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Executive Summary
Florida began regulating garbage and solid waste as early as 1946 when
municipalities were tasked with providing for an “adequate, efficient, and sanitary
system of collecting, transporting, and disposing of garbage and rubbish from all
buildings and establishments creating garbage or rubbish throughout the
municipality.” In 1975, Palm Beach County created their Solid Waste Authority to
coordinate the management of solid waste throughout the County. The Palm Beach
County Solid Waste Act, as amended, establishes the Solid Waste Authority as the
countywide authority for the management of solid waste within Palm Beach County.
The SWA operates a system of facilities that combines recycling, composting,
converting waste to energy through incineration, and landfilling.
In 1976, the “State Resource Recovery and Management Program” was enacted,
requiring certain counties and municipalities to adopt and submit for approval a local
Resource Recovery and Management Program by July 1, 1979. Guidelines for the
Program were enhanced in May 1979, dictating that “local agencies that undertake
construction and operation of a material or energy resource recovery facility should
guarantee delivery of solid wastes generated within their jurisdiction to insure
uninterrupted facility operation.”
In 1988, Florida passed the Solid Waste
Management Act (SWMA), outlining a framework for state and local actions, including
a 30 percent goal for recycling of county waste by the end of 1994. However, in
1993, the 30 percent goal was modified to exempt counties with population under
50,000. By 1994, Florida had more resource recovery capacity installed and
operating than any other state, maintaining that capacity through the 1990s with 13
facilities total.
In 2008, Florida passed the Energy, Climate Change, and Economic Security Act,
establishing a new recycling goal of 75% to be achieved by the year 2020. The
statute also directs the Department of the Environment (DEP) to develop a program
to achieve this goal. DEP is seeking input from stakeholders to assist with the
development of the program by holding public meetings and conducting other means
of collecting input. This paper explores the means by which the County of Palm
Beach may manage its growing waste flow and assist in meeting the 75% recycling
goal.

Proven Waste Technologies
Waste has been converted to beneficial use on a large scale for well over 100 years.
Since that time, the burning of municipal solid waste (MSW) with energy recovery
(now known as WTE) has matured into a safe, effective and environmentally
acceptable technology. The proven large-scale waste processing methods include
incineration and starved-air combustion. The basic types of MSW combustion
technologies include: mass-burn/waterwall combustion, mass-burn/starved air
combustion, refuse-derived fuel/dedicated boiler, and refuse-derived fuel/fluidized
bed. Other methods of MSW disposal are being used, sometimes mixed-waste
composting and, most often, landfilling.
In the State of Florida, there are 11 WTE facilities currently operating, nine massburn and two RDF. These facilities process about 18,000 TPD of MSW and generate
513 MW of electricity.

GBB/C0706301-01

ES-1

September 2, 2009

White Paper: Meeting the Future: Evaluating the Potential of Waste Processing
Technologies to Contribute to Solid Waste Authority System

Emerging Waste Technologies
There are many technologies currently being proposed for the treatment and
disposal of MSW throughout the world. Most of these involve thermal processing,
but some others comprise biological or chemical decomposition of the organic
fraction of the waste to produce useful products like compost, chemical feedstocks,
or energy products. Technologies include: pyrolysis, gasification, anaerobic digestion,
mixed waste composting, plasma arc, and chemical decomposition.

Recent Reports/Procurements of Waste Technology
The last new MSW-processing WTE facility constructed in the U.S. commenced
operations in 1996. Since that time, no new greenfield commercial plant has been
implemented. In the past few years, however, interest in WTE and waste conversion
has begun to grow, again. This renewed interest in waste processing technologies is
due to several factors: successful CAA retrofits, proven WTE track record, increasing
cost of fossil fuels, growing interest in renewable energy, concern of greenhouse
gases, reversal of the Carbone Supreme Court Case, and the change in U.S. EPA’s
hierarchy, which now includes WTE.
Since 2004, several municipalities commissioned reports in order to evaluate new
and emerging waste management technologies and approaches. New York City, the
City of Los Angeles, Los Angeles County, and King County, WA are among the
municipalities that commissioned studies in waste conversion technology. In 2006,
there were several procurements for WTE facilities. These include: St. Lucie County,
FL; Frederick and Carroll Counties in MD; Harford County, FL; Hawaii County, HI;
Pinellas County, FL; City of Tallahassee, FL; Broward County, FL; City of
Sacramento, CA; Solid Waste Authority of Palm Beach County, FL; and Hillsborough
and Lee Counties in FL.
In the foregoing studies, reports and procurements, a total of 78 technology vendors
were represented, evaluated, screened or selected in some way for consideration as
waste processing solutions for the local entities. These 78 vendors offered 14
different technologies. The most often-cited technology was mass-burn.

Environmental Aspects of Waste Processing Technologies
Municipal waste combustors are regulated under the federal Clean Air Act (CAA),
originally passed by Congress in 1963 and amended in 1967, 1970, 1977, 1990 and
1995 and 1998. The U.S. EPA may implement and enforce the requirements or may
delegate such authority to state or local regulatory agencies. The CAA places
emissions limits on new municipal waste combustors.
In addition, the 1995
amendments to the Clean Air Act (CAA) were developed to control the emissions of
dioxins, mercury, hydrogen chloride and particulate matter. By modifications in the
burning process and the use of activated carbon injection in the air pollution control
system, dioxins and mercury, as well as hydrocarbons and other constituents, have
effectively been removed from the gas stream.
The greenhouse gases that are generated in solid waste processing and disposal that
are of concern are: carbon dioxide (CO2), methane (CH4), and nitrous oxide (NO2).
The Waste Reduction Model (WARM), created by the U.S. EPA, helps solid waste
planners and organizations estimate greenhouse gas emission reductions from
several different waste management practices. WARM was applied to the waste
quantities applicable to Palm Beach County, which indicates hundreds of thousands
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of metric tons of carbon being saved through WTE. The removal of CO2 may be
convertible to carbon credits that may be sold for a source of additional revenue to
the SWA.

Considerations and Conclusion
Mass-burn and RDF incineration technologies require a water supply, and all types of
projects have a wastewater discharge. Besides domestic water for workers, potable
water is required for the waste heat boilers. Another consideration is ash disposal.
For all but the high-temperature thermal options and the anaerobic digestion system,
an ash will be generated. Florida regulations require applications for construction
permits for WTE facilities must include an ash management plan.
In assessing the applicability of waste processing technologies for Palm Beach
County, one must consider the overall track record of each, including the
operational/commercial experience of the technology, the size and scale of the
successful facilities, their environmental performance and impacts, their overall
economics, their reliability over time, and the availability of financially strong
companies to offer them under full service arrangements. The most applicable waste
processing technologies for Palm Beach County are the traditional proven
technologies of mass-burn/waterwall and RDF/dedicated boiler.
Considering
schedule and site size constraints at the SWA North County Resource Recovery
Facility, mass-burn technology would be preferred.
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1.0 Introduction
Florida began regulating garbage and solid waste as early as 1946 through the
Sanitary Code, subject to approvals by the State Board of Health. Regulation at that
time provided definitions and noted procedures and restrictions for illegal dumping
and proper storage, collection and disposal, mostly aimed at alleviating any vector
concerns. Municipalities were tasked with providing for an “adequate, efficient, and
sanitary system of collecting, transporting, and disposing of garbage and rubbish
from all buildings and establishments creating garbage or rubbish throughout the
municipality.”1
By 1966, the State Board of Health Sanitary Code had expanded to include many
more definitions as well as discussion of incineration, composting, and disposal of
pathological wastes. In addition, although municipalities were still saddled with the
responsibility to provide garbage collection, other persons, firms, corporations, and
governmental bodies or agencies became recognized as potential providers of
collection and/or disposal services for garbage, and were directed to manage these
services in a “completely nuisance free” manner as provided in the Code.2
After that time, the name of the Florida State agency in charge of solid waste
regulations changed somewhat frequently as new governmental functions were
developed. New rules were promulgated by the new agencies, although often not
deviating much, if any, from the rules in place under the prior agency name.
In 1975, Palm Beach County created their Solid Waste Authority to coordinate the
management of solid waste throughout the County. The County arrived at this
approach through combined and cooperative efforts of citizens, state and local
agency officials and legislators. The Solid Waste Authority of Palm Beach County
(SWA) was originally established as an independent special taxing district and later
converted to a dependent special taxing district, with the County Commissioners of
Palm Beach County serving as the Board of the SWA. The SWA was established for
the purpose of developing and implementing plans for an integrated County-wide
solid waste management system comprised of recycling, resource recovery, transfer
station, and landfill facilities to serve the future needs of the county at reasonable
cost.3
The Palm Beach County Solid Waste Act, codifying the SWA's Charter, Chapter 75473, as amended, establishes the Solid Waste Authority as the countywide authority
for the management of solid waste to meet the expanding problems related to the
processing and disposal of solid waste within Palm Beach County.4 All of Palm Beach
County is deemed to be special district and all governmental agencies (i.e., School
1

Florida State Sanitary Code, Chapter XXXI, Garbage and Rubbish, February 16 1946,
(accessed 1/23/09) ftp://ftp.dep.state.fl.us/pub/reports/62-701/FloridaSWRegulations_eff0216-1946.pdf.
2
Rules of State Board of Health, Sanitary Code of Florida, Chapter 170C-10, Garbage and
Rubbish, November 25, 1966, (accessed 1/23/09) ftp://ftp.dep.state.fl.us/pub/reports/62701/CH170C-10.pdf
3
The Solid Waste Authority of Palm Beach County, Integrated Solid Waste Management Plan,
August 2006.
4
Solid Waste Authority of Palm Beach County Florida website, http://www.swa.org/
site/information_and_documents/governing_board_and_laws.htm (accessed 1/29/09).
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Board of Palm Beach County, all county agencies and departments, all municipalities
within the county including 38 incorporated cities, and all special districts and
municipal service taxing units with all or part of their boundaries within the county)
are required to use exclusively the solid waste system operated and maintained by
the Palm Beach County Solid Waste Authority.5
The SWA operates an integrated system of facilities that combines recycling,
composting, converting waste to energy through incineration, and landfilling to
effectively manage the county's waste. The SWA's system includes a waste-toenergy plant, a landfill, a vegetation processing facility, a compost facility, two
materials recycling facilities, household hazardous waste collection facilities, and a
network of five transfer stations.6
The SWA was created with the understanding that no person shall operate, maintain,
construct, expand, or modify any waste management facility without first having
received a valid operating permit from the SWA. The SWA is empowered to
construct and operate solid waste disposal facilities including resource recovery
facilities, charge reasonable rates and fees to cover the costs of developing and
operating the solid waste system, and issue revenue bonds for acquisition and/or
construction of the system components.7
In 1976, the “State Resource Recovery and Management Program” was enacted,
requiring certain counties and municipalities, including Palm Beach County, to adopt
and submit for department approval, a local Resource Recovery and Management
Program, by July 1, 1979.
The proposed Program(s) could be developed
independently by a single jurisdiction or jointly among multiple entities. However, if
such a Program was deemed not economically feasible for a jurisdiction, and
justification was made to that effect, their participation was not required. Ultimately,
responsibility for the Program fell upon the County if no joint program or leadership
was established. Program requirements tasked entities to “adequately provide for
the receiving in bulk, storage, separation, processing, recovery, recycling, or disposal
of solid waste generated or existing within boundaries of the county or incorporated
Documentation to be
limits of the municipality or in the area served thereby.”8
included in the Program involved items such as: description of existing solid waste
management practices; population; solid waste generation sources, quantities, and
characteristics; description of a preferred solid waste management system; and a
comparison of current versus preferred system.
Detailed guidelines for the required Program were enhanced in May 1979, dictating
provisions for solid waste quantity guarantees to resource recovery facilities such
that “local agencies that undertake construction and operation of a material or
energy resource recovery facility should guarantee delivery of solid wastes generated
within their jurisdiction to insure uninterrupted facility operation. Such assurances
must be supported by adequate authority, or by contracts with local collection
5

Palm Beach County Solid Waste Act, Chapter 2001-331, Laws of Florida, as amended May
25, 2001.
6
Solid Waste Authority of Palm Beach County, Website, http://www.swa.org/
site/about_swa.htm (accessed 1/27/09).
7
The Solid Waste Authority of Palm Beach County, Integrated Solid Waste Management Plan,
August 2006.
8
Florida Administrative Code Chapter 17-7.25 - Resource Recovery and Management,
effective November 16, 1976 (accessed 1/26/09) ftp://ftp.dep.state.fl.us/pub/reports/62-701/
FloridaSWRegulations1966_1997_eff05-25-1979.pdf.
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services, or as a condition of inter-local agreements.”9
The result was the
construction of WTE facilities in the State; eleven are currently in operation as shown
in Figure 1-1.
Figure 1-1. Florida WTE Facilities

In 1988, the Florida State Legislature passed the Solid Waste Management Act
(SWMA) which outlined a broad framework for state and local actions in dealing with
solid waste, including establishing a 30 percent goal for recycling of county waste
going to final disposal by the end of 1994. In addition, counties, as the designated
primary responsible party, were required to implement recycling programs designed
to recover a majority of the “Five Materials” for recycling (aluminum cans, steel cans,
newspaper, plastic bottles, and glass containers). It was also mandated that certain
types of containers achieve a 50 percent recycling rate or be subject to an advance
9
Florida Administrative Code Chapter 17-7.251 – Resource Recovery and Management,
effective May 25, 1979. (accessed 1/26/09) ftp://ftp.dep.state.fl.us/pub/reports/62-701/
FloridaSWRegulations1966_1997_eff05-25-1979.pdf.

GBB/C09039-01

3

September 2, 2009

White Paper: Meeting the Future: Evaluating the Potential of Waste Processing
Technologies to Contribute to Solid Waste Authority System
disposal fee.10 All counties were required to initiate their programs by July 1, 1989,
with which they all complied.11
Required annual reporting to the state of each county’s solid waste program results
allowed the preparation of a compiled report on the state’s solid waste management
efforts as a whole. However, in 1993, the 30 percent recycling goal was modified to
exempt counties with population under 50,000, which applied to almost half the
counties. Even so, compliance still eluded over half of eligible counties through the
late 1990s. In addition, by that time, none of the counties had met the “Five
Materials” recycling goal. The 1993 revisions to the SWMA, excluding smaller
counties, also attempted to change the county-assigned recycling goal to a waste
reduction goal; however resulting statutory language was unclear and resulted in
uncertainties surrounding the ultimate program aims. 12
By 1994, Florida had more resource recovery capacity installed and operating than
any other state, maintaining that through the 1990s with 13 facilities total. The
1993 Florida State Legislature had established criteria for determining new resource
recovery capacity needs and promoted integration with other waste management
techniques. In addition, resource recovery facility emissions were scrutinized in a
legislature-funded study based on effectiveness of waste cleaning and source
reduction techniques.
Throughout this period of intense solid waste program planning, Florida has
supported local government implementation of statutorily-mandated solid waste and
recycling programs with generous grant funding. The foresight of the 1988 state
legislature in creating the Solid Waste Management Trust Fund has provided for
these continued activities.
In 2008, Florida passed the Energy, Climate Change, and Economic Security Act,
establishes a new statewide recycling goal of 75% to be achieved by the year 2020.
Also, the statute directs the Department of the Environment (DEP) to develop a
program to achieve this goal and submit it to the Legislature in 2009.
DEP is seeking input from stakeholders to assist with the development of the
program. To this end they have been holding public meetings and using other means
of obtaining the input. Some preliminary ideas for the program include:
•
•
•
•
•

Change how people think about waste and recycling by way of education and
outreach.
Enhance who recycles by placing more focus on the commercial and multifamily sectors.
Change the pattern of final waste disposition by decreasing the amount of
waste going to landfills.
Establish sufficient funding sources to assist local governments and keep a
reporting system in place.
Help develop markets to make increased recycling a sustainable process.

