWh/Yr. 
- Ferrous metal recovery at 90% for 28,305 tons/yr, 
- The expected revenues from electricity and ferrous metals less deductions 
for debt service and 0 & M costs should result in a net profit to the 
City and no tipping fee will be needed. 

- Because energy is expected to escalate faster than the costs of operation, 
the City projects they will attain a total profit of $600 million over 
the 20-year project life. When compared to their projected 20 year land
fill costs, which they would experience without the project, the HPOWER 
Project will benefit the City by over $800 million dollars. 

- The City's current schedule is tentatively to issue Notice to Proceed by 
April 1, 1981 and begin full operation by May 1984. 

Areas of Special Consideration 

The C-E front-end preparation system uses proven technology and with 
minor exceptions does not involve risks or special problems different from 
those encountered in many day-to-day manufacturing activities. Areas of 
plant and process operation which could be grouped in'the category of 
requiring special consideration: 

1. Primary Shredder (Flail Mill) 
2. Secondary Shredder 
3. Explosions - fires 
4. Plant housekeeping - odor and litter control 
5. Boiler-steam and electric generation system 
6. Varying supply and consistency of the infeed solid waste. 
7. Plant noise 
8. Personnel training safety 
9. Down Time. 

1. Primary Shredder (Flail Mill) 

The principal objectives in preparing refuse for stoker burning are 
(1) to remove most of the objectionable material which can accelerate wear and 
Increase the down time of the steam generator and (2) to prepare a fuel 
properly sized, i.e., top size 6" for semi -suspension burning. 

The primary shredding operation plays an important role since the waste 
is largely neutralized for safe handling and efficient treatment after this 
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step. 

Upstream from the primary shredder in the C-E process, the raw waste ts 
spread and partially compacted in storage by crawler tractors much like the 
operation in a sanitary landfill. The crushed waste is then fed to the first 
of three conveyors which pass the raw waste in a thin stream about 1' in 
depth past an inspection station and into an isolated concrete room housing 
the primary shredder. The shredder reduces material to approximately 8" in 
size using approximately 3 HP/Ton and quickly passes material through the 
machine allowing very little opportunity for fumes to build up. The room is 
designed with blow off panels to vent concussions from explosions and has 
sprinklers both above and Inside the shredder. The room is also under nega-> 
tive draft to vent and prevent build up of dusty air and fumes. 

Flail shredders of the type described in this paper have enjoyed a long 
and successful history. Five installations with combined operating ex
perience of over 30 years and with over 2 million tons of waste processed are 
referenced including three mobile units used on landfills for ferrous metal 
recovery, a permanent installation at the SWETS transfer station in San 
Francisco and the permanent installation in Madison, Wisconsin. 

The most representative of the equipment we intend to use is the SWETS 
design where six years of experience was obtained. We have comprehensive 
data on its daily operational capability. During this time the unit 
averaged approximately 135 tons/hour throughput and the total system (in
cluding feed conveyors, flail mill, ferrous separation systems and conveyors 
which returned the non-ferrous shredded material and ferrous metals to open 
top trailers) experienced an overall availability of 92%. 

The flail type primary shredder has the best record of all designs 
available for minimizing impact of explosions. 

Ref: Estimated six sticks of dynamite at SWETS transfer station in San 
Francisco. Damage - broken belt and six damaged rollers. Outage less than 
one day most of which was for Bomb Squad to do investigatory work. Actual 
repair time approximately four hours. Spares were available. 

Ref: Madison, WI explosion from acetelyne tank. Damaged twelve con
veyor rollers (two overhead doors and some windows). Process down two weeks. 
No spares available. If spares were available could have been operational 
in eight hours or less. No other process damage occurred. A fire in the 
waste material started on the shredded material belt. This was detected and 
extinguished with conveyor water spray system with no damage. 

The primary shredder performs several important functions for the pre
pared fuel process: 

- Produces a relatively uniform feed to downstream operating steps 
- Opens bags and loosens and exposes metals and glass, grit, sand and 

dirt, etc. for downstream separation 
- Shreds and lays down the material in such a manner as to facilitate 

afficlent magnetic separation without overworking the waste 
- Breaks part of the glass without finely pulverizing the glass. 
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After the primary shredder icon and steel is extracted very efficiently 

from the shredded refuse using low HP electrs-pejjmanent drum type magnets. 

From this point the waste is tumbled and screened through a low HP 40' long 

X 9' diameter rotary screen. Both operating steps have been employed 

successfully for many years — the drum magnets in the USA and the rotary 

screens in Europe (and more recently in the USA) and there ts very law 

probability of hazards, problems or significant down time with these two 

operating steps. 

The rotary screen removes fine grit, glass, sand, dirt, etc. for land
fill in the entry sections and drops materials under 2-3" in size, largely 
the dirty and wet combustibles in the following sections. This fraction can 
be conveyed direct to fuel storage or given minor treatment first to remove 
remaining non-combustlBles. 

The waste stream passed to the secondary shredder is largely combustible 
and free of glass and metals. 

2. Secondary Shredder 

The Secondary Shredder where most of the power plant HP is required 
receives only 40-50% of the incoming solid waste and the feed is mostly 
preshredded paper. 

Since this machine has the ruggedness of a small scrap yard shredder and 
many have been built and operated successfully in the U.S. we can achieve 
relatively low maintenance and high availability with this equipment. The 
units selected will have easy access for maintenance and features that extend 
the usahle life of shredder hammers while reducing labor requirements and 
maintaining desired particle size. 

« 
3, jxplosions - Fires 

Some explosions, although very few causing severe damage, have occurred 
at municipal solid waste shredding plants. The hazards of working wtth 
municipal solid waste are well known since it has been Burned tn municipal 
incinerators and compacted in collection vehicles and at landfills for 
decades. 

Studies by the Insurance Fire Underwriters Assoctatton for the Federal 
EPA indicate that the most frequent cause of explosions at refuse shredding 
facilities are the build up and ignition (possibly by sparks or hot metal) 
of combustible fumes in a shredder. Discarded cans of solvents and paint 
thinner are examples of materials which can cause problems. 

The problem is most prevalent where waste Is fed without Inspection into 
shredders which contain the material and allow fumes to build up. We believe 
that the method used by C-E to store raw refuse and process it through a 
primary shredder will minimize hazards related to shredder explosions. 

For the reasons stipulated earlier the potential for hazardous conditions 
downstream from the primary shredder are minimized. 
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Throughout the plant and accessible to all process equipment will be 
hose stations and portable fire extinguishers. Further precauttons include 
sprinkler systems above all conveyors plus isolation, venting and Internal 
water spr.ays for the secondary shredders and fabric filters. 

4. Plant HousckeepinK. Odor and Litter Control 

Raw waste and refuse fuel will be stored under roof, compacted in 
storage and processed as soon as possible on a "first-in flrst-out" basis. 

In order to control plant odors the waste will be stored under roof, 
out of the direct sunlight as normally done at incinerators and transfer 
stations. Compaction during storage, good housekeeping during processing and 
proper handling and disposal of unburned residues will also control odors 
from the preparation plant. Special attention in process design and equip
ment layout is given to conveyor skirting for containing material, use of 
clear span roofs to facilitate floor sweeping, use of solid member trusses, 
solid material manways and walkways, (vs gratings) grouting around equipment 
footing and avoiding ledges around equipment and equipment supports where 
possible to eliminate points of dust buildup and facilitate cleaning. Daily 
sweep down of all process area floors and wall surfaces where lint builds up; 
daily washdown of ai.sles, walkways, restrooms, dumping platforms, with other 
floor and wall surfaces washed as needed, plus frequent sweeping of drive 
areas, residue transfer points and litter pick up around the plant will be 
essential to maintain pride in the operation, good morale of plant personnel 
and community acceptance. Under normal conditions waste will be processed 
on the same day it is received. 

5. Boiler-Steam and Electric Generation System 

Municipal solid waste is a heterogeneous mixture of materials some of 
which can cause damage and extensive downtime to a steam generator as the 
material is burned to generate steam and/or power. 

In a mass burning system the waste is burned in the form in which it is 
delivered. 

C-E prefers to prepare the refuse prior to burning it. 

In this manner, the steam generator,the most capital intensive piece of 
equipment in a refuse to energy system, is never exposed to the problem 
materials which cause excessive down time and loss of revenue. This results 
in much higher reliability and availability in the steam generator where the 
energy must be developed to assure project revenue flow. 

6. Var)ring_f;upply & Consistency of the Infeed Solid Waste 

Built into C-E's system is substantial flexibility due to: large raw 
waste and refuse fuel storage areas; surge capacity in equipment and motor 
horsepowers; process line capability to handle a metered stream throughout; 
adjustable shredder hammer spacings, breaker plate settings and grate 
openings; adjustable magnetic separator position and adjustable trommel rpm, 
angle of declination and mesh sizes, dampered pneumatic air .<?treams. 
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7, Plant Noise 

The principal sources of notse in a refuse fuel preparation plant 

can be: 

- refuse collection trucks in the receiving area 

- crawler tractors in the receiving area and fuel storage area 
- primary and secondary shredders 
- large I.D. fans. 

Plant personnel are not required to work continuously near high notse 
areas. The crawler operators work with ear protective devices in a sound 
dampened enclosed cab. The primary shredders will be isolated in a room with 
reinforced concrete walls. The operator will be partitioned outside and 
will have ear protection. 

Plant noise is controlled to acceptable levels at the property line 

by: 

(1) Isolation of equipment such as the primary shredder in sound 

dampening rooms. 
(2) Air attenuation of plant noises and the sound dampening effect of the 

large open rooms and waste material in the receiving and fuel storage 
areas. Use of barriers where required. 

(3) Use of sound dampening building materials in the Building walls, 
(4) Taking steps to reduce noise at the point of generation By 

(a) assuring that equipment is in proper balance; and 
(b) foam filling the roll crusher which compacts the ferrous scrap. 

8. Personnel Training/Safety 

Training: Each C-E employee receives comprehensi-v^e training directly 
related to his primary work area as well as for those classifications and/or 
other functions he may be called upon to perform. 

Employee training records will be maintained. Basic programs must Be 
completed prior to being qualified for the responstbtlity assigned and 
satisfactory completion of periodic refresher courses will be one standard 
by which performance is measured. 

Supervisory and maintenance personnel will be hired in advance of start
up and will attend training programs conducted by equipment manufacturers. 
This applies to mobile as well as fixed equipment and would be a condttion 
Imposed on the supplier prior to any equipment purchase. 

Comprehensive start-up assistance, operator manuals and maintenance 
guides will also be required of manufacturers. This information will provide 
the basic data for implementation of on-going programs for operations personnel. 

Safety: Personnel safety will be engineered into the design and con
struction of the refuse processing plant. A qualified safety engineer will 
work with our design engineers and those of our consultants to insure that 
every practical safety feature is built into the site, the plant and the 
lachinerv. Further review of the plans with OSHA engineers will help 
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to Insure a safe facility. 

Further analysis will be made to determine the best and safest method 
for doing each job. These methods will then be taught to each employee for 
each job. 

To keep employees"safety aware" the following programs will be 
conducted: 

(a) Weekly safety meetings. 
(b) Posters at plant entrances and at other strategic locations around 

the plant site. 
(c) Plant supervisory personnel will frequently refer to safety in 

daily contacts with employees. 
(d) Movies and special talks on safety will be presented to the 

employees periodically. 
(e) Comprehensive health records with periodic physicals on 

all personnel. 

Specific attention will be given to protection of personnel working 
in dust laden areas, or around noisy equipment or working with the waste. 
This will include such steps as room ventilation, working in enclosed 
equipment with filtered ventilation air, use of surgical masks and 
respirators, using ear protection, having noisy equipment in sound dampening 
concrete block rooms, restricted access to certain areas during the time 
equipment is running, special training in working with the waste, etc. 

9. Down Time 

C-E addresses downtime in terms of process interruptions, unscheduled 
outages and planned outages. 

Process interruptions - short periods of downtime normally in 
the waste processing plant including equipment jams, shift 
changes, line transfers, etc. 

Unscheduled Outages - periods of longer duration which involve equip
ment failures, such as pumps, motors; conflagrations or detonations 
which require Inspection and possibly repair/replacement; power 
failures, etc. 

Scheduled Outage - Periods of scheduled downtime in the processing 
plant for major maintenance and repair or replacement of equipment 
and, where possible, coincidental with scheduled downtime in the 
boiler and turbine generator plants for annual inspection and 
overhaul, etc. 

The above three areas of downtime are all addressed by 
(I) Applying the management, operating and maintenance concepts used in the 

high speed materials handling industries. 
This means such considerations as: 

- Proper metering of the feed material 
- Equipment evaluation, inspection, effective maintenance and appropriate 
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spare parts inventory 
- Effective personnel training and management 
- Adequate maintenance crews and necessary repair shop capabilities 

- Continuous process evaluation and quality control. 

(2) Simplicity of process design, selection of proven equipment, ease of 
access and care of maintenance and repair. 

(3) Process line safe continuous hourly, and daily capacity. 

(4) Reserve shift time, i.e., part of the second and of the third shift in 

the processing plant are available for catchup or maintenance and repair. 

Weekend time is also available. 

(5) Process line redundancy. It is intended that C-E plants will have 
multiple 100 TPH process lines. Primary process functions, such as the 
primary shredder, will be isolated from other equipment and between 
process lines. 

(6) Energy Generation System redundancy. The energy generation equipment 

will have adequate redundancy to meet the guaranteed levels of 

performance. 

(7) Storage. It is intended that C-E prepared fuel-energy recovery plants 
will have both raw waste and prepared fuel storage. With the ability 
to always prepare a fuel as Illustrated above, this means that a typical 

plant may always be able to maintain from 2 - 4 days of fuel supply. 
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Figure 2. Primary Shredder. 

Figure 3. Los Angeles By Products Company Shredder. 
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Figure 4. Magnetic Separator. 
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Figure 6. Madison, Wisconsin Prepared Fuel Plant. 
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Figure 7. Schematic of Madison Plant Layout. 
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Figure 8. Refuse-Fired Spreader Stoker Boiler. 
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RDF FUELS IN A WASTE-TO-ENERGY SYSTEM — 
THE TELEDYNE NATIONAL EXPERIENCE 
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Teledyne National 
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ABSTRACT 

Teledyne National (herein referred to as TN) was formed as a 
new operating entity of Teledyne, Inc. in March, 1974 to pursue 
resource recovery. It has been actively involved in designing, 
constructing and operating resource recovery projects since then. 
Three (3) facilities currently being operated by TN will be de
scribed in this paper. While TN is a systems company with no pro
prietary equipment or primary processes, our operating experience 
to date is primarily with Refuse Derived Fuel (RDF) systems. Since 
several large RDF systems have experienced difficulty, a question has 
been raised by some as to whether such systems are technically 
viable, reliable and economically attractive. This paper intends 
to deal with this question in light of TN's considerable experience 
with these systems. 

TELEDYNE NATIONAL - MANAGEMENT APPROACH 

Mr. Robert S. Turley, President of Teledyne National (TN), and other 
key personnel, have been working in the field of resource recovery since 
1970. Teledyne institutional efforts were initiated in 1971. In 1974 it 
was decided to create a new operating entity of Teledyne, Inc. to engage in 
resource recovery projects. This operating entity has become a leading firm 
in the design and operation of refuse to energy and materials reclamation 
facilities. 

TN Management philosophy is: 

• A "modified full service" approach providing feasibility deter
minations, systems design, project management during design an 
construction, operations, product marketing and development, and 
assistance in the conceptualization of financial structures. Be
cause operations cost and safety are so dependent on design, 
operations contracts are generally coupled with design responsi
bility. In this relatively new technology it is important that 
the process designer have the responsibility for making the 
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• Restraint from acquiring or developing for our own account 
proprietary processes and equipment for basic systems. This 
principle permits the unbiased flexibility to design a system 
tailored to the unique aspects of local markets and operating 
parameters. It is our experience that project viability may 
best be optimized if the designer/operator is unfettered with 
fixed "in-house" solutions or business incentives to use equip
ment that he produces or is licensed to sell. 

• Maximizing the use of local personnel and business services for 
detail design and facility operation. Except for a small cadre 
of trained supervisory personnel, TN hires and trains local 
citizens for both hourly and supervisory posts. Local businesses 
and services are used whenever possible. 

• Close coordination and cooperation with local government authori
ties to provide the working relationship that is necessary to 
handle the changing requirements for solid waste disposal over a 
long period. It is in the best interests of the citizens. TN's 
successful experience in Baltimore County, Maryland; Akron, Ohio; 
and Weber County, Utah illustrates that TN not only believes in 
this principle, but pursues it successfully. 

As a leading firm in RDF experience and technology, TN is being asked 
whether this technology is technically viable, reliable and economically 
attractive as compared with available alternatives. A positive response 
means little to the questioner unless he makes his own evaluation of the 
technology. How then, should such an evaluation be made? 

EVALUATION OF RDF SYSTEMS 

An evaluation solely based upon media articles may be unreliable and 
should be avoided. Such articles can be properly used as a starting point 
for gathering information. RDF and mass-burning, which represents the two 
major technical alternatives, have different characteristics. In order to 
find out which is most suitable for a given application, one must compare 
them based upon a detailed technical and economic evaluation including 
visits to operating plant sites. 

The following steps for such an evaluation of RDF technology is 
suggested: 

A. Break system into Functional Modules 

Recovery 
Processing 
Shredding 
Control Systems for Fire and Explosions 
Air Classification 
Trommeling 
Disc Screens 
Conveying 
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• Secondary Materials Recovery 

• Ferrous 
• Non-ferrous (aluminum) 
• Glass 

• RDF Storage 
• Boiler House 

• Feed Systems 
• Boilers 
• Ash Handling 
• Air Pollution Control 

• Turbo-Generators 

B. Send qualified and unbiased technical and/or operating personnel 
to plants (both successful and unsuccessful) to evaluate each of 
the above modules. 

C. Obtain equipment availability data in each plant by module. 

D. Obtain actual operating history of plant. Including throughput. 

E. Analyze environmental factors. 

F. Obtain cost data and revenues for energy and secondary materials. 

G. Compare problem areas in existing plants to advances in the state-
of-the-art. 

Teledyne National strongly believes that the analysis described above 
will result in the conclusion that RDF technology is a viable and attractive 
technology, and that a plant, properly designed in accordance with proven 
methods and equipment, will be successful. Examples are the plants in 
Cockeysville, Maryland; Ames, Iowa; and Madison, Wisconsin. 

COMPARISON OF CHARACTERISTICS OF RDF VERSUS MASS-BURNING 
WASTE-TO-ENERGY SYSTEMS 

Having properly evaluated RDF and mass-burning technololgy, the in
vestigator should now look at the basic characteristics of RDF and mass-
burning to determine which is most suitable to his circumstances. 

Mass-burning, more correctly called Waterwall Incineration, has a long 
history of operation in Europe. Refuse Derived Fuel (RDF) systems have 
evolved in the United States over the past ten or eleven years in response 
to those characteristics of the mass-burning technology which do not always 
lend themselves to certain modern site-specific and operating parameters; 
i.e., flexibility, remotely located energy customers, secondary materials 
recovery, etc. 
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Cost Effectiveness 

TN believes that the mass-burning facility tends to be more capital 
intensive per ton of MSW (Municipal Solid Waste) input than a comparable RDF 
facility, although this is somewhat dependent on RDF facility design charac
teristics (See Table I). The capital intensity of the mass-burner is due to 
the massive size of its receiving pit, boilers, and pollution control equip
ment. Studies are in conflict on this point, and because of differences in 
design characteristics and different dates for the construction of major 
facilities currently in existence, it is difficult to prove conclusively 
one way or the other. 

TABLE I 
RDF VERSUS WATER-WALL INCINERATOR 

ELECTRIC GENERATION 

Capital Cost 

Operating Cost 

Debt Service @ 8%, 
20 yrs. 

Total Annual Cost 

Power Revenue 

Ferrous Revenue 

Total Revenue 

Net Disposal Cost 

Expansion Capability 

Water-Wall Incinerator (a) 
(1,890 TPD Peak. 

Initial Input 1.700 TPD) 

$116.5 million 

5.3 mlllion/yr. (c) 

11.9 nlllion/yr. 

17.2 mllllon/yr. 

II.1 mUlion 

•1 million 

(d) 

(e) 

$ 11.2 million 

$ 10.08/toQ (based on 

Estimated up to 1,890 TPD, 
without additional capi-
tal (g) 

Air Pollution Control 

Potential Glass & 
Aluminum Recovery 

Meets local requirements 

Proposed Eastern Baltimore 
County Project (b) 
(2,800 TPD Peak, 

Initial Input 1,750 TPD) 

$60.0 million 

5.9 mllllon/yr. 

6.1 mlllion/yr. 

$12.0 mlllion/yr. 

$ 9.7 million 

.2 million 

$ 9.9 million 

(c) 

(h) 

(£) 

$ 3.43/ton (based on 
1,750 TPD 

Up to 2,800 TPD without 
additional capital. 

Heets local requirements 

_L 
(a) 

(b) 

(c) 
(d) 

(e) 
(f) 
(B) 
(h) 

Reference: Solid Waste to Energy Industrial Park Study, Port Authority of 
NY and NJ, 9/30/76. ' 
Includes addition of supplemental RDF module to an existing processinB 

facility. 

Includes residue and ash transportation. 

24-hr./day rate — peak - 3.36c/KWH, off-peak - 1.68C/KWH. 5,000 BTU/lb. 
MSW @ 9.0 lb. steam/KW. 
Estimated sale 9 $12.50/ton (Oxidized, from incinerator ash). 
Estimated sale 8 S25/ton. Assumes no Fe from supplemental RDF module. 
Based on Wheelabrator-Frye module capacity. 
Assumes 4,500 BTU/lb. HSU, 3.36C/KMH S 10.0 lb. Steam/KW. (Note: the 
Eastern Baltimore County assumptions are more conservative than the Ny 
Port Authority assumptions. On a comparable basis the Baltimore County 
power revenues would become $12.6 million.) 
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The ability to operate an RDF plant at full rate on a single shift pro
vides the means for expanding capacity with the expenditure of very little 
capital. As an example, an RDF plant may be designed today to process 1000 
TPD (tons per day) of MSW on a single shift. Without increasing the capital 
requirements, with the possible exception of more MSW and RDF storage, the 
same plant can process 2000 TPD of MSW merely by operating a double shift. Of 
course, one or more additional boilers might be required to burn this addi
tional RDF, but the cost of these additional boiler(s) would be nowhere near 
the cost of an added module for a mass-burning plant. The latter must in
clude an entire incinerator, with its massive grates and large air pollution 
control equipment. To continue the example, an RDF plant designed to process 
1000 TPD including a single boiler burning 800 tons of RDF per day, could 
double its capacity at a cost of approximately 11 million dollars (1980). 
Assuming that a Waterwall Incinerator had been built for 1000 TPD in a non-
redundant fashion, then the cost of doubling its capacity would mean the 
addition of at least one more complete unit of 1000 TPD capacity, which would 
nearly double the original cost. 

The operating labor costs for the increased RDF plant capacity would be 

approximately one-third greater. 

Air Pollution Control 

Air pollution control will be less expensive on an RDF-type system 
than it will on a mass-burning system. The mass-burning system produces at 
least 50% to 100% more stack gas than the equivalent boiler system burning 
RDF. This is due to the heterogeneous nature of raw MSW versus the more 
homogeneous nature of RDF. Thus, mass-burners have much larger grates and 
fire boxes and require more excess air to assure a complete burnout. An RDF 
boiler provides for semi-suspension burning, utilizing far less over-fire air 
and smaller grates. The volume of air is directly related to the cost of 
removal of all pollutants. The mass-burner also tends to have less control 
over its maximum temperatures than does the RDF boiler, leading to more 
difficulty in control of NOX and carbon monoxide. 

Siting 

A mass-burning plant must be located within approximately two miles of 
its customer if it is producing steam. It can produce no transportable fuel. 
The RDF plant, on the other hand, can produce RDF in many forms including 
fluff, pellets, and rough shredded RDF. A single RDF processing plant can 
feed boilers at more than one remote location by transportation of the RDF to 
a boiler on the site of the energy customer. Existing thermal converters can 
be used in some cases, eliminating the expense of new boilers entirely. 

Materials Recovery 

The mass-burner is limited in its recovery of what we call secondary 
materials. Incinerated ferrous may be recoverd from the ash of a mass-
burning plant, but in most markets, it is less valuable than light ferrous 
recovered from the front-end of an RDF plant. (In Weber County, an RDF plant, 
ferrous is currently sold at $45.71 per short ton FOB plant.) 
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The glass recovered from incinerator ash consists of contaminated frit 
and the only potential use for it is as a road aggregate at a very low value. 
In many areas, glass can be recovered from an RDF plant that will have a 
value of at least $20.00/ton/F0B the plant ($1980) for use in fiberglass 
insulation or other glass products. 

Aluminum of a purity required for recycling cannot be recovered from 
a mass-burner, but it can be recovered at an RDF plant. 

Flexibility of the RDF System 

Technology advances are occurring which will improve the efficiency of 
RDF and materials recovery and the purity of the products. Such technology 
can be incorporated in RDF front-ends by mere removal and replacement of 
equipment, with minimal disturbance to the structures in which the RDF 
facilities are housed. This flexibility also applies to accommodating changes 
in MSW composition. The mass-burning incinerator has limited flexibility to 
incorporate new technology. Its design is optimized and specialized in both 
structures and internals for the mass-burning of raw MSW. 

RDF is not only flexible in terms of potential use by several remote 
customers, but several different types of RDF can be produced in the same 
plant for these customers. Thus, different thermal converters can be fed 
from the same plant to optimize each energy market. Cement kilns, utility 
boilers, dedicated RDF boilers and fluid-bed reactors can all be supplied 
with RDF from the same plant by judicious selection of separation, clean
up and densification equipment. Specially prepared RDF can also be used as 
a raw material for an ethanol process. This breadth of capability is being 
accomplished at the Baltimore County Facility at Cockeysville. 

Energy Efficiency 

RDF boilers appear to be 5% to 10% more efficient than mass-burning 
boilers because of a more complete burnout and a lower requirement for 
excess air. 

Summary 

The mass-burning system has the advantage of a simple process with 
a long history of operation. It also has the advantage of reduced incidents 
of fire and explosion, which events must be expected and designed for in 
an RDF plant. 

The capital costs of mass-burners are generally higher per input ton 
of MSW, when compared with the latest RDF systems. Remote siting of the 
boiler away from the process plant is a significant advantage of the RDF 
system. As an example, an old steam loop may be in a city center. The 
15 to 20-acre site required for a mass-burning plant or an RDF facility may 
not be available there, but the city center may contain one or more sites 
ot 1 1/2 to 3 acres, sufficient for one or two dedicated RDF boiler(s). 

For many customers and in many locations, the RDF system's flexibility 
to increase capacity, incorporate new technology, handle MSW variations 
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and produce fuels for several applications from a single plant, make this the 
technology of choice. The flexibility, remote siting and generally lower 
capital cost per ton of the RDF processing plant are overcoming the long 
operating history and simple process of the mass-burners. Europeans, who for 
many years have produced energy from garbage in mass-burning facilities, are 
now starting to research RDF systems with materials recovery, to retain raw 
materials and gain the flexibility and economy of scale of these newer 
systems. 

DESIGN TRENDS FOR RDF PRODUCTION 

Introduction 

In response to the strategy dictated by scarce fossil fuel supplies, 
the decade of 1970 to 1980 has been characterized by a shift in the pro
cessing of MSW from materials recovery with possible energy (RDF) recovery 
as an option, to the reverse situation. Current RDF systems design reflects 
this by placing greater emphasis on recovery of as much of the combustible 
materials as possible and often limiting materials recovery to ferrous metals 
only. Such a concept is by no means universal and, particularly in 
facilities designed to process a thousand tons per day or more, it would be 
prudent to at least make provision for the possible future recovery of glass 
and aluminum. In some cases, this may also apply to cardboard and newsprint 
if some means of front-end sorting appears feasible. 

The principle elements which determine process design are: 

1. The markets (energy, ferrous, glass, etc.), and composition of the 

waste stream. 

2. The preferred method of energy conversion (e.g. sfeam, electricity, 

pyrolytic gas, RDF for re-sale, etc.). 

3. Environmental considerations. 

4. Socio-political considerations. 

Product-Process Inter-relationship 

Of the above elements, it is almost certain that some form of energy 
recovery will be present, and ferrous extraction is a high probability even 
if only to facilitate the conversion of MSW to fuel. Once energy recovery 
becomes mandated, the next design factor is the degree of fuel preparation 
required. Obviously this should be the least amount necessary to permit the 
maximum extraction of heat units with minimum emissions, residue, opera
tional, and maintenance problems. The major considerations for fuel produc
tion are: 

1. Minimize content of ash and slag forming materials. 

2. Obtain good materials handling characteristics (for conveying and 

feeding to the boiler, etc.). 
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3 Shred to a size which is large enough to permit significant on-the-
grate combustion with minimal carry-over of particulates, but small 
enough to ensure maximum burn-out. This assumes a grate-type boiler. 
A nominal (4") shred might be typical. 

4. In the case of a suspension fired boiler, provide secondary shredding 

to enhance burn-out. 

5. Where densified RDF in pellet form is required, shredding down to a 
nominal size of 1 1/2x2 times the die diameter is necessary. The 
removal of glass and metals is a requirement for acceptable die life. 

Major considerations for material recovery are: 

1. If the ferrous market accommodates both a canstock (so-called "light 
ferrous") and a heavy ferrous product, a sizing operation, such as 
trommeling at 4 1/2" before shredding, can preferentially direct the 
canstock into the small product stream for magnetic recovery and can 
bypass shredding. 

2. If the extraction of a glass-rich fraction is required, either to reduce 
slagging in the boilers or to provide a feedstock for subsequent glass 
recovery, front-end size separation is indicated to drop out the glass 
before it is impacted into the organics during shredding. 

3. If aluminum recovery is desired and eddy current separation is to be 
used, it is usually desirable to extract the aluminum cans before they 
are fragmented. A -4" + 2" sizing will recover most aluminum beverage 
cans. 

RDF Plant Design Characteristics and Present Trends 

In the early 1970's, possibly as a result of initial attempts to 
develop fuel for utility boilers, it was thought that only the light com
bustibles made an RDF suitable for boiler feed. Heavy combustibles such 
as rubber, wood, shoes, etc., were sacrificed to landfill. Air classifica
tion therefore, became the vogue. Even though it was clear by the mid-
decade that bark boilers, suitably modified and dedicated to 100% RDF firing, 
could accept non-air classified RDF, the impetus for air classification in 
design philosophy continued. 

Air classification can indeed produce a high heat value fuel but large 
quantities of air must be moved in order to make the separation and this in 
turn requires significant energy use and introduces the problem of exhaust 
clean up. For example, a 60 TPH air classifier might require 300 HP to 
operate it and necessitate a baghouse to clean up 60,000 CFM of exhaust air. 
Added to these disadvantages is the abrasiveness of RDF. For example, 
materials handling fans have been used directly in the product stream re
sulting in crippling maintenance problems because of excessive wear due to 
abrasiveness. 

• 
Air c l a s s i f i c a t i on of main stream RDF production for dedicated boi lers 

i s now generally considered unnecessary, but there a re app l i ca t ions for a i r 
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classification in glass and aluminum recovery systems and for densified 
RDF production. 

Pneumatic conveying of RDF also presents apparent advantages since it 
eliminates the transfer points associated with a belt conveyor system and is 
very flexible and space saving in its application, particularly where ele
vation has to be gained. There are examples (City of Ames) where this has 
been successful, and other examples (City of Akron) where it is suspect. 
It seems clear that success is likely only if the glass content of the RDF 
is reduced, if the RDF is less than 2" in size, if the RDF moisture content 
is less than 30%, and if the pneumatic blower is designed for an RDF density 
of about 10 pounds per cubic foot. 

It is also accepted that where high speed primary shredding is used, 
explosions are an inevitable hazard even though a careful front-end inspec
tion is made. Most modern designs isolate the shredders in blast-containing 
cells. Since shredder explosions have been a hazard, there can be little 
reason for facility design which does not incorporate such a safety feature. 

Sizing of the product streams is frequently a part of processing. The 
use of vibrating screens with their problems of plugging with glass and 
wood, and blinding with paper and plastic has been generally discredited. 
Trommels have some problems with textiles but they have, on the whole, been 
successful. Disc screens, as demonstrated by the Cities of Ames and 
Milwaukee, have also demonstrated good separation performance with self-
cleaning characteristics, providing the MSW has been initially broken up. 
Jamming is an obvious risk but it is being circumvented. Plugging with 
textiles has not been shown to be the problem anticipated by the skeptics. 

The success of front-end trommeling at New Orleans demonstrates the 
viability of dropping out glass and both ferrous and aluminum canstock ahead 
of shredding, and consigning them to a separate processing stream, thus 
saving power and wear on the shredder. RDF fuel can be recovered from both 
the oversize and the undersize stream. 

The merits of horizontal versus vertical shredding remain in debate 
but it appears that the lack of grates in a vertical mill does not 
necessarily lead to a lack of size control. Slow speed shredders also show 
promise although as yet there is insufficient on-line experience to give 
assurance of size control in all dimensions, and also mechanical and 
operational Integrity. Multi-stage shredding and the removal of glass, 
stc., by screening or density separation is currently a pre-requisite for 
RDF densification. 

As a final note on RDF facility design, the equipment layout should 
allow for easy clean up. A central vacuum system and a single level plant 
ate both very important considerations in promoting good housekeeping and 
safe and efficient operation. 

Potential areas of difficulty in plant design may therefore be summed 
"P as including equipment with poor wear characteristics, high power 
i^equirements, a tendency to Introduce unnecessary secondary problems (e.g., 
(̂ leaning up exhaust air), and the general problems of housekeeping asso
ciated with dust generation and the spillage at transfer points. 
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THE TELEDYNE NATIONAL EXPERIENCE AT THE 
BALTIMORE COUNTY RESOURCE RECOVERY FACILITY (BCRRF) 

In 1973, TN was chosen by the Maryland Environmental Service and 
Baltimore County to design, construct and manage a waste processing facility 
to handle peak rates of 1500 TPD or sustained loads of 1200 TPD. The facility was 
designed to provide size reduction on a continuing basis and the capability— 
on an experimental basis— to separate and reclaim the useful materials and 
develop dependable markets for them. The plant was completed within budget 
and on schedule. It accepted its first truckload of waste in January, 1976. 
This plant is located at the Texas landfill site near Cockeysville, Maryland. 
It has developed into one of the most reliable resource recovery operations 
in the nation. Since startup in 1976, the facility has been down only four 
working days. 

On a typical operating day, 110 local collection vehicles and 14 trans
fer trailers from the Southwest Transfer Station bring in an average of 
approximately 900 tons of residential trash. Trucks are weighed and emptied 
into one of four push pits or an overflow pit. Trash is fed from here into 
two 1,000 HP shredders (space is available for a third shredding line). The 
shredded waste (95% of which has been reduced to 4" or less in size) moves 
up an inclined conveyor to a magnet where ferrous metals are removed and dis
charged into waiting trailers for baling and delivery to a local steel 
company. The remaining waste is sent to an air classifier for further pro
cessing, or loaded into compactor trailers for transport to landfill. 

The air-classified, ferrous-free light fraction is further processed 
in a trommel screen to remove unwanted grit and glass, resulting in a 
Refuse Derived Fuel (RDF) with very low ash and relatively high heating 
value. This fuel may be burned in a dedicated boiler with a traveling 
grate, or it can be secondary shredded in either of two secondary shredders 
to a nominal size of 1/2 to 1 inch for use in suspension type burning 
equipment such as cement kilns, or cyclone furnace utility boilers. 

After secondary shredding the "fluff" RDF can also be densified by 
using pelletizing machines that form 1/2-inch to 1-inch diameter rods or 
"pellets" to replace lump coal in spreader-stoker boilers. The pelletizers 
create sufficient pressure in forming the pellets to raise the temperature 
to approximately 300°F, thus effectively "sterilizing" the pellets. The 
plant has three pelletizers with a total capacity of 50 to 100 tons/day. 

The facility is also capable of glass and aluminum recovery in a 
secondary separation and recovery "sub-system." This system, designed to 
demonstrate glass and aluminum recovery, consists of a trommel (for crude 
separation of glass and aluminum rich fraction from the air-classifier 
heavy stream), an air table (for separating clean glass and ceramics from 
organic matter), and an eddy current separator (for recovery of aluminum). 