10

These requirements were modified or repealed after 1993. “Review of the Solid Waste
Management Act, Interim Project Report 2006-121;” The Florida Senate Committee on
Environmental Preservation, September 2005.
11
“Solid Waste Management in Florida, 1989 Annual Report;” Florida Department of
Environmental Regulation, Division of Waste Management; October 1, 1989.
12
“Solid Waste Management in Florida;” Florida DEP, Bureau of Solid and Hazardous Waste
Division of Waste Management; January 1995.
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•
•

Try innovative concepts such as “Pay As You Throw” and a bottle bill.
Most importantly, recognize that all of this will take time.

2.0 WTE Historical Perspective
The first U.S. waste-to-energy (WTE) facility, which extracted useful energy from the
combustion of waste, was built in New York in 1898.
Following that, most
incinerators were destruction units until the 1930s and 1940s when a number of
facilities were constructed in cities that had hot water coils in the refractory
incinerators. In the 1950s, boilers were added in the flue gas train to generate low
pressure steam for heating and electrical generation. These were batch fed units
such as the one constructed in Hempstead, NY. In the mid 1950s, the Betts Avenue
incinerator in New York City pioneered the continuous gravity feed system. This
system was adopted and refined in the 1960s by a number of European firms
including, Deutsche Babcock, Martin, VKW, Volund, Von Roll, W+E, and others.
At the time European companies were advancing mass-burn WTE technology, the
U.S. Congress, in 1965 passed the Solid Waste Disposal Act (SWDA). This act
essentially created a federal program in solid waste to be managed by the Public
Health Service. The Office of Solid Waste was organized within the Public Health
Service to manage the mandate of SWDA, which included the entire spectrum of
solid waste management. In 1970, the Resource Recovery Act amended the SWDA
and the Environmental Protection Agency (EPA) was created in a separate action.
EPA pulled together a group of diverse agencies including the Office of Solid Waste
and administration of SWDA moved into EPA. The SWDA included Section 208,
which provided for federal demonstration grants for “resource recovery systems and
improved solid waste disposal facilities” and backed these words with millions of
dollars. These grants helped fund a number of innovative projects including a
variety of waste processing projects. The major projects designed to recover energy
from waste included refuse-derived fuel (RDF), gasification and Pyrolysis:
•

City of St. Louis, MO and Union Electric Company – to produce RDF from City
waste and co-fire with coal in the existing coal suspension fired utility boilers
at the Meramec Station. This successful, 650 TPD project operated from
1972 through 1976. Additional processing equipment was added to the initial
front end to remove additional inert material from the RDF, which had caused
erosion in the air feeders and excess ash in the suspension–fired boilers.

•

Combustion Power Company of Menlo Park, CA – to develop and build the
CPU 400 fluidized gasifier system. This was a 100 TPD system that had a
front end to produce RDF and fluidized bed with direct injection of RDF into
the bed from above. After some clean-up, the gases from the fluidized bed
were fed to a gas turbine that drove a generator. The facility had limited
successful operation. Contaminants in the gas caused problems – erosion
and plating - with the turbine blades.

•

San Diego County and Occidental Research Corporation – to design, build,
operate and test a 200 TPD facility to produce RDF and feed a flash Pyrolysis
(Garrett) reactor to produce oil. The gas that was also produced was fed
back and used as fuel for the Pyrolysis unit. The facility did not scale up
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successfully and the oil produced contained excess water that lowered the
heating value to about 40 percent of what the pilot showed.
•

City of Baltimore and Monsanto Chemical – to design, build, operate and test
a 1,000 TPD rotary kiln Pyrolysis system. The facility included a front end to
produce RDF, which was fired, along with auxiliary fuel oil in the Pyrolysis kiln
to produce hot gases. The hot gases were cleaned and next sent to a heat
exchanger to produce steam to heat and cool buildings in downtown
Baltimore. The gas produced was a low Btu gas with about 12 percent of the
heating value of natural gas. The plant never functioned as designed. The
attempt to scale up from the 35 TPD pilot plant to 1,000 TPD was
unsuccessful; the plant was demolished and is the site of BRESCO, a 2,250
TPD Waste-to-Energy Facility.

All of these first projects involved the production of RDF, and three involved
gasification and/or Pyrolysis technologies. All of these OSW projects advanced the
state-of-the-art in WTE, and all were technical and/or economic failures as
production facilities.
In addition to the innovative technologies to recover resources from waste funded in
part by Section 208 of the SWDA a large number of private efforts were under
development during the 1970s. In 1983, the Department of Energy identified over
50 gasification and Pyrolysis development projects that had been active in the U.S.
The most notable of these are the following:
•

Union Carbide, Charleston, WV – built a 200 TPD gasifier that utilized unprocessed MSW as its feedstock. This consisted of a shaft furnace fed from
the top operating as a plugged flow reactor. Combustible gas was produced
in the upper part of the furnace from the volatile compounds in the waste and
drawn off to the gas cleaning system. The gas produced was a medium Btu
gas with about 30 percent of the heating value of natural gas. A unique
feature was the injection of oxygen into the lower section of the furnace to
burn the non-volatile compounds at high temperature. The residue produced
was a glassy aggregate or frit. A 150 TPD facility was built in Japan.

•

Torrax Systems, Inc., North Tonawanda, NY – developed a pilot Pyrolysis
facility the used un-processed MSW as feedstock. It utilized a shaft furnace,
similar to the Union Carbide system, except that it did not use pure oxygen.
The system had the capability to produce a combustible gas or steam. The
gas produced was a low Btu gas with about a heating value less than 200 Btu
per cubic foot. A 100 TPD system was constructed at Disney World in
Orlando, FL to be used to heat hot water for heating and cooling. Also, three
facilities were built in Europe. This facility was shut down in 1985.

•

American Thermogen, Whitman, MA - It utilized a shaft furnace to gasify unprocessed MSW.
It operated at high temperature and required a
supplemental fuel to operate. The solid residue was a glassy aggregate. The
pilot plant closed in 1975.

The first oil shortage with a run up in prices occurred in the 1970s. This undoubtedly
had an impact on the number of projects which were planned and built to use the
energy in MSW. These facilities included RDF production to burn in existing boilers,
RDF production with dedicated boilers, mass-burn facilities and others.
RDF
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production facilities which sent their RDF to existing utility boilers included projects
in Chicago, IL; Duluth, MN; Monroe County, NY; Milwaukee, WI; and Robbins, IL.
These facilities ranged in size from 150 TPD to 2000 TPD. Most of these facilities
utilized dry shredding to achieve the size reduction needed for the combustion
process. Based upon the use of hydropulpers in the EPA demonstration in Franklin,
OH, two major RDF facilities were constructed. In 1976 a 3000 TPD facility was built
in Hempstead, NY. The Miami-Dade 3000 TPD plant was built in 1981 and in 1985
the plan was rebuilt replacing hydropulpers with dry shredders.
As mentioned above, mass-burn incineration to produce energy in the U.S. has a
long history. The new generation of modern mass-burn WTE facilities with the grate
technologies imported from Europe was initiated in the Harrisburg, PA. This 1500
TPD facility was completed in 1971 using Martin technology. It is still in operation
however it has been rebuilt using a different grate technology. The Harrisburg
facility was followed in 1975 by the Saugus, MA facility developed by Wheelabrator
using Von Roll technology (1,500 TPD). In 1974, the City of Nashville, built the
Nashville Thermal Transfer facility (720 TPD) to heat and cool approximately 40
buildings in the central city. The system utilized technology developed by Babcock
Wilcox.
There are many more interesting projects with interesting stories in the WTE field.
Currently the U.S. is seeing a resurgence of interest in mass-burn WTE and
innovative “alternative” WTE technologies including gasification and pyrolysis. Each
of these technologies will be discussed in this paper. The lessons learned from the
projects of the 1970s, include:
•
•
•
•
•

Research and development is best done by deep pocket organizations like EPA
or large corporations;
Promising designs and bench test data do not always prove out at the
commercial level;
Large scale ups have high risk as shown by the Baltimore/Monsanto project;
Technical and operational risks are best assumed by the owner of the
technology; and
Organizations, such as cities, charged with managing daily waste disposal,
cannot rely on facilities with a high risk of outage.

3.0 Proven Waste Processing Technologies
Waste has been converted to beneficial use on a large scale for well over 100 years.
Since that time, the burning of municipal solid waste with energy recovery (now
known as WTE) has matured into a safe, effective and environmentally acceptable
technology. The proven large-scale waste processing methods include incineration
and starved-air combustion, as defined below:
Mass-burn Water Wall Combustion: This is the controlled incineration of organic or
inorganic waste with more than the ideal air (stoichiometric) requirement – excess
air -- to assure that complete burning occurs. The fire box is constructed of water
tubes to efficiently capture energy.
Mass-burn Starved Air Combustion: Starved air incineration utilizes less air than
water wall incineration, and it produces ash similar in appearance to that from a
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conventional incineration process. The lower air requirement leads to smaller
equipment sizes, which are factory built.
Refuse-derived Fuel/Dedicated Boiler: This form of incineration requires a processing
facility to prepare the fuel, RDF, to boiler specifications. A separate water wall boiler
burns the fuel, usually a semi-suspension system. This allows for a smaller, more
efficient boiler.
It has been found that recycling, which is the most preferred waste management
option aside from waste reduction, is high in communities with WTE facilities. This
holds in the United States as well as in other countries. As shown in Table 3-1 from
BioCycle's “2008 State of Garbage in America,” most of the states with WTE have
recycling rates higher than the national recycling average of 28.6%.13 Apparently,
where WTE exists, there is greater public awareness of waste disposal and the need
to deal with waste reduction overall.
Table 3-1. Recycling Rates in States with Significant WTE

State
1
2
3
4
5
6
7
8
9
10
11
12

Recycling Rate

Combustion Rate

25%
37%
25%
29%
43%
37%
35%
32%
30%
32%
34%
34%

64%
34%
46%
25%
20%
20%
16%
32%
12%
16%
11%
17%

32.7%
28.6%

26.1%
6.9%

Connecticut
Massachusetts
Hawaii
Florida
Minnesota
Maryland
New York
Maine
Pennsylvania
New Hampshire
New Jersey
Virginia

Average of WTE States:
National Average

Other methods of MSW disposal are being used, such as mixed-waste composting
and landfill, but they are becoming less and less attractive. Mixed-waste composting
requires large land areas or high capital investment. It also can create significant
odor and the compost is limited in its application. Landfill is not a processing
technology; it is storage. It also requires large land areas, generates methane (a
greenhouse gas that is more than 20 times as potent as carbon dioxide, which is
13

“The State of Garbage in America,” BioCycle, December 2008.
BioCycle includes composting, WTE and landfilling, in their recycling figures. EPA reports MSW
from a slightly different source. They include collection receipts for domestic waste and for
industrial waste, but their recycling quantities are derived from firms that recycle the waste,
such as paper mills or steel plants, rather than from collection data. This difference in
methodology from that used by BioCycle is reflected in the difference in recycling rates in the
United States in 2006, which is reported as 32.5% by EPA and 28.6% by BioCycle.

GBB/C09039-01

8

September 2, 2009

White Paper: Meeting the Future: Evaluating the Potential of Waste Processing
Technologies to Contribute to Solid Waste Authority System
generated from WTE), and may create other environmental impacts, such as water
pollution.
WTE has proven to be a reliable method for waste processing and disposal. Modern
plants are compatible with aggressive recycling programs and have an
environmentally acceptable track record.
While new WTE procurements have declined in the United States, the market for this
equipment has increased in Europe and in Eastern Asia, with European and Japanese
systems suppliers actively marketing their systems, and consistently improving their
performance. This technology is well tested and is used more than any other for
large waste processing facilities in the United States and overseas. Table 3-2.14
demonstrates the extent of use of WTE technology throughout the world.
Table 3-2. Use of Waste-to-Energy Facilities Worldwide
Location

Number
of
Facilities
400
100

8 to 15% based on MSW reported by EPA
and BioCycle
varies from country to country
70 to 80%

70

varies from country to country

USA

87

Europe
Japan
Other nations
(Taiwan, Singapore,
China, etc.)

Amount of MSW Managed by WTE
as a % of Total MSW Generated

In the State of Florida, there are 11 WTE facilities currently operating, nine massburn and two RDF. These facilities process about 18,000 TPD of MSW and generate
513 MW of electricity. Table 3-3 describes those plants.
Table 3-3. Waste-to-Energy Plants in Florida15
Facility

City

Bay County Resource Recovery Center

Panama City

Hillsborough County Resource Recovery Facility

Tampa

Lake County Resource Recovery Facility

Okahumpka

Lee County Resource Recovery Facility
McKay Bay Refuse-to-Energy Facility

MSW
Capacity

Start
Date

Electrical
Capacity

500

1987

10 MW

1200

1987

29 MW

528

1991

14.5 MW

Fort Myers

1836

1994

57 MW

Tampa

1000

1985

22.5 MW

Miami-Dade County Resource Recovery Facility

Miami

2592

1979

77 MW

North County Resource Recovery Facility

West Palm
Beach

1800

1989

62 MW

Pasco County Resource Recovery Facility

Spring Hill

1050

1991

30 MW

Pinellas County Resource Recovery Facility

St. Petersburg

3000

1983

77 MW

Wheelabrator North

Broward, Inc.

Pompano
Beach

2250

1991

68 MW

Wheelabrator South

Broward, Inc.

Ft. Lauderdale

2250

1991

66 MW

14

Energy Recovery Council (formerly Integrated Waste Management Services Association)
website.
15
IWSA 2007 Directory, Integrated Waste Services Association (now the Energy Recovery
Council; www.energyrecoverycouncil.org).
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The following sections describe the basic types of MSW combustion technologies
which have been in use for decades in the U.S.

3.1

Mass-Burn/Waterwall Combustion
3.1.1 Process Description

In mass-burn waterwall combustion, MSW is placed directly into the feed chute of
the system for incineration with no pre-processing, except for removal of large noncombustible items (refrigerators, washing machines, microwave ovens, etc.). Waste
is gravity fed onto a moving grate at the bottom of a combustion chamber in a
furnace with walls built of water tubes, as shown in Figure 3-1.

Figure 3-1. Waterwall Furnace Section16
Half the heat generated from the burning waste is absorbed by the water walls and
the balance heats water in the boiler (evaporator, super heater and economizer), as
shown in Figure 3-2.

16

Source: Babcock and Wilcox.
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Figure 3-2. Typical Mass-Burn Waterwall System17
The off-gas exiting the boiler passes through an air pollution control system, where
pollutants are removed, and is discharged through a stack to the atmosphere.
Waste is burned out to an ash in the furnace. Heat extracted from the waterwalls
and the boiler section generates steam, which, in most facilities, is directed to a
turbine generator for electric power production. Waterwall systems are fabricated
on-site. They generally have larger unit sizes, 200 TPD up to 750 TPD, and multiple
units are used when higher capacity is required. Much of the equipment is fielderected requiring extended contracting schedules of 28-32 months.
They are
forgiving in their operation and are reasonably efficient in the burnout of waste and
in the generation of energy.
3.1.2 Worldwide Experience and Vendors in United States
No new mass-burn WTE facilities have been built in the United States for more than
ten years, although recently there have been expansion and new procurements.
Also, there have been acquisitions and ownership and operator changes at certain
existing facilities, as well as some plant expansions. As a result, the firms associated
with mass-burn WTE are either operators or owners of existing facilities. As shown
in the Table 3-4., Covanta and Wheelabrator own and operate the majority of
privately-owned WTE facilities. Most of the WTE plants, both public and private, are
operated by Covanta, Montenay/Veolia18 or Wheelabrator.

17

Source: Fairfax County, VA.
In July 2009, Covanta announced it has purchased Veolia’s WTE facilities - details to be
provided in final report.

18
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Table 3-4. U.S. Mass-Burn/Waterwall Facilities19
Entity
Covanta
Montenay/Veolia (1)
Public
Wheelabrator
Other
Total

Owned
14
2
49
10
12
87

Operated
31
10
18
16
12
87

Source: IWSA 2007 Directory, Integrated Waste Services Association
(now the Energy Recovery Council)

Some of the mass-burn facilities were designed by American firms with proprietary
technology, such as Detroit Stoker, Combustion Engineering and Babcock & Wilcox,
but the majority of these existing systems are of European design. The two leading
suppliers of WTE grate systems in the United States and overseas are The Martin
Company of Germany and Von Roll of Switzerland represented in the U.S. by
Covanta and Wheelabrator, respectively.
While new WTE facility procurements have declined in the United States, the market
for this equipment has increased in Europe and in Eastern Asia, with European and
Japanese systems suppliers actively marketing their systems, they have been
consistently improving both their energy production and environmental performance.
This technology is mature and is used more than any other for large WTE facilities in
the United States and overseas.

3.2

Mass-Burn/Starved Air Combustion
3.2.1 Process Description

Starved air combustion is another
incineration process. Unprocessed
MSW is placed directly into a
refractory lined chamber.
The
primary
chamber
of
the
incinerator includes a series of
charging rams which push the
burning waste from one level to
another until it burns out to an
ash and is discharged to a wet ash
pit, as in Figure 3-3.
Less than the ideal amount of
combustion air is injected into the
primary combustion chamber, and
the gas from the burning waste
does not fully burn out at this
location.
It is directed to a
secondary combustion chamber
where additional air is added to
complete the burning process.

Figure 3-3. Typical Modular
Combustion System
Source: Consutech Systems, Richmond, VA

19

In July 2009, Covanta announced it has purchased some of Veolia’s WTE facilities - details
to be provided in final report.
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Hot gases pass though a separate waste heat boiler for steam generation, and then
through an air pollution control system, before discharge through the stack to
atmosphere.
A major advantage of this system is injection of less air than ideal in the primary
combustion chamber. With less air, the fans can be smaller and the chamber itself
can be smaller than with other systems. Also, with less air flow, less particulate
matter (soot) enters the gas stream, resulting in the air pollution system being sized
for a smaller load.
These systems are also referred to as, modular systems, because they are factory
built and can be brought to a site and set up in a relatively short period of time, e.g.,
18-24 months. Multiple units, or modules, are used to process larger tonnages.
They are less efficient than waterwall units in waste burn-out and in energy
generation. They have been built in unit sizes up to 150 tons per day.
3.2.2 Worldwide Experience and Vendors in United States
Modular systems are used for smaller WTE facilities and for industrial applications.
There are a number of American firms supplying such systems in the United States,
and they are very competitive in overseas markets as well. The more active of these
suppliers are Consutech Systems (formerly Consumat) of Richmond, Virginia,
Enercon Systems, Inc. of Elyria, Ohio, and Basic Environmental Engineering of
Chicago, Illinois. They have each been supplying incineration systems for MSW and
other wastes for over 25 years.
Other U.S. firms, such as Energy Answers of Albany, NY, and Covanta Energy of
Fairfield, NJ, are marketing project development and management services for
modular WTE facilities.

3.3

Refuse-derived Fuel/Dedicated Boiler
3.3.1 Process Description

In the refuse-derived fuel systems, MSW is mechanically processed in a “front end”
system to produce a more homogenous and easily burned fuel, refuse-derived fuel
(RDF). RDF, as shown in Figure 3-4, in its simplest form, is shredded MSW with
ferrous metals removed. Additional processing can be applied to the incoming waste
stream to remove other non-combustible materials such as glass and aluminum.
Additional screening and shredding stages can be placed in the processing line to
further enhance the RDF.
The RDF produced is blown into the furnace from the left, above the grate, see
Figure 3-4. What does not burn in suspension (above the grate) will burn on the
grate, and the hot gases generated will pass through a waterwall section and then a
boiler section. This system is similar to the mass-burn waterwall facility except in
the nature of waste charging and burnout.
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Figure 3-4. Typical RDF Combustion Facility20
Source: Energy Answers Corporation.

The unique feature of RDF systems is in the pre-processing of waste. As seen in the
diagram of a typical RDF processing facility in Figure 3-5, MSW enters the facility and
then passes through a pre-trommel, where bags of waste are broken open.
Materials dropping out of the pre-trommel pass through another trommel, but the
majority of waste goes through a shredder. A magnetic separator removes ferrous
metals and the balance of the material is fired in the furnace.

Figure 3-5. Typical RDF Processing Facility
Source: generic.

20

Energy Answers Corporation
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Other configurations may include additional separating equipment, or may not use
any trommels, but the RDF generated is always shredded, so that it is capable of
being blown into a furnace. Although results vary with the processing configuration,
in general about 80% of the incoming waste stream is converted into RDF for the
thermal process.
An advantage of this system is in the removal of metals and other materials from the
waste stream. While not all these facilities include this step in the processing line,
those that do can realize revenue from the sale of recovered metal. For instance, at
the North County Resource Recovery Project in West Palm Beach, Florida, the
nominal 3,000 TPD facility removed and sold over 36,000 tons of ferrous metals in
2004, which represents over 3% of the weight of the incoming waste stream. With
the removal of non-combustibles, the specific heat content of the RDF can be
increased by 10% over the original MSW.
3.3.2 Worldwide Experience and Vendors in U.S.
As with mass-burn systems, there have not been any new RDF systems constructed
in the United States in the past decade. The 15 RDF WTEs currently in operation are
operated by some public entities and contractors including; Excel, Veolia, Covanta
Energy, and Babcock and Wilcox.
Equipment used in this technology is adapted from equipment provided in coal-fired
electricity generation plants, and there are many established U.S. system and
equipment suppliers, such as Foster Wheeler, Riley Power Inc. (a Babcock Power Inc.
company, formerly Riley Stoker Corp.), and Babcock and Wilcox.

3.4

Refuse-derived Fuel/Fluidized Bed
3.4.1 Process Description

For fluidized bed combustion, MSW is shredded to less than four inches mean particle
size using an RDF process similar to that described in 3.3.1 above to produce the
fuel. The RDF is blown into a bed of sand at the bottom of a vertical cylindrical
furnace, as shown in Figure 3-6. Hot air is also injected into the bed from below, and
the sand has the appearance of a bubbling fluid as the hot air agitates the sand
particles. Moisture in the RDF is evaporated almost instantaneously upon entering
the bed, and organics burn out both within the bed and in the freeboard, the volume
above the bed. Steam tubes are embedded within the bed and a transverse section
of boiler tubes captures heat from the flue gas exiting the furnace; an Energy
Products of Idaho (EPI) system is shown in Figure 3-7. EPI fluidized bed system in La
Crosse, WI is fueled by RDF and hogged waste wood. It consists of two 251 TPD
units. The RDF is produced in a remote facility, located in Elbe River, WI.
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Figure 3-6. Typical RDF Fluid Bed System
Source: Energy Products of Idaho, Coeur D’Alene, ID.

Fluid bed incineration is more efficient than grate burning-based incineration
systems. The fluid bed is very effective in waste destruction and requires less air
flow than mass-burn or modular systems. The fluid bed, however, does require
relatively uniform sized material and removal of certain slagging materials, therefore
RDF preparation is necessary. It is required for operation of the fluidized bed, not,
as with the above systems, for materials recovery.
An RDF/Gasification/Incineration technology similar to that described above is a
product of Ebara Corporation of Tokyo. They have four such systems in operation for
MSW and industrial wastes in Japan, ranging in size from 185 TPD to 460 TPD. Their
variation of the fluid bed system described above is the fluidized-bed gasifier, shown
in Figure 3-7.

Figure 3-7. RDF Fluidized Bed Gasification System
Source: Ebara Corporation, Tokyo, Japan.
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This system is described as fluidized bed gasification, and the difference from
fluidized bed incineration is that it exports a burnable gas. RDF is first prepared
using a process similar to the ones illustrated in Figures 3-4 and 3-5. The RDF
(called “wastes” in Figure 3-7) is then charged to the fluid bed and the gas
generated is directed to a combustion chamber, shown above, with molten slag
dropping out to a water-cooled sump. The molten slag solidifies into a glass-like
material which can be used as a construction material or fill. Heat from the gas fired
in the combustion chamber is captured in hot water tubes to generate steam which
can be used for electric power generation. Without the generation of a usable gas
stream, and with the necessity of a combustion chamber for gas burn-out, this
system is an incinerator.
3.4.2 Worldwide Experience and Vendors in U.S.
There are several RDF/fluid bed systems operating in Europe (particularly in
Scandinavia, where a number of fluid bed incinerator manufacturers are located). In
the United States fluidized bed combustion using RDF as a fuel include: French
Island, WI, owned and operated by Excel Energy of Minneapolis and Tacoma
Washington Municipal Utility. The equipment was supplied by Energy Products of
Idaho in Coeur d’Alene, the only U.S. firm currently manufacturing fluid bed furnaces
for RDF firing. Other U.S. firms, Foster Wheeler, Babcock & Wilcox, and others, have
provided fluidized bed units utilizing coal, rice hulls and other feedstocks.

4.0

Emerging Waste Technologies

There are many technologies currently being proposed for the treatment and
disposal of MSW throughout the world. Most of these involve thermal processing,
but some others comprise the biological or chemical decomposition of the organic
fraction of the waste to produce useful products like compost or energy products,
notably gas for downstream combustion or use as chemical feedstock.
Thermal processing refers to a number of different types of technologies utilizing
heat as the mode of waste treatment. There are over 100 firms offering gasification,
pyrolysis, plasma arc, and anaerobic digestion technologies. We have selected some
example companies to illustrate the technologies; no endorsement is implied.

4.1

Pyrolysis

In pyrolysis, an organic waste (MSW) is heated without oxygen (or air), similar to
the generation of coke from coal or charcoal from wood. This generates a gas, char
and inorganic residue. The gas is burned out in a gaseous phase, requiring much
less oxygen than incineration. Metals, glass and other inorganic residues will usually
melt at the temperatures within the pyrolysis chamber and will be discharged as a
black gravel-like substance, termed frit. Advantages of this process are in the lack
of air entering the chamber and the resulting smaller size of system components.
Without air, there is little nitrogen oxide generation, and low particulate (soot)
formation. There have been many attempts to develop this technology outside a
laboratory or a pilot plant. In past demonstrations in the 1970s, it was difficult to
maintain a sealed chamber to keep air out, and waste variability creates problems in
maintaining consistent operation. When the pyrolysis gas is fired in a combustion
chamber that is part of the system, the system is classified as an incinerator.
Currently, there are no full-scale pyrolysis systems in commercial operation on MSW
in the United States.
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A 50-TPD pilot demonstration system began operating in southern California in 2005.
It was built and is operated by International Environmental Solutions (IES), of
Romoland, CA, shown in Figure 4-1. The process shreds MSW down to a uniform size
capable of feeding into the thermal converter, or pyrolysis chamber. The pyrolysis
gas generated is fired in a secondary combustion chamber, or thermal oxidizer, and
passes through a waste heat boiler for heat recovery. Char drops out the bottom of
the pyrolysis chamber for disposal or further processing for recovery of metals and
other constituents. Although this system is marketed as a pyrolysis system, a
combustion chamber is necessary for its operation (for destroying organics in the offgas) and the presence of this chamber classifies the system as an incinerator.

Figure 4-1. Process Diagram of a Pyrolysis System21

4.2

Gasification

Gasification is the heating of an organic waste (MSW) to produce a synthesis gas,
Syngas, which consists primarily of hydrogen, carbon monoxide, carbon dioxide and
some trace compounds. It varies in its heating value from 200 to 500 Btu per cubic
foot. It can be used as fuel or as feedstock or for production of other chemicals.
While pyrolysis systems are primarily focused on waste destruction, a gasifier is
designed primarily to produce a usable gas. As shown in Figure 4-2, Thermoselect, a
European firm represented in the U.S. by Interstate Waste Technologies (IWT) of
Malvern, PA, has developed a system composed of 400-TPD modules processing
MSW.

21

Source: International Energy Solutions, Inc., Romoland, CA.
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Figure 4-2. Typical Gasification System
Source: Interstate Waste Technologies, Malvern, PA.

Waste is fed into a gasification chamber to begin the heating process, first having
been compressed to remove entrapped air. Some oxygen, sufficient only to maintain
the heat necessary for the process to proceed, is injected into the reactor, where
temperatures in excess of 3,000oF are generated. At this high temperature, organic
materials in the MSW will dissociate into hydrogen, methane, carbon dioxide, water
vapor, etc., and non-organics will melt and form a glass-like slag. The gas is
cleaned, water is removed, and it can be used for power generation, heating or for
other purposes. The glass-like slag can be processed to remove metals and used as
fill, or as a building material for roads, etc.
Seven plants with this technology are currently operating in Japan, with at least two
of them firing MSW. The largest of these plants in Kurashibi has a reported furnace
size of 185 TPD, with three units of this size. Their largest facility fires up to 555
(Metric) TPD of MSW.
Another gasifier marketed for MSW is built by EnTech of Devon, England. They have
constructed approximately 20 of these facilities, which are in operation on MSW in
Europe and Asia. Most of them are relatively small (less than 10 tons per day), with
none designed for more than 70 tons per day throughput.
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Figure 4-3. EnTech Process Schematic
Source: Entech.

This system generates, in addition to a salable gas (synthesis gas, or syngas),
recyclable plastics and other potential revenue streams. As shown in Figure 4-3,
MSW is classified by a combination bag breaker and gravity separator process,
termed a Kinetic Streamer. Oversize materials, which are basically inorganic, are
directed either to a plastics recycler or a non-plastics recycling station, while the
majority of waste (presumably organic) is directed to a dryer to remove entrained
moisture. The dryer utilizes the latent heat inherent in the organic content of the
waste to produce the heat necessary to drive the gasification process. The syngas
can be fired in a waste heat boiler for steam and subsequent electric power
production.
Two Canadian firms have advanced gasification.
Enerkem, headquartered in
Montreal, Quebec, has an operating pilot gasification facility in Sherbrooke, Quebec,
and is building a commercial facility in Westbury, Quebec which will be operational in
2009. Also, in 2008, Enerkem signed an agreement with Edmonton, Alberta to build
a 100,000 TPY facility, which has been permitted. These facilities produce ethanol
from the gas using a thermal/chemical process. The Plasco Energy Group, which has
a five-TPD research facility in Spain, has operated a 100-TPD pilot plant in Ottawa,
Ontario. Plasco has letters of intent from the City of Ottawa for a 400-TPD
commercial facility and CWMC in Red Deer, Alberta for a 200-TPD facility.

4.3

Anaerobic Digestion

As applied to the processing of MSW, anaerobic digestion is a wet treatment process
where waste is first pre-sorted and then fed into water tanks. Using agitators,
pumps, conveyors and other materials handling equipment, MSW is wetted and
formed into a slurry. Metals, glass and other constituents of MSW that have no
affinity for water are eventually discharged from the system into dedicated
containers for recycling, further processing or final disposal. The paper, garbage,
soluble components, etc., generate “black water” which has a relatively high organic
content. This stream is processed in a series of sealed digesters without air where
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microorganisms break down the solids and generate gas containing methane. The
time in the chamber and the residence time will be sufficient to generate the gas.
The process is shown in the schematic in Figure 4-4.