Homeowners Disposal Area 

Outside the gates of the facility is a model homeowners' recovery area 
where individuals may bring domestic trash. Discarded white goods (washers, 
refrigerators, etc.) and small equipment (lawnmowers, etc.) are also 
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accepted. The residents can bring refuse to the disposal area, Monday 

through Saturday, 7:00 A.M. to 4:30 P.M. 

Environmental Factors 

The BCRRF has enjoyed the benefits of operating on a daily basis since 
January 1, 1976 with essentially no adverse publicity or complaints. Many 
of the residents of Baltimore County living within a 3-mile radius of the 
plant are unaware of the existence of the facility. There have been no 
complaints to TN with regard to noise, odor or traffic at the facility. 

Transfer Station 

The Southwest Transfer Station, located near Baltimore Beltway Exit 9, 
is the other major on-line unit in this segnent of Baltimore County's Re
source Recovery program. Presently, it is handling 200 tons of municipal 
solid waste per day. Collection vehicles unload into one of three push pit/ 
packer systems. Waste is compacted and loaded onto 65 cubic yard semi
trailers for shipment to the BCRRF. Benefits of this compaction transfer 
system include: reduced truck traffic at the BCRRF, reduction of fuel con
sumption by 55%, reduced vehicle maintenance, and increased time for local 
collectors to service their routes. 

Facility Financing 

Facility financing was accomplished by the Maryland Environmental 
Service (MES) providing 50% of the cost to construct the facility for 
Baltimore County in the form of a reimbursable grant. The remaining 50% 
of the costs were provided by Baltimore County out of their yearly operating 
budgets. Capital costs were: 

Resource Recovery Facility $ 9.4 MM 
Transfer Station 1.5 
Market & Product Development .6 

$11.5 MM 

Operational Record 

Since the startup of the facility in January, 1976, approximately 
850,000 tons of MSW have been processed. During this period, a total of 4 
days have been lost due to an explosion that occurred in January, 1977. 

This minimal loss in processing time can be attributed to the plant's 
dual shredding and ferrous recovery line redundancy. An additional feature 
of Teledyne-designed plants for maximizing plant availability is the use of 
diverters or by-passes that permit temporarily by-passing certain pieces of 
equipment that may be under repair without loss of production. This, 
coupled with a well managed preventive maintenance program, has resulted in 
an overall availability of 95 plus per cent for each separate process line. 
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Safety Policies 

TN has set forth practices for the achievement of optimum safety stan
dards in a plant safety manual, supplemented by monthly safety meetings. 
Since safety is an integral and important part of production, ultimate re
sponsibility for accident prevention and safety rests with management. An 
important aspect in Teledyne's effective accident prevention program is 
employee training. As a result of these safety policies there have been 
relatively few lost — time accidents. 

Fires and Explosions 

Although small fires may occur from time-to-time in the shredders, they 
do not result in lost processing capacity. Effective procedures for quench
ing fires have been carefully worked out and demonstrated, and plant 
personnel are thoroughly trained in fire-fighting techniques. Automatic 
water sprays, provided on conveyors, together with the effective fire control 
techniques result in minimum down time and generally allow the shredder to 
be back on line within 1/2 hour. 

The effect of explosions, should they occur, may be substantially 
diminished by adequately venting the shredders, and by use of Fenwal's 
explosion suppression equipment. As a result, little or no damage occurs, 
and the shredder is generally back on line within eight to ten hours. 

BCRRF experience since the shredders were vented and the Fenwal system 
installed in January, 1977 is summarized as follows: 

Line #1 17 suppressions or fires 
Line #2 18 suppressions or fires 

Damage has been minimal, exceeding $5,000 on only one occasion in November, 
1978 when Line #1 was down for three days. Cost of repairs approximated 
$15,000. However, because of the redundancy between Line #1 and Line #2, 
the plant has been able to operate 100% of the time. 

Energy Balance 

The energy balance for the BCRRF facility, based upon a nominal 
800 TPD MSW input, 30 KW HR of electrcity per ton of MSW, 4.75% ferrous 
recovery and 37% RDF recovery (1) is: 

Energy Input 

Internal Fuel Oil - 9,905 BTU/Ton MSW 
Electric Power - 310,500 BTU/Ton MSW 

320,405 BTU/Ton MSW 

(1) 

The plant was not originally designed as a waste-to-energy plant 
and has only one air classifier with the yield of RDF (primary 
shredded) being limited to approximately 37%. An additional 
air classifier will increase the RDF yield to 74%. 
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Energy Output 

RDF 4,884,000 
Ferrous 1,111,500* 

5,995,500 - say 6,000,000 BTU/Ton MSW 

*Energy saved over ore processing. 

Energy Ratio (output - Processing Energy) 

The energy ratio (i.e., energy output from recovered RDF 
and ferrous metal divided by electrical power and dlesel 
fuel energy for processing the incoming waste) is approx
imately 19 to 1 as shown below: 

Energy Output = 6,000,000 = 19 to 1 
Input Energy 320,405 

This energy ratio could substantially improve in the event of higher 
percent RDF recovery and/or the sale of aluminum and glass. 

Environmental Factors 

The BCRRF has never received a citation from the inspection authorities 

of the Baltimore County Health Department or the State of Maryland Health 

Department. 

Noise measurements have been made at the Baltimore County Resource 

Recovery Facility by the Maryland Environmental Service and they have 

concluded: 

"All noises.emitted from this facility are within, the current State and 
Federal Regulations for Maximum Allowable Levels (80 dBA). Ex<;ept for 
those noises emitted from the sound of a truck passing by within 3-6 
feet and horns or bells from the trucks or facility, all noise levels 

are below the new State standard effective 1/1/80 (75 dBA) 
those exceptions as described above are allowable under the Regulations 
of Exceptions, and exceed the level of 75 dBA by 3-4 decibels." 

Similar measurements were conducted to determine the odor levels. The 

State concluded that: 

"Odors emitted at either facility (Baltimore County Resource Recovery 

Facility and the Southwestern Acceptance Facility) beyond distances 

of 100 feet were not measurable." 

A comprehensive industrial hygiene survey was conducted on the BCRRF 
by Midwest Research Institute for the National Institute for Occupational 
Safety and Health (NIOSH). Exposure to awide variety of chemical and physical 
agents was examined during this study, including particulates (both nuisance 
dusts and hazardous dusts, such as asbestos and silica), trace metals, 
organic vapors, welding fumes, microbiological organisms, and noise. In 
addition to work-place monitoring, the survey included an investigation of 
employee record keeping procedures, as well as Industrial hygiene, safety, 
and medical practices in effect at the plant. Methods of technical control 
(to reduce worker exposures) currently in use were also evaluated. 
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The survey was conducted on March 24 to 26, 1980 by an eight-member 
team from MRI. No major problems were encountered during the course of the 
study and a l l sampling/monitoring was completed as planned. 

Processing Cost 

Representative processing costs for the resource recovery facility are 
as follows: 

Labor - number of operating personnel - 68 
Labor Cost - $6.59/hr. average 
Electrical Power - Approximately 15 KWH 

per ton of waste, or 77c/ 
ton at 5.5C/KWH 

Shredder Hammer Maintenance - $0.35/ton waste 
General Maintenance 
of Shredder Hammer wear) - $1.75/ton waste 
Insurance - $20,000/yr. 
Contract Service 

• Fenwal suppression system - $60,000/yr. 
• Uniforms - $25,000/yr. 
• Security Service - $40,000/yr. 

The average processing cost per ton of input MSW in calendar year 1979 
was $10.00/ton. 

Personnel Requirements 

The BCRRF, which includes a transfer station, transporation, and a home
owners "pit", is manned by 68 full-time operating personnel. The facility 
processes waste for ten (10) hours per day, six (6) days per week. All day
time operating personnel work ten (10) hours per day, four (4) days per 
week. The maintenance personnel perform preventative and unscheduled main
tenance at night, eight hours per day, five days per week. 

Seven (7) personnel provide supervision, administration, procurement, 
community relations and secretarial services. 

The resource recovery portion of the overall system requires 60 opera
ting personnel. Eight people are assigned to supervision and the transfer 
station. 

Materials Recovery 

The resource recovery facility is equipped to recover 4 to 5 percent 
ferrous metal, 25% to 70% RDF depending upon type of RDF and input tonnage 
to the plant, plus glass and aluminum. 

"Light Fraction" (RDF) 

'^^^ ^^8^' fraction" from the air classifier represents primary shred
ded RDF with a particle size of 4 inches or less. Although this fraction 
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would be a satisfactory fuel for semi-suspension boilers with traveling 
erates, there are no such boilers within a reasonable shipping distance 
from the plant. As mentioned previously, the plant was originally conceived 
in several phases, the first of which was a shredding/ferrous recovery 
facility designed to minimize landfill. However, as a result of the energy 
crisis, air-classification and other equipment was installed to recover RDF 
in addition to other materials. Although there are no dedicated boilers or 
other nearby boilers capable of burning primary shredded RDF, there are 
utility boilers, industrial boilers, and cement kilns in the area that can 
bum secondary shredded (1/2 to 1-inch size) RDF. 

As part of the demonstration programs, it was determined that RDF 
could be specially processed by trommeling prior to secondary shredding 
to remove grit, dirt, and fine glass, thereby reducing the ash content to 
a range of 8% to 15%. Trommeling not only reduces ash, but it also in
creases the heating value from 5,500 BTU/lb. to as high as 7,500 BTU/lb. 
The market for the RDF was further expanded by pelletizing the secondary-
shredded or "fluff" RDF into 1/2" to 1" diameter pellets that could be 
readily burned in spreader-stoker boilers that normally b u m lump coal. 
Necessary trommellng, secondary shredding, and pelletizing equipment was 
therefore installed. This RDF not only can be used as a fuel, but has 
been used as a source of cellulosic material for processing ethanol, for 
producing hydro-mulch used in seeding highways and distressed lands, and 
for composting with sewage sludge. 
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A representative analysis of the RDF is listed below: 

Moisture BTU/lb. % Ash 

Fluff RDF 15 - 20% 6,400 12.2% 

Pelletized RDF 15 - 20% 6,645 9.4% 

RDF Demonstration Burns 

In order to demonstrate the effectiveness and technical readiness of 
using RDF as a fuel, a series of demonstration burns were conducted in a 
variety of locations involving industrial and institutional boilers, utility 
boilers, and cement kilns. Major test programs to date, using semi-portable 
receiving and pneumatic feeding equipment developed by TN, are summarized 
below: 

(1) P. H. Glatfelter Company, Spring Grove, Pennsylvania 

The Glatfelter Company cooperated with TN and the Maryland Environmental 
Service in conducting a series of tests with RDF in a bark boiler capable 
of generating 200,000 Ib./hr. steam. Since the boiler had a fixed pin-hole 
grate with no provision for slag removal, it was necessary to burn low ash 
trommeled RDF in the boiler, together with coal. The RDF coal mixture 
burned successfully with no apparent Impact on the electrostatic precipitatoi 
performance. During the last few burns the RDF contributed up to 85% of. 
the BTU requirements of the boiler at a blend rate of 90% to 95% RDF. At 
no time was any damage or tube build-up observed. Ash build-up was not 
severe and blew off the grate readily. 

In order to achieve one of the major objectives of the test program, it 
would be necessary to replace 75% to 85% of the coal with RDF, requiring a 
continuous, reliable burn rate of 10 TPH. Since this could not be achieved 
with low density "fluff" RDF, without modifications to the bark boiler and 
to the RDF handling equipment, it was decided that high density pelletized 
RDF (d-RDF) should be tested. The advantages of d-RDF, although more expen
sive to produce, were: 

(a) Could be stored in the open (with rain covers) and handled with 
a front-end loader, similar to bark. 

(b) Could be loaded onto the bark conveyor belt and fed to the 
existing hog mill and boiler along with bark. 

(c) Density is comparable to bark, permitting potential feed 
rates up to 20 TPH into boiler. 

(d) Transportation cost is less since twenty-two tons (an increase 
of 29%) of d-RDF can be transported in an aluminum dump trailer. 

During the period August 31 through November 11, 1978, trommeled and 
pelletized RDF was fed into the bark shredding system along with the bark 
at a volume ratio of 50/50 bark/RDF. The pelletized RDF/bark mixture burned 
with a very hot flame, produced a light, feathery ash which was easily 
blown off the grate, and presented no handling problems. 



335 

(2) Cement Kiln Tests 

Fluff RDF from the BCRRF was successfully tested as a supplemental fuel 
with pulverized coal at the Lehigh Portland Cement Company, Union Bridge, 
Maryland. A total of 1400 tons of RDF was burned in a 700 TPD (clinker 
capacity) rotary kiln, contributing 30% of the kiln heat. There were four 
days of preliminary RDF burns followed by a 27-day extended period of which 
20 days involved burning BffiF. Tests included air emissions, cement quality 
and chemistry, RDF characteristics (Table II), and checks on kiln operation. 
Operating conditions are summarized in Table III. 

TABLE II 

CHARACTERISTICS OF RDF 
EXTENDED TEST 

Characteristics 
and Unit 

Heat Value, BTU/lb. 

Moisture, % 

Ash, % 

Average Values 

6440 

20.4 

11.8 

a/ Low 

5067 

6.7 

6.4 

High 

8797 

39.0 

27.7 

a_l arithmetic mean of 95 RDF samples. 

Ash from the combustion of RDF and coal in the cement kiln mixes 
directly with the cement clinker and therefore becomes part of the cement 
itself. This is attractive from an environmental standpoint, since the ash 
does not have to be landfilled and solid waste literally becomes part of a 
concrete highway or building. . 

TABLE III 

OPERATING CONDITIONS AND FUEL FEED 
DURING EMISSIONS TEST RUNS 

Date 

TEST RUN NO. 

12/10 12/10 12/11 12/13 12/13 12/14 

Test Time, S t a r t 
End 

Product Rate, 
Ton/Hour 

Kiln, RPM 

Coal Fuel Rate , #/Hr. 12200 

0918 
1131 

29.2 

84 

.2200 

1211 
1426 

29.4 

84 

12770 

0950 
1206 

28.9 

82 

11800 

0840 
1049 

25.1 

71 

8600 

1412 
1624 

27.1 

78 

8430 

0801 
1026 

29.2 

82 

8500 



l-V 

0 

0 

1.2 

H-V 

0 

0 

2 . 8 

H-V 

0 

0 

2 . 6 

H-V 

7209 

30.6 

3 .0 

H-V 

9366 

37.4 

2 . 3 

H-V 

7963 

33.0 

3 .0 
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a/ 
Coal Fuel Type -

RDF Fuel Rate, #/Hr. 

% RDF by BTU Value 

Kiln, Oxygen % 

Kiln End Water Spray 
(Gallons per Minute) 26 26 23 31 34 30 

a_/ R = Regular; H-V = High Volatile Coal. 

Tests conducted by the Lehigh Portland Cement Ckjmpany and the Portland 
Cement Institute indicated no detrimental effects on the Type II cement made 
during the test using 30% RDF and 70% coal. Compressive strengths were as 
follows: 

Type II 
Cement Grind 

12/27/79 
70% Coal Type II Cement 
30% RDF 100% Coal 

Compressive Strengths 

3 days 2670 2770 
7 days 3600 3630 

28 days 5050 5030 

(3) Baltimore Gas and Electric Co. 

A 100 TPD demonstration burn with fluff RDF was conducted during the 
period July-September, 1980 at the Baltimore Gas and Electric Crane Station. 
This station, located approximately 25 miles from the BCRRF, has two B&W 
cyclone boilers capable of generating 400 MW total. The facility is under a 
prohibition order to convert from #6 oil to coal. As a result, it became 
desirable to demonstrate that low sulfur RDF could be burned in combination 
with coals containing up to 2% sulfur. 

Each 1,360,000 pph boiler consists of four furnaces. The tertiary air 
inlet of one of the cyclones was modified with an adapter to permit fluff 
RDF to be pneumatically blown into the cyclone. At the same time, coal was 
fed into the cyclone furnace through the normal coal feeding duct, where it 
entered the burning chamber tangentially and mixed with the RDF during the 
burning process. 

RDF was delivered to the boiler site in Heil Compactor Trailers con
taining 13 to 16 tons of RDF. The RDF was discharged onto a belt conveyor 
with a lump breaker. RDF was then conveyed into a pneumatic line through an 
airlock feeder. RDF was pneumatically fed to the cyclone furnace at rates 
of 4 TPH to 10 TPH for 40 days for 10 hours per day. A total of 2,316 tons 
were burned with an RDF replacement of coal (based upon BTU input) of 12% 
to 68%. The average analysis of the RDF (39 samples) was: 
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Moisture 18.9% 
Ash 13.4% 
Heat Content (HHV) 6,296 BTU/lb. 
Sulfur (5 samples) 0.26% 

Inspection of the boiler and superheater indicate satisfactory results 
with no deleterious effects from the RDF. Current plans call for a long-
term demonstration burn. This will be initiated after installation of a 
baghouse filter, which is required in order to meet current Maryland air 
quality standards when burning coal. 

(4) General Electric Co., Erie, Pennsylvania (EPA Project) 

Under an EPA Contract, approximately 2,000 tons of pelletized RDF 
(1/2" pellets) were shipped to the General Electric Plant in Erie, Pennsyl
vania, where they were successfully burned with coal in an industrial boiler. 

(5) Wright-Patterson Air Force Base (WPAFB), Dayton, Ohio 

Wright-Patterson Air Force Base will receive 20,900 tons of pellets 
over the period March, 1979 through September, 1981, at a price of $27.00/ 
ton FOB Cockeysville, Maryland. The pellets are burned in a stoker-fired 
boiler with a traveling grate to generate steam for central heating. A 
ratio of 1:1 RDF/coal is pre-mixed and fed to the boiler 24 hr./day, 7 days 
a week. A Western Precipitator high efficiency ESP removes particulates 
without any problems from use of RDF. Daily RDF usage is approximately 
30 TPD average. 

(6) Maryland Correctional Institute, Hagerstown, Maryland 

A series of demonstration burns with 1/2" pellets were conducted in 
stoker coal-fired boilers at the Maryland Correctional Institute in 1978-79. 
Steam generation rates of 12,000 pph to 35,000 pph were attained using coal/ 
RDF mixtures containing up to 56% RDF (by weight). The coal and 1/2" 
pellets were pre-mixed, stored in conventional coal silos, and fed to the 
boilers with conventional coal feeding equipment. A total of 120 tons were 
successfully burned with no unusual problems. The pellets burned with a 
hot flame and resulted in less carbon in the fly ash than when burning 100% 
coal. Visible stack emissions were reduced when burning pellets. Average 
characteristics of the fuels are given below. 

Test #1 

Coal 
d-RDF 

Test #2 

Coal 
d-RDF 

BTU/lb. 

12,278 
6,579 

11,721 
6,543 

TABLE 

% 
Moisture 

5 .8 
21.4 

5.57 
18.63 

IV 

% 
Sulfur 

2.29 
0.105 

3.66 
0 .13 

% 
V o l a t i l e 

18.6 
58.2 

21.3 
61.6 

% 
Ash 

13.45 
10.20 

17.03 
9.13 
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Ferrous Metal 

Thirty to forty tons of ferrous metal — primarily tin cans — are re
covered from the shredded waste every day. This metal is baled to a density 
of 70 to 80 Ibs./cu. ft. and trucked to Bethlehem Steel who purchases the 
metal under a three-year purchase order. The baled metal, which is easily 
stored and handled in the steel mill, has proven to be most acceptable as a 
source of scrap for the open hearth furnaces. 

The recovery of ferrous metal, in addition to saving energy and 
providing a source of income to the project, also protects the environment 
by substantially reducing landfill volume and by eliminating contamination 
of landfill leachate from ferrous metal. 

In addition to approximately 4% ferrous metal recovered from shredded 
waste, approximately 1/2% ferrous in the form of "white goods", lawnmowers, 
etc. is received and hauled separately. The white goods are sold (un-
shredded) to a local scrap yard at a percentage of the #2 bundle price for 
ferrous scrap, and lawnmowers are sold to a local lawnmower repair shop. 

Ethanol from RDF 

Considerable interest has been generated in the use of cellulosic 
materials recovered from MSW as a source of cellulose for production of 
ethanol. Successful tests, conducted by Gulf Oil Chemical Company on RDF 
provided by the BCRRF, indicated a relatively high cellulose content (67%) 
together with an attractive yield of ethyl alcohol. The Gulf Oil project 
has been transferred to the University of Arkansas where it is expected to 
progress from bench scale studies to a pilot plant requiring 50 tons of 
cellulosic materials per day. 

Compost 

BCRRF RDF has also been used in an important non-fuel application. When 
it is screened and mixed with non-industrial sewage sludge, the material com
posts into an excellent garden and farm fertilizer in about 50 days. The 
method thus converts two waste materials into a useful product. The Mary
land Environmental Service and the United States Department of Agriculture 
have pioneered this method and are currently operating a composting facility 
near Washington, D. C. 
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Glass 

Glass makes up from six to eleven percent of the waste stream in most 
urban areas. Waste glass must be free of ceramic material and sorted by 
color to be used by the glass container industry, and this processing seems 
too costly for an urban waste recovery system. Alternative uses were re
searched by TN resulting in the development of one possible major outlet 
for recovered glass in the manufacture of fiberglass. A glass company has 
agreed to purchase up to 15,000 tons per year of crushed, recovered glass to 
be used for full-scale production of fiberglass. Separation of ceramics 
and color-sorting is not required. In addition to its use for fiberglass 
production, two promising types of products were developed. One of these 
products, developed in conjunction with the ceramics laboratory at the 
University of California, Los Angeles, is foam glass, a material ideal for 
Insulation panels and lightweight aggregate for concrete blocks. The 
material is made by grinding the glass to a fine powder and adding a foaming 
agent. The combined material is then either formed into pellets if 
aggregate is desired, or placed into molds to make insulating building 
panels or pipe insulation. The material is heated in a kiln for a short 
time and comes out as a hard rigid foam material. The product is light
weight, fireproof, and has excellent sound and thermal insulation properties. 
The aggregate can be mixed with cement as a substitute for gravel to make 
concrete or concrete building blocks which combine improved insulating 
properties with strength and light weight. 

The second area of development involves combining^ crushed glass 
with a combination of polyester and polystyrene polymers that are cured 
to form a hard, dense, corrosion-resistant material. One use of this Glass 
Polymer Composite (GPC) material is to replace concrete or fired clay 
sewer pipe. It is more corrosion resistant and less porous. This product 
was developed by TN in cooperation with the Brookhaven National Lab
oratories. Samples have been under successful field test since 1972. 

Aluminum 

The heavy fraction that remains after the light combustible material 
has been removed consists primarily of aluminum cans, glass fragments and 
miscellaneous residue. The aluminum is removed in an eddy current separator. 
The refuse falls through a strong electromagnetic field which induces power
ful electrical currents in the aluminum material. These currents create 
their own opposing magnetic field that cause the cans to be repelled by the 
electromagnet onto a conveyor belt for removal. Nonconductive materials 
such as glass are unaffected by the magnetic field and fall straight through 
to another conveyor belt. While the aluminum material forms a small percent 
of the waste stream, it brings up to $500 a ton. 
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THE TELEDYNE NATIONAL EXPERIENCE WITH THE 
AKRON RECYCLE ENERGY SYSTEM 

In order to avoid repetition, the subsequent description of the Akron 
and Weber County Projects will not be treated in the same depth as the 
BCRRF. Only those special elements of interest peculiar to the site will 
be highlighted. 

More than a decade ago, Akron, Ohio anticipated a landfill problem. 
Its only municipal landfill had been established in 1969 with a life ex
pectancy of 10 years, and no new site was available. 

The landfill problem — plus other factors — was instrumental in de
velopment of the City's new Recycle Energy System, a 1,000 TPD plant to pro
duce steam from municipal, commercial and some industrial solid waste. 

The idea of a waste-to-energy system for Akron was conceived in 1968 — 
three years before the pioneer Franklin, Ohio resource recovery demonstra
tion plant began operating and four years before the St. Louis Union 
Electric refuse-derived fuel demonstration program began. In 1979 — 11 
years later — the first truckload of municipal refuse was processed and 
burned for steam. The plant was designed by Glaus, Pyle, and Dehaven, Inc., 
an Akron A6.E firm. Subsequent to the completion of the design and the bid
ding on the project. TN was hired to monitor construction, to "startup", 
and to operate. 

The Recyle Energy System (RES) is completing its shakedown period, 
burning increasing amounts of refuse each week. In November, 1980, 3,000 to 
3,500 tons per week of municipal solid waste were being processed and steam 
supplied to more than 200 customers, including the University of Akron, 
B. F. Goodrich Company, two hospitals, state and local office buildings, and 
many smaller customers on a downtown steam loop. Another hospital soon will 
be added. 

The plant has three semi-suspension, spreader stoker-fired boilers, 
any two of which can handle the RDF load at design capacity of 1,400 TPD of 
MSW. These boilers easily handle the non-interruptible customers. The 
third boiler can be used with RDF, when excess RDF is available, or with 
oil (or gas which will be installed in 1981) to provide steam to the 
interruptible customers. 

The facility's three boilers can produce a total of 378,000 Ibs.yhr. of 
steam at full design capacity. Approximately 6,000 to 7,000 lbs. of steam 
can be produced from each ton of MSW, with an RDF yield of approximately 
75% to 85% of the input MSW. Tests thus far have shown the RDF to have a 
heat-value of between 5,000 and 8,000 BTU per pound. The three boilers 
meet current steam demands; however, space has been provided for a fourth 
boiler should steam demand increase. Current steam production is approx
imately 5,000,000 - 6,000,000 pounds per day. 
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Process Flow 

Akron Recycle Energy System 
Simplif ied Process Flow Diagram 

Stack 

i VF-

Waste heat 
Electrostatic economizer 
precipitator 

• Ferrous 
Residue product 
to landfill 

Incoming packer and transfer trucks are weighed oYi a scale at the en
trance to the tipping floor. The scales are automated for credit card 
operations and billing; the weight of each truck is recorded at an initial, 
empty visit, so that the trucks do not have to be weighed on the way out. 
After weighing, the trucks dump into one of the 14 dump stations. Total 
time spent on the tipping floor, including weigh-in, is normally about 
five minutes. 

At the dumping stations, the trucks dump directly into a pit designed 
for 1785 tons. Waste is moved from the pit onto the shredder infeed lines 
by means of two hydraulic multi-ram positive displacement unloading lines. 
Each line has a design capacity of more than 160 TPH. The angle of repose 
for raw refuse in the receiving pit was unexpectedly steep and the deep 
"W" section in the pit compressed the refuse so that it repeatedly bridged. 
The problem has been relieved by keeping the pit load at 50% or less of 
design capacity and using a mobile hydraulic boom shovel to break the bridges. 

The rams discharge into an apron conveyor which feeds the two 1,500 HP 
horizontal hammermills. A grapple, operated remotely from the control room 
above the shredding lines, removes bulky, hazardous or other undesirable 
objects before they enter the shredder. The refuse is shredded to a minus 
three-inch particle size. 
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From each shredder, the material goes via a surge bin feeder into an 
air classifier, which produces a split of about 75% lights and 25% heavies, 
depending upon moisture content. The heavy fraction passes under a drum 
magnetic separator for removal of ferrous metals. The ferrous is conveyed 
to a waiting trailer for transport. Discussions are being held with U. S. 
Steel in Pittsburgh for use of the scrap in feeding open-hearth 
furnaces. Ferrous recovery is in a range of 10 to 15 tons/day. The heavy 
residue goes to another trailer for transport to the City's landfill, about 
five miles north of town. 

The air classified light fraction is the Refuse Derived Fuel (RDF). It 
is conveyed pnetmiatically to a double-sided Miller-Hofft storage bin. Two 
pairs of augers at the bottom of the bin feed the RDF to a surge bin, from 
which it is fed into the boilers by flight conveyors and pneumatic trans
port lines. 

About 28% to 40% of the RDF bums in suspension; the remaining 
materials fall onto the grate for additional burning. Flue gases are 
cleaned by electrostatic precipitation. A waste heat economizer provides 
hot water and heat for the building and reduces the gas temperature leaving 
the stack to about 250°F. 

The plant has two, 2,O0OKW turbine generators to furnish power to 
the plant. 

Saturated steam at 560 psi is distributed through insulated pipe 
to the existing Ohio Edison system at a pressure reducing station about 
one-half mile from the RES plant. New distribution lines carry steam to 
the B.F. Goodrich complex adjacent to RES, to the University of Akron one 
and one-half miles away, and to Akron City Hospital about two miles away. 

Safety 

Plant design includes several fire and explosion safety features. Be
sides the grapple mentioned earlier, which can remove hazardous articles 
before they enter the shredders, there is a Fenwal explosion suppression 
system and one side of each shredder has a vent to the outside. Also, some 
flue gas is returned into each shredder to cut down the oxygen content, thus 
lessening fire and explosion danger. To date, one explosion of an undeter
mined cause has been experienced in the shredder. The suppression and 
venting system functioned as designed and there was no damage. 

RDF Handling and Storage 

After air classification, the light fraction is blown into a cyclone at 
the storage bin for de-entrainment. As a temporary measure, the cyclone 
exhaust passes through an expansion chamber to promote drop-out, and is 
exhausted to atmosphere through a simple filter arrangement. 

After being de-entrained, the RDF is spread evenly into the storage bin 
by a shuttle conveyor. The 170-foot long bin is split into two sides by a 
wedge-shaped section that directs the matBEial downward to the screw augers 
designed to meter it out of the bin, and onto a belt conveyor to an auto-
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matic distributor which consigns RDF, continuously and sequentially, to each 

boiler according to demand. 

There were some difficulties attaining an even feed rate from the two-
ton surge bin to the boilers; however, these were alleviated by modifying 
the bin geometry from the original design to one featuring vertical walls 
with a low friction lining. 

RDF is fed to each boiler through four air swept spouts. Rotary air 
dampers distribute the fuel from front to back. Reports indicate that 
virtually all of the combustibles burn before leaving the grate. No appre
ciable slag accumulations are reported. 

As of early this year, no data had been prepared on emissions from the 
plant. Full load adjustments to the electrostatic precipitator had not been 

made. 

Financing 

The Recyle Energy System was financed by $46 million in tax-exempt 
bonds issued by the Ohio Water Development Authority, plus $5 million each 
in general obligation bonds issued by the City of Akron and Summit County. 
Akron's solid waste disposal facilities serve the entire metropolitan area. 

Total cost of the project to date is approximately $56 million, about 
$50 million of which is for direct and indirect construction costs. 

Tipping fee is $6.00/ton, competitive with local landfill rates. Steam 
rates, negotiated in 1975-76, vary from about $1.90 to about $7.50 per 1,000 
pounds, with the average for large customers at $3.15. Steam rates are ex
pected to increase about 50% after the plant completes- "startup" and meets 
acceptance test criteria. 

Current Status 

The facility is presently in shakedown and, as expected, several prob
lems, principally ones of materials handling, have arisen. The nature of 
shredded refuse is such that the particles interlock very easily, particu
larly under even the lightest lateral compression, hence hoppers and trans
fer points, etc. have to be carefully designed. Textiles and long stringy 
flexible materials such as hose and wire obviously tend to wrap around 
moving parts. Malleable plastics, which squeeze through the shredder grates 
but recover their size and shape immediately, frequently are the catalysts 
for plug-ups. Glass and paper and other such materials also give RDF ex
tremely abrasive characteristics which lead to high rates of wear in pneu
matic conveying equipment. 

Solutions to the above problems range from utilizing more suitable 
fabrication materials to proposals for retrofitting substitute separation 
and conveying systems. The constantly improving production record attests 
to the positive progress being made. 
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Personnel 

RES is processing refuse six days a week, two shifts a day, and is 
generating steam seven days a week, 24 hours per day. 

The facility currently employs about 80 people. After acceptance, the 
number of employees is expected to drop to either 76 employees or 70 
employees depending on which of two modification options is Implemented. 

FACT SUMMARY 
RECYCLE ENERGY SYSTEM - AKRON, OHIO 

Opening: First refuse processed July, 1979; now In startup with 
full commercial operation scheduled for December, 1981. 

Principals: City of Akron - Owner 
Glaus, Pyle, and DeHaven, Inc. - Designer 
Teledyne National - Construction Supervisor and 
Plant Operator 

Volume: 1,400 TPD processed on a 2-shlft, 6 days/week when at 
full capacity (current operating level is about 3,000 
to 3,500 TPW). 

Technology: Shredding, air classification, magnetic separation, RDF-
fired to produce steam in semi-suspension, spreader 
stoker-fired boilers. 

Product: Steam — 378,000 Ibs./hr. saturated at 560 psi. 
Plus ferrous metal. 

Cost & 
Revenues: Capital costs approximately $56 million. Financed by 

bonds from Ohio Water Development Authority, City of 
Akron and Summit County. 

Tipping fee is $6.00 per ton; steam rates vary from 
about $1.90 to approximately $7.50 per 1,000 lbs. 
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THE TELEDYNE EXPERIENCE WITH 
WEBER COUNTY MATERIALS RECOVERY AND ENERGY CONVERSION PROJECT (WEMEC) 

On May 1, 1978 TN contracted with Weber County to take over the opera
tion and responsibility for their landfill and three (3) Clear-Air incinera
tors. Two of the incinerators were in violation of air quality standards 
and were subject to a "shut-down" order. 

The contract payment was based upon the then current budgeted cost of 

disposal per ton subject to a mutually agreeable escalation index for future 

years. 

A Phase I program was to be completed by July, 1979. It involved 
shutting down the two incinerators and installing a single shredding and 
ferrous recovery line. The shredding line was to be constructed utilizing 
an existing HUD and Four Corners Regional Comission grant totalling $300,000. 
The Phase I program was completed on schedule and the line installed for a 
cost of $280,000. 

A Phase II program, which is currently underway, involves the expan

sion of the front-end processing line, the addition of a second such line, 

and the production of RDF. 

The RDF will be converted into steam at a new facility to be constructed 

on the premises of a local energy user. This total program is expected to 

cost approximately $10,000,000. 

The total waste stream is 130,000 - 150,000 tons per year of which 
approximately 80,000 is being processed on the single shredder line. Pro
cessed MSW is expected to increase to 110,000 tons pey year at the conclu
sion of Phase II. The cost of disposal (including the landfill and incinera
tor) for Weber County at the beginning of the contract in 1978 was $4.97/ton. 
(The 1980 escalated cost would be approximately $6.30/ton.) The actual 
current cost (which includes revenue sharing of approximately $80,000) is 
$5.79/ton. The operating cost for the shredder line (materials and labor 
less ferrous revenues of $80,000) is $1.29/ton shredded. 

Operating parameters of interest are: 

Availability of shred line and magnet - almost 100%. 

Fires and explosions — one explosion with fire since July, 1979. 

No damage. No injuries. Downtime — 15 minutes. 

Single line processing capability - 75 TPH. 

Ferrous recovery — approximately 3% of MSW is recovered as 
clean ferrous. It is sold at $45.71/short ton, FOB plant. 

Under Phase I, the capacity of the single remaining incinerator 

almost doubled when burning shredded waste. 
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• Good transfer point enclosures have eliminated the need for a 
baghouse. 

• Personnel — total employees excluding landfill and scavenging 
is 25. The shred and ferrous recovery line requires two 
operators plus a front-end loader driver. 

• Maintenance costs — In 1980, $36,000 was spent for parts, 
operating supplies and for maintenance of two transfer 
tractor/trailers and a front-end loader. Fuel is excluded. 

SUMMARY 

As a result of our experience, TN strongly believes that a prepared fuel 
(RDF) waste-to-euergy system can be technically, environmentally, and 
economically attractive in almost all instances where the processible waste 
stream exceeds 400 TPD and the present cost of disposal is at least $5.00/ 
ton. The major advantages are: 

Easier to resolve environmental obstacles, including air 
pollution. 

Flexibility in accommodating technical change and changes in 
MSW composition. 

Ability to increase plant capacity to meet municipal 
requirements without additional capital. 

Ability to maximize recovery of secondary materials (metals, 
glass, and paper products). 

Usually the most economically attractive method of disposing 
of solid waste. 