Figure 4-4. Process Flow for Anaerobic Digestion System
Source: Arrow Bio
This gas is rich in methane and other organics and can be burned as a fuel for
heating or for electric power generation. The solid residual from the digestion
process is similar to compost and can be used as a soil amendment. The process
also separates out recyclable materials such as glass and metals. There are many
such facilities processing sewage sludge, manure and other homogeneous wastes.
ArrowBio of Haifa, Israel, is a vendor offering to construct anaerobic digestion
facilities to process MSW in the United States.
They have responded to
procurements in Los Angeles and New York. They operate a 100-TPD, full-scale
MSW demonstration process line in Tel Aviv and have a 270-TPD, commercial scale
plant for MSW operating in
Sydney, Australia, illustrated in
Figure 4-5.
The system operates without
high temperatures or pressure.
In theory, it is extremely simple,
relying
on
non-specialized
mechanical equipment (pumps,
screens,
macerators,
tanks,
conveyors, etc.) for operation.
Digestion occurs through the
presence of natural microorganisms in MSW, so charging
with specialty or unique bacteria
is not necessary.

4.4

Figure 4-5. ArrowBio Facility in Sydney

Mixed Waste Composting

Composting is a natural process that depends on the action of microscopic organisms
to break down organic matter. Composting has been used for hundreds of years to
process a variety of agricultural wastes. There are two types of micro-organisms
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that digest the organic materials: aerobic and anaerobic. The first need oxygen or
air to function and the latter work without oxygen. Anaerobic composting produces
combustible biogas as a byproduct. There are five factors that influence the
composting process: (1) moisture, (2) oxygen or air, (3) temperature, (4) chemical
balance of carbon and nitrogen and (5) particle size. Large scale mixed waste
composting facilities are industrial plants which receive waste and grind the material
in large shredders, removing inert materials by screening and other processes. The
feed material is then moved to the composting vessel where the organic materials
are digested by the micro-organisms. The process and factors 1 through 3 are
controlled by computer. After initial processing the resulting compost product is
stored to “cure” and then it is ready to be sold. Using California post-recycling waste
composition data,22 it is estimated that aerobic composting would reduce the waste
landfilled to 25 percent of the initial feed. There would be 43 percent recovered as
compost and material products and 32 percent released to the atmosphere as gases
The products produced from a mixed waste
(mainly CO2 and water vapor).
processing facility include materials: ferrous metals, nonferrous metals, and various
grades of plastic, which are recovered in front end processing. Glass may be
recovered or may be pulverized and become part of the compost product. The
compost product has a low economic value and competes with peat moss as a soil
conditioner.
There are several hundred mixed waste composting plants in Europe, both aerobic
and anaerobic. BioCycle reports23 that there are 13 mixed solid waste composting
facilities operating in the United States as shown in Table 4-1.
Table 4-1. Operating Mixed Waste Compost Facilities
State

California
Georgia

Massachusetts

Minnesota
Montana
Nevada
New York
22
23

Throughput
Tons/Day
(unless noted)

Locations

Ownership/Op
erator

Gilroy

Private/Z-Best
Composting

Mariposa
County

Municipal

Cobb County

Municipal

Marlborough

Private/WeCare
Environmental

Rotating drum/aerated
windrow (Bedminster)

Nantucket

Private/Waste
Options, Inc.

Rotating drum/aerated
windrow (Bedminster)

1,500-2,000
tons/month (with
biosolids)
100 peak/15 offpeak (with biosolids)

Municipal

In-vessel (OTVD)

65

Truman
(Prairieland
SWMB)
West
Yellowstone
West
Wendover
Delaware
County

System
Enclosed ASP1
(CTI System)
In-vessel
(SV Composter – ECS2)
Rotating drum/aerated
windrow (Bedminster)

In-vessel (SV Composter –
ECS)
Rotating drum/aerated
windrow
Rotating drum w/agitated
bays (Conporec/IPSSiemens)

Municipal
Municipal
Municipal

350
60
200

40 peak/20 off-peak
12 (with 2 tons
biosolids)
24,000 tons/year
(with 7,000 tons
biosolids)

Statewide Waste Characterization Study, California Integrated Waste Management Board,
December 1999.
BioCycle Magazine, JG Press, Inc., November 2008.
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State

Locations

Ownership/Op
erator

System

Throughput
Tons/Day
(unless noted)

Ohio

Medina

Municipal/Norton
Environmental

Windrow

33

South Dakota

Rapid City

Municipal

Tennessee

Sevierville3

Municipal

Wisconsin

Columbia
County

Municipal

Rotating drum/
aerated windrow
(Bedminster/
Backhus turner)
Rotating drum/aerated
windrow (Bendminster/
Backhus turner)
Rotating drums/windrows

250 (with 50 wet
tpd biosolids)
250 (with 50 wet
tpd biosolids)
80

1

ASP = Aerated static Pile
ECS=Engineered Compost Systems
3
Currently not composting due to major facility fire in May 2007
2

Since BioCycle published in November 2008, the Cobb County facility has had a fire
and closed. The plant will be converted to a recycling processing facility providing
residential and commercial recycling services. In 1995, there were 17 mixed waste
composting facilities operating in the U.S.24 Of the plants surveyed in 1995, only
three are currently operating. There were at that time a number of technology
suppliers including Bedminster, Danaco, Ryan/OTVD, Buhler and others. Large scale
plants with daily processing capacities of 200 TPD or greater, were built in Portland,
OR, Baltimore, MD, Miami, FL, Cobb County, GA, Sevier County, TN, Sumter County,
FL and Pembroke Pines, FL, all of which failed for technical reasons, like odor control,
or financial difficulties. A key problem has been that the quality of the compost
products produced was lower than expected, which reduced the revenues and made
the projects too costly and/or non-competitive with other available waste
management alternatives.
The trend in composting seems to be toward segregating bio-wastes and then
composting to produce compost and/or biogas. In the United States, composting is
used primarily to process yard waste and sewage sludge (biosolids), and there are
thousands of successful projects. These are generally small units processing less
than 10 dry tons per day of biosolids, with two large facilities processing more than
200 dry tons per day.

24

Municipal Solid Waste Composting – A Review, Gershman, Brickner & Bratton, Inc., for Solid
Waste Association of North America and U.S. EPA, April 1995.
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4.5

Plasma Arc

Plasma arc refers to the means of introducing heat into the process. Essentially a
plasma arc system is a pyrolysis or starved air process generating heat by firing the
waste with a plasma torch using electric current to produce a syngas, which is then
combusted to produce steam and/or electricity, and is classified as an incinerator. If
the system generates an off-gas that contains burnable gases (e.g., hydrogen and
carbon monoxide) that can be used off-site, it can be classified as a gasifier. A
typical unit is shown in Figure 4-6.
Plasma is a collection of free-moving
electrons and ions across a gas
volume at reduced pressure. The
gas molecules, losing one or more
electrons, become positively charged
ions capable of transporting electric
current and generating heat when
the electrons go into a stable state
and release energy similar to
lightning in the atmosphere. Plasma
can reach temperatures exceeding
7,000° F.
Molten slag from the
process is about 3000° F. The byproducts of plasma gasification –
slag or glassy aggregate and metals
- are similar to those produced in
other high-temperature gasification
technologies.
Also, as with other
gasification technologies, plasma
gasification
requires
the
preprocessing of the MSW feed to
Figure 4-6. Cross-section of a
reduce the particle size before its
Plasma Arc Furnace
introduction into the plasma reactor.
Source: Westinghouse Plasma Corporation
One of the primary drawbacks of
plasma arc technology is the huge
parasitic load of the plasma torches. Therefore, the net electric output of the
conversion process, if generating electricity for sale from the system, would be
substantially reduced.
There are no commercial-scale plasma arc facilities
processing MSW in the U.S., although several companies are marketing some form
of this technology and proposing facilities. There are three small plasma arc facilities
processing MSW and/or auto-shredder residue in Japan reportedly using the
Westinghouse plasma reactor. Few, if any of the plasma arc pilot facilities have been
able to generate a fuel gas, and air emissions have been found to be no better than
conventional incineration systems. The firm Geoplasma, from Atlanta, has been
negotiating a contract for construction of a plasma arc facility for MSW in St. Lucie
County, Florida, which is discussed in Section 5.0.

4.6

Chemical Decomposition

Chemical decomposition, also referred to as depolymerization, is a process whereby
waste feedstocks are directly liquefied into useful chemical feedstocks, oils and/or
gases. The oils are a replacement for fuel oil and the gases consist of carbon
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monoxide, hydrogen and methane.
The process generally utilizes medium
temperature and pressure to break large complex molecules into smaller ones. If
higher
temperatures
are
employed,
chemical
decomposition
becomes
indistinguishable from gasification.
The solid waste feedstock for chemical decomposition will generally be pre-processed
to remove recyclable and inert materials and to reduce the particle size. Moisture is
favorable to the process and may need to be added to create steam reforming
reactions. The process is multi step: gas recovery, liquid separation to isolate the oil
product, and processing the solids to separate carbon char from inerts. Chemical
decomposition processes require an external energy source to make the reactions
take place.
Changing World Technologies (CWT) offers a chemical decomposition process that
they indicate can be applied to mixed solid waste. Currently, they have a plant
operating on poultry waste in Carthage, MO, which was commissioned in 2005. CWT
was selected for further consideration by the City of Los Angeles.
One form of chemical decomposition is used to break cellulose into sugars for
fermenting to produce ethanol. This is the hydrolysis process, of which two types
have been applied to the organic components of solid waste: acid hydrolysis and
enzyme hydrolysis. They have also been used in combination. The National
Renewable Energy Laboratory developed and has operated pilot processes, which
have demonstrated technically feasibility. No production plants, however, have been
built to date. The City of Los Angeles received nine submissions for hydrolysis
processes, including those from Arkenol and Iogen, but no hydrolysis process was
selected by the City of Los Angeles.
The U.S. Department of Energy (DOE) is working to move cellulosic ethanol to
commercial production. In this effort, DOE selected six companies for demonstration
grants in 2007, including:
•

Abengoa Bioenergy Biomass of Kansas, LLC of Chesterfield, MO - The
proposed plant will be located in Kansas and will produce 11.4 million gallons
of ethanol annually.

•

ALICO, Inc. of LaBelle, FL - The proposed plant will be in LaBelle, Florida and
will produce 13.9 million gallons of ethanol a year.

•

BlueFire Ethanol, Inc. of Irvine, CA - The proposed plant will be in Southern
California and will produce about 19 million gallons of ethanol a year.

•

Broin Companies of Sioux Falls, SD - The plant is in Emmetsburg, Iowa, and
after expansion, it will produce 125 million gallons of ethanol per year.

•

Iogen Biorefinery Partners, LLC, of Arlington, VA - The proposed plant will be
built in Shelley, Idaho and will produce 18 million gallons of ethanol annually.

•

Range Fuels (formerly Kergy Inc.) of Broomfield, CO - The proposed plant will
be constructed in Soperton, Georgia and will produce about 40 million gallons
of ethanol and 9 million gallons methanol per year.

These facilities plan to use a variety of cellulosic feedstocks including: corn stover,
wheat and rice straw, wood waste, green/yard wastes, and switch grass. Verenium’s
1.4 million gallon per year cellulosic ethanol plant in Jennings, LA is the nation’s first
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operating demonstration.
received DOE funding.

It uses bagasse and other wastes as feedstocks and

Microwaves can be used as the external heat source for chemical decomposition or
depolymerization. Microwave systems have been built to decompose some special
wastes, particularly tires. Goodyear obtained a patent to “de-vulcanize” tires and
built a facility in Lincoln, NE to process in-plant scrap in the late 1970s. Several
small units have been operated on tires. The application of microwaves to drying
and decomposition of various wastes, including medical waste and nuclear waste, is
proven, but its application to municipal solid waste has not been proven but is being
promoted by Molecular Waste Technologies, Inc. Global Resource Corporation also
proposes microwave plants for MSW, but has not constructed one.

5.0 Recent Reports/Procurements for Waste
Processing Technologies
The last new MSW-processing WTE facility constructed in the U.S. commenced
operations in 1996.25 Since that time, no new greenfield commercial plant has been
implemented. Several reasons accounted for this lull of activity in the WTE field:
1. Loss of Tax Credits – The 1986 Tax Reform Act eliminated the significant tax
benefits for project owners/developers, contributing to the pipeline of
projects.
2. Environmental Activism – Biased information about air pollution and ash
impacts, and preferences for recycling, created public resistance.
3. U.S. Supreme Court’s Carbone Decision26 (1994) – Effectively ended
legislated flow control, creating uncertainty in the revenue stream for
projects.
4. Megafills – Large landfills with low tipping fees and no put-or-pay waste
supply requirement out-competed WTE for the market.
5. Amendment to the Clean Air Act (1998) – New regulations required retrofit on
existing plants and drove up WTE costs, effective as of December 2000.
6. Lack of Federal Leadership – Visible opposition by EPA to combustion and
preference for waste reduction/recycling sent negative message about WTE.
7. Moderate Fossil Fuel Costs – The rapidly increasing fossil fuel costs of the 70s
and 80s stabilized, reducing the value of the energy products from WTE
facilities, which were key drivers in facilities developed earlier, and making
overall project economics less attractive.
In the past few years, however, interest in WTE and waste conversion has begun to
grow again. This renewed interest in waste processing technologies is due to several
factors:
1. Clean Air Act Retrofits - The successful implementation of the CAA retrofits of
the 87 operating WTE facilities demonstrated that the low emission
requirement could be met, as discussed in Section 6. These successful

25
26

Covanta Energy’s 2,250-TPD mass-burn plant in Niagara Falls, NY.
C & A Carbone, Inc. v. Town of Clarkstown, 511 U.S. 383 (1994).
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retrofits reduced risk and established a solid cost database upon which new
facility plans can draw.
2. Proven WTE Track Record – Superior environmental performance, reliability,
advancements in technology and successful ash handling, including ash
recycling and use in construction and elsewhere, have made WTE an
acceptable option to consider as part of waste management planning. In
addition, WTE facilities are eligible for Renewable Energy Credits in some 26
states, including Florida. Further, a WTE facility would be eligible for carbon
credits under proposed federal legislation.
3. Increasing Fossil Fuel Costs – With the price of oil increasing significantly in
2008, the cost of transportation fuels is making MSW hauling and landfilling
more expensive; in addition, the cost of electricity from fossil fuels is
increasing, making electricity from waste more valuable and making WTE
more competitive.
4. Growing Interest in Renewable Energy – Many states are requiring utilities to
generate a portion of their electricity from renewable sources, which
sometimes includes WTE; the Federal government has included WTE in its
definition of renewable energy.
5. Concern About Greenhouse Gases – WTE has a smaller carbon footprint than
landfilling or fossil-fuel generated electricity.
6. Reversal of Carbone – The recent Supreme Court decision in the OneidaHerkimer case27 effectively restored to state and local governments the ability
to implement flow control, increasing the security of the waste stream to
support the financing of WTE projects.
7. Change in Approach by U.S. EPA – The U.S. EPA revised its waste
management hierarchy to include WTE explicitly as the third priority after
waste reduction and recycling/composting.
These and other local considerations have led a growing number of communities to
re-investigate waste processing technologies as a component of their solid waste
management systems.
The following sections describe several of the recent
initiatives to evaluate and choose waste processing technologies – WTE and others –
to handle significant waste streams in the future. At the end of Section 5.0 is a
summary of the technologies and vendors selected through these evaluation
processes for adopting WTE as a waste disposal option.