Ability to accommodate existing boiler systems and to provide 
fuel to remotely located energy customers. 
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THE ADVANTAGES OF THE HYDRASPOSAL PROCESS 
AS APPLIED TO 

THE HEMPSTEAD RESOURCES RECOVERY PLANT 
AND 

THE DADE COUNTY SOLID WASTE RECOVERY PLANT 

carl Plato 

Hempstead Resources Recovery Corp. 
P.O. Box 5010, Garden City East, N.Y. 11530 

ABSTRACT 

The Hempstead Resources Recovery Plant and the Dade 
County Solid Waste Recovery Plant convert municipal 
solid waste to electric power while recovering salable 
material. Both facilities employ the Hydrasposal Pro
cess, a wet separation process developed hy Black Claw-
son Fibreclaim Inc., a subsidiary of Parsons & Whitte-
more Inc. The potential energy conservation offered 
by the Hydrasposal Process exceeds for each of the two 
plants the equivalent of more than one million barrels 
of oil per year. 

The environmental advantages of the Hydrasposal 
Process are, besides no liquid effluent, less ash, less 
flue gas, less emission of particulate, hydrocarbon, 
and trace elements than from a conventional mass burning 
of municipal refuse. 

The Hydrasposal fuel is for all practical purposes 
homogeneous and permits combustion in suspension at 
higher temperatures during longer periods of residence 
than does ordinary incineration thus surpassing the re
quirements for a thermal decomposition of dioxins. 
Should any escape the decomposition, it would be sub
stantially eliminated from the flue gas in a highly 
efficient emission control system. 
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INTRODUCTION 

Our plants in Hempstead and Dade receive municipal solid 
waste and convert it to electric power while recovering salable 
material. The Hempstead plant which started up in August of 
1978 is designed to process 11,000 TPW of MSW and the even 
larger plant in Dade with a capacity of 18,000 TPW of MSW has 
just started up. The operation of the two plants produces no 
adverse effects on the local environments. They are both de
signed so that there are no discharges of any liquid effluents. 
Emissions from the facilities' boiler stacks have been minimized 
by the combustion of a homogeneous fuel of a constant moisture 
content at high temperatures and the use of high efficiency 
electrostatic precipitators with tall stacks. 

Odor which emanated from Hempstead's refuse pit and process
ing equipment has been substantially eliminated by a scrubber 
system which is exhausting about 18 million cu.ft. of air per 
hour and maintaining a negative pressure within the facility so 
as to prevent escapes of fugitive odors. 

The use of wet-dry cooling towers In the generating modules 
permits operations to be adjusted to suit the weather conditions 
and will minimize the risk of occurence of local fog. 

Our plants are fulfilling a need in the communities in which 
they have been built. Typically the Town of Hempstead, one of 
the most densely populated areas of the United States and sur
rounded by the even more densely populated City of New York, 
generates enormous quantities of garbage but has no place to 
dispose of it. Disposal of garbage at sea, a practice once used 
in the New York Metropolitan area, has long been banned. Dis
posal of garbage on land has created a nightmare as the ever 
diminishing bubble of clean water underlying Long Island has be
come increasingly and irretrievably polluted with toxic chem
icals. 

The Hydrasposal Process helps to eliminate many of these 
problems. It reduces the volume of the solid waste load to a 
mere 3 to 5 percent. It eliminates concerns about toxic organic 
chemicals leaching into the groundwater. It provides a signifi
cant amount of electric power for the citizens in the two com
munities and its recycled materials bring a substantial contri
bution to the nation's effort to conserve energy. As we shall 
show through the following analyses, the Hydrasposal Process 
represents today the best available technology not only in the 
tield of converting municipal solid waste into enerav but also 
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in the conservation of the environment. 

THE HYDRASPOSAL PROCESS 

The Hydrasposal Process is that of a wet separation of 
municipal refuse into portions which can be recycled and re
turned to the industry, and portions which can be combusted, 
converted into electric power and returned to the municipality. 

The refuse is delivered in garbage trucks, unloaded into a 
pit with a capacity to hold more than two days supply and from 
there, via a trommel screen, continuously fed into water filled 
pulpers where the refuse is disintegrated and again removed as a 
water slurry; the disintegration being attained by the action of 
high speed cutting rotors. 

The trommel screen is new to the process and has been instal
led as a means of pre-sorting the refuse into streams of recycl
able and combustible materials. 

The recyclable portions of the solid waste are recovered and 
the water returned to the pulpers. Ferrous metal, glass, alumi
num and other non-combustibles are removed from the slurry by 
centrifugal action and ejected into classifying equipment for 
further processing after which the sorted material is stored and 
returned to the industry and recycled into new products. 

The combustible portions of the solid waste are dewatered in 
presses and then metered through a mechanical fuel feed system 
into the plants' power boilers as a refuse derived fuel at a 
rate of about 1000 tons per day per boiler. The boilers all 
raise a high pressure steam which drives turbo-generators, one 
for each boiler and each capable of generating electric power at 
a rate of 480 megawatt hours per day. 

The only process residue, the ash, is conveyed from various 
points of collection by a mechanical ash handling system, thor
oughly blended and discharged into an ash silo from where the 
mixed ash can be taken and used as a construction material, al
ternatively brought to a landfill. 

Table I. shows, for example, the anticipated quantities of 
received, recovered and produced materials for the Hempstead 
plant. 
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TABLE I. 
Performance Data 

Process input 
Municipal refuse 

Design Tons 
Per Week 

11.000 

Process output 
Refuse dprivGd fuel (50% moisture) 
Ferrous mptals 
Glass 
Aluminum 
Non-ferrous metals 
Ashes 

11,000 
770 
510 
90 
40 

1,340 

Steam plant output 
Steam gpnerated 383,000 I b s A r 

Power gene ra t i on 
Megawatt hours per day 960 

BENEFITS FROM THE HYDRASPOSAL PROCESS 

An obvious benefit gained by the separation of municipal 
refuse into portions which can be recycled and portions which 
can be combusted is the conservation of energy obtained by the 
utilization of the recovered materials. 

Production of steel, glass, and aluminum from recycled ma
terial requires less energy than production from virgin mate
rials. The energy conservation that results from substituting 
materials recovered from municipal solid waste for virgin ma
terials in these three substances is shown in Table II., as it 
applies to the Hempstead Plant. 
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TABLE II. 

Enerqv Conservation 

Conservation 
Recovery 10^ Btu/ton Annual 

Tons/week Material Product^ Barrels of Oil 
770 Ferrous Metal 17.2 121,000 
510 Glass 6.4 30,000 
90 Aluminum 102.0 84.000 

Total Annual Conservation 235,000 bbl. 

^Source: EPA-Assessment of the Impact of Resource Recovery 
on the Environment. 

''Source: DOE - One barrel of crude oil at 40° API gravity 
yields 5.7 million Btus.^ 

The conservation of energy so attained is substantial, a 
fact best seen by comparing it with the energy contained in the 
refuse derived fuel which, according to the DOE ruling comes to 
the equivalent of about 800,000 barrels of oil per year. 

The total potential energy conservation offered by the 
Hydrasposal Process in Hempstead would thus be equivalent to 
over one million barrels of oil per year and.even more than one 
and a half million in Dade. 

An environmental advantage offered by the Hydrasposal Pro
cess is a reduction in the weight of ash to be deposited in a 
landfill to a mere 12 to 14% from, for example, 33 to 36% for 
Chicago Northwest and Braintree, respectively. ' 

Refuse is a heterogeneous material which varies in composi
tion both geographically and seasonally. Nevertheless, the 
separation into portions which can be recycled and portions 
which can be combusted, the disintegration and blending of the 
latter portions, first in the process and later in the fuel 
storage, produces a refuse derived fuel which, for all practical 
purposes, is homogeneous. 

The high quality of the Hydrasposal fuel results in a total 
burn-out on the grates of our boilers leaving only between 0.5 
and 1.5% combustible and no putresible material in the so-called 
bottom ash, whereas, for example, German requirements to an 
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incinerator would be satisfied if the combustible and the 
putresible portions of its ash did not exceed 3 to 5% and 0.1 

to 0.3%, respectively.^ 

Further, the superiority of our fuel and the corresponding 
quality of the combustion is reflected in an emission of only 
about 50 cu.ft. of flue gas per lbs. of refuse, whereas, mass 
burning incinerators both in the United States and in Europe are 
generating and emitting from 80 to 200 cu.ft. of flue gas per 
lb. of refuse. 

Moreover, the effects of the wet Hydrasposal Process on the 
combustion and the plume formation above the stacks are far 
less significant than has often been proposed. The emission of 
water vapor during Hempstead's official stack test averaged 
860 lbs. per ton of refuse; the equivalent readings during 
Chicago Northwest's stack test showed an average of 640 lbs. and 
peaked to 840 lbs."* An important difference between the raw 
refuse and the Hydrasposal prepared fuel is that the latter con
tains moisture in controlled quantities. 

REFUSE DERIVED FUEL 

The refuse derived fuel as it is produced by the Hydra
sposal Process is most aptly described as a very fluffy sub
stance looking like shredded gray paper mixed with small bits 
of plastic. 

In fact, the fibrous material gives the fuel its unique 
character and high calorific value, the average of which for 
the first eleven months of operation in Hempstead, came to 
8,138 Btu per o.d. lb. of fuel with a coefficient of variation 
of only 6.2%. 

The average moisture content of the fuel for eight months 
of 1979 came to 53.9% with a coefficient of variation of only 
5.3%. 

The extraordinarily low coefficients of variation clearly 
confirm the statement made earlier that the refuse derived fuel 
as produced by the Hydrasposal Process for a l l practical pur
poses is homogeneous. 
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POWER BOILERS 

The installation for the combustion of the refuse derived 
fuel consists of single pass water tube boilers of the Stirling 
type. All the boilers are of identical design and were manu
factured and built by the French company of Fives-Cail-Babcock 
in accordance with U.S. codes and regulations. Each boiler is 
designed to deliver the performances as shown in Table III. 
when fired with refuse derived fuel. 

TABLE III. 

Boiler Performance Data 

Continuous steam output, each 191,400 Ibs/hr 

Steam pressure 625 psig 
Superheated steam temperature 750°F 
RDF feed rate 78,170 IbsAr 
Moisture content as fired 50% 
calorific value 8,030 Btu/o.d. lb. 

Excess air quantity 46% 

A side elevation showing one of the boilers and its vital 
statistics can be seen in Figure 1. 

The furnace is the 20 foot wide part of the boiler which 
raises 49'3" above the grate; it is the part of the boiler 
fitted with water filled tube walls designed for radiative heat 
transfer. When a boiler is being operated at its design load 
the heat release will correspond to a furnace load of about: 

20,000 Btu/cu.ft. - hr. 

The grate is a traveling chain grate. The thickness of the 
fuel/ash-bed and the speed of the grate are controllable. The 
present speed in Hempstead corresponds to a maximum residence 
time of 60 minutes and a bed thickness of 4 to 6 inches which 
has proven to prevent formation of clinkers in the ash. 

The Hydrasposal Process ash unlike ash from most mas burn
ing incinerators has a high fusion temperature ranging from 
2100 to 2300°F, a factor effective in preventing not only the 
clinkers but also a formation of slag on the boilers' tube 
walls and superheaters. 
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The primary air for the combustion is introduced through 
suitable openings in the grate bars and provided by a forced 
draft fan via a tubular air heater and a windbox located on the 
back of the boiler. 

When a boiler is being operated at its design load, the heat 
release will correspond to a grate load of about: 

800,000 Btu/sq. ft. - hr. 

The fuel is fed to the furnace through chutes uniformly 
spaced across the width of the boiler and located at an eleva
tion approximately 6 ft. above the grate. It is fed by gravity 
into the chutes where it is fluidized and ejected into the fur
nace by 540°F hot air streams in a sweeping motion across the 
width and depth of the furnace. 

The efficiency of the dispersion, the turbulence, and the 
traveling distance of the fuel after its injection is further 
ensured by the action of upwards directed jet streams with 
velocities of up to 200 ft/sec. coming from nozzles located in 
the furnace wall immediately below the chutes. 

An overfire air system, including several sets of nozzles 
suitably spaced and staggered so that opposing jets intermingle, 
are located in the boilers' front and back walls. Jet streams 
of 540°F hot air piercing into the combustion zone ensures a 
rapid and effective mixing of fuel and air and generates turbu
lent motions of the burning gases. 

Each boiler is equipped with one oil burner with a capacity 
of 80 mega Btu per hour for lighting off. This firing capabil
ity is sufficient to reach steam pressure and temperature and 
most important a combustion air temperature of about 500°F 
before switching to refuse derived fuel. 

COMBUSTION AND RESIDENCE TIME 

Experience shows that the finely disintegrated fuel as pro
duced by the Hydrasposal Process ignites very readily when the 
temperature of the combustion air is kept above 450 to 500°F. 
Further, that 60 to 80% of the fuel burns in suspension, a 
phenomenon which, although controllable, must be attributed to 
the special character of the fuel. 
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It can be shown that a typical Hydrasposal fuel will be burn
ing with a flame temperature of 2270°F when combustion air with 
a temperature of 540OF is being fed to the furnace at a rate 
corresponding to an excess air quantity of 46%. 

The average temperatures of the flue gas, the steam and the 
combustion air as these media pass through the process are 
shown in Figure 2. 

The manufacturers of our boilers allowed a residence time 
for the flue gas in the furnace of 3.2 seconds at an average 
temperature of 2050°F. 

Compelled by a heterogeneous fuel and slag problems, mass 
burning incinerators usually are operated at much lower temper
atures and residence times. The generous allowances for our 
boilers may be compared with those for conventional mass burners 
for which, for example, the German regulations have set a short 
residence time of 0.3 seconds and a low combustion temperature 
of 1470°F as their minima. The importance of a high combustion 
temperature was pointed out by a Swedish researcher at a recent 
dioxin symposium in Rome, Italy. He showed that temperatures^ 
lower than normal could result in 500 times higher emissions. 

Various researchers and authors have published data on ther
mal degradation of dioxins. Findings on the decomposition of 
TCDD after exposure to 1470°F is described in a report published 
by the American Chemical Society.^ The United States Air Force 
Occupational and Environmental Health Laboratory identifies the 
decomposition point of 2,3,7,8-TCDD as 1800-1830OF and the 
NYS DEC'S "Environmental Conservation Handbook" states that 
"incineration at 1830°F for two seconds is believed adequate" 
to decompose these substances.•'•^ 

Therefore, the temperatures and residence times of our 
boilers should, unlike those for conventional incinerators, be 
more than adequate to destroy any dioxin should this chemical 
find its way into the refuse derived fuel. 

ENVIRONMENTAL PERFORMANCE 

With regard to the emissions, it should be borne in mind 
that Dade has just been started up and that none of the avail
able performance records reflect the Hempstead plant as it 
stands today, rebuilt, with a new refuse pre-sorting system, a 
new fuel feed system, a new ash handling system, and a new odor 
C O n t r n l CTrG-hcam. 
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It is not disputed that the EPA has noted that its sampling 
program in 1979 at the Hempstead plant indicated that TCDDs 
were present in the flue gas in concentrations in the range of 
3 to 10 ppt with the 2,3,7,8 TCDD possibly present in the trace 
concentration of 0.3 ppt. EPA recognizes that its tests may not 
have been quantitatively or qualitatively representative of 
actual facility emissions because of several factors, including 
the critical fact that its contractor took its samples during a 
time period when the boiler was starting up and under erratic 
conditions. Data about the level of TCDD emissions, if any, 
during stable operations are not available. 

Since the time EPA's contractors took their samples at the 
Hempstead plant, more than $10 million of major design and 
structural changes have been installed which will substantially 
improve the facility's combustion efficiencies and performance. 

The environmental performance of the Hempstead plant has, 
in spite of the early handicaps, been superior and was, as 
shown in Table IV, for example, able to meet and surpass the 
emission criteria as projected by the EPA for the year of 1990. 

TABLE IV. 

Emission Factors in Lbs. Per Ton of Refuse 

EPA Emission HRRC Stack 

Factor for 1990 Test #79-57150(a) 

Total Suspended Particulate 1.02 0.57 - 0.59 
SOx 3s Sulfur Dioxide 2.02 2.90 
NOx as Nitrogen Oxide 1.14 - 3.43 0.02 
CO as Carbon Monoxide 0.69 - 2.07 N.A. 
Total Hydrocarbons as CH4 0.2 0.11-0.14 
Hydrocloric Acid 3.71 - 7.41 2.75 

a Source: EPA - Assessment of the Impact of Resource Recovery 
on the Environment.^ 

The particulate emission at the official stack test in Hemp
stead was even better than that shown in Table IV.; it came to 
slightly more than 1/4 of the emission allowable under the 
New York State Regulations. With an emission factor of 0.47 lbs 
per ton of refuse, Hempstead surpassed not only the 1.09 and 
3.38 lbs. as emitted by Chicago Northwest and Braintree. re-
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spectively, ' but indeed the very rigid German regulation 
which corresponds to an emission factor of about one lb. per 
ton.11 

European researchers during the past decade were the first 
to discover emissions of dioxins from the incinerators in cities 
like Amsterdam, Arnhem, Alkmaar, Zurich, and lately Hamburg.' 
In fact, it was disclosed at the symposium in Rome last October, 
that dioxins had now been found in more than 30 European incin-

1 2 erators.-'-' 

The manufacturers of the mentioned facilities, the European 
dioxin veterans, are large companies with installations in many 
places around the world even in Chicago and Harrisburg. 

A leading German scientist has now established that about 
90% of the emitted dioxins, similarly to other trace elements, 
will be attached to submicron ash particles. 

This fact adds new significance to the particulate emission 
control, a field in which the Hydrasposal Process has been shown 
to be the leader. Electrostatic precipitators are sensitive to 
changes in particulate matter concentration and chemical com
position of the flue gas. Since municipal solid waste is a very 
heterogenous material, there are often wide fluctuations in the 
particulate matter emissions from mass burning incinerators, a 
problem overcome by the Hydrasposal Process with its superior 
fuel and small quantity of flue gas. Our leadership is further 
underscored by Hempstead's extremely low emission of a trace 
element, such as, lead which in Table V, for the purpose of il
lustration, has been compared with emissions from other North 
American installations. 

TABLE V. 

Emission of Lead in Lbs. Per 1000 Tons of Refuse 

Incinerator Emission* 
Hempstead Resources Recovery Plant 4 
Braintree, Mass. 83 
East Hamilton, Ontario 92 
Hagerstown, Maryland 102 

*14, 5, 15, 16 
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In view of our experience as shown and discussed in this 
paper we can conclude that should any dioxin escape decomposi
tion in the hotter burning boiler furnace it would, similarly 
to other trace elements, be substantially eliminated from the 
flue gas in the Hydrasposal Process' highly efficient emission 
control system. 
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A NEW GENERATION - THE FLAKT RECOVERY SYSTEM 

by 

Per 0. Johansson 

Manager Solid Waste Systems 

Flakt, Inc. 

Old Greenwich , CT 

A B S T R A C T 

Incineration is not a satisfactory solution for proces

sing solid wastes. The most sound solution is to recover the 

materials suitable for sale or for recycling.' Flakt has three 

such plants in successful operation, where the recovered materials 

virtually impurity-free, generate substantial income and the resid

uals are used as a fuel. 
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INTRODUCTION j 

The disposal of municipal solid waste is a monumental problem in 

the U.S. and in other countries with high standards of living. 

Landfill is the most common method of municipal solid waste dis

posal today. It is, however, being replaced by other methods for 

reasons of hygiene, environment and aesthetics. Incineration 

with heat recovery is trying to gain acceptance. (This disposal 

method has for many years been commonplace in Europe, it has, 

however, been plagued by problems.) 

j 

In search of alternate sources of energy, it appears that a great 

energy potential is available in municipal solid waste. The heat 

developed during incineration can be used for production of steam 

for heating or cooling purposes or to generate electricity. One '• 

would therefore expect that incineration, in conjunction with somê  

sort of heat recovery, would become more common means of solid •' 

waste disposal. il 

s 

It has been found that paper together with plastic waste 

causes the release of heavy metals into the atmosphere when incin

erated. Paper and plastics make up a surprising 65% of the conten; 

in solid waste. A survey indicates that 30% of the cadmium and 

25% of the mercury in municipal solid waste is found in the paper 

and plastics. In the incineration process these products are emiti 

ted into the atmosphere. Effective cleaning methods to prevent 

release of these toxic heavy metals are not available today. By 

increasing the use of incinerating to produce energy, we are wors--

ening this emission problem. • 

Another method for recovery of energy is converting solid waste to 

a fuel (Refuse Derived Fuel or RDF) . The advantages of this metho 

are obvious: RDF can be transported and stored more economically 

than steam and electricity. 
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I believe that RDF should be produced so that it can be marketed 

as a specification fuel. 

MSW, a very hetrogeneous material, has to be made into a homoge-

nious fuel. One of the methods is to mix the garbage with water 

in a hydro-pulper. This machine removes some of the non-combus

tibles and yields, after pressing, a fuel that contains 50% water. 

Another method pulverizes the garbage after screening, into a 

fine powder, to be used as a fuel additive. Both of these methods 

are very capital and maintenance intensive. Emissions and odor 

problems plague them as well. 

The Flakt group has taken a different route and has developed a 

system for recovery of materials from solid waste for the purpose 

of recycling and/or the production of RDF. This is without a 

doubt the most energy conserving of all recovery processes. The 

Flakt Recovery System was designed to reduce the liability of 

garbage. It is an environmentally sound process without emission 

of air and water pollutants. 

The variations in composition of municipal solid waste are substan

tial, depending on seasonal changes and geographic location. Com

mon U.S. MSW contains approximately 30-45% paper, 8% steel and 10% 

glass. The Flakt System is insensitive to these variations.. 

EPA has published a breakdown of the composition of typical MSW 

as per slide #1. 
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TYPICAL COMPOSITION OF 
MUNICIPAL SOLID WASTE 

Paper 30% Metals 10% 
Yard Waste 2 0 % (Ferrous 81/2%) 
Food Waste 17% (Aluminum 1%) 
^ . _^^, (Other Non-Ferrous 1/2 %) 
Glass 10% 0 

Rubber,leather, 5% 
Textiles 

Plastics 4% 
Wood 3% 
Misc. Inorganics 1% 
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The economical benefits of recycling of glass are doubtful, but 

recycling of steel and paper is in most cases quite attractive. 

The problems connected with reuse of post-consumed materials are 

always contamination of foreign matters and the presence of im

purities. The Flakt System, however, yields a paper so free 

from impurities that it can be used in the paper mill in lieu of 

conventional recycled paper. 

In 1974, Flakt started a demonstration plant in Stockholm, Sweden, 

with a processing capacity of 6 tons of solid waste per hour. 

This corresponds to 90 TPD in two 8-hour shifts. This plant has 

been the design base for the commercial plants now in operation. 

The first commercial Flakt Recovery plant in the world was started 

in Holland. See Slide #2. The second installation is operating 

in Sweden. See Slide #3. Data of these two installations is shown 

on Slide #4. 

THE FLAKT 3-R SYSTEM 

Slide #5 shows a flow sheet of the Demonstration Plant in Stockholm. 

It is somewhat simplified, but describes adequately the principle 

of operation of the Flakt 3-R System (3-R stands for Resource Re

covery from Refuse). The Demonstration Plant was installed on the 

tipping floor of one of the municipal incineration plants in the 

City of Stockholm, Sweden. Our Demonstration Plant has since been 

dismantled as the city required the space for other purposes. The 

Plant was later shipped to Japan, where it is now operating commer

cially. 

n̂y truck delivering refuse to the incinerator could be selected at 

random and its cargo could be processed in the Flakt plant. No 
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FLAKT 3-R PLANTS IN COflHERCIAL OPERATION 

CAPACITY TONS/YEAR 

DENSITY #/CU.FT. 

OPERATING TIME HR/YEAR 

ENERGY REQUIRED: 

ELECTRIC, OPERATING KW 

(INSTALLED) KW 

THERMAL, MILLION BTU/HR 

MATERIALS RECOVERED: 

PAPER TONS/YEAR 

FERROUS TONS/YEAR 

PLASTICS TONS/YEAR 

COMPOST TONS/YEAR 

SWEDEN 
STOCKHOL̂ I 

77,000 

7.8 

4.000 

650 

LOOO 

6 

17.500 

3.700 

i|,500 

22,000 

KOLWND 
WIJSTER 

137,000 

15.6 

ii,800 

910 
i,aoo 
11 

18.500 

4.000 

5,000 

44,000 
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The commercial system works as follows: (Slide #6) 

The refuse is conveyed into a Scalper Trommel located ahead of 

a Flail Mill. The purpose of this mill is to break open plastic 

bags and to liberate enclosed material for further processing. 

It is important to understand that this is not an ordinary shred

der. A Hammermill type shredder, for example, would do irrepara

ble damage to the end product. It would pulverize glass and 

organic matter and impact them on the paper and mix them with 

other materials. Subsequent processing in the system would not 

be able to segregate the paper from these impurities, and they 

would end up in the final products. It is noteworthy that a 

Flail Mill uses approximately 1/10 of the electric power consump

tion of a Hammermill for the same capacity. A piece of steel or 

a 4x4 that could jam a Hammermill goes through the Flail Mill in 

one piece. From the Flail Mill the material passes through rota-^ 

ting Trommel #1. In this trommel, large objects and plastic 

sheets are rejected from the system while the accept is conveyed 

to Air Classifier #1. 

A lot of literature has been written on air classifiers, most all 

of it dealing with classification of relatively homogeneous ma

terials. It is, however, difficult to think of a more heteroge

neous material than municipal solid waste. Consequently, a classi 

fier designed according to textbook principles does not work very 

well if at all on refuse. 

Years of research and laboratory testing lie behind the Flakt Air J 

Classifier. At first glance, it may look like a conventional ^ 

zig-zag classifier, but the air is introduced not through the bot

tom, but through several air knives giving the turbulence necessai 

for good classification. Another important item is the feed of 

material into the air classifier. It is especially important to 

avoid pulsations in the feed. (Slide #7) 
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IVomniel 2 
Flash 
Dryer 

N 

n n Plastic Organics 

J Burner 

V 
\ , , Flail Mill 2 

.1^ 
\ ^ 

lyommel 3 

, }̂ ??ŷ  Light 
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The heavy fraction falls through the bottom of the classifier 

onto a conveyor belt and passes under a magnet separator. The 

heavy fraction consists of steel, aluminum, glass and heavy 

organic matter. The magnet separator extracts the ferrous ma

terial. 

If the reject happens to contain a high percentage of aluminum, 

this stream could be passed over an eddy-current separator for 

recovery of aluminum. Otherwise, this stresun normally goes to 

landfill. 

The light fraction exists through the top of the air classifier 

and the material is conveyed by air to a cyclone, where it is 

separated from the air stream. The air is then returned to the 

classifier in a closed loop. This has several advantages: In 

passing through the air knife fans, the air is heated and will 

help dry the material. The closed loop, further, provides a 

constant flow of air with known density and moisture content 

which is necessary for the proper performance of the air classi

fier and will result in a low power consumption. The bleed-off 

air stream necessary to remove evaporated moisture is very small 

compared to the air flow through the classifier. This bleed-off 

air has to be filtered before being exhausted to the atmosphere 

and the filter is quite small. 

The material collected in the cyclone feeds into Flail Mill #2. 

This mill is somewhat similar in design to Flail Mill #1, but 

will yield a material that in appearance is similar to fine 

shredded refuse. It is very important, however, that this fine 

shredding takes place after the refuse has passed the primary 

mill and Air Classifier #1, where the main portion of the im

purities have been removed. The material exiting from Mill #2 
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pulverized, while paper and paperboard are about 2 inches in 

size and plastic sheets are considerably larger. 

Rotating Trommel #2 can now easily separate the paper fraction 

from plastics and organic matter. The trommel is a slow rotating 

drum with the first section having small hole perforations and 

the second section having larger hole perforations. 

The accepted material now consists of paper and paperboard, some 

of which is plastic coated, plus some textile fibers and some 

light plastic flakes. This material is fed into the so-called 

Flash Dryer. This piece of equipment is based on Flakt's experi

ence in drying of a variety of materials in suspension. The 

Flash Dryer, the Flail Mill and the air classifier represent most 

of the research and development spent on the Flakt 3-R System. 

The purpose of the Flash Dryer is threefold: 

The first purpose is to dry the paper. In the first stage 

of the Flash Dryer the material is dried to approximately 

5% moisture content, which is the same moisture content as 

regular paper as we know it. 

The second purpose is to reduce the amount of bacteria. In 

the second stage of the Flash Dryer the material is exposed 

to an air temperature of approximately 300°F for 5 seconds. 

This shock treatment will not deteriorate the quality of 

the paper, but will reduce and de-activate the bacteria and 

prevent further bacteria growth. We call this process sani

tizing and is not to be confused with sterilizing. The 

reduction in bacteria count is, however, significant, and 

tests have shown that after years of storage, this treatment 

has effectively stopped the bacteria growth. (Slide #8) 
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Bacteria counts in paper samples before 
and after iieat treatment. 

Incubation temperature: 3 5 X . 

Tests Number of bacteria/g of paper Reductio 

Heterotrophic 
bacteria , total 

Coliform bacteria 

Enterobacteriaceae 

Acinetobacter 

Staphylococcus 

Bacillus 

Salmonella or 
Shigella 

Yeast fungi 

Mildew fungi 

Before heat 
treatment 

72,000,000 

12,000,000 

8,900,000 

23,000,000 

5,500,000 

650,000 

0 

1,900,000 

560,000 

After heat 
treatment 

3,100,000 

340,000 

520,000 

1,900,000 ' 

790,000 

51,000 

0 

81,000 

22,000 

96 

97 

94 

92 

86 

92 

96 

96 
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The third purpose of the Flash Dryer is to shrivel up thenno; 

plastic pieces, and to give them different aerodynamic char

acteristics as compared to those of paper. The Flash Dryer 

will thus act as a classifier, and the plastics will fall to 

the bottom of the dryer. Another advantage of drying is tha 

sticky elements become brittle, break down and are separated 

in Trommel #3. 

The heat source for the Flash Dryer is a gas or oil fired combus-i 

tion chamber. Flue gases from the incinerator can also be used. 

The dried material is pneumatically conveyed to Air Classifier 12 

which is basically of the same design as Classifier #1. Here the 

paper is separated into so-called light and heavy fractions. The 

light fraction, which consists mostly of newsprint and paper made 

from mechanical pulp and thermo-mechanical pulp with some element: 

of tissue, shows a very high degree of purity and can be used 

directly in paper manufacturing. In fact, the amount of impuritis: 

are only about 3%. Before being baled, the paper passes Trommel i-

where dust, very fine sand and some organic matter are removed. ; 

The heavy paper fraction exiting from the bottom of the air class:' 

fier consists of predominantly Kraft paper, linerboard and corru-" 

gated qualities. This fraction has a higher degree of impurities' 

about 10-15%, but can, nevertheless, also be used directly in ' 

paper manufacturing of certain grades. ' 

It has been claimed that newsprint source-separated in households 

is of the highest attainable quality. Tests show, however, that 

consistent high quality can be maintained far better In the Flakt 

3-ii System than at source separation or through in!aj:iaal sorting. 
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PAPER QUALITIES AND POTENTIAL OSAGE 

The light and heavy fractions from the Flakt 3-R System have been 

thoroughly tested in a great number of paper mill laboratories. 

Actual production tests have also been conducted, where several 

tons of light and also heavy fractions have been run on a regular 

paper machine. The tests show, that by and large, the light frac

tion is quite acceptable as feed stock or additive for paper quali

ties normally made from recycled newsprint. The strength of this 

paper is comparable to virgin mechanical pulp. Separate tests have 

shown that the heavy fraction is acceptable as an extender to cor

rugated medium. 

Slide #9 shows the estimated energy savings from using recycled 

paper. 

3-R paper was added as an extender to paperboard stock at different 

mills constituting from 15% to 50% of the tatal furnish. No detri

mental effects could be detected in the final product. It is, 

therefore, safe to say that 3-R paper can be used as an extender 

in the manufacturing of certain grades of paperboard, corrugated 

medium, and industrial towelling. Coupled with a more gentle de-

fibration, it is also possible that the light fraction can be used 

in manufacturing of newsprint, where, traditionally, there is a 

great demand for recycled fibers. With the exponential cost in

creases in energy that we are presently experiencing, the 3-R Sys

tem can be a valuable alternative for economical resource recovery, 

and can provide an important source of less expensive raw material. 

It is a well known fact that the municipal solid waste varies 

greatly in composition with geographic locale and over different 

seasons. Hundreds of tons of refuse from different places in 



ESTIHATED ENERGY SAVINGS FROfI 

USING RECYCLED PAPER 

• 

ilN ENERGY REQUIRED 

CLED ENERGY REQUIRED 

6Y SAVED 

NEWSPRINT 

53.3 

19.7 

33.6 (63%) 

PRINTING AND 

WRITING PAPER 

(MILLIONS OF 

BTUS/TON) 

85.9 

32.7 

53.2 (62%) 

TISSUE AND 

SANITARY PAPER 

(MILLIONS OF 

BTUS/TON) 

86.6 

22.4 

m.2 mi) 

CORRUGATED 

CONTAINERBOARD 

(MILLIONS OF 

BTUS/TON) 

55.7 

20.2 

35.5 (64%) 



ALLMINIW 

COPPER 

IRDN& 
STEa 

l£AD 

PAPER 

RIBER 

ZINC 

Tmrfli 

TCMS 

feCVCLED 

IN 1979 

1,817,000 

2,168,900 

16,912,600 

789,300 

12,905,000 

120,500 

173,800 

TVPICAL ENERGY SAVINGS IN FECYCLING ccwAie WITH VIRGIN MATERIAL USE 

ENERGY REQUIRED 

To fVWFACTURE 

ONE TON FROM 

VIRGIN I^TERIAL 

INKMH/TON 

71,101 

32,815 

7,052 

7,911 

16,320 

9,150 

19,045 

ENERGY REQUIRED 

To fWlUFACTURE 

ONE TON FROM 

V I R G I N MATERIAL 

I N KWH/TON 

SJiQ 

5,057 

2,196 

2,798 

5,919 

2,680 

7,533 

ENERGY SAVING 

PER TON 

BY RECYCLING 

INKWH^CN 

65,749 

22,758 

1,536 

5,113 

10,101 

6,170 

U,512 

ENERGY 

SAVINGS 

92Z 

85X 

65 Z 

65Z 

61Z 

71% 

60Z 

TOTAL ANNUAL 

ENERGY SAVING 

INKHH 

(BASED CN 

1979) 

119,165,930,000 

60,201,325,000 

199,187,550,000 

1,035,690,000 

131,221,900,000 

779,635,000 

2,000,785,000 

519,898,816,000 

SAVINGS 

ml979 
EQUIVALENT 

BARRELS OF 

CRUC OIL 

72,801,000 

36,688,000 

121,382,000 

2,159,000 

81,795,000 

175,000 

1,219,000 

316,819,000 



382 

Europe have been tested in the Flakt demonstration plant in Stock

holm. Despite these variations in the incoming raw material, the , 

final products had a remarkable uniformity and purity. ;; 

U 

In order to establish the quality of paper, attainable from typica 

U.S. municipal solid waste, several tons of refuse from Middlesex 

County, New Jersey were air-freighted over to Stockholm and tested 

Again we found these tests consistent with the other tests. Slide 

#10 shows the analysis. 

In our present commercial plants the recovered paper is utilized 

as follows: 

In Stockholm the paper is sold to a paper merchant, who 

in turn sells the paper to several paper mills. ! 
< 

In Holland the recovered paper is sold abroad. \ 
t 

The ferrous fraction from both plants are sold to mini • 

steel mills and the plastics are recycled to secondary plasti 
producers. 

SPACE REQUIREMENTS AND COST OF A 3-R PLANT 

The Flakt 3-R plants are constructed in a modular system. The 

modules are 250 and 500 TPD. The operating time is usually two 

shifts, or 16 hours per day. 