5.1

Recent Plans and Reports
5.1.1 New York City, NY28

In 2004, the City of New York commissioned a report to evaluate new and emerging
waste management and recycling technologies and approaches. The objective of the
evaluation was to provide information to assist the City in its ongoing planning
efforts for its waste management system. The report identified which innovative
technologies were available at present, i.e., commercially operational processing of
27

United Haulers Assn., Inc. v. Oneida-Herkimer Solid Waste Management Authority, No. 051345, 2007 WL 1237912 (U.S. April 30, 2007).
28
Evaluation of New and Emerging Solid Waste Management Technologies, prepared for: New
York City Economic Development Corporation and New York City Department of Sanitation,
September 16, 2004.
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MSW, and which were promising, but in an earlier stage of development. It also
compared the newer technologies to conventional waste-to-energy technology to
identify the potential advantages and disadvantages that may exist in the pursuit of
innovative technologies. Conventional waste-to-energy was chosen as a point of
comparison since such technology was the most widely used technology available
today for reducing the quantity of post-recycled waste being landfilled.
The report was released in September 2004. 44 companies responded to the initial
request for information. As of November 30, 2007 the City is about to commence
with a siting Task Force to look at the five boroughs to identify a site on which to
build a pilot facility. Once the site has been identified an RFP will put together based
on the specifications and condition of the site and will be made available to all
proven and unproven technology vendors.
As part of the process, the City collected information on capital cost from the
suppliers. Based on 6 responses, the capital cost per installed ton for anaerobic
digestion ranged from $74,000 to $82,000; for gasification, the range was $155,000
to $258,000; one pyrolysis response gave a capital cost of $321,000. These figures
were for plants of widely varying sizes and were not standardized. The City has
initiated a follow up study, the results of which should be publicly available toward
the end of the summer 2009.
5.1.2 City of Los Angeles, CA
Phase I29
In 2004, the City of Los Angeles, Bureau of Sanitation (Bureau) began a study to
evaluate MSW alternative treatment technologies capable of processing Black Bin
material (curbside-collected residential MSW) to significantly reduce the amount of
such material going to landfills. The Bureau’s overall objective was to select one or
more suppliers to develop a facility using proven and commercialized technology to
process the Black Bin material and produce usable by-products such as electricity,
green fuel, and/or chemicals.
The first step of this project was to develop a comprehensive list of potential
technologies and suppliers. About 225 suppliers were screened, and twenty-six
suppliers were selected to submit their detailed qualifications to the City. In order to
screen the technology suppliers, they were sent a brief survey based upon the
technology screening criteria. The criteria applied were as follows:
•

Waste Treatability: The supplier was screened on whether they have MSW or
similar feedstock processing experience.

•

Conversion Performance: The supplier was asked if their facility would
produce marketable byproducts.

•

Throughput Requirement: This criterion was already met because the
technology passed the technology screen.

29

Evaluation of Alternative Solid Waste Technologies, City of Los Angeles, Prepared by URS
Corporation, September 2005
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•

Commercial Status: This criterion was already met because the technology
passed the technology screen.

•

Technology Capability: The supplier was asked if their technology had
processed at least 25 tons/day of feedstock.

Of the twenty-six suppliers requested to submit qualifications, seventeen provided
responses. These suppliers and their technologies were thoroughly evaluated and an
Evaluation Report was published in September 2005, with the findings and ranking of
the twenty-six suppliers’ technologies that had met the criteria.
A Request for Qualifications (RFQ) was prepared and provided to the suppliers that
met the screening criteria. A detailed technical and economic evaluation of the
suppliers that responded to the RFQ was completed. This resulted in the
development of a short list of alternative treatment technology suppliers. In 2006,
several suppliers were added to the short list, based on additional screening and a
supplemental RFQ process.
As part of the process, the City collected information on capital cost from the
suppliers. Based on 18 responses, the capital cost per installed ton for anaerobic
digestion ranged from $99,000 to $201,000; for gasification, the range was $50,000
to $266,000; for pyrolysis, the range was $60,000 to $221,000; one mixed waste
composting proposer gave a capital cost of $114,000. These figures were for plants
of widely varying sizes and were not standardized.
Phase II30
On February 7, 2007, the City of Los Angeles released a Request for Proposals (RFP)
soliciting competitive proposals for a development partner(s) for processing MSW
utilizing alternative technologies premised on resource recovery. The development
partner’s(s’) responsibilities were to finance, design, build, own, and operate (with
the option to transfer to the City after 20 years) the resource recovery facility, at a
throughput rate of 200-1,000 TPD. The facility was expected to provide diversion
from landfill of no less than 80% of the Black Bin material delivered to the facility. In
addition, the City considered proposals from emerging/experimental technologies
that could process less than 200 tons/day as a potential second facility for testing
emerging technologies. The emerging/experimental technology suppliers were to
meet requirements outlined by the City in the RFP in order to be considered for the
potential testing facility. Proposers of emerging/experimental technologies that did
not meet those requirements were not evaluated further. A total of 12 technology
suppliers submitted applications in August 2007. The City of Los Angeles' Bureau of
Sanitation is currently reviewing the submissions. The City has completed the
technical analysis of the technologies, produced a short list, completed the internal
review and presented a report of recommendations to the Public Works Board. The
report will then go to the Clerk’s Office of the Mayor and then to three committees
for feedback and recommendations. By August 2009, it should be ready for full
Council consideration.

30

Request for Proposals for a Development Partner(s) for Processing Municipal Solid Waste
Utilizing Alternative Technologies premised on Resource Recovery for the City of Los Angeles,
February 5, 2007.
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5.1.3

Los Angeles County, CA

Phase I – Initial Technology Evaluation31
Beginning in 2004, Los Angeles County conducted a preliminary evaluation of a
range of conversion technologies and technology suppliers, and initiated efforts to
identify material recovery facilities (MRFs) and transfer stations (TSs) in Southern
California that could potentially host a conversion technology facility. A scope of
investigation beyond Los Angeles County itself was considered important, as
stakeholders in the evaluation extended beyond the County, and the implications of
this effort would be regional.
In August 2005, the evaluation report was adopted. Phase I resulted in identification
of a preliminary short list of technology suppliers and MRF/TS sites, along with
development of a long-term strategy for implementation of a conversion technology
demonstration facility at one of these sites. The County intentionally pursued
integrating a conversion technology facility at a MRF/TS site in order to further divert
post-recycling residual waste from landfilling and take advantage of a number of
beneficial synergies from co-locating a conversion facility at a MRF.
Phase II – Facilitation Efforts for Demonstration Facility32
In July 2006, the County further advanced its efforts to facilitate development of a
conversion technology demonstration facility. The approach was multi-disciplined,
including environmental analysis and constructability. Key Phase II study areas
included:
•

An independent evaluation and verification of the qualifications of selected
technology suppliers and the capabilities of their conversion technologies;

•

An independent evaluation of candidate MRF/TS sites, to determine suitability
For installation, integration and operation of one of the technologies;

•

A review of the required permits to facilitate the project;

•

Identification of funding opportunities and financing means;

•

Identification of potential county incentives (i.e., supporting benefits) to
encourage facility development amongst potential project sponsors; and

•

Negotiation activities to assist parties in developing project teams and a
demonstration project.

The report described progress to date on Phase II, and represented a culmination of
approximately one year of work conducted by the County. As of November 30,
2007, five companies have been selected to be issued a Request for Offers (RFO)
early in 2008 for a demonstration to be constructed at any one of four sites by the
selected vendor. The County has received site-specific offers from four conversion
31

Los Angeles County Conversion Technology Evaluation Report ~ Phase I, October 2007.
Los Angeles County Conversion Technology Evaluation Report ~ Phase II – Assessment,
October 2007.

32
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technology development teams: Arrow Ecology, International Environmental
Solutions, Interstate Waste Technologies, and Entech Environmental. These offers
have passed the review process and negotiations are taking place. It is the County’s
intent to submit a recommendation to the Board of Supervisors for one or more
demonstration projects in the summer of 2009. In parallel, the County has also
received environmental consultant proposals for Phase III/IV (Phase III – the
Completion of one or more demonstration facilities and Phase IV - the development
of a commercial scale facility in the County) and are evaluating them. A
recommendation will be made to the Board at the same time as the demonstration
project(s).
5.1.4 King County, WA
A proviso to the 2007 King County Solid Waste Division budget required that the
Division prepare a comparative evaluation of waste conversion technologies (i.e.,
WTE incineration) and waste export. After review and comment on the draft report
by the Metropolitan Solid Waste Management Advisory Committee (“MSWMAC”) and
others, the final report was submitted to the King County Council on August 6, 2007.
Based on the report, MSWMAC made the following recommendations to the Council
that:
•

The King County Council continue its current policy course toward waste
export by implementing the recommendations in the Solid Waste Transfer and
Waste Export System Plan.

•

Every avenue to extend the life of the Cedar Hills Landfill be explored,
including increased recycling and partial early waste export, to keep solid
waste rates as low as possible for as long as possible and to provide
maximum flexibility for long-term planning.

•

No further resources be expended on the study of incineration technologies at
this time. They believed that there was sufficient information in the report to
analyze waste export and incineration technologies at a programmatic level in
the Comprehensive Solid Waste Management Plan update and its EIS.

There were concerns about the practicality of waste conversion technologies in the
King County region, and there was a need recognized to continue planning for the
existing transfer system and the potential of extending the life of the Cedar Hills
Landfill.

5.2

Procurements
5.2.1 St. Lucie County, FL

On April 30, 2006, the Board of County Commissioners, St. Lucie County, Florida
(the "Board") solicited offers for the purpose of obtaining services to permit, finance,
construct, operate, and own a Plasma Arc Gasification Facility to process MSW for St.
Lucie County. The due date for the qualifications was May 2006.
There was only one respondent to the RFQ issued by the County: Jacoby/Geoplasma.
In November 2007, the development contract was signed, and the County was
moving forward with the project. The developer planned to process 3,000 TPD,
generating 120 megawatts of electricity, one-third of which would be consumed
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internally. According to the developers, the plant was to cost over $425 million and
take two years to construct. In August 2009, Jacoby and Alter NRG, which owns
Westinghouse Plasma Corporation, entered into a joint venture for plasma projects.
This includes a 25 percent investment in the St. Lucie project.
The development agreement has been signed with the County. Geoplasma has
arranged financing including $145 million in tax free bond and equity. Financing will
be completed when the energy agreements are signed. The size of the facility has
been reduced to 600 TPD, which will export 18 MW of electricity. Permitting is
scheduled to be complete the first of the year (2010) with construction starting in
the second quarter of 2010.33
5.2.2 Frederick and Carroll Counties, MD
In May 2006, the Northeast Maryland Waste Disposal Authority (“the NMWDA”)
began a search for firms with Qualified Technologies to provide waste-to-energy
facilities for Frederick and Carroll Counties. The NMWDA was seeking technologies
that demonstrated success in the efficient and feasible conversion of MSW into
marketable steam, thermal energy, fuel and electricity. Technologies that produced a
fuel were to be considered if the fuel had been demonstrated to reliably and
efficiently produce energy (“Qualified Technologies”). The NMWDA conducted a twostep procurement. The first step was the Request for Qualifications (RFQ) to identify
firms with Qualified Technologies. Qualified Technologies were to be eligible for
consideration in the second step, the Basis of Negotiation (BON). In order to be
deemed a Qualified Technology, operating statistics from a reference facility had to
be provided, with a minimum of three consecutive years of operating data, including
waste processed, energy produced, air emissions and residue generation. The size of
each unit could be as small as 100 TPD and as large as 750 TPD. The selection of
unit size for each project was to be determined during the BON phase.
The NMWDA understood that there were many new and emerging technologies which
convert MSW into various fuels or energy. However, the NMWDA is dependent on
bond financing for its projects, and the lending community insisted on proven
technology as a minimum requirement for making capital available to the NMWDA.
In October 2006, the NMWDA solicited Proposals from qualified, experienced firms in
the refuse management and power facility construction and operation fields to
provide for the construction, testing, operation and maintenance of a new refuse
power plant (“RPP”) capacity for the counties. The NMWDA had pre-qualified eight
technologies for this solicitation, as shown in Table A-1.
The facilities would be owned by the NMWDA and leased to the successful Proposer
(the “Company”) on a long-term basis (at least 20 years from the commercial
operations date). The site would be provided by the NMWDA. The NMWDA would
provide most of the refuse (fuel) under a put-or-pay contract, and would apply
residues for beneficial use as daily cover at the counties’ landfills.
The Company would have the rights to all or a portion of the energy revenues (as
specified by it in its proposal) and all of the excess waste disposal capacity that could
be used to dispose of non-residential waste from any other NMWDA jurisdiction.
33

Hilburn Hillestad, Senior Vice President, Jacoby Energy, Personal Communication, August
2009.
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Proposals were requested for the following three facility options:
•

A 900-TPD resource recovery facility to be located in Frederick County to
process residential and commercial waste generated in Frederick County; and

•

A 600-TPD resource recovery facility to be located in Carroll County to
process residential and commercial waste generated in Carroll County; or

•

A 1,500-TPD resource recovery facility to be located in Carroll County to
process residential and commercial waste generated in both Frederick and
Carroll Counties.

After receipt of proposals from three vendors, the NMWDA, in conjunction with the
participating jurisdictions, completed an initial review of the proposals and shortlisted Covanta Energy and Wheelabrator Technologies. As part of the initial review,
the NMWDA met with Covanta and Wheelabrator to clarify their proposals and to
ensure that the initial financial modeling results correctly represented their proposals
and met the needs of the local jurisdictions. The NMWDA is currently seeking
approvals from the jurisdictions to begin formal negotiations with the vendors to
arrive at a final contract to be voted on by the jurisdictions’ Commissioners. If
approved by the jurisdictions, the permitting and construction of the facilities could
take up to five years. In July 2009, the Frederick County Council voted to award the
project to Wheelabrator. The project is being reviewed by the Public Service
Commission.
5.2.3 Harford County, MD
In May 2006, the Northeast Maryland Waste Disposal Authority began a search for
firms with Qualified Technologies to provide an expansion of the waste-to-energy
facility for Harford County, similar to the process conducted for Frederick and Carroll
counties (see 5.2.1 above).
In December 2006, the NMWDA issued a Request for Proposals (“RFP”) for a
Resource Recovery Facility (“RRF”) located in Harford County, Maryland. This was the
second step in the two-step competitive procurement being conducted by the
NMWDA. While the RFP was open to all interested and qualified vendors, only those
technologies deemed qualified by the NMWDA were eligible for consideration.
The NMWDA was directed to obtain proposals for expanding the current waste-toenergy capacity in two ways: (1) additional capacity at the current facility to meet
Harford County’s needs, but not provide significant additional energy to the
Aberdeen Proving Ground (APG), and (2) build a new RRF to accommodate the waste
disposal needs of Harford County, including capacity for some of the waste disposal
needs of adjacent “Base Realignment and Closure Act” (BRAC) affected counties
(Baltimore and Cecil Counties), and provide a greater amount of the energy needs of
APG. APG has agreed to a new lease for 34 acres of land, including the land used for
the existing RRF for the larger regional facility. The Environmental Assessment was
completed in February 2009.
The NMWDA received three proposals, see Table A-1, and has short-listed both
Covanta Energy and Wheelabrator Technologies proposals as responsive and will
continue the procurement process with those firms for the 1500-TPD replacement
facility. The NMWDA is currently seeking approval from Harford County to begin
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formal negotiations with the vendors to arrive at a final contract to be voted on by
the Harford County Council.
5.2.4 Hawaii County, HI
After the County searched for a landfill replacement for more than a decade and
spending about $1 million, it issued an RFP in 2006.
The County selected
Wheelabrator Technologies Inc., a wholly-owned subsidiary of Houston-based Waste
Management Inc. Wheelabrator emerged from a field of three finalists, including
Covanta, which runs HPower on Oahu, and L-Con Contractors, a partnership with
Barlow Projects, Inc. In January 2008, the County expected to receive a best-andfinal offer from Wheelabrator to design, build and operate the $125 million TPD,
single-line, mass-burn-to-electricity plant. This did not happen because Wheelabrator
had not yet made its final offer because the firm had not reached an agreement with
Hawaii Electric Light Co. on a price the electric company would pay for electricity
generated by the plant. In 2008, the County Council decided not to award a contract
to Wheelabrator Technologies, Inc. because of the higher than expected capital
cost.34
5.2.5 Pinellas County, FL
Pinellas County had three companies bid on the contract to operate and refurbish the
existing 3,000-TPD WTE plant. This facility was originally built by Ogden Martin
under a full service contract and began operation in 1983. The process began with
an RFQ to pre-qualify firms. The three firms that were pre-qualified all submitted
bids. Those respondents were Wheelabrator, Covanta and Veolia. The IFB or RFP
was issued in September 2006 and was awarded to Veolia in January 2007. Veolia
actually began operating the facility effective May 7, 2007.
5.2.6 City of Tallahassee, FL
The City of Tallahassee, FL, a public power community, in November 2006, issued a
request for letter of interest to seven project developers requesting a two-page
summary for consideration of their technology for development of a renewable
energy facility serving the City of Tallahassee’s service territory within Leon County,
FL. The City received three written responses, all from developers using biomass as
fuel for conventional steam generation. Two additional companies made formal
presentations to City representatives for advanced gasification projects, one project
utilizing MSW and the other woody biomass as fuel source. In January 2007, the
City began direct negotiations with one of the companies that made the formal
presentations, Green Power Systems based in Jacksonville, Florida. In June 2007,
the City approved the contract for Green Power Systems to begin development of a
1,000-TPD plasma gasification plant generating 35-MW net electricity. The power
purchase agreement for the sale of electricity to the City of Tallahassee had been
signed as of August 2008..35 To date, Green Power Systems is conducting geotechnical work on site suitability as well as design and engineering work based on
site suitability. Financing reportedly has been secured for the development of the
plant.

34
35

Panel kills waste-to-energy plant, Star Bulletin, May 8, 2009.
W.V. McConnell, Energy Biomass Management Planner, Forester; August 8, 2008.
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5.2.7 Broward County, FL
The Broward County Solid Waste Disposal District (District) in July 2007 was
considering changes to its solid waste management infrastructure in the near term.
Because its disposal contracts with two privately-owned WTE facilities will reach the
end of their initial service agreement terms in 2011 and 2012. The District
recognized that many options to be considered would require significant development
time, and thus began the process to proactively evaluate such options. The District
sought, through a Request for Expressions of Interest (RFEI), to identify firms that
could meet all or a portion of the District’s future solid waste processing and disposal
requirements, and that were consistent with its long-term objectives. While this was
not a procurement, it was understood that information obtained during the process
would be used to support future procurement(s).
The expressions of interest were due in October 2007, and 25 vendors responded to
the REFI. The Broward County Solid Waste Disposal District, Resource Recovery
Board reviewed all the expressions of interests from the 25 respondents and received
11 presentations made to the Board by some of the respondents. The District and
the jurisdictions are advancing a Memorandum of Understanding with Wheelabrator
Technologies for the two existing WTE facilities. No further disposal infrastructure is
being pursued.
5.2.8 City of Sacramento, CA
In August 2007, the City of Sacramento, CA issued an RFQ soliciting an experienced
and qualified firm to partner with it to process MSW utilizing alternative technologies
premised on resource recovery and/or energy production. To qualify, firms must
have had demonstrated experience and capacity to finance, design, build, own and
operate a facility that processed MSW in excess of what the City currently disposed
of, approximately 2,300 TPD after diversion. Sacramento was interested in a facility
that used treatment technologies including, but not limited to, pyrolysis, gasification,
advanced thermal recycling (a second generation advancement of mass-burn
technologies), biological, chemical, physical and/or a combination thereof. They
wanted technologies that were well proven at commercial scale, had high landfill
diversion rates, and could generate a wide range of useful by-products that could be
marketed for revenue sharing by the City and its development partner.
In October 2007, the City received 11 responses to the RFQ, not all of them waste
processing technologies. The City reviewed and evaluated them. Through review
and analysis the City requested a proposal for plasma arc technology offered by
United States Science and Technology Corp. (USST). The review of the proposal by
Advanced Energy Strategies questioned the economic assumptions of the USST
proposal. In January 2009, the City Council tabled the project because they believed
the review process was flawed, and the plasma arc technology was not properly
vetted.36
5.2.9 Solid Waste Authority of Palm Beach County, Florida
In December 2008, the Solid Waste Authority of Palm Beach County, Fl (SWA) began
a search for firms with qualified firms to design, build and operate a new waste-toenergy facility for the County by issuing a Request for Qualifications (RFQ). The SWA
36

Unsustainable Waste Disposal Practices, Sacramento Press, January 30, 2009
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was seeking mass-burn technology that demonstrated success in the efficient and
feasible conversion of MSW into marketable steam, thermal energy, fuel and
electricity. The new WTE facility is to be located on the SWA campus, have a capacity
of 3000 TPD and be operational by 2015. The SWA Governing Board selected three
firms that responded to the RFQ: (1) Babcock and Wilcox; (2) Covanta Energy; and
(3) Wheelabrator Technologies to receive the Request for Proposals (RFP). The RFP
is scheduled for release in February 2010 and the draft RFP was released to the
qualified firms for comment in July 2009. Because the new WTE facility is to model
the best practices of the industry SWA developed a Conceptual Planning Report and
an Aesthetic Conceptual Design along with the draft RFP to establish SWA’s
objectives with respect to achieving the highest standards of sustainable “green”
design. Proposals are scheduled to be received in June 2010. In addition, SWA
issued a Request for Information and Capabilities for the design, construction and
operation of the new WTE facility to allow firms with alternative technical approaches
– other than mass-burn – to demonstrate their capability to respond to the RFP.
5.2.10 Hillsborough and Lee Counties, FL
(Adding Lines to Existing WTE Plants)
Two operating mass-burn waterwall facilities in Florida began expansions in 2006
and 2007.
In 2006, Lee County contracted with Covanta to add a third line with a 636-TPD
capacity to the existing 1,200-TPD facility. This will use the same Martin technology
as the two operating lines, at a cost of $123.2 million or $194,000 per ton of
installed capacity. The Lee County Solid Waste Division finished its expansion
project in the late summer of 2007.
In 2007, Hillsborough County sole-sourced to Covanta to add a new 600-TPD line to
the existing 1,200-TPD facility which consists of three operating 400-TPD lines. The
cost to Hillsborough County for the new line will be $123 million or $205,000 per
installed ton of capacity. There was no RFP issued for this expansion, and at this
point, construction is 95% complete. The expansion is scheduled for commercial
operation in late 2009.

5.3

Comparison of Technologies Chosen in Recent Reports/
Procurements

In the foregoing studies, reports and procurements, a total of 78 technology vendors
were represented, evaluated, screened or selected in some way for consideration as
waste processing solutions for the local entities. These 78 vendors offered 14
different technologies. The listing of the 78 vendors is presented in Table A-1 in the
Appendix of this paper. Several of those technologies/vendors were mentioned more
than once. Table 5-1 lists the 14 that were cited three or more times in the various
documents.
The most often-cited technology was mass-burn, represented by Covanta and
Wheelabrator, who have the most commercial experience of any of the vendors
listed as discussed in Section 3.1. Second on the list is gasification firm IWT, which
employs the Thermoselect technology in use in Europe and Japan, which was
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discussed in Section 4.2. Other gasification technology providers are also mentioned,
along with four anaerobic digestion vendors, one plasma arc firm, two pyrolysis
providers and a thermal depolymerization firm. While this review is not systematic,
it does provide a good summary of the firms and technologies that are most active in
the field, and those that localities across the U.S have been most interested in using
as they contemplate alternatives to landfilling MSW.
Table 5-1. Technologies/Vendors Mentioned in Recent Procurements
Vendor-designated
Technology

Vendor

Total Times
Cited

Mass-burn
Mass-burn
Gasification
Anaerobic Digestion
Anaerobic Digestion
Anaerobic Digestion
Gasification
Anaerobic Digestion
Anaerobic Digestion
Anaerobic Digestion
Gasification
Gasification
Gasification
Gasification
Plasma Gasification

Covanta Energy Corporation
Wheelabrator Technologies Inc.
Interstate Waste Technologies/Thermoselect (IWT)
Valorga S.A.S. (Valorga)/Waste Recovery Systems
Canada Composting Inc.
Organic Waste Systems N.V.
Ebara
Arrow Ecology Ltd.
Urbaser
Waste Recovery Seattle, Inc. (WRSI)
BRI Energy, LLC
Primenergy
Taylor Recycling Facility
Whitten Group /Entech Renewable Energy System
Global Energy Solutions

9
8
6
5
4
4
4
3
3
3
3
3
3
3
3

Pyrolysis

International Environmental Solutions

3

Pyrolysis

Pan American Resources

3

Thermal Depolymerization

Changing World Technologies

3

6.0 Environmental Characteristics of Waste
Processing Technologies
6.1

Air Quality
6.1.1 Applicable Regulations

Solid waste incinerators, which EPA refers to as Municipal Waste Combustors, are
regulated under the federal Clean Air Act, originally passed by Congress in 1963 and
updated in 1967, 1970, 1977,1990 and 1995 and 1998. Numerous state and local
governments have enacted similar legislation, either implementing federal programs
or filling in locally important gaps in federal programs.
Section 111 of the federal Clean Air Act directs EPA to establish pollution control
requirements for certain industrial activities which emit significant "criteria air
pollutants." These requirements are known as new source performance standards
(NSPS) and regulate pollutants. For thermal destruction of solid waste, the NSPS
control particulate matter (PM), sulfur dioxide(SO2), carbon monoxide (CO), nitrogen
oxides (NOx), hydrogen chloride (HCl), dioxins/furans, cadmium, lead, mercury,
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fugitive ash and opacity. NSPS are detailed in Chapter 40 of the Code of Federal
Regulations, Part 60 (40 CFR Part 60), and are intended primarily to establish
minimum nationwide requirements for new facilities.
Section 112 of the pre-1990 federal Clean Air Act directed EPA to establish standards
to reduce emissions of hazardous air pollutants (HAPs). These pollutants include
asbestos, benzene, beryllium, inorganic arsenic, mercury, radionuclides, and vinyl
chloride. National emission standards for hazardous air pollutants (NESHAPs) are
detailed in 40 CFR Part 61 and establish minimum nationwide requirements for
existing and new facilities.
The post-1990 NESHAPs require the maximum achievable control technology (MACT)
for a particular industrial source category, and are often referred to as "MACT
standards." The pre-1990 Clean Air Act prescribed a risk-based chemical-by-chemical
approach. The 1990 Clean Air Act Amendments outlined a new approach with two
main components. The first component involves establishing technology-based
source category standards, and the second component involves addressing any
significant remaining risk after the national standards are in place. The NESHAPs
promulgated under the 1990 Clean Air Act Amendments can be found in 40 CFR Part
63 and establish nationwide requirements for existing and new facilities.
EPA may implement and enforce the requirements or EPA may delegate such
authority to state or local regulatory agencies. Clean Air Act Sections 111 and 112
allow EPA to transfer primary implementation and enforcement authority for most of
the federal standards to state, local, or tribal regulatory agencies. In general, EPA
does not delegate to state or local agencies the authority to make decisions that are
likely to be nationally significant, or alter the stringency of the underlying standard.
The Section 111 and 112 emissions limits applicable to new Municipal Waste
Combustors are:
Dioxin/furan (CDD/CDF)
Cadmium (Cd)
Lead (Pb)
Mercury (Hg)
Particulate Matter (PM)
Hydrogen chloride (HCl)
Sulfur dioxide (SO2)
Nitrogen Oxides (NOx)

13 nanograms per dry standard cubic meter
10 micrograms per dry standard cubic meter
140 micrograms per dry standard cubic meter
50 micrograms per dry standard cubic meter
20 milligrams per dry standard cubic meter
25 PPM or 95 percent reduction
30 ppm or 80 percent reduction
180 ppm dry volume, and 150 ppm dry volume after
first year of operation

A new source review (NSR) permit is required for a new municipal waste combustor
and, in addition, depending on its size and emission quantities, it must meet the
prevention of significant deterioration (PSD) permit requirements. The PSD review
and permitting process will require the following:
•

Existing ambient air quality analysis – a detailed analysis of the air quality
around the facility site, which may require installing air monitoring equipment
to collect data for as long as a year.

•

Best Available Control Technology (BACT) analysis – an analysis of all
available control technologies for air emissions in a “top down” review.
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Analyses include economic, environmental and energy costs for each
alternative. The criterion for selection is: best control at acceptable cost.
•

Emission dispersion modeling – a detailed analysis, using USEPA-approved
models, of the projected impact of the facility emissions on the ambient air
quality.

The southeast Florida airshed, Broward, Miami-Dade and Palm Beach Counties, is a
non-attainment area for ozone, which imposes additional permitting requirements on
the facility. Because of this condition, any new facility (new source) will be required
to adhere to the lowest achievable emissions rate (LAER). This will be the lowest
emissions rate achieved by a similar source or the lowest rate for a similar source in
a state implementation plan (SIP) anywhere in the country. The two pollutants
impacted by this are oxides of nitrogen (NOx) and volatile organic compounds
(VOC). These analyses will certainly raise the development cost and increase the
time required to go through the permit process for a waste conversion facility.
Current technology of NOx “Selective Non Catalytic Reduction (SNCR)” can reduce
emissions to 100 ppm, below required limits. Other technologies, “Selective Catalytic
Reduction (SCR)” can reduce NOx emissions to as low as 15 ppm.37 Additional
reduction in NOx is achieved by urea or ammonia injection into the furnace.
6.1.2 Air Quality Impacts
In the early 1980s, dioxins were discovered in the exhaust of the Hempstead, NY,
hydropulpers RDF, WTE facility. This chemical, toxic to animals in even very small
quantities, was considered a major pollutant. Other WTE plants were tested, as well
as other industries, and were found to be a major dioxin source.
In 1995,
amendments to the Clean Air Act (CAA) were enacted to control the emissions of
dioxins, as well as other toxins, such as mercury, hydrogen chloride and particulate
matter.
With the implementation of the CAA requirements in the following years, dioxin
emissions from WTE decreased significantly, as shown in Figure 6-1.38

37

Waste to Energy Research and Technology Council (WTERT). 2008. Earth Engineering
Center, Columbia University.
38
Emissions from Large MWC Units at MACT Compliance, USEPA Docket A-9045, VIII.B.11,
Office of Air Quality and Standards, 2002.
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Figure 6-1. Dioxin Emissions from WTE Facilities, 1990 – 2005
While WTE plants had been a major source of dioxins in 1987, as shown in Figure
6-2,39 they have not been considered significant dioxin sources since 2002. From
1990 to 2005, there was a 99.7% reduction. EPA has stated that “Waste-to-Energy
is no longer a major contributor of dioxin emissions.”40

Figure 6-2. Sources of Dioxin Emissions, 1987 – 2002-04
Mercury is another toxin that was found in WTE exhaust, and that was addressed in
the CAA amendments. By modifications in the burning process, and the use of

39

Dioxins from WTE in the USA, J. O’Brien, Comparison of Air Emissions from Waste-toEnergy Facilities to Fossil Fuel Power Plant, SWANA 2005.
40
Emissions from Large MWC Units at MACT Compliance, USEPA Docket A-9045, VIII.B.11,
Office of Air Quality and Standards, 2002.
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activated carbon injection in the air pollution control system, dioxins and mercury, as
well as hydrocarbons and other constituents, have effectively been removed from the
gas stream. The activated carbon removes the contaminants from the emissions by
adsorption and other mechanisms. The activated carbon is captured by the APC
equipment and would make up part of the fly ash that is captured. Mercury
emissions from WTE have been reduced from 1990 levels, as shown in Figure 6-3.41
Comparison emissions of mercury in the United States from both WTE and coal fuelfired electric power plants are shown in Figure 6-4.42
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Figure 6-3. Mercury Emission from WTE Facilities, 1990 – 2005

41

Ibid.
Mercury Emissions from High Temperature Sources, N. Themelis, A. Gregory, ASME Solid
Wastes Processing Division Proceedings, May 2002, and the Environmental Working Group,
2006, http://www.ewg.org.
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Figure 6-4. Mercury Emission from WTE Facilities and
Fossil-Fuel Power Plants
Whether reviewing dioxin data or mercury emissions, it is clear that WTE facilities
have made a concerted effort to reduce these emissions to insignificance.
Table 6-1 has the average emissions from 95 WTE plants and compares them to US
EPA standards. Dioxins and mercury are lower than 20 percent of the limit. Other
pollutants, except Nox, range between 5 and 33 percent of the limits.
Table 6-1. Average Emissions of 95 WTE Plants Compared to
U.S. EPA Standards43

Significant reductions in the emission of nitrogen oxides (NOx) have been achieved
on a test basis in several existing WTE facilities and has been extended to more
43

Meg Morris and Jack Lauber. Making a Case: The Benefits of Waste to Energy. May 7, 2007.
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operating plants. These efforts have been documented in recent technical papers.
Covanta Energy and Martin have modified the air flows in the furnace so that the
secondary air stream is reduced and the recirculated gas stream is extracted from
the roof above the grates and reintroduced through new nozzles located higher in
the furnace. The balance of overfire and underfire air and recirculation gas is
controlled by modifications to the facility DCS. The results have been significant.
When operated in combination with the existing aqueous ammonia-based-SNCR
system, NOX emissions were reduced to 50 to 60 ppm with no increase in ammonia
slip values44. As can be seen in Table 6-1, the U.S. EPA standard is 180 PPM. Table
6-1 shows the average operating NOx emissions of 170 for the 95 facilities. The
Covanta/Martin system shows the potential for reductions of 65 percent.