Let us review a hypothetical 500 TPD module. The size of the 

building, including tipping floor and space for one week of ma

terials storage, is about 30,000 sq.ft. The Flash Dryer is loca

ted outdoors. The residue is disposed of in an adjacent landfill-



AMfU-YSIS OF MSW 

EFFECTIVE 
DRY SUBSTANCE HEAT VALUE 

ORGANIC CARBON HYDROGEN OXYGEN BTU/# 

HOISTURE SUBSTANCE C H O 

INCREMENT CONTENT /\«H 

CONSTITUENTS # Z X * ^ * ' '^ * * 

OF 

nsH 

Fl 

s, 
IC 

ORGANICS 168.3 25.7 61.7 61.16 11.2 18.1 81.9 15.3 6.0 30.5 551.1 13 

(SSsf 33.88 5.2 1.5 32.31 7.1 100.0 0.0 0.0 0.0 00.0 00.0 

51.12 8.2 1.5 51.7 u.i, 100.0 0.0 0.0 0.0 0.0 0.0 

NOTE: I N FRACTION "GLASS AND CERAMIC" THE GLASS ts 95J, 

PAPER 292.38 11.7 23.8 222.86 19.2 6.1 93.9 15.2 6.0 12.7 211.8 57.2 

TEXTILE 15.98 7.0 20.3 36.52 8.1 5.2 91.8 12.7 5.9 16.3 397.8 9.3 

PLASTIC 39.38 6.0 23.2 30.36 6.7 1.7 98.3 73.7 1.9 19.7 ^ 682.2 15.1 

\ ^ ^ 5.06 0.8 7.8 1.62 1.0 11.1 85.6 17.6 5.2 32.8 66.6 1.5 

&TiBi£ 15.1 2.1 32.1 10.31 2.3 3.0 97.0 18.5 6.0 12.5 126,0 2.9 

TOTAL 651.5 lOO.G 30.7 153.2 100.0 21.9 75.1 38.6 1.8 31.7 1275.0 100.0 
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COST ESTIMATE FOR A 500 TPD 

FLAKT 3-R PLANT 

EQUIPMENT COST (INCLUDING: EQUIP, ELEC. EREC.) $i|.600.000 

BUILDING. LAND. ETC (BY CLIENT) I.000>000 

5.600.000 

CAPITAL COST 
EQUIPMENT (10 YEARS LIFE) ^ 1̂50.000 

BUILDING (20 YEARS LIFE) 50.000 
450.000 

INTEREST • '-— 

TOTAL CAPITAL COST * $ 960.000 

TOTAL COST PER YEAR 

T-vpc NOT INCLUDED 
• PROPERTY TAXES NUI 

$ 270.000 
50.000 

OPERATING COST 
PERSONNEL COST (5 PERSONS/SHIFT) 

ELECTRIC POWER a $.010/KWH ^'^'^Z^ 

10.000 
MISCELLANEOUS 30.000 
EQUIPMENT MAINTENANCE $ " l i ^ 

TOTAL OPERATING COST 

$1,500,000 
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REVENUE FROn RECOVERED MATERIAL 

LIGHT PAPER FRACTION 

HEAVY PAPER FRACTION 

FERROUS I*IATERIAL 

RDF 

GROSS REVENUE 

FREIGHT 8 STORAGE 

a 
a 
a 
a 

$ 4 0 / T O N 

$22/TON 

$36/TON 

$ 1 . 0 0 / M I L L I O N BTU 

$ 816.000 

W.OOO 

292.000 

5i<G,000 

$2,090,000 

(50,000) 

NET REVENUE (HIGH E S T I M A T E ) $2,010,000 

TOTAL COST PER YEAR 

NET REVENUE OF DISPOSAL 

$(1.500,000) 

$ 5^*0,000 

REVENUE PER TON 

(500 T P D X 300 D A Y S ) 3.6(1 
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REVENUE FROM RECOVERED MATERIAL 

LIGHT PAPER FRACTION a $ 2 5 / T O N $ 510.000 

HEAVY PAPER F R A C T I O N a $ 1 0 / T O N 210.000 

FERROUS M A T E R I A L a $ 2 0 / T O N 162.000 
-RDF a $ 1 . 0 0 / M I L L I O N BTU 540.000 

GROSS R E V E N U E $1,413,000 

-FREIGHT & STORAGE _i^M^^ 

::NET REVENUE (Low E S T I M A T E ) $1,363,000 

_TOTAL COST PER YEAR " $1,500,000 

NET REVENUE $1.363.000 

$ 137.000 

DISPOSAL COST PER TON $ 0 .90 
(500 TPD X 300 D A Y S ) 
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CONSIDERATIONS AFFECTING DEDICATED BOILER DESIGN 
FOR REFUSE-DERIVED FUELS (RDF) 

R. E. Sommerlad 
Foster Wheeler Development Corporation 

Livingston, New Jersey 

P. J. Adams 
Foster Wheeler Limited 
St. Catharines, Ontario 

H. I. Hollander 
Sanders St Thomas, Inc. 

Pottstown, Pennsylvania 

ABSTRACT 

This paper h i g h l i g h t s the c o n s i d e r a t i o n s a f f ec t ing the design 
of a dedicated b o i l e r for re fuse-der ived fuel (RDF). The top ics 
covered inc lude fuel parameters , fuel mix, c apac i t y , c o n t r o l , de
sign concep ts , and inf luence of s i z e on des ign . There i s v a s t 
e x p e r i e n c e w i t h f u e l s s i m i l a r to RDF to a id t he d e s i g n e r , and 
examples are p r e sen t ed . Freedom of design i s shown to be neces
sary i f RDF by i t s e l f or in combination with o the r waste or f o s s i l 
fuels i s to be u t i l i z e d succes s fu l ly . 

OVERVIEW 

The d iminishing and more remote land areas s u i t a b l e for d i sposa l of 
a community's so l id wastes and the urgent need for domestic fuel suppl ies 
has promoted the concept t h a t these wastes should be regarded as a l o c a l , 
untapped, renewable energy resource—with s i g n i f i c a n t q u a n t i t i e s of nonre
newable mine ra l s . Severa l forms of fuel can be prepared from re fuse , and 
steam generat ing u n i t s can be custom-designed to accommodate a spec i f i c 
form of r e fuse -der ived fuel (RDF) for f i r i n g alone or in combination with 
other fue l s . The des ign c o n s i d e r a t i o n s and areas of concern in developing 
a custom-engineered steam genera t ing system to u t i l i z e a spec i f i c form ot 
RDF are the focus of t h i s paper . 

RDF~WHAT IS IT? 

Simply s t a t e d , RDF i s refuse as a fuel r a t h e r than as an object for d i s 
posal. However, the performance of any f u e l - u t i l i z a t i o n system i s m a t e r i a l l y 
enhanced i f the suppl ied fuel i s processed to make i t reasonably p r e d i c t a b l e 
in regard to phys ica l and thermochemical p r o p e r t i e s . 



392 

o b v i o u s l y i f t h e e n t r a i n e d n o n c o m b u s t i b l e c o n s t i t u e n t s ( m e t a l s , g l a s s , 
d i r t e t c . ) were removed and the p h y s i c a l s i z e r a n g e of t h e r e m a i n i n g com
b u s t i b l e f r a c t i o n were l i m i t e d , a s u p e r i o r fue l p r o d u c t would r e s u l t . As 
w i th a l l f u e l s , t h e d e g r e e of fue l r e f i n e m e n t s h o u l d be l i m i t e d s o l e l y to 
t h a t r e q u i r e d for p r a c t i c a l , economic u t i l i z a t i o n . 

The need f o r u n i f o r m d e f i n i t i o n s , s p e c i f i c a t i o n s , and a n a l y t i c a l 
p r o c e d u r e s by p r o d u c e r s and u s e r s o f r e c o v e r e d c o m m o d i t i e s from r e f u s e 
prompted the fo rma t ion of ASTM Committee E-38 on R e s o u r c e Recove ry . This 
committee has t e n t a t i v e l y c l a s s i f i e d RDF a s shown in T a b l e I . 

T a b l e I 

T e n t a t i v e ASTM C l a s s i f i c a t i o n s of R e f u s e - D e r i v e d F u e l s 
(ASTM E - 3 8 . 0 1 / P r o p o s e d S t a n d a r d EDS-19) 

Category D e s c r i p t i o n 

RDF-1 Munic ipa l S o l i d Wastes (MSW) used a s a fue l i n a s - d i s c a r d e d form 
wi thou t O v e r s i z e Bulky Waste (OBW). 

RDF-2 MSW p r o c e s s e d to c o a r s e p a r t i c l e s i z e w i t h o r w i t h o u t fe r rous 
me ta l s e p a r a t i o n . The p a r t i c l e s i z e o f t h i s m a t e r i a l i s such tha t 
95 wt% p a s s e s t h r o u g h a 6 - i n . s q u a r e mesh s c r e e n . 

RDF-3 Shredded fue l d e r i v e d from MSW p r o c e s s e d fo r t h e removal of me ta l , 
g l a s s , and o t h e r e n t r a i n e d i n o r g a n i c s . The p a r t i c l e s i z e of t h i s 
m a t e r i a l i s such t h a t 95 wt% p a s s e s t h r o u g h a 2 - i n . squa re mesh 
s c r e e n . 

RDF-4 Combus t ib le was te f r a c t i o n p r o c e s s e d i n t o powdered form—95 wt% 
p a s s i n g t h rough a 10-mesh ( 0 . 0 3 5 i n . ) s q u a r e s c r e e n . 

RDF-5 Combus t ib le was te f r a c t i o n d e n s i f i e d ( c o m p r e s s e d ) i n t o the form of 

p e l l e t s , s l u g s , c u b e t t e s , b r i q u e t t e s , o r s i m i l a r fo rms . 

RDF-6 Combus t ib le was te f r a c t i o n p r o c e s s e d i n t o a l i q u i d f u e l . 

RDF-7 Combus t ib le w a s t e f r a c t i o n p r o c e s s e d i n t o a g a s e o u s f u e l . 

RDF-1 i s a s - d i s c a r d e d w a s t e , a s shown in F i g . 1 , w i t h o u t OBW, samples of 
which a r e shown in F i g . 2 . T h i s m a t e r i a l i s fed t h r o u g h a c h u t e to a furnace 
i n a r e l a t i v e l y t h i c k fue l bed . T h i s t y p e of b u r n i n g i s commonly r e f e r r e d to 
as "mass b u r n i n g , " an example of which i s shown in F i g . 3 . RDF-2 i s refuse 
s i zed and b e n e f l c i a t e d for s e m i s u s p e n s i o n b u r n i n g w i t h i n a w a t e r w a l l furnace 
on a Chin fuel bed w i t h n o n a g i t a t i n g g r a t e s . RDF-3 i s a more h i g h l y r e 
fined r e f u s e fuel for f u l l - s u s p e n s i o n b u r n i n g w i t h i n a w a t e r w a l l furnace . 
Typ ica l p rox imate a n a l y s e s and h e a t i n g v a l u e s fo r v a r i o u s RDF f u e l s a r e shown 
in Table 1 1 . 
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Table II 

Comparative Basic RDF Fuel Parameters 

D e s c r i p t i o n 

Source 

Moisture (%) 

Ash (%) 

Combustible (%) 

HHV, as r e c e i v e d 
(B tu / lb ) 

RDF-1 

30 

24 

4 6 

4500 

C l a s s i 

RDF-2 

Co lumbus , 
Ohio 

29 

20 

. 5 1 

4600 

f i c a t i o n 

RDF-3a 

Ames, 
Iowa 

22 

2 1 

57 

5100 

RDF-3b 

Ames, 
Iowa 

18 

10 

72 

6500 

RDF-3b 

M a d i s o n , 
W i s c o n s i n 

24 

13 

63 

5900 

a Fluff. 
'' Double-screened. 

DEDICATED BOILERS 

c t iv i ty , runccion, or puipu&e, J-I. \,an uc ^,....10^..^..^-.. -.— . 
ation app l ies whether or not the system was o r i g i n a l l y conceived for t ha t 
c t iv i ty . For t h i s d i s c u s s i o n the phrase "dedicated b o i l e r " r e l a t e s to new 

When an e n t e r p r i s e or system i s confined or committed to a spec i f i c 
act ivi ty , funct ion , or purpose, i t can be considered " d e d i c a t e d . " This ded i -
cati 

i t y . -
steam genera tors t h a t a re "custom-engineered" to accommodate spec i f i c fuels 
and also to e x i s t i n g steam genera to rs t h a t are ex t ens ive ly modified through 
custom engineering to accommodate such f u e l s . The custom-engineered (ded i 
cated) f a c i l i t y — a steam genera to r and assoc ia ted equipment designed to burn 
RDF alone or in combination with a f o s s i l fuel—can be provided as s t a t e - o f -
the-art equipment, drawing upon exper ience to da t e with RDF and other s i m i l a r 
fossil and waste f u e l s . In c o n t r a s t , a r e t r o f i t of an e x i s t i n g un i t for a 
d i f f e r en t fue l may w e l l r e s u l t i n t h e compromis ing of d e s i g n f e a t u r e s . 

DESIGN CONCEPTS 

Comparative Waste Fuels 

An eva lua t ion of RDF shows physica l and combustion c h a r a c t e r i s t i c s 
similar to bagasse or hogged wood refuse (Table I I ) , fuels which have been 
burned in semisuspension furnaces with spreader s toke r s for many y e a r s . 
Indeed, the carbon:hydrogen r a t i o heat con t en t , as wel l as the percentage of 
v o l a t i l e s and f i x e d c a r b o n from the p r o x i m a t e a n a l y s i s , i s e s s e n t i a l l y 
similar for a l l of these f u e l s . The d i f f e r ence between RDF and the o ther 
fuels i s a lower mois tu re conten t (an advantage) and a s u b s t a n t i a l l y h igher 
ash content ( a d i s a d v a n t a g e ) . 
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Semisuspension Fir ing 

The pulp nnd paper and sugar i ndus t r i e s long ago began using their 
waste p r o d u c t s - b a r k , wood r e f u s e , and b a g a s s e - a s b o i l e r fuel Other 
indust r ies u t i l i zed s imilar waste products , such as coffee grounds, corn 
cobs psper, and sunflower seed h u l l s . In p a r t i c u l a r , the technology is 
well 'developed for wood refuse and bagasse f i r i ng in steam generators with 
capaci t ies to 600,000 Ib/h equipped with spreader s tokers with continuous 
ash-discharge g r a t e s . A typ ica l uni t (Fig . 4) also uses o i l , gas , or c o a l -
e i ther through addi t ional spreader s tokers or conventional pulverized burn
ers More recently RDF-2 has been used as a fuel in semisuspension-fired 
un i t s . A typical steam generating uni t of t h i s type i s shown m Fig. 5. 

The steam g e n e r a t o r i s a t y p i c a l two-drum u n i t of s i n g l e -g a s -p a s s 
design fully water-cooled furnace with MONO-WALL® surface . Design pres
sures and superheater temperatures are conservat ively maintained at modest 
levels in an .ittempt to avoid high-temperature metal waste. Tube spacing 
and re t r ac tab le sootblower i n s t a l l a t i o n s are s t r a t e g i c a l l y located to avoid 
deposits and blockage, thus ensuring uninterrupted operat ion. Over-fire 
and furnace-wall cur ta in a i r systems are provided for the thorough mixing 
and burnout of the l i be ra t ed , v o l a t i l e , r i ch gases and to avoid reducinr 
atmosphere metal waste. 

As a resu l t of careful design, operating un i t s have shown excellent 
ava i l ab i l i t y to da te , with a minimum of maintenance associated with the 
f ir ing of RDF. An added advantage i s that t h i s type of uni t can be arranged 
for operation on RDF alone, coal alone, or both in combination. 

The semisuspension RDF furnace i s , obviously, only part of the RDF 
u t i l i z a t i o n system. The carbonaceous and v o l a t i l e cons t i t uen t s of the fuel 
must be burned, heat must be recovered, and the flue gases must be cleaned— 
a l l to meet acceptable l e v e l s . A typ ica l i n s t a l l a t i o n showing a hot electro
s t a t i c p rec ip i t a to r and regenerat ive a i r hea te rs for heat recovery is shown 
in Fig. 6. Baghouses for p a r t i c u l a t e control have now become a practical 
a l t e rna t ive . 

The advantages of a semisuspension system include: 

• Lower ins ta l led equipment cost 

• Recovery of saleable metals , g l a s s , e t c . 

• Greater steam generator eff ic iency 

• Elimination of reducing atmosphere in the furnace, lessening poten
t i a l tube waste 

• Capability of u t i l i z i n g foss i l fuels a l t e r n a t i v e l y or simultane
ously 

• Rapid response to load changes 

• Abil i ty to f i r e high-moisture fuels (up to 50 p e r c e n t ) . 
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special leaiures iui.uj.pui.ated into properly designed steam generating 
units for the combustion of RDF are as follows: 

, MONO-WALL/Welded Wall Design. Fully welded walls provide a tight en-
closure, eliminating refractories and tramp air in f i l t ra t ion . The 
cool furnace surfaces help to prevent high-temperature metal waste. 

, Provisions for Boundary Air. Aids in preventing furnace tube metal 
waste by reducing atmospheres. 

, Ample Furnace Retention Time. Designed for 1700°F furnace exit tem-
perature to eliminate slagging of convection surfaces. 

, Superheat Temperature. On the order of 750°F steam temperature at 
the superheater outlet to prevent high-temperature tube metal waste. 

, Paral lel Flow Superheater. Lower metal temperatures in finishing 
loop. 

• Flue Gas Velocity. In-l ine convection bank tubes with gas velocity 
limited to 30 f t / s . 

• Tube Thickness. At least one gage above minimum code requirement. 
, Bare Tube Economizer. Limits gas velocity to 30 f t / s to lessen plug

ging and erosion. 
• Hot Precipi ta tor . Aids in preventing low-sulfur high-resis t ivi ty 

problem. 
, Extra Space in Precipi tator Envelope. Ensures compliance with emis

sion l imitat ion. 

Full-Suspension Firing 

Just as in semisuspension fir ing, coal and waste fuels have been u t i 
lized in full-suspension fir ing. Pulverized-coal-firing technology i s only 
60 years old, but i t has enabled the designer to build very large units , such 
as those found in the u t i l i t y indus t ry . In the range of foss i l fue ls , 
full-suspension firing is used for lovr-volatile coals (anthracite) , high-ash 
coals, and high-moisture coals ( l ign i te and peat) . 

In full-suspension fir ing, coal i s pulverized to the consistency of t a l 
cum powder. Therefore, to u t i l i ze RDF in this system, a more highly refined 
material is required: RDF-3. Most of the experience with full-suspension 
firing of RDF-3 has been in large, existing, u t i l i t y boilers operating above 
60-percent load with only a 10- to 20-percent heat input. Union Electric 
pioneered this technology with demonstrations in corner- and wall-fired 
units. The RDF is introduced pneumatically through ports in the burner zone. 
Generally RDF-3 in size ranges of 1 to 3/4 in. has been fired, with efforts 
made to remove large pieces and also to remove the fines. The rationale for 
removing fines i s that they contain 15 percent or more ash (when less than 
0.25 in . ) , as shown in Fig. 7. 

Experience with the smaller u t i l i t y units «50 MW) indicates re la t ively 
high combustible loss . The ins ta l la t ion of dump grates in these units ap
pears to have improved performance. Several u t i l i t y b o i l e r s have been 

http://iui.uj.pui.ated
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r e t ro f i t t ed to accommodate RDF-3. In addi t ion , s eve ra l , new. large Foster 
^ e M e r uni t s in the 600- to 800-MW range have provis ions to i n s t a l l supple-
!^ntarv MF f r ing in the fu ture . In these custom-engineered uni ts the 
^ F n o z z u l have been designed and s t r a t e g i c a l l y located to ensure a high 
TeSree of burnout, obviating the need for any type of g ra te in the lower 

furnace. 

The s p e c i a l des ign f e a t u r e s d e s c r i b e d p r e v i o u s l y a l s o apply here. 
Usually a full-suspension pulverized-coal steam generator i s designed for a 
poorer qual i ty coal than i s a semisuspension-fired system. Therefore, closer 
a t tent ion must be given to the combustion compat ib i l i ty and ash synergism 
when f ir ing fuels in combination. 

CONCLUSIONS 

Spec i f i c c i r c u m s t a n c e s w i l l c o n t r o l which w a s t e - t o - e n e r g y system 
wil l serve bes t . Freedom of design for dedicated b o i l e r s i s necessary if RDF 
by i t s e l f or in combination with other waste or foss i l fuels i s to be uti
lized successfully. There is no universal so lu t ion to a l l problems; neither 
i s t he re o f f - t h e - s h e l f equipment to se rve every need . But an array of 
equipment and subsystems i s a v a i l a b l e . And, f i n a l l y , there i s already a 
vast storehouse of experience with RDF and fuels s imi lar to RDF from which 
the b o i l e r de s igne r can draw for the d e s i g n and o p e r a t i o n of dedicated 
b o i l e r s . 
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Fig. 1 RDF-1—"As-Discarded" Waste 

Fig. 2 Samples of Oversized Bulky Waste (OBW) 
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Fig . 3 M.T.'-;.s-r.urning R e f u s e - F i r e d Steam G e n e r a t o r 
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Fig. 4 Typica l Wood-Fired Steam Generator Equipped With Spreader Stokers 
With Continuous Ash-Dlscharge Grates 
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Fig. 5 RDF/Coal/Oil-Fired Steam Generator for 
Hooker Chemical Company 
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Fig. 6 Steam Generator System Arrangement 
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ISSUES FOR REFUSE DERIVED FUELS 
AS APPLIED TO UTILITY BOILERS 

D. L. Klumb, P.E., Senior Supervising Engineer 

Union Electric Company 
P.O. Box 149 

St. Louis, Missouri 63166 

ABSTRACT 

The first use of Refuse Derived Fuel (RDF) as a fuel 
supplement In a pulverized coal utility boiler began in April 
1972. Since that first successful experimental firing there 
have been similar RDF installations that have demonstrated 
the technical feasibility of RDF firing and have also demon
strated technical, financial, and political problems. Utilities 
have clearly demonstrated a willingness to carefully and fairly 
consider RDF firing in their pulverized coal boilers. 

Utilities are faced with ever increasing capital and op
erating costs compounded by uncertain governmental regulatory 
constraints. RDF may provide some modest utility cost savings 
and may enhance a utility's image in the community but those 
responsible for solid waste disposal should not presume that 
their local electric company is a captive market. This paper is 
an attempt to outline some of the power plant technical and cost 
factors that utilities consider when evaluating RDF firing. 

INTRODUCTION 

After World War II electric utilities expanded rapidly and installed 
a large number of steam-electric generating units. Multiple unit plants 
of 1,000 Mw and larger were built to meet around-the-clock base load re
quirements . 

During the 1960's boiler steaming capacities increased substantially 
and steam generating systems were built to match particular coals from 
particular quality mines or coal seams. Increasing equipment costs demanded 
boiler designs that were more restrictive in the boiler's capability to burn 
awide variety of coals. Pulverizing equipment, burners, forced and in
duced draft fans, furnaces, convection sections, coal metering systems, ash 
handling systems were built with only modest capability to handle poorer 
than boiler design grades of coal. 
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During the 1970's the rapidly escalating cost of coal combined with air 
pollution regulations forced many utilities to substitute low sulfur coal 
for the original higher sulfur boiler design coal. In some cases the low 
sulfur coal, particularly western coal, was more difficult to burn and in 
many cases resulted in boiler capacity reductions because of furnace slag
ging, inadequate fan capacity, poorer pulverizer performance, and lower 
electrostatic precipitator fly ash collection efficiency. Physical limita
tions and cost often preclude boiler plant retrofits that provide for modi
fications necessary to correct these coal caused degradations in boiler per
formance. 

The utilization of RDF in an existing pulverized coal boiler, even if 
the RDF delivered cost is essentially zero, may or may not be physically 
or economically attractive. As a supplementary fuel RDF has been proven to 
be worth consideration but each boiler must be carefully evaluated and appli
cation of experience in other boilers carefully examined. 

This paper will touch on some of the primary areas of power plant and 
boiler design, operation, and cost associated with supplementary firing of 
RDF. 

PRIMARY COSTS - FUEL AND CAPACITY 

Fuel and capacity costs are prime utility considerations. Current 
costs of coal delivered to a power plant range from $0.50/10^ BTU to 
$2.00/106 BTU and higher. Fuel costs are escalating at rates exceeding 
7% per year even under long term, 10 to 20 year, contracts. 

Capital costs to build new coal fired power plants are in the $900 to 
$1,000 per Kw range for base load facilities. Electric generating capacity 
lost in a unit because of a reduction in fuel quality must be replaced or 
firing of the lower quality fuel interrupted at the time of high demand 
for electricity. If the lower quality fuel is burned in a base load unit 
which operates at its maximum rating around-the-clock the value of the 
lost capacity could exceed $1,000 per Kw. On the other side of the coin, 
there may be cases where firing RDF would provide for added boiler steam
ing capacity because the original boiler design coal has been replaced by 
an inferior coal that has forced a reduction in boiler capability. Loss of 
pulverizer capacity because of poorer quality coal is an example. 

In the case of RDF firing in a new boiler the effect on boiler cap
ability can be accommodated in the boiler and plant design. New plant RDF 
cost penalties and credits may be substantially less than retrofit of 
existing units. 

Federal and state regulatory agencies also influence fuel and capital 
cost values and penalties that may be applied to RDF firing. Recovery of 
utility capital costs chargeable against RDF may or may not be fully allowed 
y rate making agencies, and contracts between RDF suppliers and the utility 
for ĥ pnp 'u "^8"^^'°'^^ review. Certainly the utility can pay no more 
the f̂ i ° f" ^^ ^^ currently paying for its prime fuel and most often 
fuel t " ^^ ^^^^ ^° J"^'"y paying only a fraction of its prime 
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It is the responsibility of the utility to purchase all fuel, equip
ment, and services at lowest overall cost. Intangible social or political 
values resulting from solid waste resource recovery systems via RDF firing 
cannot be given much real dollar value by the utility. 

PLANT CONSIDERATIONS 

The RDF is a low density, heterogeneous non-storable fuel that must be 
fired by the utility essentially as It Is received by the power plant. It 
may be possible to store a few hours burn on-site but that storage must be 
weather protected and may be severely restricted by plant site restrictions. 
Plant receiving facilities Including access roads or RDF pneumatic trans
port to the plant can be costly. If the RDF processing plant is built on 
the plant site the plant space may adversely affect future plant ash storage 
requirements and plant expansion. 

RDF as currently marketed Includes more than twice the quantity of ash 
present In an equivalent amount of coal. Power plant ash storage capacity 
may be severely limited and the cost of ash storage or transport off-site 
could be significant. 

Experience has demonstrated that RDF can normally be received and 
handled with equipment readily available in the market place. Pneumatic 
transport and relatively inexpensive dust handling equipment precludes any 
serious environmental or safety problems. 

Firing of RDF in an existing boiler is relatively straightforward. 
Normally only one to four simple burners are required. These burners may 
be no more than an open pipe or a conventional coal burner simply modified 
and capable of being adjusted manually in the vertical plane. However, 
transport of the RDF from a live bottom bin to the boilfer can be a physical 
problem because of severe space limitations. RDF pneumatic transport pipe 
requires large radius bends and substantial structural support. Existing 
power plant structural steel, cable trays, primary steam and water piping, 
coal piping and burner arrangement, combustion air ducts, sootblowers and^ 
associated piping may result in costly RDF piping installation. Rerouting 
of existing plant piping and wiring may not be practical. Fortunately the 
low pressure RDF pneumatic piping allows considerable flexibility in routing 
the transport lines. 

ASH 

Multiple unit power plants have a variety of ash handling systems. 
Pulverized coal units may have separate or common systems for transporting 
furnace bottom ash and fly ash to on-site storage ponds. Ash transport may 
t>e common to two or more units. Bottom ash may be handled by water transport 
to a settling bin and then trucked off site with the fly ash transported 
Ijy water to on-site storage. Fly ash may be collected and transported dry 
to trucks or rail cars for sale to the cement industry. Bottom ash may be 
sold for fill or for use as grit in winter by local and state highway de
partments. The physical capacity of these ash handling systems may not be 
adequate to handle the added burden of coal + RDF ash. Further, the quality 
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of the coal ash may be degraded by the RDF, particularly if RDF combustion 

is incomplete. 

The quality of Union Electric's fly ash did not change during our three 
years of RDF prototype operation and we continued to sell the fly ash to the 
cement industry. The bottom ash could not be sold for highway grit because 
of unburned RDF contamination. 

The most significant problem with RDF ash is not the RDF ash itself but 
the incomplete combustion of RDF particles that contaminate or overload the 
ash handling and storage system. RDF particle size and RDF process plant 
screening appear to be a simple solution to this problem. Grates installed 
in the furnace ash hopper slot may or may not be an acceptable solution de
pending upon the particular boiler. Certainly, most utilities would prefer 
an absolute minimum of physical modifications to their boilers. 

BOILER CONSIDERATIONS 

Boilers are designed for a particular "design" coal. While the boiler 
will often accept a "poorer" quality coal - one higher in ash or moisture, 
lower in heating value or lower in grindability - that poorer coal often 
results in reduced steam generating capability. Capacity margins in forced 
and induced draft fans may be lost, pulverizer capacity may be reduced, 
furnace slagging may increase to the point where periodic or continuous 
load reductions are necessary. Many boilers built in the 1950's and early 
1960's were designed conservatively and have been operated continuously at 
steaming rates above their guaranteed rating. Furnace volumes were generous, 
spare pulverizer capacity was provided, and fans were purchased with com
fortable capacity margins. This was the case with our Union Electric Meramec 
Plant RDF prototype boilers. Design of the 125 MW Meramec Unit 1 & 2 boilers 
was based on unwashed Illinois coal with 10% moisture, 10.5% ash, 3.5% sul
fur, ash softening temperature of 2,100°F and a grindability of 55 on the 
Hardgrove scale. Furnace slagging and convection section fouling were not 
a problem. 

The boilers continuously operated at 140 MW without any adverse effects 
or RDF caused reduction in steaming capacity. 

When RDF was fired the boiler fuel had been changed to a low sulfur, 
washed Illinois coal, with 6 to 8% ash, an ash softening temperature of 
2200 F, and a grindability of about 55 on the Hardgrove scale. Firing of 
RDF at rates equal to 10 to 15% of total boiler heat input caused no increase 
in slagging or fouling. The same results were experienced with the 300 MW 
Meramec Unit 4 Foster Wheeler holler. 

Experience at the Oak Creek Plant of Wisconsin Electric Power Co. and 
the Crawford Plant of Commonwealth Edison seem to show results contrary to 
the Meramec experience. These units, burning western coals, experienced 
serious slagging problems when firing RDF but also experienced slagging when 
firing only coal. Both boilers were designed to burn midwest non-slagging 
coals. 

Furnace slagging can reduce continuous steaming capacity 10% or more and 
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force frequent load reductions to cool the furnace and shed slag. If the slag 
is soft or fluid It is difficult to remove by sootblowing and even if re
movable by continuous sootblowing the sootblowing operating and maintenance 
costs are high. 

Furnace slagging is a function of furnace design, burner arrangement,' 
combustion air supply, pulverizer performance, and coal ash constituents. 
Additional RDF firing experience must be evaluated before any firm conclu
sions can be drawn about RDF's contribution. If any, to furnace slagging. 
Experience in St. Louis, Ames, Iowa and Madison, Wise, when firing RDF with 
low slagging coals have demonstrated relatively normal slagging experience. 

The first RDF Installations fired RDF with a "nominal" particle size of 
38 mm (1 1/2 inch). A significant percentage of the RDF was larger than 
nominal size. Union Electric, Ames, Milwaukee, and Chicago all experienced 
considerable fallout of unburned RDF to the furnace ashpit. The RDF should 
burn in suspension. Reducing specified particle size to 100% 25.4 mm (1 
inch) minus appears to be a reasonable solution to the unburned RDF problem. 
A nominal size of 19 mm (3/4 inch) would be better but reduction to a smaller 
particle size may not be economic. 

A number of RDF users have or are considering the addition of dumpable 
grates in the furnace ash hopper slot. The grates would hold and burn the 
unburned RDF. In an existing boiler this could be expensive. If the boiler 
is burning a slagging coal and already experiencing coal ash plugging of the 
ash hopper slot the grates may be unacceptable. Firing of 19 to 25.4 mm 
(3/4 to 1 inch) RDF thru burners located above the top coal burner level 
would appear to be a conservative approach. 

More extensive screening of the RDF at the process plant to improve the 
"quality" of the RDF may be a solution to the furnace problem but will in
crease the cost of RDF to the power plant. 

RDF firing rates equal to 10 to 20% of total boiler heat input have 
been the norm. At these firing rates there has been no need to precisely 
modulate the RDF firing rates. Crude control of the RDF live bottom bins 
has been adequate. The wide dally and hourly variations in RDF density and 
moisture makes flow control, or more accurately heat control to the furnace 
difficult. The crude control of RDF when fired at 85% of the boiler's maxi
mum continuous rating or higher does not appear to be a problem. Below 85% 
of boiler rating most furnaces begin to cool and furnace combustion becomes 
less stable. Many boilers cannot operate in an automatic mode when loads 
drop below 60% of guarantee. RDF firing at low load may be unacceptable to 
the owner. Boilers may drop load or go to hot bank during dally off-peak 
load hours on weekends restricting RDF firing to 8 to 10 hours per day. 

During the early firing of RDF there was considerable concern about 
boiler, superheater, and reheater corrosion. Fireside corrosion has been a 
problem in solid waste incinerators. RDF firing experience at St. Louis, 
Ames, Milwaukee, and Chicago has demonstrated that short term corrosion is 
not a problem when firing 10 to 20% RDF. Long term corrosion studies are 
continuing but experience to date indicates that long term corrosion is not 
a serious problem. Of particular concern was high temperature chloride 
stress corrosion of austenitlc tube materials. While RDF appears to have a 
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higher chloride content (more than 0.3%) than most boiler coals there has 

been no real evidence that austenitlc corrosion is accelerated by 10-20% 

RDF firing. 

One of the seldom mentioned benefits of RDF firing is the reduced load 
on pulverizers and plant coal handling hardware. Boiler load reductions 
caused by coal handling equipment malfunctions such as coal feeder stoppages 
and pulverizer outages can be covered by RDF firing. Boiler load reductions 
caused by wet or frozen coal are not infrequent in many plants and pulverizer 
maintenance is reduced in proportion to RDF fired. In plants where a lower 
than design quality coal is now being burned a loss in pulverizer capacity 
or fineness may be partially or fully made up by RDF firing. 

Moisture in the RDF can range from 20 to 30% which is normally 2 to 3 
times normal coal moisture. This high moisture increases the wet gas loss 
and reduces boiler efficiency. It also increases gas volume and gas velocity 
in the convection section and precipitator. The efficiency loss due to 
moisture can be calculated. The increase in gas velocity combined with the 
increase in ash may require careful consideration in those boilers that have 
experienced fireside superheater and reheater tube erosion. 

Tests of electrostatic precipitators at St. Louis, Ames, and Milwaukee 
have demonstrated a loss of 1 to 2% of design precipitator efficiency when 
firing RDF. It appears that this loss is due to a reduction in sulfur, in
creased moisture, and increased gas velocities. There also may be a serious 
Increase in stack opacity. Many utilities are now retrofitting their older 
boilers with high efficiency precipitators but RDF firing's most serious 
problem may be its detrimental effect on boiler stack emissions. The in
cremental cost of precipitator additions resulting from RDF firing could be 
many millions of dollars or even physically impractical. RDF may result in 
a slight reduction in SO2 and perhaps NOx emissions, but opacity degradation 
and the increase in particulate emissions may more than offset the SOjj and 
NOx reductions. Rachetting of air standards, particularly opacity and parti
culate further aggravates the problems. The federal and state regulators 
have not yet seen fit to recognize that a slight increase in emissions from 
an RDF burning power plant may well be a beneficial trade off against land
fill and other conventional solid waste disposal caused environmental de
gradation. 

The City of Lakeland, Florida is currently installing Mcintosh Unit 3. 
The 365 Mw unit includes a Babcock and Wilcox boiler designed to burn 3.5% 
sulfur, midwestern coal and 10% RDF. No. 6 fuel oil will be an alternate 
fuel. The front and rear fired furnace will fire RDF thru two burners in 
each furnace side wall. The four RDF burners will be provided with combus
tion air adequate to provide complete combustion of the RDF. Specified RDF 
particle size is 100% 25.4 mm (1 inch) minus. The furnace will be equipped 
with a dumpable furnace ash hopper grate. An electrostatic precipitator 
and flue gas desulfurlzation system will provide for gas cleanup. The unit 
is scheduled for operation October 1981 and is significant because this will 
be the first utility size boiler designed for RDF cofiring and flue gas de
sulfurlzation. 
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ASTM E-38 RESOURCE RECOVERY COMMITTEE 

The American Society for Testing and Materials E-38 Resource Recovery 
standards committee was organized in 1974. Since that time the E-38 sub
committees, particularly the E38.01 Energy subcommittee, have prepared a 
series of consensus standards for the analysis of RDF. These standards, 
now nearing full ASTM membership approval, provide definitive procedures for 
verifying RDF quality as delivered to the boiler user. Thru a program of 
multiple laboratory round robin testing the standards have been demonstrated 
to be viable and applicable to RDF producer - user contracts. 

These ASTM standards Include: 

1. Determination of particle size of RDF from its sieve analysis. 

2. Preparing RDF laboratory samples for analyses. 

3. A guide for collection and division of an RDF gross sample. 

4. A guide for determination of total moisture in RDF. 

5. Test method for total sulfur in RDF. 

6. Analysis for ash in RDF. 

7. Analysis for RDF calorific value by bomb calorimeter. 

8. Analysis for chlorine in RDF. 

9. Collection of a gross sample of RDF. 

10. Standard definition of terms relating to RDF physical and chemical 

characteristics. 

11. Method for a simplified test for RDF moisture and ash content. 

These standards have been developed thru the joint efforts of RDF 
producers, architect-engineers, utilities, governmental agencies. Indepen
dent laboratories, boiler manufacturers and others. They represent 
thousands of manhours of engineering effort and will serve to insure con
fidence in RDF quality where the standards are applied. 

ELECTRIC POWER RESEARCH INSTITUTE 

EPRI is an electric utility Industry financed and managed research and 
development organization. Its R&D programs cover the full range of electric 
generation, transmission, and distribution system design and operation. 
Utilization of RDF in new and existing utility boilers has been an EPRI 
interest since the middle 1970's. At the time this paper was written 
(Dec. 1980) EPRI in a cooperative project with Argonne National Laboratory 
«as evaluating proposals for the comprehensive evaluation of RDF utiliza
tion as a boiler fuel. Funding of the project is being underwritten by a 
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The project program consists of five tasks: 

1. Review and correlation of existing supplemental firing data. 

2. RDF preparation analysis. 

3. RDF cofiring data analysis. 

4. RDF cofiring engineering analysis. 

5. RDF preparation and cofiring guidelines. 

CONCLUSION 

Supplemental firing of RDF in utility coal fired boilers has been 
demonstrated to be a realistic solid waste disposal system option. Systems 
now operating and under construction and evaluation of operating systems can 
only enhance the utility confidence in RDF as a viable fuel option. How
ever, RDF must be recognized as a low value utility fuel that may or may 
not be physically and/or economically viable in a particular utility service 
area or particular boiler. RDF will not provide any significant contribu
tion to the conservation of fossil fuel resources but it can provide a 
significant contribution to the reduction of landfill requirements in many 
metropolitan areas. 
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TECHNICAL AND MARKETING ISSUES 
AFFECTING THE USE OF RDF AS KILN FUEL 

E. Joseph Duckett 

Schwartz & Connolly, Inc. 
1747 Pennsylvania Avenue N.W. 

Washington, D.C. 20006 

ABSTRACT 

Refuse derived fuel (RDF) has been experimented with and pro
posed for use in kilns for the production of portland cement and 
other construction materials. Technical and marketing Issues af
fecting the use of RDF In cement kilns are reviewed. 

INTRODUCTION 

One of the potential uses for RDF Is as a kiln fuel. Three of the major 
types of construction materials produced In rotary kilns are portland cement, 
quicklime and expanded shale (lightweight) aggregate. Each of these requires 
substantial amounts of energy for production and there Is understandable in
terest among kiln operators In finding new sources of inexpensive fuels. 
Trial bums of RDF have been conducted In several kilns with promising re
sults. 

The purpose of this report Is to Investigate the potential for the use 
of RDF as a cement kiln fuel. The report reviews the results of trials and 
discusses the major technical and marketing Issues that need to be resolved 
cn route to commercial use of RDF in cement kilns. 

REFUSE DERIVED FUEL 

Refuse derived fuel (RDF) Is produced by the mechanical processing of 
municipal solid waste. For use in a cement kiln, a typical processing scheme 
for production of RDF might Include shredding, screening and air classifica
tion of the wastes. 

The fuel properties of RDF vary somewhat among plants and processing 
schemes but In comparison with typical coal properties, refuse derived fuels 
are generally lower In calorific value and sulfur content but higher in 
chlorine content.-''^ RDF and coal ash are similar In silica (SIO2) and 
alumina (AI2O3) content. RDF ash Is generally lower In sulfur (SO3) and 
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iron oxide (Fe20J but higher in the alkaline oxides (Na20, K2) 

ash. 

than coal 

PORTLAND CEMENT 

Portland cement is an inorganic powder which, when mixed with water and 
an aggregate, forms the construction material, concrete. On the average, the 
production of cement* has been reported to require 6.3 million Btu of energy 
per ton of product (i.e., 7.3 GJ/Mg cement).3. ^ 

The Cement Making Process 

The principal chemical elements required as feed for cement making are 
calcium, silicon, aluminum, and iron.3'5 Calcium is supplied as calcium 
carbonate (CaC03) usually in the form of limestone. Silicon and aluminum are 
usually added either as oxides (e.g., silica sands) or as silicates (e.g., 
from clays and shales). Iron, as iron oxide, may be introduced as iron 
ore or steel mill scale. 

The thermal processing of the mixed raw materials may be viewed in three 
stages: drying, calcining and clinkerlng. The first stage, drying, requires 
temperatures in the neighborhood of 212°F (100°C). The second stage, cal
cining, is the controlled heating of the mixture in order to dehydrate the 
materials and to drive off carbon dioxide from the limestone. Calcining 
temperatures are in the range 1000° to 1800°F (550° to 1000°C). Clinkerlng 
(sometimes called "burning") is the term for the chemical reactions that 
convert the raw materials into hardened granular masses (typically up to 1 
inch or 25 mm in diameter) of calcium silicates, calcium aluminates and cal
cium ferrites. The clinkerlng reactions take place at temperatures in the 
range 1800° to 2700°F (1000° to 1500°C). The resulting clinker is then air-
cooled and ground to a fine powder (90% < 200 mesh) for use as portland 
cement. 

For most (about 80%) cement production in the U.S., all three stages of 
thermal processing take place in rotary kilns such as those depicted in 
Figure 1. The wet or dry mixture of raw materials enters the rotating 
cylinder at the upper (or back) end of the kiln and proceeds through zones of 
drying, calcining and clinkerlng until it reaches the lower (front) end of 
the kiln where it exists as clinker. Heat for the operation of the kiln is 
supplied by suspension firing of fuels through burners located at the lower 
end of the kiln. As indicated in Figure 1, the flow of the heated gases in 
the kiln is countercurrent to the flow of the raw materials. 

Approximately 80% of the energy required for cement production is used 
in fueling the kiln.^ Among the fuels used in cement production in 1978, 
pulverized coal accounted for 63%, natural gas for 20%, oil for 9%, electric 
power 7.8% and other fuels such as petroleum coke for 0.2%. In recent years, 
there has been increasing conversion of cement plants from the use of gas 
and oil to the use of solid fuels, primarily coal. 

Although there are several types of cement other than portland cement, for 
the purposes of this report, the terms "cement" and portland cement are used 
interchangeably. 
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Two features ot cement Kilns make them unusual as furnaces for the com
bustion of solid fuels such as coal or RDF. First is that much of the ash 
from combustion of coal becomes incorporated into the clinker. It is a 
standard practice in the cement Industry to adjust the raw material feed to 
account for the incorporation of coal ash into the clinker.7 Second is 
that the kiln itself acts somewhat as a scrubber for sulfur oxides, thus 
removing some potential pollutants from the exhaust gases. This scrubbing 
effect is partially present in the calcining zone of the kiln where calcium 
carbonate is converted to calcium oxide (lime) which can react with the 
sulfur oxides to form calcium sulfite and sulfate. This scrubbing effect 
permits the kilns to use relatively high sulfur fuels (reportedly up to 3 
or 4 percent sulfur) without exceeding air pollution codes.' Generally, high 
sulfur coal can be purchased at prices below those paid for low sulfur 
(1 percent or less) fuels. 

Despite the incorporation of much of the ash and sulfur dioxide into 
the clinker, the exhaust stream leaving the upper end of the kiln must under
go air cleaning before discharge to the atmosphere. Most modern cement 
plants employ electrostatic preclpatation or baghouses, often with mechanical 
collection, to remove particulates from the exhuast gases. Most of the 
particulates (perhaps 90%) are fine particles of cement or raw materials 
rather than particles of fly ash from the fuel.8 In some cases, the col
lected dusts are recycled through the kiln but in other instances the dusts 
are considered detrimental to the chemistry of the process and are discarded 
as wastes. 

Properties of Cement 

The important properties of portland cement can be classed either as 
physical or chemical. These properties are summarized in Table I and are 
discussed below. « 

Physical Properties 

A number of physical parameters are used as indicators of the strength 
and durability of cement. The compressive strength of cement is the most 
important physical parameter.^ It is a measure of the force that can be 
applied to the cement before failure occurs. The time of setting is im
portant because a cement that sets too quickly will stiffen before it can 
be placed. Air content of concrete up to 6% increases resistance to frost 
and to sulfates and improves the workability of the concrete mix. Higher 
air content can lead to Increased thermal expansion and drying shrinkage of 
the concrete. 

Chemical Properties 

Among the chemical requirements for cement, three which merit discus
sion in this paper are sulfur compounds, alkalies (Na20, K2O), and chlorides. 

Although the ability of cement kilns to remove sulfur dioxides (SO2) 
from exhaust gases permits cement plants to use relatively high sulfur coals, 
there are limits on the amounts of sulfur which can be acceptably incorpo
rated into the clinker. Excessive sulfate levels in cement have been 
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associated with a condition known as "efflorescence"* during service. The 
incorporation of sulfur compounds into the clinker effectively limits the 
cemen? manufacturer's ability to add calcium sulfate (e-g-. as gyPS-) to 
control the setting time of the cement product. The formation of deposits 
(known as "rings") in the middle of the kiln is sometimes attributed to cake 
inducing salts such as calcium sulfate and/or alkalies.J-" 

The principal reason for limiting the alkali content of cement is pre
vention of the so-called "alkali-aggregate" reactions. It has been reported 
that certain aggregates, especially sillcious aggregates such as opal-bearing 
rocks, chert and quartz can react with alkalies in cement.H The reaction 
leads to formation of an alkali silicate gel which creates expansive forces 
within the concrete and has been associated with cracking and failure of 
concrete sections. In order for the reaction to occur, both a relatively 
high alkali content in the cement and the presence of sufficiently reactive 
constituents in the aggregate are necessary.12 Despite this fact, it is 
common for cement users to specify "low alkali" cement whether reactive ag
gregates are used or not. ASTM Standard C-150 limits the alkali content of 
"low alkali" cements to 0.6% by weight. 

Concern for chloride levels in cements is particularly important for 
cements to be used with steel reinforcing bars because of the effects of 
chlorides on the corrosion of steel. Small quantities of chlorides are 
acceptable in concrete and a chloride level of 2% or less in cement is often 
specified. 

Technical Issues 

When considering the use of RDF in cement plants, there are several 
major technological issues that can potentially affect the marketability of 
RDF. These include: 

a) handling properties of the fuel; 

b) ability to control temperature in the kiln (or precalcining fur
nace) ; 

c) effect of RDF combustion products on kiln coatings; 

d) effect of RDF combustion products on clinker chemistry; 

e) changes in physical properties of clinker and cement; 

f) effect of using RDF on air emissions. 

These issues are discussed in the following paragraphs. 

* 
Efflorescence is the loss of water of hydration from a soluble salt which 
has migrated to the surface of concrete; efflorescence results in a white 
coating on the surface of concrete. •'•'' 
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Handling fropercies oi lue KDF 

Refuse derived fuels are different in form and appearance than fuels 
commonly used in cement plants. RDF's are primarily composed of fibrous 
materials and are in the form of thin plate-like particles (e.g., shredded 
newspaper), unlike coal which is primarily crystalline and in the form of 
spherical (or nearly spherical) particles. Generally, cement kiln fuels 
are fed pneumatically, hence the need to design the RDF feeding system for 
pneumatic firing. 

The pneumatic firing of RDF is not unique to the use of RDF in kilns. 
Refuse derived fuels have been pneumatically fed to both suspension and 
semi-suspension fired boilers.^3-16 j^ ^^^ cases, RDF has been used as the 
only boiler fuel but in others, RDF has been co-fired with coal. 

Ability to Control Temperature 

Temperatures in the clinkerlng zone of a cement kiln are controlled to 
within + 100°F (55°C).l^ The sensitivity of the clinkerlng reactions to 
variations in kiln temperature makes temperature control an important re
quirement for proper kiln operation. Variation in the amount and composi
tion of fuels fed to the kiln can affect temperature and these effects need 
to be controlled. 

Effect on Kiln Coatings 

Cement kiln operators maintain a coating or layer of deposits along the 
inside lining of the kiln. The coating layer serves to Insulate the shell 
of the kiln from the high temperatures maintained within. The coating is 
primarily composed of silicates and is similar in composition to clinker./ 
For proper furnace operation it is important that this coating layer neither 
be built up excessively nor sloughed off. Although"there is no specific 
feature of RDF which suggests any particular effect on the coating layer, 
there is a need to establish whether the use of RDF is likely to affect the 
kiln coatings. 

Effect of RDF on Clinker Chemistry 

Because of the interaction between fuels and raw materials that takes 
place within a kiln, the chemical properties of the cement clinker are 
affected by the chemical composition of the fuel, especially the composition 
of the ash. As discussed previously, RDF is typically higher In ash and 
chlorine content but lower in sulfur content than most <=°̂ 1̂ - J^^^^f ̂ ^^""^ 
composition of RDF ash is quite similar to reported compositions f°^ <=°̂ 1 
ash but combustion of RDF produces more ash per unit of energy supplied than 
does coal. Thus, RDF may contribute a disproportionately high amount of ash 
to the cement clinker. 

Of particular interest are the potential effects "^ "^J"S ^°^ "'̂ ^̂ ^̂  . 
alkali and chloride content of the clinker. Estimates of the alkali contri-
bit?on ?rom RDF ash have been made based on reported deposition rates for 
fuel ash in the kiln.18 These estimates are that the alkali content of a 
cUnke? produced by replacing 30% to 40% of the fuel with RDF, ranges between 
0.4";? ,nH 0.64% depending upon such factors as the ash content of the RDF 



418 

and the alkali content of the base fuel. Using conservative assumptions, 
the alkali levels of the clinker would not be expected to exceed the ASTM 
0 6% limit for low alkali cement (0.6%) when RDF replaces 30% of the kiln 
fuel In actual RDF trials, the reported alkali content of the clinker 
has been consistently lower in alkalies than might be anticipated based on 
calculations such as those reflected above. Of course, the actual raw 
material contribution of alkalies is site specific and, where local clays 
contain high concentrations of alkali, cements may well exceed the 0.6% 
level - with or without using RDF as a kiln feed. 

In assessing the effects of using RDF on alkali content, it is im
portant to note that there are methods of controlling alkali build-up 
through modifications in kiln operations. The bypassing of some of the ex
haust gas stream, for example, removes some of the entrained fuel ash 
particles from the kiln and thus lessens the opportunity for ash to become 
incorporated into the clinker. The discarding of collected cement dusts, 
which are rich in alkalies, is another approach to reducing alkali buildup. 

The relatively high chlorine content of RDF, as compared with most 
coals, raises concerns for the potential effect of using RDF on chloride 
levels of the clinker. Sodium and potassium chlorides (NaCl, KCl), either 
present in the RDF or formed by reactions between the fuel and the clinker 
can become volatilized at clinkerlng temperatures and then redeposited in 
molten form in the lower temperature zones of the kiln. Such deposition 
would tend to increase the chloride content of the clinker and can also 
create so called "sticky" conditions within the kiln coating layer. This 
"sticky" condition can lead to formation of rings within the kiln - an un- ^ 
desirable disruption of kiln operation. = 

Changes in Physical Properties of Clinker or Cement -

Although there is no specific reason to suspect that RDF may adversely ^ 
affect any of the physical properties of clinker or cement, there are at s 
least two physical properties of research interest. First is the grinda
bility of the clinker. Any decrease tn grindability would increase the energy 
needed to grind the clinker and would, therefore, offset a portion of the ii 
energy savings due to use of RDF. Second is the strength (1-day, 7-day and 3, 
28-day strength) of the cement. Strength is an important property of cement and|̂  
one which cement manufacturers are understandably hesitant to jeopardize. ii 

« 
Effect on Air Emissions 1< 

>I 
As mentioned, the ash resulting from combustion of RDF may differ in i, 

quantity (per calorific unit) and in composition from the ash resulting 
from combustion of other fuels. Some of the ash becomes entrained in the jj 
air flow through the kiln and is processed through the air pollution control 
system of the plant. A concern, therefore, is whether the differences 
between RDF and other fuels will affect the amount or composition of ash 
particles either entering the air pollution control equipment or exiting 
the control system as emissions from the plant. 
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Trials Using RDF in Cement K.llns 

Over the past five years, eight portland cement companies have con
ducted trials In which RDF was used as a fuel in the rotary kilns. Four 
of the trials lasted for one week or less and did not result in any pub
lished reports.l^-' Among the conclusions from these trials were that 
pelletized RDF should not be pulverized with coal in a ball mill (the milled 
pellets swell and clog the pulverizer); that fluff RDF (particle size 
less than 2 inch) could be penumatlcally fired into a kiln for as long as 
72 continuous hours; and that, with RDF supplying up to 30% of the energy 
to the kiln, there were no observed changes in chemical or physical pro
perties of the clinker or in operating performance of the kilns. 

More extensive trials have been conducted at four cement plants, two 
in the U.S., one in Canada and one in the U.K. These are discussed below. 

Blue Circle Group 

In the U.K., the Blue Circle Group of the Associated Portland Cement 
Manufacturers Ltd. has been experimenting with the use of RDF for several 
years. The Blue Circle Group has patented their process for using RDF in 
cement kilns but has not published detailed data on the results of their 
trials.2* RDF has been used at several of the Blue Circle cement plants 
and has been reported to produce clinker of satisfactory quality. 

Experiments at Blue Circle's Westbury plant began In 1974 with trial 
runs of up to five days. In 1977, the plant contracted with Wiltshire 
County to receive municipal solid waste on a daily basis. At the cement 
plant, the refuse is shredded, magnetically separated and pneumatically fed 
into the coal-fired kiln to provide approximately 14% of the kiln's energy 
requirements. To date, more than 30,000 tons of RDF have been utilized in 
this way and no significant buildup of alkali (or ot'her chemical consitu-
ents) has been observed. 

The RDF produced and used by Blue Circle Is generally lower in calori
fic value and higher in ash (per unit weight) than RDF's produced in the 
U.S. Consequently, it requires larger quantities of the Blue Circle RDF to 
supply a given amount of energy to a cement kiln than It would require if 
a more processed form of RDF were used. This may account for the fact that 
Blue Circle's practice has been to limit the use of RDF to replacement of 
10% to 20% of the primary energy source. The only major problem expressed 
by Blue Circle has been the need for more reliable shredders—a problem 
not unique to the use of RDF in kilns. 

Canada Cement Lafarge Ltd. 

Extended trials using RDF as 10 to 50% of the energy input to a wet 
process cement kiln are being conducted at a Cement Lafarge plant in 
Woodstock, Ontario.28 The kilns at this plant are units fired with coal 
during the winter (October through March) and natural gas during the summer 
(April through September). The trials are managed and partially supported 
by the Ontario Ministry of the Environment. 
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Refuse derived fuel for the kiln trials is produced at the Toronto re
source recovery facility, owned by the Ontario Ministry of the Environment 
!nH nnerated by Browning Ferris Industries. Refuse is shredded to a nominal 
rlnch (is!' cm) particle size and then air classified. The air-classified 
light fraction is then baled and truck hauled to the Woodstock plant. At 
the cement plant, the bales are broken (using a spike-roll device) and the 
RDF is then re-shredded to a nominal 3 inch (7.6 cm) size in a modified 
knife mill The re-shredded fuel is then dropped through an air lock into 
a pneumatic duct through which the RDF is fed into the kiln. Although the 
trial has been underway since March of 1979 and RDF has been fired contin
uously for as long as 17 days, no detailed data on clinker quality or kiln 
operation have been published. 

Unpublished data on the Cement Lafarge trials indicates that there have 
been no observed adverse effects on clinker quality or kiln operations at 
RDF energy contributions of up to 20%. To date, the major problem en
countered is difficulty in breaking the bales and re-shredding the RDF so 
that the fuel can be evenly fed to the kiln. The Ontario Ministry and 
Cement Lafarge are planning to replace the current secondary shredder 
(located at the cement kiln) with a high speed hammermill or flail mill 
in order to increase the capacity and performance of the re-shredding opera
tion. 

Gulf Coast Portland Cement Company 

Browning Ferris Industries, Inc. (BFI) under a contract with the U.S. 
Department of Energy (DOE) investigated the "Co-firing of RDF and Natural 
Gas in a Cement Kiln."^^ Trials were conducted at the Gulf Coast Portland 
Cement Co. near Houston, Texas in 1975 and 1977. 

RDF for use in these trials was produced in Houston by BFI. Refuse was 
first shredded to a nominal 3 to 4 inch size (7.6 to 10.2 cm) then magnetic 
metals were removed and the non-magnetic fraction air classified in a 
rotary drum air classifier. Typical ash content of the RDF was 16%. 

At the Gulf Coast Portland Cement plant, RDF was pneumatically fed into 
the kiln using a feeding system designed for firing a utility boiler. At 
feed rates in the range of 5 to 8 tons per hour, the system worked satis
factorily. Feeder plugging by large pieces of cloth or paper periodically 
occurred at feed rates approaching ten tons per hour. 

The 1975 and 1977 trials conducted by BFI were conducted tn a wet pro
cess, gas-fired cement kiln. For the 1977 trials, RDF was used as 20%, 30% 
and 40% of the kiln fuel feed. Detailed analyses of raw materials balance, 
RDF ash quality and clinker quality were made as summarized in Table II. It 
should be noted that these data are from an interim report that has never 
been published in final form and therefore the data must be considered 
preliminary. 

At the 20% and 30% substitution levels, results were reported to be 
satisfactory. The chemical components of the clinker were not significantly 
affected (see Tablell), and specified ASTM restrictions on chemical and 
physical properties of cement were never exceeded. 
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A-ray aitttactiofl patterns and petrographic examinations performed on 
the clinker confirmed that no significant differences between "RDF cement" 
and regular cement existed. Strength of RDF cement was similar to cement 
made with 100% natural gas (see Table It). In a number of cases, RDF cement 
was superior in compressive strength (a phenomenon also reported by the 
Blue Circle Group in their trials) but the reasons for this increased 
strength were unexplained. Other physical test data such as air content and 
autoclave expansion were Influenced by the use of RDF but not significantly. 
It is somewhat puzzling, given the higher sulfur content of RDF as compared 
with natural gas, that cement made with RDF consistently exhibited shorter 
setting times. In the Gulf Coast trials, the setting time was adjusted by 
adding gypsum to the cooled, crushed clinker—a normal practice In cement 
manufacturing. 

The trials in which RDF was used as 40% of the kiln fuel yielded incon
clusive results. Problems of underbuming occurred as exhibited by exces
sive free lime levels in the clinker (see Tablell). It was difficult to 
maintain adequate kiln temperatures during the 40% RDF trials. In part, 
this was due to a malfunction in a temperature recording device which 
occurred during this set of trials. It is not certain whether the under-
burning of the clinker or the inability to control temperature was influ
enced by the use of RDF. 

Stack sampling tests revealed increased levels of controlled particu
late emissions when RDF replaced a portion of the natural gas. When RDF 
was used as 20%, 30% and 40% of kiln fuel input, particulate emissions in
creased by 25%, 20% and 50% respectively as compared with emissions during 
firing of natural gas alone. Although particulates Increased during RDF 
firing, total particulate emissions remained within federal standards for 
cement kilns. During the emissions testing at the Gulf Coast plant, it was 
noted that the dusts collected by the electrostatic precipitator during RDF 
firing were coarser than the dusts produced during firing of natural gas 
alone. 

Lehigh Portland Cement Company 

A series of trials using RDF in a dry process, coal-fired cement kiln 
were conducted in 1979 at the Lehigh Portland Cement Company plant in 
Union Bridge, Maryland.30 The trials were managed by Teledyne National, 
who also supplied the fuel. Financial support for the trials was from the 
U.S. Environmental Protection Agency and the Maryland Environmental Service. 

The RDF for the trials was produced at the Baltimore County (Md.) re
source recovery plant at which refuse is shredded, magnetically separated 
and the non-magnetics are air classified. For the cement plant trials, 
the air classified light fraction was screened in a trommel to recover a 
1-1/2 x 1/2 inch (3.8 x 1.3 cm) fraction which was re-shredded to a nominal 
1/2 inch (1 3 cm) size and then transported to the cement plant in 
compactor trucks.31 At the cement plant, the RDF was re-fluffed using ro
tating lump breakers and fed through an air lock into a 7 inch (22.9 cm) 
pneumatic duct leading to the front end of the kiln. Air pressure in the 
duct was 3/4 to 1 psi (5.3 kPA to 8.1 kPA) and the duct entered the kiln 
directly below the coal feed pipe. The nozzle for injecting RDF extended 
11 feet (3 4m) into the kiln and was parallel to the coal feed nozzle. 
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The t r i a l s were conducted tn two s t ages . The f i r s t s tage was essen
t i a l l y a shake-down period in which the RDF-firing system was t e s t ed and some 
preliminary indicat ion of the effect on cement qua l i ty was obtained. The 
most notable problem encountered during t h i s f i r s t s tage was insu f f i c i en t 
burnout of RDF in suspension. Some of the RDF was burning on the k i ln bed, 
thus causing reducing condit ions on the bed and adversely a f fec t ing the 
quali ty of the c l inker . The problem was corrected by reducing the nozzle 
size from 9 to 7 inches in diameter thus increas ing RDF ve loc i ty and time in 
suspension. Using the smaller nozzle , RDF was successful ly f i red a t up to 
40% of energy contr ibut ion to the k i ln but a t a 50% cont r ibu t ion l e v e l , in
suff ic ient burnout of RDF again occurred. 

The second stage of the t r i a l s took place over a 27-day period during 
which RDF was co-fired with coal for 20 days. On the average, RDF supplied 
30% of the energy input to the k i l n . The average c a l o r i f i c value of the RDF 
was reported to be 6440 Btu/ lb (15 Mj/kg). However, a review of the published 
data on cement production r a t e s and on coal and RDF consumption during the 
t r i a l suggests that the ac tual displacement of coal-der ived thermal energy 
resul t ing from the use of RDF was approximately 4,000 Btu/ lb RDF.* The 
cl inker produced during the t r i a l was of acceptable (ASTM Type I cement) 
quali ty and there were no major opera t ional d i f f i c u l t i e s encountered. Al
though the ash content of the RDF was reported to vary over the range of 6.4% 
to 27.7% (mean of 11.8%), no compensating adjustments of the raw mater ial feed 
to the kiln were required. Air emission t e s t i n g revealed increased par t icu
l a t e , chloride and sulfur oxide emissions during RDF-firing but a l l emission 
levels remained well within federal and s t a t e s tandards . The increased su l 
fur dioxide emissions were an anomaly because the RDF contained l e s s than 
one-tenth as much sulfur as the coal . 

*One possible explanation for the r e l a t i v e l y low (4,000 Btu/ lb) coal replace
ment value of the RDF i s that the k i ln operator may have been over-compensat
ing for the use of a new fuel ( i . e . , RDF) by maintaining a higher feed ra te 
of conventional fuel (coal) than was ac tua l ly required to f i r e the k i ln . 
Thus the t r i a l conditions may not have represented the most economical and 
eff ic ient use of RDF. 
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MARKETING ISSUES 

Table III presents a summary of the size of the potential market for RDF 
in cement kilns. As reflected in Table III, the cement Industry offers a 
large potential market for use of RDF. There are 157 cement plants, 32 of 
which are located within 50 miles of a major U.S. urban area. On the average 
and assuming RDF is used as 30% of the energy input to the kiln, a cement 
plant could consume 164 tons per day (seven days per week) of RDF. 

There is no question that cement manufacturers employ energy intensive 
processes and are in search of cheaper fuels. Much has been learned about 
the potential for the use of RDF as a kiln fuel through the various trials 
and other research efforts discussed above. Despite the size of the cement 
kiln fuel market and despite successful trials, however, there are still no 
cement kilns in the U.S. using RDF on a regular basis. Three suggested 
reasons for the failure of RDF to be adopted as a kiln fuel are: a) the dif
ficulty of competing with other low-priced kiln fuels; b) the limited avail
ability of RDF at reasonable distances from operating cement kilns; and c) 
the need to establish kiln operator confidence in the reliability of RDF as 
a fuel. 

Competition With Low-Priced Fuels 

Cement kilns are often fired with fuels that few other industries can 
use. Unlike some furnaces in which RDF has been proposed for use (suspension-
fired utility boilers, for example), cement kilns are reasonably forgiving of 
the ash content, sulfur content, and hazardous material content of fuels. 

Most of the fuel ash from kiln fuels either becomes incorporated into 
the clinker or is removed by the emission control system. It is a common 
practice within the cement industry to adjust the raw material mixture to ac
count for the addition of ash fuel. It is also common practice to install 
large and often over-sized emission control systems to remove stack particu
lates, most of which are product or raw material dusts rather than fly ash. 

The alkalinity of the cement-making raw materials, especially limestone, 
permits chemical scrubbing of sulfur compounds from the kiln gases. It is 
common for cement kilns to use coals containing 2 to 4% sulfur. By contrast, 
coal-fired utility boilers in some areas of the U.S. are required to use coals 
with less than 1% sulfur content. Because high sulfur coals often cannot 
find a ready market among utility or industrial boilers, these coals are usu
ally priced well below the price for lower sulfur coal. Cement kilns benefit 
from this price differential because of their ability to use the cheaper, high 
sulfur coals. 

The ability of cement kilns to use waste solvents, waste oils, and other 
types of combustible liquid wastes as fuels results primarily from the high 
temperature combustion that takes place in a kiln. Temperatures in cement 
kilns often reach 2700°F (1480°C) in the clinkerlng zone and the residence 
time in the entire kiln is on the order of 20 seconds. Such combustion con
ditions are well suited for destruction of wastes containing polychlorinated 
biphenyls (PCBs) and other "hazardous" materials. Because of their suitabil
ity for destruction of hazardous wastes with recovery of thermal energy. 
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cement kilns have been tested using liquid wastes as fuels. Although, at 
present, no kilns are known to be routinely fueled with "hazardous" wastes, 
there are some indications that this practice may be adopted by some cement 
companies. The rising cost of hazardous waste disposal tends to increase 
the economic incentive for the cement Industry to take a serious look at 
using these wastes as fuels, thus introducing yet another form of cheap kiln 
fuel as potential competition for RDF. 

Availability of RDF 

One issue that is frequently raised, especially by cement manufacturers 
is the need for RDF to be available near cement plants. A review of the 
locations of cement kilns and resource recovery facilities (only those which 
produce RDF) suggests that there is substance to the argument that some re
source recovery facilities are simply too far from cement plants to establish 
a fuel marketing opportunity. For example, there are no major cement plants 
located within 50 miles of the resource recovery facilities in Bridgeport, 
Connecticut; Ames, Iowa; Akron, Ohio; Lane County, Oregon; or Milwaukee, Wis
consin. 

There are, however, other areas of the country where geography works 
in favor of the use of RDF in cement kilns. For example, there are cement 
kilns within 10 miles of the resource recovery facilities in Chicago and New 
Orleans, and within 50 miles of Cockeysville, Maryland (the site of the 
Baltimore County plant) and Tacoma, Washington. 

Kiln Operator Confidence 

Perhaps the most difficult marketing obstacle to overcome is that of 
establishing kiln operator confidence in the reliability of using RDF as a 
kiln fuel. Among the 13 separate cement plant trials that have been conduct
ed, the longest U.S. trial has lasted only 20 days. This 20 day trail rep
resented a significant lenghtening of the previous longest trial (5 days) but 
is still relatively short compared to the reported amount of time required to 
adjust a cement kiln for a change in fuels. Some cement company officials 
report that it takes as long as 6 months of continuous operation, even with 
conventional fuels such as coal, to properly establish the correct mix of raw 
materials and kiln conditions for cement production.32 

One approach to overcoming the reliability hurdle would be to arrange an 
extended RDF trial In a cement kiln. The trial could be supported as a coop
erative effort between a resource recovery facility and a cement plant, per-
naps following the Ontario Ministry-Cement LaFarge model. Funds for planning 
tne project and for conducting some of the tests may be provided by a govern
mental agency. During the trial, periodic sampling of raw materials, fuels, 
cimKer and dusts should be conducted and analyses should be performed to de
termine the effects on the cement product. Also, monitoring of furnace 
,̂!!!'f!Î f ""̂ ^̂  " ™ ^ length, dust emissions and kiln coatings should be con
ducted in order to determine effects on kiln operation. The reliability of 
systems for receiving, storing, processing (at the cement plant) and feeding 
KDF should be evaluated. 

an»l„,!\u°"^'' ^^ important not only to conduct the various tests but also to 
analyze the results of these tests for changes over time. This is especially 
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true for tne ouixaup or aiKaiies and chlorides in the cement product, for the 
formation of rings within the kiln and for any change in the efficiency of 
the air pollution control equipment. 

CONCLUSION 

Cement kilns offer an almost ideal potential market for RDF. Cement 
manufacturing plants are frequently located within reasonable transportation 
distances from major urban areas and there are at least four areas in the 
U.S. where cement plants are within 10 miles of operating resource recovery 
facilities. Cement plants are typically large and energy intensive enough to 
represent major outlets for the use of RDF and their fuel specifications are 
not as demanding as those of most power plants or boilers. 

In many respects the difficulties that have been experienced to date In 
marketing RDF as a kiln fuel are similar to the difficulties experienced In 
marketing to the utility industry or to Industrial boilers. That is, such 
Issues as transportation costs and schedules, method of storage, variability 
of fuel properties, and reliability of firing systems are common concerns 
among all potential RDF users. 

There are two major differences between marketing RDF to cement kilns and 
marketing to other users. One is that the technological issues of marketing 
RDF to cement plants are likely to be easier to resolve. Two is that the 
economic value of RDF as a kiln fuel will probably be lower than the value 
as a boiler fuel. Given the interest of resource recovery facilities In ex
panding the market for RDF and the Interest of cement companies in expanding 
the range of fuel suppliers, it seems almost inevitable that the use of RDF 
as a cement kiln fuel will become a near-term reality. 
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TABLE I 

Specified Limits for Selected Chemical 
and Physical Properties of Cementa 

Chemical Properties 

Alkalies 

Chloride 

Lead Oxide (PbO) 

Magnesium Oxide (MgO) 

Sulfate (SO3) 

Physical Properties 

Min. Compressive Strength 

3 day 

7 

28 

Time of Set (Vicat) 

Initial (min.) 
Final (max.) 

False set, final penetra
tion (min.) 

Max. Allowable Weight % 

0.6 

2.0 

0.001 

5 

3 

Specified Limit 

1800 psi (12.8 MPa) 

2600 psi (18.5 MPa) 

3800 psi (27.0 MPa) 

0.75 hr. 
8 hr. 

50 % 

Autoclave Expansion (max.) 0.80 % 

Source: Reference 9. 
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TABLE II 

Comparison of Specified Limits with Results 
of Gulf Coast Cement Co. Trials 

Chemical Propert ies* 

Alkalies (%) 

Chloride (%) 

Lead Oxide (%) 

Magnesium Oxide (%) 

Sulfate (SO3) (%) 

Free Lime (%) 

*n.d.= not detected 
n.r.= not reported 

Physical Properties 

Min. Compressive 
Strength (ps i ) 

1 day 

3 

7 

14 

28 

0% RDF 

0.04 

0.01 

<0.01 

0.74 

0.03 

0.9 

1120 

2800 

4090 

— 
6125 

Trial Results 
20% RDF 

0.47 

0.01 

0.01 

0.99 

0.03 

n . r . 

910 

2780 

4200 

5150 

6460 

30% RDF 

0 . 4 5 

0.01 

n.d. 

0.64 

0.03 

n . r . 

1370 

2900 

4310 

5360 

6700 

40% RDF 

0.11 

0.01 

n.d. 

0.78 

0.03 

2.2 

1175 

2060 

3475 

— 
5515 

ASTM 
Specified Limits 

0.6 

2.0 

0.001 

5.0 

3.0 

n . r . 