6.2

Greenhouse Gases

The “greenhouse” effect results from sunlight striking the Earth’s surface and, when
it gets reflected back towards space as infrared radiation (heat), it gets absorbed by
gases trapping the heat in the atmosphere. Many chemicals that are present in the
Earth’s atmosphere act as “greenhouse gases (GHG).” These gases allow sunlight to
enter the atmosphere freely, but prevent transmission of the reflected sunlight back
to space. Many gases exhibit these “greenhouse” properties. Some of them occur in
nature (water vapor, carbon dioxide, methane, and nitrous oxide), while others are
exclusively human-made, such as chlorofluorocarbon compounds.
Prior to large-scale industrialization, the level of greenhouse gases in the atmosphere
had remained reasonably constant for a long period.
Since industrialization,
however, the levels of several important greenhouse gases have increased by 25
percent. Carbon dioxide (CO2) is a key greenhouse gas. During the past 20 years,
about three-quarters of human-made carbon dioxide emissions were from burning
fossil fuels. CO2 is used as the standard for measuring GHG by converting to carbon
dioxide equivalents (CO2E). For example, the CO2E for CO2 is 1 and the CO2E for
methane is 21, indicating that methane is a potent GHG.
The greenhouse gases that are generated in solid waste processing and disposal that
are of concern are: carbon dioxide (CO2), methane (CH4), and nitrous oxide (NO2).
Each of these gases can be divided into two categories, based on the source of the
materials in the waste: (1) biogenic sources and (2) fossil sources. Methane, the
principal greenhouse gas emitted from landfills is over 20 times more potent than
carbon dioxide, the greenhouse gas resulting from waste combustion/energy
generation. CO2 gas that is emitted from biomass sources can be classified as
carbon neutral because biomass growth captures atmospheric CO2. This establishes
a balanced cycle of CO2 removal due to biomass growth and release through
Solid waste fuels are comprised of a biogenic portion and a
combustion.45
petroleum-based portion. The biogenic fraction of the waste can be measured in the
gaseous emissions from the stack and be used to determine the percent of emissions
that could potentially be counted towards renewable energy credits in a WTE facility,
as these are not generated from fossil fuel derived materials. A protocol developed
by ASTM is now available, method ASTM D6866.46 This protocol uses radiocarbon
44

New Process for Achieving Very Low NOx, Steve Goff, Covanta, et al, Proceedings of the
17th Annual North American Waste-to-Energy Conference, May 18-20, 2009.
45
Intergovernmental Panel on Climate Change IPCC,
http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/5_Volume5/V5_5_Ch5_IOB.pdf.
46
ASTM International, http://www.astm.org/Standards/D6866.htm.
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dating techniques to measure the C14 portion of the carbon present in the emissions
and compares it to the fossil carbon portion.
A King County, Washington study47 compares the GHG for five technology options:
1.
2.
3.
4.
5.

Mass-burn, waterwall facilities;
RDF with dedicated boiler;
Advanced thermal recycling (gasification/pyrolysis);
Landfilling with landfill gas capture and flaring; and
Landfilling with landfill gas combustion, using internal combustion engine.

The study examined the direct emissions from each process and fugitive emissions,48
but did not include the emissions associated with transportation of waste to the
disposal facility. The emission values in the King County report also include those
that are avoided by replacing existing electricity generation emissions.
The
conclusion of the King County study is that the GHG emissions from any of the
conversion approaches are double that of landfilling with landfill gas utilization
(Option 5), including landfilling without gas utilization (Option 4).
A modeling exercise performed by Thorneloe, et al,49 showed that a WTE plant has a
positive impact on the reduction of GHG when analyzed under a life-cycle
assessment basis. The results are based on U.S. average waste management
practices and energy mix, but show potential reduction for various scenarios
comparing landfilling (with and without landfill gas recovery, flaring, and use for
energy), recycling and WTE. A scenario recycling 30% of the waste stream and
taking the remainder 70% to a WTE facility shows considerable reductions in GHG
emissions as compared to recycling 30% and landfilling the rest (with no gas
recovery), see Figure 6-5, The results performed for a specific location like Palm
Beach County would vary due to the waste management practices, waste
characterization and local energy mix.

47

Comparative Evaluation of Waste Export and Conversion Technologies Disposal Options,
King County, Department of Natural Resources and Parks, Solid Waste Division, R.W. Beck,
June 2007 (Draft).
48
Ibid. Landfill gas capture in all landfills is never total. The report estimated an 80 percent
capture and 20 percent fugitive emissions.
49
Thorneloe SA, Weitz K, Jambeck J. Application of the U.S. Decision Support Tool for
Materials and Waste Management. WM Journal, August 2006.
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Figure 6-5. Potential GHG Emissions Reductions50
The conclusion about net GHG emissions for a similar project in Palm Beach County
could be different because of the nature of the credits taken for the electricitygeneration emissions displaced by a WTE system. In the case of King County, the
electricity replaced is generated by hydro and natural gas. Further, the State of
Washington does not recognize either all or part of refuse as a renewable fuel.
Florida allows MSW and separated wood waste as a renewable fuel.
According to the Energy Information Administration (EIA), the generating facilities in
Florida utilize a variety of fuel including coal, petroleum, natural gas, nuclear, and
other fuels. In addition, the national grid, which serves Palm Beach County, also
supplies electricity that is generated from a variety of fossil fuels. This makes the
displaced emission calculation complicated, but because of the inclusion of coal and
petroleum, the displaced emissions for Palm Beach County will be higher than those
for King County, WA.
The Waste Reduction Model (WARM) was created by the U.S. EPA to help solid waste
planners and organizations estimate greenhouse gas emission reductions from
several different waste management practices. WARM calculates GHG emissions for
baseline and alternative waste management practices, including source reduction,
recycling, combustion, composting, and landfilling. The model calculates emissions in
metric tons of carbon equivalent (MTCE) and metric tons of carbon dioxide
equivalent (MTCO2E) across a wide range of material types commonly found in
municipal solid waste (MSW). In addition, the model calculates energy use for each
of the options.
WARM was applied to the waste quantities that are projected in the Plan to be
generated in 2015. The quantity of waste used for the models is 3,323,357 tons per
year for municipal solid waste, based on the expected growth of 1.77 percent
annually from 2010-2015 indicated in the Plan. Current recycling and waste-toenergy practices in place were calculated into the various models, as were
composting and yard waste processing activities. WARM requires composition
breakdown for the waste streams, which were also taken from a municipal waste
50

Source:
http://www.energyrecoverycouncil.org/userfiles/file/Waste%20Not%20Want%20Not.pdf.
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composition study for Broward County, Florida. Because the categories in the Plan do
not correspond to those in the WARM, some adjustments were made. For example,
the Bi-metal Food containers category was added to the Steel Cans category in
WARM.
WARM was applied to two scenario-based goals expressed, as follows:
1. Baseline – 100 percent of MSW landfilled with increased transportation costs
of transferring waste and landfill gas recovery for energy.
2. Current Activities W/O WTE – Maintain the percent recycling with the
remaining MSW landfilled with increased transportation costs of transferring
waste and landfill gas recovery for energy.
3. Current Activities – Maintain the percent recycling with current waste-toenergy plant in service and increased transportation costs of transferring
waste, as well as landfill gas recovery for energy.
4. Enhanced WTE – Maintain the percent recycling with current waste-to-energy
plant in service, with additional diversion to a second waste-to-energy facility,
as well as landfill gas recovery for energy.
The results of running the parameters for the four scenarios in WARM are shown in
Table 6-2. WARM indicates an emissions savings for 100 percent landfilling of 2015
projected waste of 343,337 metric tons of CO2, which has been subtracted out to
give Scenario 1 a baseline of zero (0). Also, Table 6-2 shows the potential barrels of
oil and acres of forest saved in 2015, as well as cars taken off the road for each
scenario.
Table 6-2. WARM Emissions Savings and Equivalents for 2015

Waste Management
Scenario
1 – Baseline –100 percent
Landfilled
2 – Current Recycling –no
WTE facility
3 – Status Quo – Current
Recycling and existing
WTE facility
4 – Enhanced WTE – Current
Recycling/WTE plus
additional WTE Facility

Metric Tons of
CO2 in Emissions
per Year

Equivalent to
Emissions of
Barrels of Oil
Consumed per Year

0

Equivalent to
Carbon Uptake
by Acres of
Forest per Year

Equivalent to
Cars Taken Off
the Road per
Year

0

0

0

-501,299

1,165,812

3,497

91,813

-624,023

1,451,217

4,353

114,290

-791,907

1,841,645

5,524

145,038

The removal of CO2 may be convertible to carbon credits that have potential to be
sold for a source of additional revenue to the SWA. As mentioned above, carbon
credits are proposed in the Waxman/Markey Bill based on tax rates and will fluctuate
with the market. Recent prices of offsets for the Kyoto program on the European
Climate Exchange have been between 10 and 15 Euros per metric ton of CO2. Given
the exchange rate, discount (the 1.25 ton reduction per ton of credit), and likely
increase in demand, the initial price of $20 per ton appears conservative. After the
first five years, this price will increase by the expected rate of inflation.
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Using the price of $20.00 for one ton of CO2, the projected revenue to the SWA
based on passage of Waxman/Markey for Scenario 4 is over $14 million per year.51

6.3

Water

Mass-burn and RDF incineration technologies require a water supply and all types of
projects have a wastewater discharge. Besides domestic water for workers, potable
water is required for the waste heat boilers.
Non-potable water may be used as cooling water for the steam condensers, but the
large cooling water supplies necessary for condenser cooling are normally not
available, and cooling towers or cooling water ponds are provided as part of the
facility. WTE plants also utilize their water discharges from the steam cycle and
cooling system in the ash cooling process, which reduces the need for additional
water and disposes of any mineral buildup. Water demand can be further reduced in
WTE plants by using air cooled condensers to cool their steam system. However,
this increases the internal electrical demand reducing net exports to the grid.
If a steam customer is the energy market, the water requirement may be increased
significantly from that needed for electricity generation, assuming that the customer
generally does not return condensate. Some projects may cogenerate steam and
electricity for sale, such as district heating/cooling projects or those with a significant
steam user in proximity of the WTE facility site.
Technologies such as gasification and anaerobic digestion will not necessarily use a
boiler. They may generate a gas stream for use off-site and not require a condenser
cooling water system.

6.4

Residue Disposal

Another consideration is ash disposal. For all but the high-temperature thermal
options and the anaerobic digestion system, an ash will be generated. Bottom ash
will be discharged from the bottom of the furnace chamber, and fly ash will be
collected by the air pollution control system. In accordance with applicable law,
waste-to-energy ash must be tested to ensure it is non-hazardous. The test is called
the Toxicity Characteristic Leaching Procedure (“TCLP”).
Generally, the bottom ash has not been classified as a hazardous material, subject to
ash testing and analysis. Fly ash, however when collected separately, will have a
higher concentration of heavy metals and may also contain residual organics. As
such, it would likely be classified as a hazardous material if it fails toxicity testing,
unless it is combined with bottom ash, as is the current U.S. practice. Combined ash
routinely passes the TCLP test and is classified as non-hazardous.
Florida regulations require applications for construction permits for WTE facilities
must include an ash management plan.52 The plan must describe measures to
control the dispersion of the ash residue and identify sites for disposal. The ash plan
must include quantity estimates and estimates of the recycled materials that can be
recovered. WTE ash has been used as daily cover for sanitary landfills.

51

PJM. Potential Effects of Proposed with Proposed Climate Change Policies on PJM’s Energy
Market, January 23, 2009.
52
Florida Statutes, Chapter 62-702 Solid Waste Combustor Ash Management.
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If the fly ash is separated, it can be treated with a fixative to prevent the leaching of
hazardous constituents, so as to be classified as a non-hazardous material. There
are a number of fixatives, such as Wes-PHix marketed by the Wheelabrator
Corporation. The cost of a fixative must be compared to the options for ash disposal
to determine the cost-effective solution for the ash. Part of that analysis would be
determining if a market exists for the bottom ash, or for ash that has been treated
with a fixative.
Several states, including Florida, permit the “beneficial use” of ash produced at WTE
plants in certain applications subject to the ash passing the TCLP and possibly
subject to other restrictions, depending on the state. These applications may include
daily landfill cover, landfill shaping and grading material, landfill gas venting layers
and certain construction and road fill applications. Some states, such as California
and Maryland, allow ash that is beneficially used to be included in recycling diversion
formulas. A substantial number of the WTE facilities in the U.S. report the beneficial
use of ash resulting from the waste combustion process. In 2004, it was reported
that in a survey of U.S. waste-to-energy plants, 30 facilities responded that ash from
their operation was being beneficially used in some manner. Most of this ash, over
2.5 million tons, was reported as being used as alternative daily landfill cover.53
Florida regulations allow for recycling ash residue to be processed into products. The
processor of the ash bears the responsibility to demonstrate to the Department of
Environmental Protection that the product will not endanger human health or the
environment.
It should be noted that communities with aggressive, comprehensive recycling
programs and programs focused on removing toxics from the municipal solid waste
stream, such as those to divert used electronics (“e-waste”), household hazardous
waste (“HHW”), mercury thermometers, fluorescent light fixtures, batteries, various
metals and white goods, and the like, could be expected to have a post-diversion
municipal solid waste stream for combustion containing less toxic materials and thus
the ash from combustion to have a lower potential to exhibit hazardous
characteristics upon TCLP testing.
The solids residual from high temperature systems, such as plasma-arc or pyrolysis,
may have a better opportunity for end-use applications and marketing. These
glassy-type granules generally have very low leachability and, therefore, may be
classified as non-hazardous and used in construction materials, or as a fill.
The organic substrate after the digestion process may also be beneficially processed
and recovered as a compost-like soil conditioner. The residue then remaining from
anaerobic digestion is nothing more than stones, glass or similar items, which is
normally directed to a solid waste landfill. Otherwise, the residue quantity and
characteristics is different and greater in quantity.