— 
1800 

2600 

~ 
3800 

Time of Set (Vicat) 

Initial (min.,hrs.) 3.0 2.7 

Final (max.,hrs.) 4.8 4.0 

False Set , Final 
Penetration (mln.%) 73 70 

C-185 Air Content 
Hydraulic Cement 6 .1 6.5 
Mortar (max. %) 

Autoclave Expansion 

(max. %) 0.011 0.078 

1.2 

3.3 

76 

7.0 

0.187 

1.8 

2.8 

72 

7.6 

0.250 

0.75 

8.0 

50 

12 

0.8 
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TABLE III 

Potential Cement Kiln Daily Consumption of RDF 

Cement Plant 
Capacity 
(tons/day) 

<1350 

1350-2300 

2300-3300 

>3300 

No. of Plants 
in the 

United States 

43 

65 

29 

20 

Approx. RDF 
requirement 
(tons/day) 

<210 

210-380 

380-540 

>540 

Assumptions: Energy contribution to the kiln: 30% RDF, 70% 
coal 
12,000 Btu/lb coal 
5,500 Btu/lb RDF 
Energy consumption of 6 million Btu/ton cement 
clinker 



Figure 1: Simplified Drawing of a Wet Process Cement Kiln 

Back End of Kiln Front End of Kiln 

3T CASES TO 
:OLLECTORS 

RAN MATERIAL SLURRY FEED 

GAS FLOW 

^=^1 I =1 
MATERIAL FLOW -*-

(.BURNER 
PRIMARY AIR AND FUEL 

GRATE-TYPE COOLER 

SECONDARY AIR ̂
E I I ^ 

CLINKER 
OUTLET 

Source: Reference 7 



432 



SESSION V : WASTE FLOW 
CONTROL 
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ABSTRACT 

Waste control policy issues involve answering a number of questions, 
some of which are: (a) whether public regulatory control of the waste 
stream is needed, (b) what constitutes the controlled waste (and how that 
determination is made), (c) whj. controls should be instituted in support 
of resource recovery (public health, materials recovery, energy production, 
economic development, protection of public Investment), (d) who should have 
control of the waste stream (generator, collector, local public health juris
diction, state, federal), and (e) how the waste stream is to be controlled 
(contract, regulations, financial incentives/disincentives). When developing 
a resource recovery system, these questions come up when dealing with real 
or apparent conflicts between various goals, i.e., when assuring an adequate 
supply of processable raw material (waste) versus reduction of overall 
volume of waste, maximizing the value recoverable from the waste processing 
facility versus source separation, deriving the greatest achievable energy 
outputs from the processing facility versus front-end or source-separation 
recovery of combustibles for recycling as materials, "put-or-pay" guarantees 
of the quantity and quality of waste versus promoting a flexible system 
that accepts changes in quantity and quality over time, deriving economies 
of scale from large system versus achieving the flexibility and redundancy 
available in multiple smaller units, maximizing volume of input by enlarging 
wasteshed versus minimizing the cost of transportation. Waste stream 
control policies should be the product of a sophisticated analysis whose 
results are influenced strongly by existing or anticipated legal/institu
tional arrangements; public and private financial considerations relative 
to the resource recovery system; pre-existing control systems, or the 
absence of them; and the public perception of the advantage of one type of 
control system or disposal option over another. 
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TEXT 

This overview provides a context within which one can consider 
specifically the legal, financial, public sector and private sector 
implications of policies on waste flow control. It is undeniable that 
there must be some form of waste flow control if a resource recovery 
project is to thrive. Waste is to the resource recovery facility what 
raw material is to a manufacturing process. Considering the amount 
of attention that has been devoted to the technical, legal/institutional 
and financial aspects of resource recovery, it is surprising how little 
focus there has been on the fundamental issue of how the resource recovery 
plant secures its raw material and when assurance of that supply should 
be established. 

A critical threshold issue relating to policies on waste flow 
control in the context of the development of a resource recovery system 
is how those issues are approached. On the one hand, they can be approached 
purely and simply from the standpoint of assuring the success of the 
resource recovery project, with all other values subordinated to that 
goal. Certainly those interested solely in the promotion of the most 
profitable operation of the resource recovery system will take that 
taok. Looked at in this way, the goal of the waste management system 
is to assure the greatest economic success of the resource recovery 
project. On the other hand, a very strong case can be made that resource 
recovery should be seen as only a part of a total waste management 
system whose goals are to get rid of waste in the cheapest environmentally 
acceptable manner attainable, whatever that manner may be. A wise 
management plan thus might include strategies to reduce the volume 
of waste through measures such as container deposit legislation or 
other forms of incentives for recycling. It might also include regulatory 
and fiscal rewards for source separation and recycling and disincentives 
for actions which inhibit those activities. The function of the resource 
recovery facility is purely to deal with irreducible residual waste 
in a way which minimizes environmental Impacts, stabilizes or reduces 
disposal costs, and perhaps achieves other desirable goals, such as 
providing an energy resource or withdrawing valuable recyclables from 
the mixed waste stream. In my judgment, this second approach is the 
more valid one, and enthusiasts for resource recovery would do well 
to remember that such projects must be subservient to the total waste 
management plan of which they are a part. Nor do I feel that such 
subservience will undermine the economics of a soundly planned resource 
recovery project, provided that all elements of the waste management 
plan are in place at the time the project is developed. In short, 
the resource recovery project should serve the purposes of the waste 
management strategy, rather than the other way around. 

Experience in Connecticut has taught that the most crucial question 
at the outset of the development of a resource recovery system is deter
mining the supply of waste which will be committed to the system. 
The word "committed" is used with care. A volume of waste may be present 
in a wasteshed — it may be generated within or available from the 
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wasteshed — but unless i t i s committed to the resource recovery system 
by some legal means, that volume should not be used as a basis for 
project development. In an early attempt, the Connecticut Resources 
Recovery Authority sponsored the development of a project in a region 
which was thought to have perhaps 1500 tons of available waste. Issued 
requests for proposals, developed an energy market, identified s i t e s , 
and received responses from the requests for proposals, only to find 
that the generators of less than half of the supposedly available waste 
in the wasteshed in fact were willing to commit to the project, which 
then had to be aborted. Four years l a t e r , the f i r s t question asked 
by our f ina l i s t contractors for the Mid-Connecticut System was: How 
much waste do you have under control? 

Being able to supply a satisfactory answer to that question i s 
particularly di f f icul t in a s ta te , such as Connecticut, which i s in 
the process of developing a statewide disposal system based upon resource 
recovery but where s tate level regulatory control over the tota l waste 
stream is limited and where very few of our jurisdict ions responsible 
for disposition of the waste generated within their boundaries (our 
169 towns and c i t i e s ) are large enough to support by themselves the 
development of a resource recovery f ac i l i t y . 

Having said that waste stream flow control is essential to resource 
recovery and that in some jur isdict ions i t may be d i f f icu l t , we have 
only opened the policy issues which are present. 

The question is not whether there should be a control of the waste 
flow but how that control should be exercised and for what purpose. 
The waste flow i s "controlled" at present by both private and public 
ordering systems. Within the private system waste p^-esumptively flows 
according to the cost of i t s disposal — whether that be through privately 
owned and operated hauling and disposal services or through public 
operations. The marketplace alone, however, does not dictate the flow 
of waste because of the influence of public regulatory policies affecting 
not only the nature of acceptable private arrangements but also, necessarily, 
their cost. Protection of the public health requires this regulatory 
control, as the United States Supreme Court recognized seventy-five 
years ago and as the Congress underscored in the Resource Conservation 
and Recovery Act of 1976. The Congress in the 1976 statute recognized 
that discharges of wastes into the land for disposal require regulation 
just as much as polluted discharges into our waters and emissions which 
foul the a i r . Regulatory control of waste flow is supported by the 
strong public policy of protecting human health and the environmental 
systems upon which i t depends. We thus s t a r t with the proposition 
that the waste flow i s controlled and should be controlled, leading 
to the question: For what purpose? 

Much of the controversy which has emerged on waste control issues 
results from legitimately differing points of view of various part icipants 
in existing or proposed waste management systems. The lead agency 
charged with the development of a resource recovery project and the 
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private entrepreneur whose purpose i s the same t y p i c a l l y wish to have 
the grea tes t amount of waste committed to the system as e a r l y as possible 
in order to ju s t i fy the c a p i t a l investment, maximize revenue recovery, 
achieve economies of scale and reduce user f ees . The resource recovery 
entrepreneur, be i t public or p r i v a t e , preferably wants the waste flow 
committed to the project pr ior to any s i g n i f i c a n t investment in develop
ment costs and ce r t a in ly pr ior to f inancing—at a time when, i t should 
be noted, the technical suff ic iency of the projec t w i l l be unproven 
and the real economics only predic t ions r a the r than e s t ab l i shed r e a l i t i e s . 

I f the public e n t i t y responsible for waste disposal i s d i f fe ren t 
from the resource recovery developer, t ha t publ ic e n t i t y may have a 
different point of view. In many s t a t e s the municipal i ty i s responsible 
for the safe and environmentally acceptable disposal of a l l municipal 
sol id waste generated within i t s boundaries. The m u n i c i p a l i t y ' s primary 
view is to assure tha t the waste flows toward tha t l e g a l r e s t i n g place 
which represents the cheapest option, whether tha t option i s land disposal , 
resource recovery, or what-have-you. The munic ipal i ty wi l l be suspicious 
of long-term commitments, dubious about technica l claims for resource 
recovery, resentful of d i rec t ions by super ior l e v e l s of government 
to e lec t options imposing any g rea te r cost upon the loca l taxpayer 
than absolutely necessary, and more in t e re s t ed in saving taxpayer do l l a r s 
over the short run than in long-term savings which may conceivably 
benefit future taxpayers and the environment. 

Then there i s the obvious group of persons having an economic 
or po l i t i c a l i n t e r e s t in maintaining the s t a tu s quo. The waste in 
fact i s flowing in some manner everywhere pursuant to e x i s t i n g prac t ices 
involving public and pr ivate hauling and publ ic and pr iva te disposal 
of one kind or another. Those having an investment, p o l i t i c a l or economic, 
in t h i s system have an obvious i n t e r e s t in maintaining i t . 

The point of view of the inves tor should not be l e f t out . Whereas 
the public sector developer of a resource recovery system, for a var ie ty 
of reasons, may seek some f l e x i b i l i t y i n waste disposal choices , may 
wish to defer a commitment u n t i l a resource recovery system i s up and 
running, or may wish to have the chance to opt out of the system at 
some future time, those providing the c a p i t a l for the p ro j ec t , whether 
a pr ivate company inves t ing i t s own funds or purchasers of bonds secured 
by revenues of the p ro jec t , wish to have economic guarantees as absolute 
as can be obtained, and the s t rength of these guarantees may depend 
upon how absolutely waste i s committed to the resource recovery project 
a t the outse t , and for what period of t ime. 

In the l igh t of the several disposal options which may be open, 
the judgment to proceed with a resource recovery system i s " p o l i t i c a l " 
in the sense that the decision wi l l be made by a publ ic e n t i t y u l t imate ly 
responsible to the v o t e r s . I t i s a publ ic r e s p o n s i b i l i t y to make t h i s 
policy choice and, should resource recovery be the e lec ted opt ion , 
to identify the further public r o l e , whether i t be simply approval , 
financing, active development, involvement in long-term ope ra t i ons . 
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or a combination of these. The reasons for electing a resource recovery 
option may go beyond the traditional ones relating solely to human 
and environmental health. For example, while there may be existing 
short-term landfill capacity which meets environmental standards, resource 
recovery may be elected on the ground that this capacity will not be 
replaceable once exhausted or that existing acceptable sites should 
be used for a different purpose, such as the disposal of oversized 
bulky waste or other special wastes. A state's master energy plan 
may direct that municipal solid waste be looked at as an alternative 
source of energy, and resource recovery elected to provide an energy 
conversion system. Resource recovery may also be chosen to stimulate 
economic development, provide alternative fuels for existing employers, 
or maximize the conservation and use of long-term public investment 
by directing the flow of grant funds away from funding supports for 
components of the waste management system which are more temporary. 

However the decision is made and whoever makes it, if the decision 
is to develop a resource recovery system, control of the waste flow 
is a vital component of the system, and, as has been said, the earlier 
control can be established the better. The simplest case is presented 
where the public agency deciding to proceed is also the one responsible 
for waste collection and disposal and where also sufficient waste exists 
within the Jurisdiction to support the resource recovery facility. 
However, this simple model may be the exception rather than the rule. 
For example, sufficient waste may be generated within the jurisdiction, 
but its disposition through the existing system may be partly or entirely 
by private haulers or landfill owners. Or, if there is insufficient 
waste within the municipality where the resource recovery facility 
is planned or must necessarily be located (for example, because of 
the proximity of an energy market), it will be necessary to obtain 
waste from outside that municipal jurisdiction in order to insure the 
viability of the resource recovery system. In these situations, waste 
flow control must be achieved by means which go beyond the decisions 
of a single municipal developer/generator. 

Policy issues are then confronted involving the methods of waste 
flow control. Essentially, there are two: Control through regulation 
and control by contract. Regulatory control by the generating municipality 
to protect public health has been recognized historically as a constitu
tional exercise of the police power, provided that regulation does 
not so interfere with recognized property rights as to constitute a 
"taking" under the federal or applicable state constitution. Regulation 
of the waste stream in order to provide an additional source of energy, 
protect public investments, or support economic development presents 
less traditional reasons for using the police power to control the 
waste stream. In addition to the waste generating municipality, superior 
levels of government, both state and federal, have regulatory authority 
to control the waste stream, within appropriate constitutional limitations. 
Where a state plan directs the developnent of a resource recovery system, 
state legislation may provide that the state may regulate the flow 
of waste in order to establish that system; the election to assert 
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tha t regulatory power by the s t a t e represen t s a pol icy choice counter
poising s t a t e au thor i ty against home r u l e . Federal r egu la to ry au tho r i t y 
over the municipal waste stream flow i s present ly exerc ised only i n d i r e c t l y 
under the Resource Conservation and Recovery Act, although spec i f i c 
federal regulat ions are appl icable to c e r t a i n spec i f ied wastes , such 
as hazardous mater ia ls and toxic substances . 

Waste flow may also be cont ro l led by con t r ac t s between waste generators 
and the resource recovery f a c i l i t y developer. These con t rac t s provide 
for the delivery of a spec i f i c quant i ty and qua l i ty of waste to the 
system for a specified period of t ime. Unlike coercive r e g u l a t i o n s , 
they are the r e su l t of negot ia t ions between the generator and the project 
developer es tab l i sh ing terms agreeable to both. Price and r e l i a b i l i t y 
are primary concerns of the genera tor . The cont rac t approach may be 
adopted by necessi ty , as where the project developer i s a p r iva t e en t r e 
preneur lacking regulatory au tho r i t y , or by choice, where i t i s f e l t 
that municipal i t ies responsible for the d i spos i t ion of waste should 
also be allowed to choose tha t method of d i spos i t i on which i s in tha t 
municipal i ty ' s perceived economic i n t e r e s t . Assembling an adequate 
waste flow through the contract process may be a formidable task where 
a large number of municipal generators are seen to be e s s e n t i a l to 
the resource recovery p ro jec t . For example, i n Connect icut ' s Mid-Con
necticut Project as many as t h i r t y - e i g h t mun ic ipa l i t i e s have been so l ic i t ed 
for cont rac t s . Offset t ing the d i f f i c u l t y in assembling the waste stream 
in th i s manner i s the r e l a t i v e s t a b i l i t y which control by cont rac t 
induces. Regulations may be changed for a va r i e ty of t r a n s i t o r y reasons; 
contracts may be a l te red only according to t h e i r terms. Furthermore, 
i t can be argued tha t cont rac ts entered in to through the free wi l l 
of the pa r t i e s e s t ab l i sh a more sound pa r tne r sh ip r e l a t i o n s h i p than 
could be establ ished through the coercion of government r e g u l a t i o n s . 

Where waste flow i s guaranteed to a resource recovery system by 
contract , the spec i f ic provisions expressing the guarantee may take 
a var ie ty of forms. The prec ise terms should be considered carefu l ly 
by the generator . I f a contract requi res a munic ipal i ty to de l ive r 
" a l l " of i t s sol id waste into the system, " so l id waste" should be care
ful ly defined to include only tha t port ion of the waste which the generator 
determines to have no value, thus enabling the generator to presegregate 
materials for recycling and to benefi t from the economic rewards of 
that a c t i v i t y . Any minimum commitment by a municipal i ty should take 
into account the effect of any present or future volume reduction or 
presegregation a c t i v i t i e s by the munic ipa l i ty . I f the minimum commitment 
i s expressed in a given amount of tons per year , communities which 
have not i n s t i t u t ed weighing programs may have d i f f i c u l t y in es t imat ing 
the appropriate amount. One way to manage t h i s i s to requi re the delivery 
of an a rb i t r a ry amount in the f i r s t year of operat ions and a f t e r tha t 
time provide that the municipal ob l iga t ion sha l l be s a t i s f i e d by del iver ing 
an amount at leas t equal to the ac tua l waste del ivered in the p r i o r 
year. "Put or pay" provisions in the cont rac t can pro tec t the financing 
of the project i f minimum commitments are not met. Where more than 
one municipality i s involved, the projec t should be concerned with 
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the total of the waste guaranteed by all participants, not Individual 
components. That is, the project should be indifferent as to the source 
of the waste provided that the total delivered is sufficient. Thus, 
an individual municipal participant should suffer an economic penalty 
under the "put or pay" provision only if the total of the waste from 
all sources falls below the contract requirement and only to the extent 
of the municipality's contribution to the shortfall. While minimum 
municipal commitments should be conservatively estimated in order to 
take into account volume reductions through source separation programs 
and the like, the estimate should not be so conservative that the project 
is undersized and lacks the capacity to deal with surplus amounts of 
waste without technical revision and further financing. Finally, the 
contract should prohibit the delivery of waste not intended to be handled 
by the system, such as hazardous and other special wastes. 

The need for and timing of waste flow control for a resource recovery 
project will be influenced by the type of project and how it is financed, 
and the expectations of its participants. If a project utilizes the 
A & E approach, is constructed and operated by a public entity and 
is financed through general obligation bonding, it is not necessary 
to have the full expected volume of waste dedicated on the dates of 
financing or start up. So also, a private entrepreneur developing 
a system through private investment may be willing to accept a less 
than adequate waste stream at the outset in the anticipation that full 
capacity of the plant will be achieved through later arrangements. 
However, where a plant is financed through the issuance of public revenue 
bonding dependent upon project revenues, it will be necessary to have 
a coranitted waste flow at the earliest achievable time, particularly 
where (as is the case in Connecticut) the body authorizing financing 
must make a finding that the project will be self-sufficient on its 
own revenues in any and all events. So also, where the arrangements 
with the contractor under a full service or turnkey contract rest upon 
a determination of project revenues, or where participants agree to 
share in revenues, waste must be committed to the system before those 
revenues can be predicted. 

Just as the resource recovery option must fit into other public 
goals In regard to waste management, strategies for waste stream flow 
must support and not conflict with those other policies. As has been 
noted, a state devoted to resource recovery as a primary option to 
process municipal solid waste which can be disposed of in no other 
way may also be committed to measures to reduce the volume of the overall 
waste stream through beverage container legislation, rewards for community 
source separation programs, and the like. A community which wishes 
to maximize energy recovery from the waste stream may still support 
measures to recover valuable fibers prior to their finding their way 
into the fuel manufacturing or combustion process, even though those 
fibers represent valuable energy which could enhance the economic viability 
of the resource recovery project. Just as the waste flow can be controlled 
to assure a supply of raw material to the resource recovery facility, 
so also can the power to control be exercised to provide incentives 
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for volume reduction and to support source separa t ion a c t i v i t i e s , according 
to the policy choices of the generator of the waste . Whether the waste 
flow i s controlled by regula t ion or con t r ac t , i t i s important to recognize 
the effect of these programs on the amount of waste u l t ima te ly reaching 
the resource recovery f a c i l i t y . 

F inal ly , note should be taken of the con f l i c t between the des i re 
to assure a quantity and qua l i ty of waste to the resource recovery 
f a c i l i t y over a period of time versus the need to have f l e x i b i l i t y . 
I t must be recognized tha t a t the point the waste flow commitment i s 
made by the generator there may be in su f f i c i en t information about the 
exact quantity and qual i ty of waste, there may, in any event , be changes 
in that quantity and qual i ty over time, t echn ica l experience may a l t e r 
what i n i t i a l l y i s perceived as the optimal volume of waste , and r e l a t i v e 
economics may be affected by events d i f f i c u l t to foresee , such as a 
change in the cost of t r anspo r t a t i on . This need for f l e x i b i l i t y may 
legi t imately be in conf l ic t with perceived projec t requirements , but 
decision makers would be well advised to adopt a policy which inco r 
porates as much f l e x i b i l i t y in the waste flow arrangements as can be 
introduced. Inves tors , entrepreneurs and the taxpayers are pr imari ly 
interested in the economic e f fec t s of processing a given volume of 
waste rather than the volume of waste i t s e l f . I f bondholders are protected, 
system contractors get a f a i r re turn and user fees are acceptably low, 
there may be a cushion between what i s economically acceptable and 
what i s economically optimal which permits some degree of f l e x i b i l i t y . 

In conclusion, the foregoing makes c lea r t ha t there are no s impl i s t i c 
answers to the policy i s sues of waste flow c o n t r o l . Experience in 
the development of l a rge r resource recovery systems suggests tha t each 
such system in the United S t a t e s i s l i k e l y to be unique to the s e t t i n g 
in which i t i s developed. While so lu t ions to problems may be unique, 
many policy issues are common to a l l p ro j ec t s , and new pro jec t s today 
have the opportunity to draw on the experience of p r io r e f f o r t s in 
the United S ta tes over the past ten yea r s . This learn ing i s inva luable . 
Waste flow control issues should be addressed as ea r ly in projec t develop
ment as possible , and pro jec ts which are abso lu te ly dependent upon 
the a v a i l a b i l i t y of a given volume of waste, such as those dependent 
upon financing which r e l i e s e n t i r e l y on projec t revenues, should obtain 
absolute commitments of waste pr ior to the expenditure of any s ign i f i can t 
amount of funds or e f fo r t . I f police power measures are to be used 
to control waste flow, s t a tu to ry and regulatory revision may be required, 
pa r t i cu la r ly i f more than one generat ing J u r i s d i c t i o n i s involved. 
I f waste i s to be assured through con t rac t s between the pro jec t and 
more than one generating munic ipa l i ty , the develofanent of an acceptable 
municipal agreement should be an ear ly task of the project development 
team. One thing i s ce r t a in : The issue of waste flow cont ro l cannot 
be neglected. A project may be t echn ica l l y f e a s i b l e , married to the 
best imaginable markets and have an acceptable s i t e , yet not be worth 
pursuing because of the absence of su f f i c i en t committed waste stream. 
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Introduction 

The legal aspects of controlling waste flow are numerous 
and complex. They can best be understood in reference to a 
specific project, and we will use one in which the authors are 
involved. This project, which is still in the planning stage, 
involves an energy recovery plant for the County of Delaware, 
which adjoins Philadelphia, and has a population of approximately 
600,000. 

Factual Setting « 

Delaware County is located along the Delaware River 
between Philadelphia and Wilmington, Delaware. It contains many 
industries, smaller businesses, commercial areas and substantial 
suburban communities. Most of its 184 square mile area is developed, 
except for the extreme western portion. The County is in an uniquely 
central position with adequate highways, not only to the City and to 
the other suburban counties, but also to the adjoining state of 
Delaware, and across the River, New Jersey. These geographical 
factors obviously complicate the control of waste flow. 

Further complicating the picture is the number and 
variety of local governments within the County, many of which guard 
jealously their independence. There are over 50 of these, consisting 
of one-third class city, several boroughs and numerous townships, 
the latter being divided into two classes. Each type of municipality 
is governed by a different statutory code. 
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The variety and number of local governments is 
oaralleled by a similar variety and number of systems for solid 
waste collection. Approximately one-half of the municipalities 
own and operate their own collection systems. Typically, these 
provide services for individual residences. To a varying degree, 
apartment houses and commercial establishments must contract with 
private trash collectors. A second large group of municipalities 
provides approximately the same degree of service through various 
types of contracts with local private collectors. Finally, a 
smaller number of communities permits private collectors to 
contract directly with individual residents, thus resulting in a 
minimum of local government control. This number and variety of 
collection systems complicates the control problem, because con
trol of the waste stream primarily means control of activities 
of these existing collectors. 

The County assumed responsibility some time ago for 
solid waste disposal (but not collection), and has operated 
incinerators at three locations for over 20 years. Interestingly, 
in the mid-1950's, before the incinerators were built, the County 
government attempted to obtain backing of the municipalities for 
revenue bond financing of the incinerators. This involved prepara
tion of a model ordinance for enactment by each municipality, 
directing its waste for disposal at the proposed County facilities. 
The requisite minimum number of municipal approvals was never 
obtained, partly because of the large number of municipalities, 
and therefore the County was forced to finance the construction of 
its incinerators by issuing its general obligation bonds. 

Pursuant to Federal agency actions under the Federal 
Clean Air Act, the County in 1978 discontinued operation of the 
incinerators, which have been replaced temporarily by a combination 
of transfer stations operated by the County and transportation 
under its supervision to existing landfills outside the County. 
There are no substantial landfill operations in the County at 
present, and the outside landfills are at least fifteen miles 
from the County boundaries. At least one large abandoned quarry 
in the County, however, has been suggested for a landfill site. 

The County has never charged a tipping fee for delivery 
of waste by municipalities to its transfer stations or incinerators, 
and has charged only a small fee to commercial haulers. Hence, by 
operation of economics, most of the waste generated in the County 
now is delivered to its transfer facilities. 
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ppTTgiopment of Project 

The situation existing in 1978 seemed to be an ideal 
nne for a resource recovery project. A compact, densely 
ovulated area was in need of more economical disposal facilities, 
and potential purchasers of energy were near at hand. The most 
Ukelv purchaser of steam appeared to be Scott Paper Company, 
whose large sanitary paper mill is located near the center of 
popuLtion. The Paper Company participated extensively with the 
Eounty in a joint study of the problem, using also a grant obtain
ed ? rom the united States Department of Energy ^^.^^^^ Unfortu
nately, the results of the Company's own studies indicated to it 
Sat it would be more economical to reconstruct its own existing 
boilers rather than to execute a long-term contract with the 
Cointy for purchase of steam from a County facility. Other poten
tial steam purchasers are now being investigated. 

The Control Problem 

controlling the waste stream was early recognized as 
one of the large problems in the project. Approximately 1'500 
tons of solid waste are produced in the County each day, and all 
ofit would be needed to provide for the Paper Company s steam 
?eaiirements. Indeed, some of the alternative proposals would 
havelnvolved also obtaining solid waste from other counties. At 
^hZvPrv least it was important that substantial quantities be 
SvSdlrom'movi^g, ei?her. across county boundaries to existing 

lllTtrll^onVf competing facilities within the County and 
minimizing the possibility of any future new facilities ^^ 

the underwriters of revenue bonds. 

Proposed Control Framework 

n„ 4-v,o fi'r<3t- Dart of the framework is 

and a permit-issuing component administered directxy y 
Department of Environmental Resources (DER). 
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The Act permits individual municipalities to delegate 
their solid waste planning responsibilities to a County govern
ment, but the Act requires approval of proposed County plans (and 
substantial changes) by all municipalities prior to filing of the 
plans with the State DER. The County has had such a plan, and is 
now in the process of revising it. It is expected that the revised 
plan will include the recommendations of the recent special County 
studies about the advisability of a new energy recovery system. 
It is anticipated that the new plan will be approved by the 
municipalities in the County and subsequently by the State DER. 

As a second major part of the framework, the revised 
plan will also include a proposed County ordinance, requiring that 
waste generated within the County be delivered to the new facilities 
proposed to be constructed. The plan will probably not recommend 
any change in the collection responsibilities, which will remain 
at the municipal level. Thus, some of the control over the private 
collectors may still have to be exercised indirectly, through the 
various municipalities. 

Legal Problems 

The above described approach and plan will raise various 
legal issues relating to control of the waste stream, some more 
difficult than others. Each must be considered carefully, because 
most of the major projects of this kind in other places have been 
subjected to legal attack. Even a small risk of successful attack 
would interfere, of course, with the financing of an energy 
recovery plant. 

Constitutional Aspects 

One of the few recent United States Supreme Court cases 
having a bearing on constitutional issues involved the attempt of : 
the State of New Jersey to prevent, by a statute, the disposal in that 
State of solid waste from Philadelphia, Philadelphia v. New Jersey, : 
437 U.S. 617 (1978). Fortunately for Philadelphia in that case, the 
attempt was unsuccessful, because the Court held that the statute 
would have placed an unconstitulonal burden on interstate commerce, ^ 
by keeping the State in protectionist isolation. ii 

The present situation would seem to involve the possibility 
of a reverse type of attack, namely that a landfill operator in New 
Jersey or Delaware would object to the new ordinance because it i 
similarly impedes interstate commerce by preventing delivery of ;: 
solid waste across state lines. Such an attack should not prevail, 
because of the legitimate public purpose of establishing a system ,̂ 
for solving a serious public problem in the County. As a second j 
distinction, the proposed ordinance, unlike the New Jersey statute, -f 
would not establish any discrimination expressly based upon a state . 
boundary. However, in the Philadelphia case, the Court did disturbingl 
base its reasoning on earlier decisions invalidating prohibitions on 
exports of items. On that point it stated that it made no difference 
as to legality of a burden on interstate, whether the attempt was to 
keep items i^ or out. y 
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In addition to the interstate commerce question, there 
is another Federal constitutional question, namely whether the 
proposed ordinance and facility would deprive private haulers and 
landfill operators of rights to property without due process of 
law. These issues are discussed in various cases also. The most 
recent case directly in point involved a proposed resource recovery 
plant to be built by the City of Akron. Glenwillow Landfill, Inc. 
v. City of Akron, 485 F.Supp. 671(U.S. Dist. Ct., N.D. Ohio 1980). 
The legal attack in that case came from private collectors, who were 
required by a new ordinance to deliver all the waste they collected 
to the new facility. Other plaintiffs were landfill operators. 

The Court in that case rejected several legal challenges 
by the plaintiffs, including the charge that the ordinance deprived 
the plaintiffs of property without due process of law. The opinion 
recognized that various property rights were adversely affected by 
the control ordinance. These rights included the right of haulers 
to select the location at which to dispose of material collected by 
them. Under the ordinance they would also lose the right to separate 
recyclable materials, such as paper and metal, from the waste before 
disposing of the rest. Nevertheless, the Court held that because 
of the relatively minor extent of the intrusion on private property 
rights, and because of the importance of the public purpose sought 
to be served, the ordinance represented a valid exercise of the 
police power and did not create a violation of constitutional rights. 

The Akron case is now on appeal, so it is possible the 
the final result will be different. However, even if the case is 
affirmed, the final result in subsequent litigation will be influ
enced by the size of the discrepancy between the charge required to 
be paid by the haulers to the new facility, and that which the haulers 
could obtain at another site. The hardest case would be that of a 
collector who had a contract under which ancpther entity had agreed 
to pay him for the waste or a component of it. 

Federal Antitrust Questions 

A second series of problems raised by the proposed control 
ordinance relates to the antitrust laws. Discussion here will be 
limited to the Federal laws, although a majority of States have 
enacted somewhat similar laws relating to intra-state commerce. 

The Sherman Act imposes criminal liability upon any 
combination or conspiracy to restrain interstate commerce, which 
includes many types of concerted activities that would have the 
effect of hindering free competition. Although interstate commerce 
must be harmed in some way by the activity, the Courts have construed 
the requirement quite broadly, so that for practical purposes it can 
be assumed that any large-scale recovery plant would bring the Federal 
law into play. Numerous cases have established an exemption under 
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r^cort^^lLd and'^regulated mnopoly for competitive pri^ 

in a particular activity r.ty °^^^^^^f^^^„^tl5n to be available 

| ^ 2 ^ y ^ ; ^^L^r-'frofthl^fSIT^the legislature contemplated 

the type of conduct engaged in by the municipality. 

The major portion of the opinion in ^he A ^ case 
discussed the FeLral antitrust issues raised ^V^^he^City^s^waste 

f h f S t r S S S T e ^ k e c/ur t^^el ied - ^ - r g e part upon^the^^ 

fo:t^r^rord?nfnce?°"?^^e'sSrLrmef t f m^Ke ̂ leL a state policy 

authorizing control of the waste. 

However, the Plaintiffs focused their attacks^upon^the^^^ 

^^-coL?ri:t^L^co^trLtSr? :h r^^^^^ 

- t - S ^ ^ ^ w a f t h r i p t r l ^ ^ i m ^ ^ ^ ^ 
term contract to purchase steam from the facility^^ although.the 
been possible for the '̂ °'̂ \̂̂ ° "̂ '̂'. ^^ state action immunity, 
public participants were protected by ^^e state ac 
?he private parties were not c°^ered. Often the Courts n 
in antitrust cases that ô̂ ê parties to a transaction are p 

the morflike^y it is that at least those participants not be 
covered by the state action immunity. 

Since the Akron case is now on appeal, it is not easy to 
predict the ultimate-7^ in this area. Public bodies, however 

waste disposal. 

second, and more important, ̂ ^J^icipalities desiring 
"state action" antitrust immunity must be able to point to clear 
legislative authority for their actions in -restricting or controlling 
thlwaste flow. In situations where the state policy ^%"°t clearly 
enough enunciated, it can be clarified by statutory amendments or 
perhlps by state agency regulations. Another expedient which has 
been used is the filing of a friendly lawsuit, called a petition 
for declaratory judgment. 
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There is a third essential element in obtaining immunity. 
Public bodies must comply with all applicable state laws in 
connection with their projects, or they will run the risk of 
invalidating the state action immunity. The state legislature 
could hardly be said to have "contemplated" any activity which 
contravenes any other state law. 

Fourth, and finally, the restrictions on competition should 
be kept to the minimum necessary to achieve the desired public 
purpose. This may entail preserving some spheres for private 
business to operate. 

County Powers Under State Law 

Several States, desiring to solve the above described 
legal problems in order to move projects through the difficult 
financing step and into construction, have recently enacted broader 
and clearer statutory authorizations for local activities in this 
field. The newer statutes seem to have been drafted with a goal 
of forestalling antitrust attacks. They also recognize the 
practical enforcement problems which will arise. The strongest 
statute is that of Delaware, perhaps because it is such a small 
state. 7 Del. Code Ann. §6422. The statute there gives exclusive 
powers in the resource recovery field to a single state Authority, 
binding itself, to take no subsequent action to interfere with its 
activities or to permit the construction of any competing facility. 
Furthermore, the Authority is given the power itself to license and 
control waste collectors. And finally, if the licensing procedures 
are subsequently held to be invalid, the Authority itself may enter 
the collection activity. The statute expressly excludes from the 
control section however, waste coming from industrial and commercial 
operations. 

By contrast, the recent statutory improvement in 
Pennsylvania seems modest. Act 97 of 1980 specifically authorizes 
municipalities to enact ordinances directing the waste to designated 
facilities, when that is provided for in an approved plan. This is 
a great improvement, and probably is clearer than the laws of most 
States. 

It is not clear, however, what procedures are authorized 
to make the controls effective. For instance, Act 97 contains no 
specific authorization to establish licensing procedures for private 
collectors or to impose penalties for violating the control mechanism. 
There is no differentiation in the Act between the powers of counties 
and smaller municipal subdivisions. Thus, although the County 
probably has the power to establish a County-wide licensing system, 
that is not completely clear. The County's existing licensing system 
relates only to controlling access to its existing transfer stations, 
and has limited penalties. 
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Competing Facilities Outside the County ^ 
i 

Act 97, however, leaves another problem. Ordinances of , 
the type just described must necessarily be limited in their 
direct practical effectiveness, because of their limited geo- '' 
graphical scope. Newer statutes in some states authorize the 
establishment of regions which are sufficiently large as to , 
prevent competition between them, and then limit the facilities ' 
constructed in each one. An example of this is the Wisconsin 
statute. §499.07(18) Wise. Stats. Another is New York, where a 
new facility may only receive a permit if it is consistent with 
the state management plan. 27 McKinney's Statutes §27-0707. ' 

S 
At a minimum. State legislation should exist in 

Pennsylvania prohibiting the issuance of a permit to any facility 
which is not included within some approved plan. State law in " 
Pennsylvania does not yet contain such an express provision, ',' 
although DER follows a policy of including in permits for new * 
facilities specific conditions prohibiting them from accepting ' 
waste from areas intended to be served by another facility as 3 
identified in a previously approved plan. The practical effec- '̂  
tiveness of this condition may be seriously questioned, because * 
of enforcement difficulties. •' 

£ 

The problem created by the absence of statutory controls • 
over the location of new competing facilities is minimized by two p 
factors. One is the strict legal standards for the establishment 
of new landfills under the Federal Resource Conservation and 
Recovery Act. The other is the increasing resistance by li 
neighboring landowners to the construction of any new facilities 2 
near existing residential and commercial areas. As a result, it « 
has been over a year since any new permits have been issued by DER in 
Pennsylvania. The problem however, is not imaginary. For 
instance, one of the municipalities in the County has recently il 
proposed establishing a large new landfill in an abandoned quarry. iS 

i 
Form and Scope of Control Ordinances S 

:3 
Assuming the existence of legal power and the favorable j 

outcome of engineering and economic planning, still it will be ; 
necessary to solve numerous problems in preparing an ordinance :i 
to control the waste flow. The form of these ordinances generally 
involves a procedure for the licensing of collectors, and supple
mentary provisions for the suspension or revoking of the license ,, 
where a collector violates provisions of the ordinance. Disposal •[ 
01 waste other than as authorized is made a cause of- revocation. , 
These provisions are supplemented by civil and criminal penalties * 
as well as authorization for injunctive remedies. ? 
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As mentioned above, some of the licensing of private 
collectors in Pennsylvania may remain at the local level. Where 
collection is carried out by municipal systems, a practical, if 
not strictly legal, question may arise about whether the operator 
of a facility would actually enforce all of the sanctions in the 
ordinance against its municipal governments and their officials. 
In that situation, injunctive remedies, if available may be more 
practical than civil or criminal penalties. 

A whole different series of problems arises in deciding 
on the coverage of the control ordinance. What types of waste 
must be excluded? What types of waste may be excluded in the 
option of the municipality or industrial generator? For instance, 
where a private company has an existing business of removing 
certain material at a transfer station and selling it for reuse, 
should that type of existing business be permitted to continue 
under a "grandfather clause" in the ordinance? Should new 
activities of the same type be protected by a permanent exemption? 
The New York statute recognizes this problem by requiring a 
finding, before a permit is issued that a new facility will not 
result in "unfair" competition by a municipality with a scrap 
dealer or private recycler. McKinney's N.Y. Stat s. §27-0707 
Even without such a statutory requirement, it would probably be 
better for ordinances to give some protection to existing business 
es of this kind. That type of exemption is found in the Pinellas 
County, Florida ordinance. 

On the other hand, a ver^ broad exclusion for wastes 
from all coimnercial and industrlST-establishments as in Delaware, 
may iHtirfere too much with the quality, if not the quantity, of 
the waste stream. 

A third series of questions arises in connection with 
the transition from existing arrangements to the use of a new 
facility and payment of new charges. The new procedures must be 
fixed and adopted before the financing may ^^^'^^'^^f. ̂ ^^ "f^^^ 
facilities may not be in operation for several years thereafter 
Old facilities must be kept in operation during ^he construction 
oeriod This may provide opportunities as well as problems. Tne 
economic Impact of^new charges can be softened by phased increases 
over a period of time. 

Finally, control over the waste stream may be obtained 
as a practical mitter, but subsequently might be 1°^^ or impaired 
for various reasons. This might occur <5f""5 an extended shut 
down of the new facility for repairs unless standby or backup 
facilities or sites were available. The °f^^J^^l?l^f°''^^ ^^^° 
require the use of the designated backup facilities. 
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Practical Aspects of Operating Control Mechanisms 

One of the persistent concerns of those engaged in 
planning for resource recovery facilities is that despite all of 
the legal powers and all of the careful drafting of ordinances, 
agreements and regulations, as a practical matter the legal 
remedies might prove inadequate. One justified cause of concern 
is the delay in the legal process itself. Substantial time may 
elapse even before a temporary injunction can be issued. Legal 
and practical "policing" of ordinances also involve substantial 
expense. These risks can best be covered by the establishment 
of reserve funds with a portion of the proceeds of bond issues. 

The likelihood of future problems is partly related to 
the magnitude of the incentives to violate the ordinance. In the 
future, as energy problems multiply, it seems logical to assume 
that the value of solid waste will increase. All of the legal 
mechanisms, therefore, should be supplemented by practical 
measures to decrease the incentives for violation. Initially, 
this will consist primarily of competitive fee structures. A 
municipality enacting a control ordinance obviously should try 
to set its tipping fees at a level which will not discourage use 
of the mandated facilities. The clearest recognition of this 
important principle is the provision of the Akron agreement 
between the City and the Authority. A few pages below the 
Authority covenant to require that all waste be delivered to it 
is another covenant: the Authority is to use its best efforts to 
set its rates at competitive levels. Stated another way, if the 
overall cost to a collector of using a resource recovery plant is 
less than the cost of using any other facility, then the ordinance 
may not be needed, as a practical matter. Overall costs of using 
the various facilities include several elements beside the tipping 
fee. These include transportation costs and the added maintenance 
costs for vehicles exposed continually to the terrain and similar 
difficulties at landfills. 

Thus, practical control over the waste may involve 
ultimately the adopting of technologies and systems which are 
economically competitive. For instance, in the future the available 
equipment, or the market value of certain components in the waste 
for recycling, or both, may cause certain types of equipment 
presently used to become uneconomic. When that happens, a danger 
will arise that a facility whose management is armed with the best 
ordinances and policing structures will gradually lose its waste 
stream, unless it also modernizes its facilities. 
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The above practical suggestions also emphasize the 
overall necessity for continued revision of control schemes. 
The danger of detailed legal arrangements is that they often 
become difficult to revise. Care must be exercised in relating 
the control mechanisms to the financing documents, so that the 
documents preserve adequate management flexibility. Indenture 
covenants must be drafted so as to authorize clearly any necessary 
future changes in underlying ordinances and agreements. Also, 
the financial "tests" in indentures for the issuance of additional 
bonds to modernize facilities must be as liberal as possible. The 
rest must be left to alert management. 

Conclusion 

two Controlling the waste stream clearly is one of the 
or three most serious problems confronted by the planners of 
resource recovery systems. Solving the problem is possible, but 
difficult, under the present Federal law and the state statutory 
framework in many states. To ease this situation, a Federal 
statute clarifying the antitrust exemption may be necessary unless 
the Akron case is affirmed. Clearer authorization under many 
state laws also is needed. Such legislation should be drafted to 
solve simultaneously several other types of legal problems related 
to these projects. 
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WASTE FLOW CONTROL AND ITS ROLE IN 
FINANCING RESOURCE RECOVERY FACILITIES 

PRESENTATION TO THE 
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AND RESOURCE RECOVERY TECHNOLOGY 

GEORGE A- DINOLFO 
VICE PRESIDENT, MUNICIPAL FINANCE 

SALOMON BROTHERS 
ONE NEW YORK PLAZA 

NEW YORK, NEW YORK 10004 

ABSTRACT 

WASTE FLOW CONTROL AND ITS APPLICATION TO THE FINANCING OF 
RESOURCE RECOVERY PROJECTS HAS BEEN PERCEIVED AS A CREATION 
OF THE INVESTMENT BANKING COMMUNITY. THE CONCEPT OF WASTE 
FLOW CONTROL MAY HAVE BEEN ADVANCED BY THIS INDUSTRY BUT 
ONLY AS A VEHICLE TO FOSTER THE DEVELOPMENT OF THESE HIGH 
TECHNOLOGY RESOURCE RECOVERY PROJECTS IN THE UNITED bTATES* 
BECAUSE OF THE COMPLEX NATURE OF THESE PROJECTS, THEIR 
RELATIVELY HIGH CAPITAL COST, THE GENERAL PUBLIC ATTITUDE 
TOWARD LIMITING TRADITIONAL MUNICIPAL BORROWING AND THE IN
HERENT FINITE DEBT CAPACITY OF THE PRIVATE COMPANIES ACTIVE 
IN THE FIELD, FINANCING OPTIONS HAVE BEEN DEVELOPED WHICH 
CALL FOR PROJECTS TO BE SELF SUPPORTING HAVING ONLY LIMITED 
MUNICIPAL OR PRIVATE SECTOR GUARANTEES- THIS PRESENTATION 
OUTLINES THE MAGNITUDE OF THE CAPITAL REQUIREMENTS FOR THE 
INDUSTRY, THE PRESENT FINANCIAL CONDITION OF MUNICIPAL 
GOVERNMENTS AND FURTHER REVIEWS THE NEED FOR WASTE FLOW 
CONTROL AS PART OF THE FOUR ESSENTIALS FOR A SOUND RESOURCE 
RECOVERY PROJECT AS EACH APPLIES TO THE FINANCING ON A SELF 
SUPPORTING BASIS. ACTUAL FINANCINGS ACCOMPLISHED TO DATE 
ARE REVIEWED AND OTHER TECHNIQUES IN ACCOMPLISHING WASTE 
FLOW CONTROL ARE DISCUSSED. 



456 

ON A NATIONAL BASIS, THE SIZE OF THE RESOURCE RECOVERY MARKET IN TERMS 

OF REQUIRED CAPITAL FUNDING IS WELL IN THE BILLIONS AND COULD APPROACH 

AS MUCH AS $10-15 BILLION. TwO RECENT INDEPENDENT STUDIES INDICATE THE 

POTENTIAL OF AT LEAST 40 NEW PLANTS OF COMMERCIAL SIZE (1,000 " 1,500 

TPD) BEING BUILT BEFORE 1990- ONE STUDY WAS COMPILED BY THE UNITED 

STATES ENVIRONMENTAL PROTECTION AGENCY AND THE OTHER BY THE NATIONAL 

CENTER FOR RESOURCE RECOVERY- THE BOHOM LINE OF THESE FORECASTS 

INDICATE A MAJOR NEW FINANCIAL BURDEN TO THE ALREADY FISCALLY STRESSED 

MUNICIPALITIES. 

I THINK WE WHO HAVE BEEN INVOLVED WITH RESOURCE RECOVERY OVER THE 

LAST SEVERAL YEARS WILL AGREE THAT THESE ESTIMATES ARE VERY AGGRE" 

sivE- BEFORE THESE FORECASTS CAN BECOME REALITY THE FOLLOWING MUST 

HAPPEN: 

1- FEDERAL RULES MUST BE STRICTLY ENFORCED CLOSING 

OPEN DUMPS AND EXISTING LANDFILLS MUST BE UPGRADED 

TO A SANITARY LEVEL-

t 

2. IMPROVEMENT IN THE RELIABILITY OF RESOURCE RECOVERY 

TECHNOLOGIES-
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3- COST OF RESOURCE RECOVERY VERSUS LANDFILLING MUST 

COME IN LINE-

4. THE VALUE OF RECOVERED MATERIALS AND/OR ENERGY 

DERIVED FROM SOLID WASTE MUST INCREASE-

5- POLITICAL AND SOCIAL AWARENESS OF THE ILL EFFECTS 

ON HEALTH AND ENVIRONMENT OF CURRENT METHODS-

AT LEAST THREE OF THESE ITEMS HAVE BEEN GIVEN MAJOR REENFORCEMENT 

RECENTLY—THE OPEC PRICE INCREASES AND OIL SUPPLY SHORTAGE; THE 

RELATIVE SUCCESS OF THE FIRST GENERATION RESOURCE RECOVERY PLANTS 

AND THE PUBLICITY CAUSED BY THE DUMPING OF CHEMICAL WASTES IN THE 

LOVE CANAL AND OTHER PLACES AROUND THE COUNTRY-

LETS ASSUME THAT FROM A FORUM LIKE THIS TODAY MUNICIPALITIES IN THE 

EARLY PLANNING STAGE CAN SHORTEN SIGNIFICANTLY THE LEARNING CURVE 

AND SHORTCUT MANY OF THE INSTITUTIONAL AND STRUCTURAL BARRIERS TO 

RESOURCE RECOVERY-
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I DON'T BELIEVE THAT MOST MUNICIPALITIES ARE SPECIFICALLY PLANNING 

FOR THE FINANCING OF RESOURCE RECOVERY SYSTEMS- THI S I THINK IS A 

MISTAKE BASED ON CURRENT MARKET DEVELOPMENT- THE NEED FOR EARLY 

INVOLVEMENT OF AN INVESTMENT BANKER IS MORE CRITICAL THAN EVER BEFORE-

BEFORE THE ADVENT OF THE NEED FOR THE HIGHLY CAPITAL INTENSIVE FACIL

ITIES TO SOLVE THIS GROWING MUNICIPAL PROBLEM, MUNICIPALITIES HAD 

ALREADY EMBARKED UPON MAJOR PROGRAMS WHICH REQUIRED LARGE SUMS OF DEBT 

FINANCING-

LONG-TERM MUNICIPAL DEBT ISSUES HAVE NEARLY QUADUPLED TO $42 BILLION 

DOLLARS IN 1979 FROM THE 1969 LEVEL OF $11.5 BILLION WITH ASSOCIATED 

EXPENDITURES INCREASING IN THE SAME MAGNITUDE- THE LATEST STATISTICS 

AVAILABLE FOR 1980 INDICATE A CONTINUED SPENDING TREND - WITH NEW ISSUES 

FOR THE FIRST 10 MONTHS OF 1980 INCREASING TO $40 BILLION FROM $35 BIL" • 

LION LEVEL FOR THE SAME PERIOD IN 1979- IT SHOULD ALSO BE POINTED OUT 

THAT THESE SPENDING LEVELS DO NOT INCLUDE SHORT TERM BORROWING. A 

RECENTLY COMPLETED STUDY OF URBAN CENTERS ANALYSES, IN DEPTH, THEIR 

FINANCIAL CONDITION WHICH HIGHLIGHTS THIS PROBLEM AND THE MAGNITUDE OF 

FEDERAL ASSISTANCE REQUIRED FOR CITIES TO SURVIVE- DURING THE PERIOD 

STUDIED BETWEEN 1960 AND 1975 FEDERAL AID TO CITIES HAD GROWN FROM $600 

MILLION TO ROUGHLY $11 BILLION- DURING THIS SAME PERIOD (1960-1975) 

NEW MUNICIPAL LONG TERM OFFERINGS MORE THAN QUADRUPLED TO NEARLY $30 

BILLION FROM $7 BILLION LEVEL-
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THIS CURRENTLY OUTSTANDING DEBT FOR 1978 ON THE AVERAGE HAS INCREASED 

PROPORTIONATELY BETWEEN STATE AND LOCAL GOVERNMENTS- THIS DEBT OUT

STANDING PER CAPITA BASIS WAS $1,286-01- WiTH THIS DEBT LEVEL AS A 

BASE, AND THE GENERAL ATTITUDE TODAY OF LIMITING MUNICIPAL SPENDING, 

THESE NEW PROGRAMS FOR SOLID WASTE RESOURCE RECOVERY WILL HAVE A DIF

FICULT TIME BEING FINANCED THROUGH TRADITIONAL MEANS- CiTIES ARE MORE 

LIKELY TO AGGRESSIVELY PLAN AND SOLVE THE INSTITUTIONAL BARRIERS FIRST 

AND LEAVE THE STRUCTURING OF THE DEBT MECHANISM TO LAST- AT THE SAME 

TIME, MUNICIPALITIES WILL BE LOOKING TOWARD STATE OR FEDERAL GRANTS, 

GUARANTEES OR PRIVATE SECTOR SOLUTIONS FOR THE REQUIRED FUNDING-

CURRENTLY ALL OF THESE OPTIONS ARE IN QUESTION-

LET'S BRIEFLY LOOK AT THE TRADITIONAL MECHANISMS AVAILABLE FROM BOTH 

THE PUBLIC SECTOR AND THE PRIVATE SECTOR VIEWPOINTS- FROM THE PUBLIC 

SECTOR, THE MUNICIPALITY MAY, IF NO FUNDS ARE AVAILABLE FROM CURRENTLY 

AVAILABLE GENERAL REVENUES: 

1- ISSUE GENERAL OBLIGATION DEBT WHICH PLEDGES THE 

FULL FAITH AND CREDIT AND TAXING POWER OF THE 

MUNICIPALITIES FOR THE REPAYMENT OF THE ISSUE-
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ALTHOUGH THIS IS THE EASIEST VEHICLE, THERE ARE 

DISADVANTAGES—VOTER APPROVAL MAY BE NECESSARY 

AND THE DEBT LIMIT FOR THE MUNICIPALITY MAY HAVE 

TO BE INCREASED-

2- ISSUE A REVENUE BOND WHICH IS MORE COMPLEX TO 

STRUCTURE BUT IN MOST CASES IS NOT COUNTED AS 

THE PART OF THE DEBT LIMIT OF THE MUNICIPALITIES 

AND THEREFORE DOES NOT USUALLY REQUIRE A VOTE 

OF THE PEOPLE FOR USE APPROVAL OR DEBT LIMIT EX

PANSION- THE BOND MUST BE ISSUED BY AN AUTHORITY 

OR AGENCY FOR A SPECIFIC PROJECT AND REQUIRES A 

RELIABLE LONG TERM GUARANTEE OF SELF GENERATING 

REVENUE SUFFICIENT TO OPERATE THE FACILITY AND 

REPAY DEBT-

3- USE A COMBINATION OF G-0- AND REVENUE DEBT FI

NANCING WHICH ALLOWS THE REVENUE TO BE PLEDGED 

TO THE PROJECT AS THE FIRST SOURCE OF FUNDS FOR 

ITS OPERATION AND DEBT REPAYMENT WITH THE ADDI

TIONAL SECURITY OF THE MUNICIPALITIES' FULL 

FAITH AND CREDIT FOR NECESSARY MAKE-UP OF ANY 

FUNDS SHORTFALL-
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FROM A PRIVATE SECTOR VIEWPOINT, A PRIVATE COMPANY MAY CHOOSE, 

ALTHOUGH NOT LIKELY FOR HIGHLY CAPITAL INTENSIVE PROJECTS, TO 

SOLVE THIS MUNICIPAL PROBLEM BY PLACING ITS OWN CAPITAL FROM 

TRADITIONAL SOURCES AT RISK TO BUILD AND OPERATE A WASTE DIS

POSAL FACILITY- IF THIS OPTION IS CHOSEN, THE PRIVATE COMPANY 

MAY TAKE ADVANTAGE OF TAX-EXEMPT FINANCING THROUGH THE EXEMPT 

FACILITIES PROVISION OF THE INTERNAL REVENUE CODE SECTION 103(B)4E 

WHICH ALLOWS PRIVATE COMPANIES TO FINANCE, WITHOUT DOLLAR LIMIT, 

THE COST OF THE SOLID WASTE DISPOSAL FACILITY- THE MAJOR DIFFI

CULTY OF THIS OPTION IS THE LIABILITY FOR THE DEBT BECOMES A 

DIRECT OBLIGATION OF THE COMPANY AND BECAUSE OF THE DOLLAR SIZE 

OF THESE ISSUES IMPOSES A PRACTICAL CREDIT LIMIT AS TO HOW MUCH 

A PRIVATE COMPANY CAN ACTUALLY COMMIT TO THE VARIOUS PROJECTS-

BASED ON THE MAJOR FINANCINGS ACCOMPLISHED TO DATE, THERE IS NO 

CLEAR TREND SINCE EACH OF THE MAJOR PROJECTS HAVE BEEN FINANCED 

UTILIZING EACH OF THE MECHANISMS OR A COMBINATION OF THE ALTER

NATIVES -

LETS LOOK AT A COUPLE OF THE MAJOR FINANCINGS IN MORE DETAIL: 

l' 

REFER TO TABLE 



MAJOR TAX-EXEMPT RESOURCE RECOVERY 
FACILITY FINAHCINCS 

Date 
Of I s s u e 

6/5/72 

Issuer (Project Wine) 

Nashville Thenal 
Transfer Corporation 
(Nashville) 

Original Issue 

Additional Issue 

Total Project 

Amount 
(OOP's) 

$ 16,500 

8.000 

Type of Bond 

Project 
Revenue 
Project 
Revenue 

Operator Designer 

N.T .T .C . Thoskaason 
& Assoc. 

Type 
Of Process 

Thermal 
Combustion 

Security t Guarantees 

Secured by 30 year 
contracts for energy 
sa les with no fixed 
tipping fee revenues 
for sane period plus 
Nashville & Davidson 
County (Metro) h State 
support. NTTC sole 
guarantor for construc
tion and operation. 

inns 

\ 

Saugus, Mass. 
Industrial Develop-
•ent Authority 
(RESCO) 

Original Issue 

Equity by RESCO 
(Estimated) 

Total Project 

$ 30,000 

20.000 

$ 50,000 

IDB/ 
Project 
Revenue 

Refuse-Energy-Systens Company Mass 
(RESCO) Joint Venture UFI ( Burning 
H. DeHattco Construction Water Wall 

Energy sales to GE for 
annual •Inlaua plus 
variable amount; 
tipping fees from 10 
contract towns plus 
other towns and cooaer-
c l a l haulers. RESCO 
sole guarantor. 



Issuer (Project Name) 

Connecticut Resources 
Recovery Authority 
(Bridgeport) 

Original Issue' 

Amount 
^000's) 

S 53.000 

Typg ' 

Project 
Revenue with 
specia l r e 
serve from 
State General 
Fund 

CRRA 

Designer 

Combustion Equipment 
Associates & OXY 

Type 
Off Process Security * Guarantees 

CEA/OXY Guarantee! 
des ign , construction 
and operation. United 
Illuminating l e t t e r of 
intent to buy fue l , 9 
communities contracted 
for term of bond issue 
for d i sposa l . 

Ohio Water Develop
ment Authority (Akron) 

Original Issue $ 46,000 Project 
Revenue 

City Glaus, Pyle. 
Burns and 
DeHaven 

Shredding 
Burning 
For Steam 
Production 

25 year contracts with 
26 Ohio Edison customers 
and B.F. Goodrich for 
steam. City for disposal 
fees. Rate covenant 
allows for adjustments to 
meet debt service. 

4>-
ON 

5/18/76 HCTipstead Industr ial 
Development Agency 
(Hempstead, N.Y.) 

Original Issue 
Equity by P & W 

1/79 Supplement Issue 
Add'l Equity by P i W 

Total Project Financing 
I d e n t i f i a b l e 

Other 

$ 46.000 
27,000 

12,000 
5.000 

90.000 
25.000 

f115,000 

Hempstead Resources Recovery 
Corporation - Subs, of Parsons 
and Whlttemore 

ShreddIng 
Pulping 
For Stearn 
Production 

Li lco Energy Customer 
Town of Hempstead Dlsposd 
contract . Other recover-
ables a l so contracted. 
HRRC so le guarantor. 



Date 
Ot I s s u e I s s u e r ( P r o j e c t Name) 

S t a t e of F l o r i d a , 
P o l l u t i o n C o n t r o l 
Bonds (Dade C o . ) 

O r i g i n a l I s s u e 

Amount 
( 0 0 0 * s ) Type o f Bond Owner Operator D e s i g n e r 

$ 1 3 7 , 3 0 0 General Dade Co. 
- - - - - - - O b l i g a t i o n F l o r i d a 

Dsde County R e s o u r c e s 
Recovery C o r p o r a t i o n -
subs of P a r s o n s iii<J 
Whlttemore 

Type 
Of P r o c e s s 

Shredding 
P u l p i n g 
For Steam 
P r o d u c t i o n 

S e c u r i t y & G u a r a n t e e s 

F u l l f a i t h and crc :d i t o f 
S t a t e of F l o r i d a w i t h 
long t e r n c o n t r a c t w i t h 
DCRR f o r d e s i g n , c o n 
s t r u c t i o n and o p e r a t i o n 
o f f a c i l i t y . 

Albany , N.Y. 
C i t y from General Fund 

S t a t e From General Fund 
Environmenta l Bond Act 

T o t a l P r o j e c t 

$ 6 . 0 0 0 General 
O b l i g a t i o n 

6 , 0 0 0 
1 0 . 0 0 0 

$ 2 2 , 0 0 0 

Albany Smith & Hahoney Shredding 
Burning 
For Steam 
G e n e r a t i o n 

H^nroe County . N.Y. County 

Environmental Bond Act 
T r t a l P r o j e c t 

$ 4 1 , 7 0 0 

1 8 . 5 0 0 

$ 6 0 . 2 0 0 

Genera l 
O b i I g a t i on 

County Raytheon S e r v i c e RDS For 
Steam 
Generation 

Delaware Solid Waste Authority 
(Phase I) 

Bond Issue 
Federal Grants 
State Grants 
Total 

$ 57,920 
28.700 
7.000 

$_93^620 

Revenue Bond State Raytheon Service !>hred and 
Undflll 
Solid Waste 
and Sludge 

(1) Tipping Fees from 
Wilmington, Delaware 
and Private Haulers 

(2) $1,300,000 Annual 
Sale of Material to 
Raytheon 
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IT IS GENERALLY PRECEIVED IN THE INDUSTRY THAT THE COMBINATION OF 

PRIVATE AND PUBLIC SECTORS FINANCING TECHNIQUES WILL BE THE MOST 

LIKELY VEHICLE THROUGH WHAT IS KNOWN AS A PROJECT FINANCING- IN 

THIS CASE, THE ADVANTAGE OF TAX-EXEMPT FINANCING IS ACCOMPLISHED 

IN COOPERATION WITH A MUNICIPALITY BUT THE PRIVATE COMPANY CAN 

TAKE ADVANTAGE OF OWNERSHIP FOR REASONS OF TAX BENEFITS WHICH 

WOULD NORMALLY BE LOST TO THE MUNICIPALITY- THESE ARE EXTREMELY 

DIFFICULT TO STRUCTURE AND WILL VARY DEPENDING ON THE CIRCUMSTANCES 

OF THE PROJECT- THE MAJOR PROBLEM BECOMES THE CONTRACTUAL ALLOCA

TION OF RISK BETWEEN THE DESIGNER, THE BUILDER, THE OPERATOR, THE 

MUNICIPALITY AND THE ENERGY AND/OR MATERIALS CUSTOMER-

FOR THE PROJECT FINANCING, REGARDLESS OF PUBLIC OR PRIVATE OWNER

SHIP, THERE MUST BE AT LEAST FOUR ELEMENTS PRESENT: 

I. THE GUARANTEE SUPPLY OF FEEDSTOCK (GARBAGE) 

2- Tl)E GUARANTEE OF A PURCHASER FOR THE ENERGY, 

PRODUCT AND/OR MATERIALS AND 

3- A SYSTEM WHICH CAN CONSISTENTLY AND RELIABLY 

DISPOSE OF THE SOLID WASTE AND PRODUCE THE 

ENERGY, PRODUCTS OR MATERIALS FOR SALE-

H. SITE AND ENVIRONMENTAL ACCEPTANCE-
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ONE OF THESE ESSENTIALS IS THE SUPPLY OF SOLID WASTE AND THIS IS 

THE MAJOR POINT OF MY DISCUSSION- FROM A FINANCING VIEWPOINT, THIS 

GUARANTEED SUPPLY MUST BE PRESENT, THEREFORE, IN MOST CASES THERE 

MUST BE A VEHICLE (A LAW, ORDINANCE OR SOMETHING) WHICH REQUIRES THE 

DELIVERY OF SOLID WASTE TO THE RESOURCE RECOVERY FACILITY-

NOW, I KNOW THIS PRESENTS A MAJOR PROBLEM TO THE WASTE MANAGEMENT 

INDUSTRY BUT LET ME GIVE SOME FURTHER INSIGHT- FOR THESE PRO

JECTS TO PROGRESS IN ACCORDANCE WITH OUR EXPECTATIONS, THE TRUE 

COST OF DISPOSAL IN A GIVEN AREA THROUGH CONVENTIONAL MEANS VERSUS 

THE COST TO DISPOSE AT A RESOURCE RECOVERY FACILITY SHOULD BE GEN

ERALLY IN LINE- IF THESE PROJECTS ARE PUNNED PROPERLY AND TRADI

TIONAL ALTERNATIVES ARE MEETING REGULATIONS, THE RESOURCE RECOVERY 

FACILITY WITH THE OFFSET REVENUES FROM THE SALE ENERGY OR RECOVER

ABLE RESOURCES MAY MAKE THE PROJECT THE ECONOMIC ALTERNATIVE-

I SHOULD MENTION, AT THIS POINT, THE FINANCING CONCEPT OF A "LEVER

AGED LEASE" WHICH HAS BEEN DISCUSSED FREELY OF LATE AS AN ADDITIONAL 

MEANS TO ACCOMPLISH A COST EFFECTIVE FINANCING FOR RESOURCE RECOVERY 

PROJECT. THE CONCEPT, IN ITS SIMPLIFIED FORM, INTRODUCES A THIRD 

INDEPENDENT PARTY TO CONTRIBUTE A PORTION OF THE CAPITAL REQUIRED OR 

EQUITY, AND THIS THIRD PARTY CAN TAKE ADVANTAGE OF THE SIZEABLE TAX 

BENEFITS WHICH CLEARLY ARE UNAVAILABLE TO, THE MUNICIPALITY OR MAY NOT 

BE UTILIZED BY THE PRIVATE SECTOR COMPANY INVOLVED IN THE PROJECT-

/T 
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BECAUSE OF THE EXTENSIVE COMPLEXITIES BOTH IN LEGAL AND TAX AREAS 

AND IN THE NEGOTIATION PROCESS LIMITED FINANCINGS OF THIS TYPE HAVE 

BEEN ACCOMPLISHED TO DATE A FEW OTHERS ARE BEING PLANNED WITH 

MUNICIPAL PARTICIPATION-

I MENTIONED EARLIER THAT MUNICIPALITIES MIGHT BE WAITING FOR FEDERAL 

GRANTS OR LOAN GUARANTEES- IF THEY COME, THE GRANTS PRESENT NO MAJOR 

CONCERN SINCE THEY OFFSET A PART OF THE TOTAL CAPITAL REQUIREMENTS 

AND, IN MOST CASES, A VERY SMALL PORTION OF THE PROJECT THEREFORE, 

MAJOR FINANCINGS WILL CONTINUE TO TAKE PLACE- FEDERAL LOAN GUARAN

TEES, HOWEVER, MAY CREATE SIGNIFICANT PROBLEMS-

FEDERAL LOAN GUARANTEES HAVE BEEN GIVEN TO TAX-EXEMPT DEBT IN VERY FEW 

INSTANCES, SINCE THE FEDERAL GOVERNMENT WOULD BE GUARANTING A LOWER 

COST TAX-FREE INTEREST BEARING OBLIGATED WHICH ALREADY REDUCES THEIR 

REVENUE BASE AND IT IS NOW CLEAR THAT IF GUARANTEES ARE GIVEN TAX-EXEMPT 

FINANCING BENEFITS ARE LOST- THE PRIVATE SECTOR FINANCING MAY INCREASE 

WITH ITS INHERENT LIMITATIONS BUT SHOULD CARRY LOWER TAXABLE INTEREST 

RATES BECAUSE OF THE FEDERAL GUARANTEE-

ANOTHER PROBLEM WHICH MAY ARISE IF GUARANTEES DO PREVAIL IS THE DETERMI

NATION OF SUBSIDY FOR ONE PROJECT VERSUS ANOTHER-
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CREDIT CONSIDERATIONS FOR EACH PARTICIPANT AND MUNICIPALITY 

WOULD VARY INTEREST RATES, AND THEREFORE, VARY THE AMOUNT OF 

SUBSIDY-

ALTHOUGH I HAVE BEEN ACTIVELY ASSOCIATED WITH THE RESOURCE RECOVERY 

INDUSTRY FOR SEVERAL YEARS, I HAVE ONLY RECENTLY VIEWED THE INDUSTRY 

STRICTLY FROM THE FINANCING VIEWPOINT- I HAVE LEARNED ONE VERY 

IMPORTANT THING IN THIS SHORT TIME~THAT THE "BOOK" IS VIRTUALLY 

UNWRITTEN WITH REGARD TO VARIATIONS OF FINANCING SCHEMES FOR 

THESE PROJECTS. I CAN ONLY EXPRESS MY DESIRE TO SEE THE INSTI

TUTIONAL BARRIERS AND ASSOCIATED PROBLEMS SOLVED BY INDUSTRY AND 

GOVERNMENT SO THE FINANCIAL COMMUNITY CAN USE ITS EXPERTISE TO 

DESIGN VARIATIONS OF THE BASIC FINANCING MECHANISMS FOR EACH SITU

ATION-
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PRIVATE SECTOR VIEWPOINT OF WASTE FLOW CONTROL FOR THE DOE/EPA 
CONFERENCE ON PREPARED FUELS AND RESOURCE RECOVERY TECHNOLOGY 

Hyman Budoff, President 

Hybud Equipment Corporation 
Akron, Ohio 

ABSTRACT 

In December 1976, the City of Akron. Summit County, and the Ohio 
Water Development Authority (OWDA) entered into a cooperative agreement 
to enable the OWDA to sell $46,000,000 worth of revenue bonds so the 
City could develop a recycle energy system. To fulfill its obligations 
under the agreement, the City enacted Ordinance No. 846-1976. 

The city built the RES to solve its solid waste disposal problem. 
A number of factors, including Ohio Edison's desire to stop generating 
steam for the downtown business district, caused the city to decide 
the RES was the best alternative available to solve the waste disposal 
problem. 

The underwriters decided it was necessary tQ assure a supply of 
waste to the RES in order to market the revenue bonds. After learning 
this the city and the OWDA concluded that it would be necessary to 
require that all waste collected within the city limits would be taken 
to the RES. 

upon being made aware of the restrictive nature of the ordinance; 
Hybud decided that a law suit should be filed in federal court challeng
ing its constitutionality. Such action was filed in the U.S. District 
Court Northern District of Ohio Eastern Division and was heard by 
Judge Contie. A decision was rendered, which was felt to be ^"^o^f^^ 
and at present an appeal is pending in the U.S. District Court of Appeals 
in Cincinnati. 

INTRODUCTION 

The following is based on Pre-trial briefs P°f ""^^j^^^^^^f./f 
appeal briefs as they appear in the court records of case #C-78-65A S 
case #C-78-1733-A in United States District Court for the Northern 
District of Ohio Eastern Division. 
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In the late 1960's the City of Akron began to explore the concept 
of a new public facility which would dispose of waste by incineration 
and generate steam which could thereafter be sold to biisinesses and 
other energy users in the City. Certain City businesses had long been 
taking their steam energy requirements from the Ohio Edison Company, 
which was providing this source unprofitable and at increasing costs 
to its customers. Due to these factors and new capital demands to 
meet air pollution laws, Ohio Edison had sought the permission of the 
Ohio Public Utilities Commission to abandon its Akron operation. In 
addition to the Ohio Edison customers, other Akron energy users were 
interested in finding more economical energy sources. B.F. Goodrich 
was particularly interested, because it faced substantial expenses 
to bring its own steam generating facilities into compliance with state 
air pollution laws. The above factors, part of a review initiated by 
the City in 1968, eventually led to the decision to construct the Akron 
Recycle Energy System Facility in December of 1976. 

The Project, to be located in, operated and owned by, the City of 
Akron, entered construction in December 1976, and was scheduled to 
commence operations in 1979. It essentially consists of a solid waste 
shredding facility, classification and separation facilities, three 
industrial spreader-stokers and boilers capable of employing shredded 
solid waste as fuel to create steam, and existing and proposed steam 
distribution lines and systems located in the City of Akron, Ohio. The 
Project is to provide steam to many of the some 200 businesses and 
other energy customers presently buying steam from Ohio Edison and to 
other energy customers as well. 

Already signed to the long-term contracts with the Project are 
approximately thirty area businesses, including B.F. Goodrich Company, 
and other energy customers. The Project will remove ferrous scrap 
from the waste it receives and will seek to sell such scrap in 
existing markets for such material. The Project will also, if and 
when economically feasible, extract other metals and non-metallic 
waste components for sale. The B.F. Goodrich Co. compared the cost 
of buying steam from RES with steam generated by its own power house 
and concluded that it could expect to save in excess of S13 million 
over twenty-five years in present value after-tax dollars. Steam 
rates for steam purchased from RES will result in lower steam rates 
for Akron central business district steam customers. 

On November 10, 1976, the City entered a contract with Teledyne 
National, a division of Teledyne Industries, Inc. ("Teledyne"), a 
California corporation, to supervise construction of the Project and 
then to operate it for a five-year term, renewable at one-year intervals 
thereafter. Teledyne's contract includes a basic $360,000 fee, plus 
certain incentives for construction supervision and a cost reimburse
ment plus $150,000 annual fixed fee arrangement for operation. 
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In addition, Teledyne will receive half of all gross revenues of the 
Proiect attributable to sale of recovered ferrous and other materials 
in excess of certain minimum revenues and related expenses. This was 
a principal incentive to Teledyne in entering the contract to operate 
the RES. Teledyne will have authority to designate materials that 
are acceptable to the RES. The approximate volume of solid waste 
presently being brought to the Hardy Road Landfill from all sources 
is 1,300 tons per day. It is Teledyne's present intention to operate 
at the level of approximately 1,400 tons per day. 

THE COOPERATIVE AGREEMENT 

On December 1, 1976, OWDA, City of Akron and Summit County entered 
into a Cooperative Agreement governing the construction, maintenance 
and operation of the Project. By the terms of the Cooperative Agree
ment City of Akron and Summit County covenant that they will neither 
"establish, construct or operate nor consent to the establishment 
construction or operation of any facility" for the disposal or other 
treatment of solid waste which is acceptable for disposal by RES and 
for which RES has capacity available and "which the OWDA determines 
to be detrimental to the Project," and, "further, to the extent legally 
permissible, (they) will oppose the establishment, construction or 
operation of such a facility". 

By the terms of the Cooperative Agreement, City of Akron covenants 
that it will "require that all collectors and haulers of solid waste 
within the (City) be licensed by the (City) and all such licenses 
Tali provide that all collectors or haulers of solid "-te dispose of 
all solid waste generated within the corporate limits of the (C^ty) 
which is acceptable for disposal by the Project to be delivered to the 
Project for disposal through the Project". 

By the terms of the Cooperative Agreement, Akron and Summit County 
covenant further that they will take all "available action, administra
tive judicial and legislative, to cause all solid waste generated 
^ilhin'the (City and bounty) and which is acceptable for ̂ xsposal by 
the Project, to be delivered to the Project for disposal through the 
Project". 

on December 6, 1976, OWDA issued an "Official Statement" noticing 
the o«eringTf%4;,000,000 of special obligation bonds to finance the 
acquisition! constriction and equipping of the Project. Contained in 
?he Official Statement is a restatement of the covenants undertaken by 
the City and County in the Cooperative Agreement. 



On October 4, 1976, prior to. but in contemplation of, and for 
the purpose of giving effect to the covenants undertaken by the three 
governmental entities in the Cooperative Agreement, the Council of the 
City of Akron, Ohio, passed Ordinance No. 841-76. This Ordinance, 
which amends Section 850.06, 1068.06 and 1068.14 of the Codified 
Ordinances of the City of Akron, revised licensing requirements and 
service charges with respect to the collection and disposal of garbage 
and rubbish within the City of Akron. Specifically, Section 1(a) of 
the Ordinance amends Section 850.06 of the Codified Ordinances as 
follows: 

(a) Until such time as the City's Recycle Energy plant 
begins accepting rubbish for disposal, no rubbish 
shall be deposited by the holder of a rubbish 
hauler's license within the corporate limits of the 
City except at a place designated in writing by the 
Mayor. From and after the date on which such plant 
begins accepting rubbish for disposal, all rubbish 
collected within the corporate limits of the City by 
a holder of a rubbish hauler's license shall be de
posited at such plant; provided that rubbish which 
is not acceptable for disposal by such plant shall 
not be deposited within the City except at a place 
designated in writing by the Mayor. 

Section 2 of the Ordinance amends Section 1068.06 of the 

Codified Ordinances as follows: 

No person, except duly authorized collectors of the 
City or private haulers licensed pursuant to law, 
shall collect or remove any garbage or rubbish 
accumulating within the City or use the streets, 
avenues and alleys of the City for the purpose of 
collecting or transporting the same. All licenses 
granted to such private haulers and all contracts or 
other forms of authorization of duly authorized 
collectors shall require that all garbage or rubbish 
collected and transported under authority of such 
license, if acceptable for disposal by the City's 
recycle energy plant, be disposed of at such plant ^̂  
from and after the date on which such plant begins * 
accepting garbage and rubbish for disposal. •* 
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Section 3 of the Ordinance establishes a collection and disposal 
fee for garbage and rubbish generated within the City's limits during 
calendar year 1978. Section 3 also provides that: 

(t)he Director of Public Service is authorized to 
promulgate rules and regulations for the collection 
of said service charge and he is further authorized 
with consent of Council to adjust such charge upward 
on January 1, 1979 or on January 1 of any year there
after. 

The prefatory language contained in the Ordinance states that 
these amendments were passed "in connection with the ^--=^"9 °^ 
the City's recycle energy facility, "it being necessary" to "^^^^ 
that garbage and rubbish collected by private haulers be disposed of 
at the new facility when completed". 

The Mayor of Akron has not designated ^"^^/^^T^^TtlllTr's 
Section 1(a) of the Ordinance, where holders of a "r^bb^^h hauler s 
license" are to deposit rubbish, "within the corporate ^ - - " ^ ^ ^ f 
City" prior to "such time as the City's recycle energy plant begins 
accepting rubbish for disposal". 

competitive disposal or "--^/^^.^^.^^.^^^^er^^iters. not because 
passed due to concern on the part ot tne unu ,.'^y,^ avail-
L r e was apprehension ^V the City planners - ^ - f "^3^^^,^^^,, 
tnere was dppi.>=ii=n=-̂ >̂ " "/ - , , . ^ .-„ *-v,o RE^ No other 
ability of sufficient " - " ^ f ̂ ;:̂ ,3'̂ :;;rof re^trainf'; in^re its 
RES-type project has utilized this type 01 

EFFECT OF THE COVENANTS 

„ ,..„. -'s%?r.";r.'srsi=ss:\:":i "rise. 

tacility lor uj.=>̂ ^ ..,, „ f„ *hp RES By virtue of 
OWDA determines to be "detrimental to f^^Z^J^^^^^^^^^ that it 
Section 6.1 of the Cooperative Agreement, OWDA has warrant 



"has power to enter into the transactions contemplated by this Agree
ment," one transaction being the determination of what facilities 
referred to Sections 5.5 (H) and 5.6 (A) would be "detrimental" to 
the RES. "Detrimental" means, partially if not wholly, competitive 
with the RES in some degree that OWDA "solely determines" will have 
the effect of drawing wastes away from the RES and thus threatening 
its economic viability. The effect of these covenants will be that 
private parties who may seek to establish landfills, transfer stations 
or any other kind of waste disposal facilities in the City or County, 
and as to which City or County licensing, permitting or other forms 
of consent are required, will be prevented from doing so if OWDA advises 
the City or County that such facilities would be "detrimental" to RES. 

By virtue of Section 5.6 (B) of the Cooperative Agreement, Summit 
County has covenanted to "take all legally available action, admini
strative, judicial and legislative, to cause all solid waste generated 
within the County and which is acceptable for disposal" by RES to 
be taken to the RES. Summit County has no legal authority directly to 
cause such result by performing the covenants set forth in Section 5.6(A) 
of the Cooperative Agreement. To the extent Summit County refuses to 
permit, license or otherwise consent to disposal activities competitive 
with RES, the effect will be to cause solid waste generated in the 
County to be taken to the RES. 

EFFECT OF THE ORDINANCE 

Parties presently holding licenses from the City of Akron to 
collect or transport solid waste within the city, and parties who may 
in the future apply for and obtain such licenses, shall be required, 
as a condition of such licenses, after the RES commences operation, 
to bring all solid waste collected or transported in the City and 
which RES determines to be acceptable to RES, and to pay RES such fees 
for disposal there as RES shall establish from time to time. Collectors 
or transporters holding such licenses who fail or refuse to comply with 
said requirements shall be subject to loss of such licenses, in which 
case they will be prohibited from collecting or transporting solid 
waste in the City of Akron, or they may be subject to criminal prosecu
tion by the City. Parties who collect or transport solid waste within 
the City without licenses as prescribed by the Ordinance will be sub
ject to criminal prosecution. 

Solid waste "acceptable for disposal" by the RES as prescribed in 
the Ordinance, shall include all solid waste subject to the Ordinance 
other than hazardous wastes or certain bulky items the RES is not 
equipped to handle. A very small portion of the solid wastes subject 
to the Ordinance are expected to be rejected by the RES for these 
reasons, and such rejected portion will not include paper, cardboard 

^ 
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or other combustibles or material containing ferrous or other metal 
recoverables which the RES will burn or sell. 

To the extent that the Akron Ordinance applies to all solid waste 
"accumulated" in the City of Akron, all solid waste deposited by 
Hybud at the ACTS but collected outside of the City of Akron, would 
have to be deposited at the RES. 

To the extent Hybud, or any other collectors presently or in 
the future holding licenses from the City, presently or in thd future 
may, due to economic or other competitive or business factors, operate 
collection routes across City and County jurisdictional lines and 
thereby mix solid wastes subject to the Ordinance in the same trucks 
with wastes collected outside the City or otherwise not subject to 
the Ordinance, the effect of the Ordinance will be to require said 
collectors to bring all such solid wastes contained in such trucks 
to the RES. 

To the extent Hybud, or any other collectors presently or in 
the future holding licenses from the City, engage, or may in the 
future, due to economic or other competitive or business factors, 
seek to engage in the separation of paper, cardboard, metals or other 
materials from the solid waste they collect that is subject to the 
Ordinance, or from solid waste not subject to the Ordinance that is 
mixed with solid waste subject to the Ordinance, for the purpose of 
selling such recovered materials for profit, the effect of the 
Ordinance will be to prevent said collectors from'doing So. , 

To the extent public or private entities located in Ohio ̂or out
side Ohio are presently purchasing, or in the future may wish to 
purchase, materials recovered from solid wastes subject to the 
Ordinance, or solid wastes not subject to the Ordinance that are 
mixed with solid wastes subject to the Ordinance, the effect of the 
Ordinance will be to prevent them from doing so, other than directly 
or indirectly from the RES. 

To the extent ACT or any other firms inside or outside of Ohio 
are presently receiving or purchasing, or in the future might other
wise receive or purchase, for the purpose of reuse of resale, ferrous 
materials recovered from solid wastes subject to the Ordinance or 
solid wastes not subject to the Ordinance that are mixed with solid 
wastes subject to the Ordinance, the effect of the Ordinance will be 
to prevent them from doing so and instead will make such ferrous 
materials available exclusively to RES, the revenues from the sale 
thereof to be shared by RES and Teledyne. The City has projected 
that revenues of the RES from the sale of ferrous material for the 
first year of operation of the RES will be approximately $681,000 
and will increase in subsequent years. The Ordinance will have the 
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same effects if respect to recovered aluminum and other metals and glass, 
all of which Teledyne intends to recover and sell, if and when economi
cally feasible. 

Enforcement of the Ordinance, whether or not "pre-sorted" materials 
or non-Akron wastes brought into Akron are covered, will deprive Hybud 
and Budoff of the major portion of the material upon which their highly 
integrated waste collection and recycling business depends, and will 
therefore could force these firms out of business. 

The overall effects of the Ordinance are contrary to the public 
interest in that the Ordinance would eliminate the possibility of 
certain kinds of publicly sound recycling programs, raise the cost to 
the public of solid waste disposal, and impair the development of 
competing technological processes in the area of resource recovery. 
The Ordinance would also force an artificial choice of energy genera
tion over secondary fiber usage with respect to waste paper and 
corrugated, thus preventing the operation in the public interest of 
economic, competitive, and technological forces. 

If the Ordinance is implemented, disposal fees at the RES will 
increase at a disproportionately greater rate than steam charges 
because Defendent City will be participating in a competitive energy 
market, whereas it will not be subject to competitive forces in the 
market for disposal of Akron solid waste. 

Costs at RES will be substantially higher than projected, as 
demonstrated by the experience of similar facilities in North America. 

Presently solid waste haulers select a disposal facility for their 
non-recyclable waste based on the economics of alternative facilities. 
The major consideration is the time it takes to use a particular 
facility. This requires consideration of the geographical location 
of the site and the "turn-around time" in using the particular facility. 
The other major factor they consider is the tipping charge of alterna
tive facilities. 

Budoff Iron S Metal Inc. ("Budoff") operates a transfer station 
known as the Akron Central Transfer Station ("ACTS") and a scrap yard 
that are closely integrated with the collection operations of Hybud 
Equipment Corporation. 

The companies are both wholly owned by Hyman Budoff, who has 
been in the solid waste and recycling business in Akron for over 40 
years. Hybud collects solid waste from customers in the City and 
County and outside the County. If material collected from a particular 
customer is considered by Hybud to have no value for recycling, the 
material is taken to a landfill and Hybud pays a tipping fee to dispose 

/T 
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of it. Customers from whom such waste is collected pay Hybud a collec
tion fee based upon the volume of the waste containers used at the 
customer's site. If Hybud believes waste collected from a particular 
customer to have some recyclable content, the waste is brought to the 
Akron Central Transfer Station, Hybud does not pay a tipping fee to 
ACTS because the value of the recyclable waste is considered to offset 
any disposal costs. Depending on the amount of recyclable material, 
ACTS will in many cases pay Hybud for the material received. H^ud, 
in turn, will make rebates to its customers having a high proportion 
of recyclable waste. The rebate is based upon the market value of the 
recyclable material based upon current published prices minus a fee 
to Hybud. AS to a very small portion of the customers served by Hybud, 
the value of the waste material for recycling is so high that Hybud 
makes a net payment to the customer for the material. However, in 
the great majority of instances the rebate by Hybud to its customer 
is substantially less than the total collection and equipment rental 
charge paid by the customer and is expected to remain less than the 
total charge. 

At ACTS recyclable material is separated from non-recyclable 
material and the latter is taken to a landfill where Budoff pays a 
fee to dispose of it. The recyclable material is largelŷ  "^""^'^^ted 
cardboard and ferrous and non-ferrous metals. The ̂ "'^^^'^/^ ^ ^ j ! ^ 
and Shipped on a daily basis to a large paper broker. «"^°"_f ̂ Pf ̂^ 
an average of over 85 tons of waste corrugated per week in 1978 and is 
Shipping approximately 100 tons per week. 75% of the =°rrugated 
being sold by Budoff is derived from waste that Hybud is paid a net 
charge to collect from its customers and for which Hybud P^V^ no re
bate. Based upon computations as to the volume of waste containers 
maintained by Hybud in Akron and the nature of its customers "^thxn 
Akron, at least 50% and probably a much higher P^°P°'^^^°" "^^-^^^^Jt^^^ 
material being sold by Budoff originates in the City of f ^°"- ^ ° ^ ^ 
waste from all area jurisdictions in which Hybud operates and from 
which it delivers solid waste to ACTS is commingled ^nd briefly 
accumulates at the transfer station prior to being sorted for its 
recoverable content. 

The recyclable metals recovered at the transfer station are 
taken to the Budoff scrap yard and segregated on the basis of the 
types of metals involved. These metals are then sold to metal 
brokers on a regular basis and the prices charged are related to 
published prices quoted in national publications. 
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CONCLUSION 

(a) The first study by the City was issued in August of 1968, 
eight months after Akron's mayor raised the subject with the Planning 
Department. It concluded: 

From a preliminary standpoint, without detailed 
engineering studies of soil types, location of the 
groundwater table and bedrock at site capacity, it 
would appear at a cost from $322,000 to $462,000 
per year that Akron's and/or Summit County's waste 
disposal needs can be met through sanitary landfilling. 

(b) In November 1968, the Planning Department issued a "rough 
draft entitled "Incineration" which concluded, among other things: 

At the present time incineration calls for a higher 
capital investment and high operating costs than other 
methods of disposal. 

Despite the higher costs, disposal of solid wastes 
by incineration is inherently prompt, thorough and complete. 

It is possible to generate steam or electricity 
from the waste heat which may help to offset the relatively 
high operating costs. 

This analysis indicated it would not be economically feasible to 
incinerate only with the then Ohio Edison customers, and the City 
decided that larger users were necessary to make the RES economi
cally viable. Hence, in addition to B.F. Goodrich, the University 
of Akron, and the City Hospital were sought as additional steam 
customers for the RES. 

(c) The City continued to generate reports and in July of 1971, 
the Planning Department issued a "Comprehensive Regional Waste 
Disposal Study", This study noted that Akron faced a dual need for 
a long-term waste disposal facility and "requires solutions to steam 
energy requirements for business and industry in the central city". 
The report stated that collection costs for the Akron area exceed 
$12 million per year and the cost of disposal was "probably" SI to 
$2 million more. The problem was not associated with the collection 
of solid waste but with its disposal. At no point in the report 
was a problem with collection methods detailed. The report estimated 
the total amount of financing necessary to construct the project at 
$18,904,000 and found the resultant projected charges for steam and 
disposal "substantially lower than competitive alternatives". 

y^T^ims 
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The report concluded: 

The coincidence of the waste disposal problem 
with the local "energy crisis" provides the opportunity 
to solve Ixjth problems more economically and better 
than either can be solved alone. 

The construction of a Recycle Energy System 
employing waste fuel boilers is therefore proposed 
as a feasible, compatible, and economically attrac
tive solution to both of these local problems. 

(d) The City's planners issued another report in May of 1974 
entitled "Solid Waste Disposal and the Akron Area" which acknowledged 
ACTS' existence and function. This report demonstrated that 1188 
tons of waste per day were actually disposed of in the immediate 
Akron area. The total included the materials Budoff and others 
disposed of after they "extract salvageable materials from waste," 
but did "not include the recycled solid waste." 

This report confirmed from Akron Landfill records the earlier 
projections of available solid waste quantities. Thereafter, both 
the Planning Department and the engineering consultant used 1,000 
tons of waste per day in designing the RES; both steam output calcula
tions and equipment design were based on 1,000 tons per day, seven 
days a week. 

Because Akron planned to charge competitive tipping fees for 
use of the RES, the Akron officials believed that the RES would 
attract more than enough solid waste to meet the 1,000 ton/day 
requirement without imposing a "flow control" ordinance, the 
euphemistic term used by the defendants. Indeed, when Mr. Budoff 
asked at a public hearing whether his operations would be affected, 
he was informed by Mr. Alkire that the city would not compel 
dumping of solid waste at the incinerator but would rely on competi
tive rates to attract its supply of waste. That report recommended 
an "optimum method of solid waste disposal" with the caveat "that 
there is no ideal waste disposal system in existence which would 
meet all of the criteria to the fullest extent possible". The 
Planning Department's recommendation as contained in that report 
can be summarized as follows: 

1. (A regional solution had to be found;) 

2. (Any facility had to be able to handle at 
least 1,000 tons of solid waste per day.) 

3. As a result of the research conducted and 
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preparation of this study, it is 
recommended that the optimum long-term 
solution to the waste disposal problem is 
the construction of an efficient solid 
waste reduction facility, based on the 
principles of modern incineration. 

Reduction of solid waste utilizing a boiler 
fired with 'waste fuel' is the most modern 
prudent solution to the waste disposal problem. 
Energy recovery — for the production of steam 
— from this type of system aids in the control 
of air jDollution. 

Suffice it to say, that the details that are 
presented in the consultant's report verifies 
that the proposed facility is highly feasible, 
and in fact, economically attractive to the 
City of Akron, 

It is hoped that the proposal presented in 
this report will be accepted by Government 
Officials and the citizens of Akron as the 
best solution to the region's waste disposal 
problem as well as the present steam problem 
facing the Akron CBD, 

(e) The City sponsored, with the financial assistance of B.F, 
Goodrich, a "Feasibility Study of Solid Waste Reduction Energy Recovery" 
by Glaus, Pyle, Shomer, Burns and DeHaven. 

Both the findings of the District Court and the underlying record 
make it clear that the only reason Akron adopted its flow control 
ordinance was because it believed that the ordinance was necessary to 
sell bonds to finance the project, Dillon Read & Co., the bond 
underwriters, expressed the view that such an ordinance would reassure 
potential purchasers of the bonds that an adequate supply of waste 
would be available to support the economics of the project. No evidence 
was presented that suggested the supply is in fact inadequate. 
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The record also shows that no one involved considered the effect 
of the ordinance on recyclable waste. 

There is, as indicated earlier, some uncertainty as to the precise 
spectrum of waste materials that the Defendant City will initially 
consider to be covered by the Ordinance. However, it is undisputed 
that the enforcement of the Ordinance will divert to RES virtually all 
Akron-originated waste presently going to the Budoff transfer station 
The evidence in the record is undisputed that Hybud and Budoff will be 
literally wiped out by the Ordinance. Even if non-Akron recyclable 
material brought to the transfer station is not immediately forced to 
the RES, loss of over half of its volume of recyclable corrugated 
would make it impossible for Budoff to meet its operating and capital 
costs and run the transfer station on a break-even basis as such re
duced volume. Budoff theoretically could continue its purchasd and 
sale of scrap metal, but, again, that portion of ̂ he overall business 
could not possibly support the overhead and debt of the total enter
prise. Nor could Hybud hope to continue viably as strictly a waste 
collection finn. Its business has been geared over the years to the 
recycling activities of Budoff. Hybud has been able to complete 
effectively for collection business because of the cost savings real
ized through recycling and utilization of the transfer station. If 

h: recycling activity were eliminated by virtue of ̂ ^^ " ^ ^ - ^ ' a n d 
would have to raise its net prices to its customers substantially and 
would have great difficulty holding on to any -^^nif.cant portion of 
its present business. Thus, the trial record is clear that enforcement 
of the Ordinance could destroy Hybud and Budoff. • 

AS of this date no attempt has been made to enforce the Ordinance. 
RES has been in operation, but has been plagued with -"V P-^^^^; 
The costs have far exceeded all expectations. Restructuring of the 
bonds by OWDA may have already taken place. Grants from DOE ace 
expected soon. 

Hybud and Budoff want the RES to be a success " " ^^" ^^^^ 
RES can serve the purpose of providing - e"-^=;°™'^"""^ Under no 
means of disposing of a large amount of t>'^,^°l^^"f ̂^- ""f "<,"°e a 
conditions will it be the entire answer. There will continue to be a 
great :re:d for properly operated landfills. .-'^-^--f^Hn^o^ration 
that can be recovered from recycling facilities that are in operation 
and may come into operation will continue to serve a need. 

The flow control Ordinance in Akron and the --^v^^^^^^"^^^^^^ "i^;^ 
have on the small business man, can be applied on a "^^lonal scale The 
results could well destroy the unborn ideas for a more economical and 
enviioLentally acceptable resolution to the ever increasing amounts of 
solid waste. 
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Our nation grew and prospered as a result of the small entrepreneur, 
his willingness to work hard, take chances, using his imagination and 
creating a way of life that has become the American dream. There is 
still room for the continued advancement of this dream. 
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WASTE FLOW CONTROL-THE PUBLIC PERSPECTIVE 

Timothy F. Hunt, Jr. 

International President 
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ABSTRACT 

Until the evolution of resource recovery as a serious part of 
solid waste management the ownership of waste and its control was 
of little interest. With resource recovery now being seriously 
considered by many communities ownership of wastes and its control 
has become a major issue in solid waste management. Local govern
ment control of solid waste began as a means to protect the public 
health With the advent of environmental concerns the role ot 
government in solid waste management became even more Pronounced 
miile the delivery of solid waste management services may be done 
by either publicly or privately owned and operated systems govern
ment retains the ultimate responsibility for protection of the 
public interest. Successful resource recovery projects have in 
almost all instances depended upon government providing the in
coming wastes. This can only be accomplished by «°"'%^°^"^ °[ 
waste flow control. Consequently, rather than waste flow control 
beine a point of conflict between government and industry it is a 
necefsary part of the successful implementation of resource recovery. 

INTRODUCTION 

Today, even democratic government can exercise «ig"i«i""' " " " ° ^ „ ° ; " 
both indul^ry and private citizens. Except for the POwer o tax |.e mo t 
pervasive regulations are founded upon the so called P ° H " P ° " " ' °' 
^tale. Simpfy stated, these powers enable Sovernment to in ervene^when ^^^^ 

rrrg:::7ori^a:rd::irnertrrrote:truMLl:ath.or sa^f;ty were ..la^ 

years ago and have been thoroughly tested in P " " " ^ ^ : / " °"^ "^',^'/^egu-' 
L e v e r ! even today, government is attempting to ^''P^"^^'^f^.^P^^",3°^erthan 
lation into areas which were previously considered t°.b« P'^vate "ther t 
public One example would be requiring fencing of private swimming pools 
T o " ed on single-family property. Another would be "quiring s™oke detec 
tors in single-family homes. Regardless of how such laws " ^ ^J^"f ̂ ^^^'i^! 
courts, these examples demonstrate the willingness of government to contin 
ually expand into areas which are less public and more private. 
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Public welfare is even more nebulous than public health and safety. 
Considering only economic well-being as one facet of the public welfare, it 
is clear that governments may attempt to regulate any and all elements which, 
if not constrained, could have a negative impact on the financial stability 
of public systems or the public at-large. Although they don't always work 
as designed, public utilities are an example of restraint of trade founded 
primarily upon concepts of public welfare with overtones of health and safety 
thrown in for good measure. 

GOVERNMENT IN SOLID WASTE MANAGEMENT 

I have ciCed these very few examples of government intervention in an 
effort to demonstrate the willingness of most government to exercise their 
police powers whenever a public need is perceived. In this light we can now 
consider the issues of flow control over solid wastes with particular refer
ence to directing waste to a specified facility. 

Garbage is not glamorous. Historically, government policy makers have 
been reluctant to make the decision to get government into the solid waste 
business at an operational level unless there were public pressures to do so. 
Many local governments in this country today neither regulate nor otherwise 
participate in solid waste collection or disposal. Collection is arranged 
for by the property owner with a private hauler. The hauler makes his own 
arrangements for disposal. Government is neither aware nor concerned about 
what is occurring with solid waste in their jurisdiction. As long as the 
public health and environment are protected, no nuisances are created, ser
vice is adequate, and the charges to the public are reasonable, there will be 
little or no pressure for public involvement. If any of these conditions are 
frequently violated, there will be pressure on government to intervene. 

This laissez-faire approach to solid waste management is, in our opinion, 
irresponsible and not reflective of responsible government. While no one can 
argue against too much government, one can certainly agree that a "no hands" 
policy cannot guarantee the protection of the public good. It is precisely 
because of the need to protect public health and welfare, assure environmen
tal quality and guarantee a clean community that local government must assert 
some form of control over the movement and destiny of solid wastes generated 
within its jurisdiction. 

Involvement and control can come in a number of ways. That involvement 
need not be pervasive as many police actions are. Rather, government invol
vement can be accomplished through a variety of approaches while at the same 
time assuring the continuing role of private enterprise in solid waste 
management. Solid waste management is probably the one service to the public 
that can be creative in the establishment of a public private partnership. 
That partnership exists now because of the historical growth of solid waste 
management in this country. Today we see many examples of the public-private 
interface in solid waste management which is not practiced in any other part 
of our economy. And in almost all instances there is some form of govern
ment control and it is not pervasive. 
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certainly the public welfare has to be protected through adequate solid 
„te management The necessity for that service depends upon some form of 
^rnmen? intervention. It is; therefore, incumbent upon local government 

foassure tha the fragile public/private partnership in solid waste manage-
1 nt ontinues and flourishes. This necessity should dictate ^ow government 
tercises control over the movement of wastes within its jurisdiction A 
laisez-faire attitude toward the movement will not assure the protection of 
Tlullic welfare. Neither will such an attitude assure in today s econ 
omy, the economic success of solid waste management facilities. 

THE RATIONALE FOR WASTE FLOW CONTROL 

The facilities being planned today and for the future are far different 
The taciiiti-es, uej-ng f ^ „j ̂ i, n-^ inrreasine demand for more 

viable -ll'°\ll^'l'Jlll''lll^'l,n for large capital investments in equip-
management. This new era wiii regulations and to the marketplace, 
ment and facilities to respond to new "g^^^tions an ^^^^^ 

This investment of such large — °f^"^^^ ^ ^,,^°' '^re customer will 
is an assured flow of raw materials for the ^̂ ^̂ ^̂ ^̂ ^̂  /^.^^ d^„3„d a con-
demand the assured delivery of he product^ ^B^.hof these demands will re
tract between the customer and the ^^^^^^^^ ̂ ^f^fi °' \ , ,130 means that 
quire an assured waste load " - - ^ , ^ " ^ ° , ' ^ : , ^^.j'-f „ot going to be practiced 
competition, as we perceive of it ^^^ lllrnZnt may make the collection of 
-Ufils^rl: = - ; e ar;i:sible, here is j^^ 

^ - - r sre^rtL^rfore^hrthrrrretTirrr^q^ire some form Of pro-

tection through government intervention. 

Reviewing where progress has been -de ^ - - ^ ^ - ^ th^^^tlrvttion o"""" 
try and indeed in Europe and Japan one c ^ n ^ ^ ^ i ; ^ reasons, all of which 
government. Why is that °^ ^t ^ s^J i„,ol,ement in solid waste 
point out the need for a continuing g successful-an 
management. These faciitieshav^^to^have wo ^^ ̂ g^^^ ^^ ̂ ^^ ^^^ ̂ ^^^ 

;:rbfth^:rtL:f ZlHl government is involved. 

,f private enterprise invests the capital to take Jul! measure of^the^^^ 

many tax benefits available they still must na ^^^^^ ^^ 
to local government to deliver those wa es to their Pl^n ^^ ̂ ^^^^^ ̂  
the plants would like long term ^""tracts with local g ^^^.^ ̂ ^^ 
supply of wastes. Local government may del ver these was ^^_ 
trucks, or they may have a contractor ^^^ .'f̂ ^̂ ^ "^f !^„tect the public 
gardless, local government, with a responsibility to prot P^^ ^^ 

iood is still called upon by the E^"^;'^ °"^!^ '° 'fte to the bank and the 
addition, the private owner must be able o demonstrate to th ^^^ 

marketplace that they have the incoming ""P^f^f^^^^ng income for the 
to deliver a product to the marketplace thereby assuring guaranteed 
facility. There is no way that this can be ^"""P^^^^^^^^^'^rthe need for 
waste stream. This need for a guaranteed waste stream creates tn 
waste flow control in some form, by government. 
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If such a facility is sponsored by government but provided through one of 
the full service approaches, the same tests for economic success apply. 
Those tests seek answers to the questions of the potential for the facility 
to make the payments on the note for the facility; pay the staff; operate 
every day; and deliver a product to the marketplace. Again, the facility, if 
it is a resource recovery plant, has a customer that is buying the product 
and that customer expects to be served. Consequently, the facility must be 
assured of its incoming product. That assurance of an incoming raw product 
(solid waste) will have to depend upon some form of waste flow control. 

The third most common approach, that of public ownership, is no different 
than the two other approaches. If local government approaches resource re
covery from the sense of a business venture and does not pledge the general 
tax base for financing, the same economic tests apply. Consequently, the 
same answers must be there and waste flow control is the basic public policy 
form which those answers are derived . 

In these three instances, therefore, a completely private enterprise 
venture or a local government sponsored full service venture, or a public 
owner venture, all depend upon the assurance of a continuing flow of wastes. 
In all instances the owners/operators, the marketplace and the financial 
community look to local government to provide if not all then certainly a 
substantial portion of the incoming wastes. There is no way that local 
government can assure a guaranteed supply of waste unless there is a govern
ment control. Such involvement is unlikely without some form of waste flow 
control. 

The evolution of resource recovery has brought about the emergence of the 
waste flow control issue. However, it should be understood that the issue 
applies equally to disposal facilities where the revenue is the sole source 
of capital and operation support. This evolution is being actively supported 
by government demand for improved disposal practices. Until these somewhat 
recent phenomena occurred, the interest in who controlled the waste was not 
of great concern to the public or private sector. Frankly, as long as we 
allowed open dumps to be the major method of solid waste management in this 
country, no one really cared who was responsible. We are now, however, 
actively planning for disposal facilities with sophisticated environmental 
controls and capital intensive resource recovery facilities which must de
liver a product to a customer. This planning has led us to understand the 
fact that these facilities cannot compete in the same economic sense as the 
corner service station. On the other hand, we also sense that the same de
gree of government intervention as exists with the utility industry is not 
the answer to meeting our solid waste management needs. Government and in
dustry alike are seeking the best method for government involvement while 
protecting the traditional role of the private sector. 

Local government today finds itself faced with entering into a field of 
endeavor for which it is poorly equipped. Our traditional systems which 
were established in the past to protect the public good are poorly equipped 
to deal with today's demands on local government. This is particularly true 
in solid waste management. The implementation of public policy which is 
attempted without regard for what system or set of practices are already in 
place to serve the public really fails to serve the public. Where this has 
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occurred we nave seen tne iragile partnership between the public and private 
sectors of solid waste management threatened. In these instances government 
has attempted to exercise much of the same form of pervasive policy authority 
that it does in other areas of public welfare protection. This approach is 
iust not going to work in the solid waste management field. Local government 
must be far more creative in how it plans to oversee and participate in solid 
waste management. The development and implementation of public policy in 
solid waste management cannot ignore the relationship between public and pri
vate enterprise. If it does, such policies are destined from the start to 
fail; to not achieve its purposes, and will not take advantage of the 
strengths of either party. 

Local government is not equipped to participate in a venture which has 
all of the characteristics of a private enterprise effort. The organiza
tional and managerial arrangements of local government are not normally able 
to deal with issues in the same manner as those of the private sector. Pro
curement practices and policies prevent innovative and creative approaches 
to be utilized to procure goods and services. 

Further, government and their attendant bureaucracies are poorly equipped 
to enter into full competition within the free enterprise system, nor should 
hey Moreover, investment of public funds in speculative business ventures 
probably falls ;omewhere between political oblivion and malfeasance i" of ice. 
Therefore, do not expect to see government willingly compete with anyone in 
the field of solid waste management. Their mandate to protect the public 
^elfire, however, draws them inexorably into a ^°'-'^y/^"^^"^TfZiortle 
solid w^ste management. This role has in the past and will demand for the 
future that they control how wastes are managed. 

one can further argue, it seems without too strong of disagreement that 
the structure and nature of a private enterprise "f^anization may drastically 
change or alter over time, including its disappearance. On the other hand 
1 :a! government institutions will always be in place -^^--"Vong'te ^ 
for the nrotection of public health and environmental quality. Long term 

on the public and consequently local government not the private sector. 

LOCAL GOVERNMENT AND WASTE FLOW CONTROL 
It seems, therefore, that in the case of solid "-te management in the 

future in the U.S., government intervention is g°^"8 " .̂ ^ ""f "^^^fi^e 
intervention may seem strong and it is not intended to imp y a P«^^^^;^ 
intervention. Nor does the use of the "°r<i - P J Y a --"J^^^/^^ ^ela ne^d 
The recent history of resource recovery in the U.S. cieariy inui 
for government involvement in assuring the successful completion and opera
tion of a resource recovery facility. Government involvement appears to be 
needed to guarantee a waste supply for such facilities regardless of the 
arrangemenL of ownership and financing. A guaranteed «-t-^/^PP^^^/,^^,°f/i,y 
be assured if someone owns the waste stream and can direct it to that raciiity. 
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Waste flow control, therefore, should not be viewed by the private sector 
as an intervention by government against the free enterprise system. Govern
ment on the other hand should not view their control of the wastes as a form 
of monopoly which prevents the private sector from participating in solid 
waste management. Rather, these two partners should view waste flow control 
as a tool to be used by government to protect the public good and assure the 
economic success of resource recovery. 

Ultimately government has to be assured that the public good is protected. 
Protection of the public welfare brought government into the field of solid 
waste management in the first place. This requirement is even more demanding 
now than it was when government first entered into this vital public service. 
This requirement will continue in the future. The participation of the pri
vate sector in solid waste management has to be dependent upon the deter
mination of government that such service can best be provided to the public 
by private forces. That role is not going to change. What both partners in 
this effort must do is to find the best approaches and roles for assuring 
successful resource recovery facilities. It seems that the first role for 
government is to assure that the waste is there for a facility regardless of 
who owns or operates the facility. 

It seems implausible for any project to move forward until the issue of 
waste flow is settled. The relative roles beyond that point are really not 
the issue. There is plenty of the action remaining for the private sector 
and government control of the waste stream in no way obviates the participa
tion of the private sector in all aspects of resource recovery and solid 
waste management. 
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