7.0 Waste Processing Technologies for
Palm Beach County
In assessing the applicability of waste processing technologies for Palm Beach
County, one must consider the overall track record of each, including the
operational/commercial experience of the technology, the size and scale of the
successful facilities, their environmental performance and impacts, their overall
53

JVL Kiser, The 2004 IWSA Directory of Waste-to-Energy Plants (June 2004).
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economics, their reliability over time, and the availability of financially strong
companies to offer them under full service arrangements. Table A-2 in the Appendix
is a matrix summarizing the overall performance of the technologies reviewed in this
paper. The first four columns address the technology, whether it has been employed
commercially at the scale required for handling Palm Beach County’s MSW stream (at
3,000 tons MSW per day), and its expected reliability. The next column evaluates its
environmental acceptability. The fifth and sixth columns address project economics,
and the last two columns deal with an assessment of the overall risk and liability
issues inherent in selecting that technology at this time. A discussion of several of
the comparative factors that have gone into the evaluation of technology applicable
to Palm Beach County follows.
Experience: The mass-burn/waterwall technology has been used for MSW treatment
and disposal for over a hundred years. Modular systems and RDF facilities have
been used for decades. Anaerobic treatment of MSW is a relatively new application,
but it has a long history of application to liquid and sludge wastes. There is little, if
any, operating history with MSW for the other listed processes.
Size: The only technologies that has been applied to large MSW feed rates, over
2,000 TPD, are mass-burn/waterwall and RDF/dedicated boiler. None of the other
technologies have been successfully built in these relatively large sizes. Many of
these facilities are built in modules and, for larger capacities, a number of modules
can be installed. For instance, Thermoselect has a 400 TPD module, so a 3,000 TPD
facility would require the procurement of 7-8 modules. Likewise, International
Environmental Solutions (pyrolysis) and ArrowBio (anaerobic digestion) would also
need to provide a large number of modules to achieve the required throughput.
Reliability: Systems that have a long history of successful operation will necessarily
have a demonstrable reliability. Such systems include mass-burn, both modular and
waterwall and RDF systems. Pyrolysis and gasification systems have limited MSW
operating history on which to rely and, although they may have fewer moving parts
and appear to be simpler in operation than other systems, they do not have
sufficient experience to draw conclusions for reliability of operation. The anaerobic
digester system has many constituent unit processes in an operating line, and has
the potential for reliability issues.
Environmental/Air: Mass-burn, RDF, pyrolysis/gasification and plasma arc systems
utilize similar air pollution control systems and equipment. Pyrolysis and “starvedair” gasification technologies use less air than other thermal systems, and will have
less flue gas generation; however, the characteristics of the air emissions from these
systems are similar to mass-burn and RDF systems. The mass-burn and RDF
facilities meet the stringent air emissions requirements that were promulgated a
decade ago, and that are constantly being upgraded and strengthened.
The
processes that do not burn an off-gas as part of their process line generate a syngas
for downstream use. The syngas, after cleanup, is projected to burn cleaner and
have lower emissions than incineration emissions. Several gasification/pyrolysis
systems show the gas generated driving a gas turbine, which could be part of a
combined cycle system.
This would increase efficiency; however, turbine
manufacturers are reluctant to guarantee performance on units fueled by syngas
from MSW.
Environmental/Water: The anaerobic digestion system will generate a water surplus,
but the other systems will require a water supply. Non-potable cooling water is
necessary for steam condenser cooling when generating electric power and for other
equipment cooling requirements, such as air compressor cooling. Potable water is
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necessary for boiler water make-up. Water is required for most air pollution control
systems: for quenching or for reagent injection. Discharges are generally directed to
a residue (ash) pit and will exit the facility as wetted residue. Water usage can be
reduced by the application of air cooled condensers.
Environmental/Other: MSW will generally be discharged from trucks indoors, and
exhaust fans in the truck bays will use odorous air as combustion air. With non-burn
technologies, odor control systems will have to be installed, consisting of exhaust
fans drawing air into a packed-tower chemically-charged odor scrubber. There are a
number of sources of noise both within and external to the plant. Trucks entering
the plant are one source. Within the plant, major sources of noise include utility
trucks, forced draft and induced draft fans, burner operation, and air flow within the
furnaces. With RDF or other pre-processing stages, shredders and material handling
equipment are other sources of noise.
Another environmental concern is residuals handling. The anaerobic digestion
process will produce inorganic materials that can safely be landfilled. The other
technologies generate an ash, frit, char or glass-like residue, all of which have to be
subjected to the aforementioned testing protocol (TCLP) to determined if they can be
placed in a municipal waste landfill, need to be deposited in a hazardous waste
landfill, or can be converted to a useable product.
Costs and Revenue Streams: The only technologies with dependable estimates for
capital and operating costs, based on long experience in the U.S., are the proven
mass-burn/waterwall, mass-burn/modular and RDF/dedicated boiler technologies.
All of the others have cost estimates that are speculative, theoretical, or marketdriven. Unless a vendor’s cost proposals are backed by substantial guarantees of
performance, they cannot be considered reliable.
All of these technologies will generate revenue streams. With mass-burn, steam
and/or electric power will be produced for sale, and ferrous metals can be reclaimed
from the residue (ash) discharge. Ash can be classified and sorted into a size that
may be salable or applied for beneficial use without charge. RDF systems normally
produce ferrous metals at the front end of the process, rather than at the ash end.
Ferrous metals recovered prior to incineration are relatively clean and have a greater
value than ferrous metals removed from the ash, which may be essentially alloyed
with aluminum and other low melting point materials during passage through the
heat of the furnace. RDF systems also have the potential to remove aluminum, glass
and other constituents from the shredded MSW that may have value. Pyrolysis and
gasification systems produce a glass-like material (a frit) that may be salable as a fill
or construction material. Gasification and anaerobic digestion will generate a salable
off-gas and, as with RDF systems, require pre-processing of MSW, which can
generate ferrous and other materials for sale.
SWA is contemplating waste disposal technologies, and it
applicability as it proceeds with its procurement and request
capability. These procedures are designed to manage the risks
large technological projects. Table 7-1 summarizes the risk
various procurement methods.

will consider their
for information and
that are inherent in
assignments under
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Table 7-1. Risk Assignment under Alternative Procurement Approaches
Risk Assumed By
Risk Element

A/E
Procurement

Turnkey
Procurement

Full-Service
Procurement

Owner
Owner

Capital Cost Risks
Contractor
Contractor

Contractor
Contractor

Owner

Owner

Owner

Owner

Contractor

Contractor

Capital costs overruns
Additional capital investment to achieve
required operating performance
Additional facility requirements due to new
state or federal legislation
Delays in project completion which lead to
delays in revenue flow and adverse effect of
inflation

Operation and Maintenance Costs Risks
Owner
Contractor
Contractor
Owner
Owner1
Contractor
Owner
Owner1
Contractor

Facility technical failure
Excessive facility downtime
Underestimation of facility O&M requirements
(labor, materials, etc.)
Insufficient solid waste stream

Owner

Significant changes in the solid waste
composition
Changes in state and federal legislation
which affect facility operations
Inadequate facility management
Underestimation of residue disposal costs

Owner

Owner

Owner
Owner1
Owner
Owner1
Recovered Product Income
Owner
Contractor

Overestimation of energy recovery efficiency
of technology
Significant change in solid waste composition
Changes in legislation which affect energy
production and/or use
Overestimation of solid waste quantities
Significant adverse changes in the market
financial condition or local commitment
Downward fluctuation in the price of products
Inability to meet energy market
specifications
Diversion of waste to other competing
facilities
Overestimation of the solid waste stream

Owner

Owner/
Municipalities
Owner

Owner

Contractor

Owner

Owner

Owner
Owner

Owner
Owner

Owner
Owner

Owner
Owner1

Municipalities
Owner/
Contractor
Owner
Contractor
Contractor
Risks
Contractor
Owner/
Contractor
Owner
Municipalities
Owner/
Market
Owner
Contractor

Tipping Fee Income Risks
Municipalities
Municipalities
Municipalities
Owner/
Municipalities
Owner

Owner/
Municipalities
Owner

Owner/
Municipalities
Owner

Adverse changes in participating
communities' fiscal condition
1
Modified turnkey procurements may provide for intermediate or long-term contractor facility
operations, which could lead to further risk assumption by the private contractor.

GBB/C09039-01

51

September 2, 2009

White Paper: Meeting the Future: Evaluating the Potential of Waste Processing
Technologies to Contribute to Solid Waste Authority System

8.0 Summary and Conclusions
8.1

Summary

Palm Beach County now has a system of recycling and disposal that supports itself
with a $35-per-ton service fee for disposal of residential and commercial solid waste.
The economic downturn has reduced the quantity of waste generated. Facilities with
high capital investments, landfills and WTE have been competing for waste and
temporarily depressed the price of disposal. When the economy picks up, growth in
waste generation will also increase. Much of Palm Beach County’s residential and
commercial waste is now processed for recyclable materials, combusted for energy
and landfilled by the SWA. According to SWA’s Integrated Solid Waste Management
Plan, the Western Site for a future landfill can provide SWA with 50 years of disposal
capacity. Implementing a new WTE facility will extend this period.
To address these alternatives adequately, the SWA should continue with its
comprehensive procurement, as recommended below, soliciting proposals for WTE
options using the design, build and operate approach. Also, SWA should continue
planning for future landfill disposal capacity.

8.2

Conclusions

1. The most applicable waste processing technologies for Palm Beach County are
the traditional proven technologies of mass-burn/waterwall and RDF/
dedicated boiler. All of the other technologies have either not been shown to
be commercially viable as of yet or would pose significant scale-up risks to
the State in order to provide a comprehensive solution at 3,000 TPD.
2. Florida law and environmental regulations limit access to those proven, well
established waste disposal technologies by requiring detailed data
submissions for air emissions, water use and discharge, and residue
management.
3. There are emerging technologies available to the SWA under the current
legal/regulatory framework that are less established in the marketplace and
that have been demonstrated at smaller scales, notably gasification without
on-site energy production. If the SWA pursues the use of these technologies,
it must be prepared to manage the considerable risks involved, including
commercialization risks, scale-up risks, performance risks, construction and
operating cost risks and environmental compliance risks.
4. Accessing these technologies is best done through a competitive public
procurement and negotiation process that requests proposals from
contractors that are able to provide a facility and services with appropriate
financial guarantees to deliver the permitting, design, construction, start-up
and acceptance testing, and long-term commercial operations under
performance-based full-service contracting arrangements.
5. Recognizing the need to assure waste supply post-recycling, public ownership
of the waste processing infrastructure gives the SWA greater ability to control
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waste flow destined for disposal originating in Palm Beach County and direct it
to this new infrastructure.
6. A preliminary review of regional market economics for disposal in either outof-state WTE facilities or landfills would significantly increase current and
forecasted service fee requirements. The current $35-per-ton commercial fee
level would be doubled or tripled.
7. The foresight of the County to establish the SWA as a special taxing district
and the adoption of the solid waste disposal fees that are collected on the
property tax bill has provided a stable and rational financial base for the SWA.
This insulates the finances of the SWA from the swings of the disposal
market.
This financial structure has been has been adopted by other
jurisdictions and is regarded as a best practice.
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Table A-1. Firms Evaluated for Recent Waste Processing Studies or Procurements

Jurisdiction

Ne
w

Technology

Advanced Thermal Recycling
Advanced Thermal Recycling
Advanced Thermal Recycling
Advanced Thermal Recycling
Advanced Thermal Recycling
Aerobic composting
Aerobic composting
Aerobic composting
Aerobic composting
Aerobic composting
Aerobic Digestion
Aerobic Digestion
Aerobic Digestion
Aerobic Digestion
Aerobic Digestion
Anaerobic digestion
Anaerobic Digestion
Anaerobic digestion
Anaerobic digestion
Anaerobic digestion
Anaerobic digestion
Anaerobic digestion
Anaerobic Digestion
Anaerobic Digestion
Anaerobic digestion
Anaerobic Digestion
Anaerobic Digestion
Anaerobic Digestion
Anaerobic Digestion
Anaerobic Digestion
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Gasification
Hydrolysis
Hydrolysis
Hydrolysis
Hydrolysis
Mass Burn
Mass Burn
Mass Burn
Mass Burn
Mass Burn
Mass Burn
Mass Burn
Mass Burn
Plasma Gasification
Plasma Gasification
Plasma Gasification
Plasma Gasification
Plasma Gasification
Plasma Gasification
Plasma Gasification
Plasma Gasification
Plasma Gasification
Plasma Gasification
Plasma Gasification
Plasma Gasification
Pyrolysis
Pyrolysis
Pyrolysis
Pyrolysis
Pyrolysis
Pyrolysis
Pyrolysis
Other - Steam Classification
Other - Thermal Depolymerization
Other - Biofuel
Other - Microwave
Other - Catalytic Depolymerization
Other - Thermal Oxidation

Vendors
Alter Energy
Basic Envirotech Inc.
Consutech Systems LLC
Energy Answers
Global Environmental Technologies
American Bio-Tech
Horstmann Recyclingtechnik GmbH
RRI - Switzerland
Wright Environmental Management Inc. (Wright)
Zanker
American Bio-Tech
HotRot Exports Ltd, or Outspoken Industries
International Bio Recovery Corporation (IBR)
Mining Organics
Real Earth Technologies
Arrow Ecology Ltd. (ArrowBio)
Canada Composting, Inc. (CCI) - BTA Process
Citec
Ecocorp
Emerald Waste Systems ????
Global Renewables/ISKA
ISKA GmbH
Kame/DePlano
New bio
Organic Waste Systems N.V. (Dranco)
Orgaworld
Urbaser
VAGRON
Valorga S.A.S. (Valorga)/Waste Recovery Systems
Waste Recovery Seattle, Inc. (WRSI)
BRI Energy, LLC and Bioengineering Resources, Inc.
Brightstar Environmental
Dynecology
Ebara
Ecosystem Projects
Emerald Power/Isabella City
Energy Products of Idaho (EPI)
Envirepel
GEM America
Green Energy Corp
Horizon Energy Group
ILS Partners/Pyromex
Interstate Waste Technologies/Thermoselect (IWT)
Jov Theodore Somesfalean
Kame/DePlano
Omnifuel /Downstream Systems (Omni)
Omnifuel Technologies, Inc.
Primenergy (RRA)
Tajiguas Partners - WTE/Entech
Taylor Recycling Facility
Thermogenics
Whitten Group /Entech Renewable Energy System
Zia Metallurgical Processes, Inc.
Arkenal Fuels (Bluefire)
Biofine
Genahol
Masada Oxynol
AE & E, Von Roll
Babcock & Wilcox
Barlow Projects, Inc.
Covanta Energy Corporation
Seghers Keppel Technology, Inc. (Seghers)
Veolia Environmental Services
Waste Recovery Seattle, Inc. (WRSI) Steinmuller
Wheelabrator Technologies Inc.
AlterNRG - Westinghouse
Geoplasma LLC
Global Energy Solutions
Green Power Systems
GSB Technologies
Peat International/Menlo Int.
Plasco Energy Group
Plasma Environmental Technologies, Inc.
Rigel Resource Recovery and Conversion Company
Solena Group
Startech Environmental
U.S. Science & Technology Group (USST)
Conrad Industries
Eco Waste Solutions
Entropic Technologies Corporation
Graveson Energy Management
International Environmental Solution
Pan American Resources
WasteGen Ltd. /TechTrade (WasteGen)
BLT/World Waste Technologies
Changing World Technologies
Herhof
Molecular Waste Technologies, Inc.
Red Energy Group
Zeros Technology Holding
Number of Total Responders

4
1
1

2
2

3

1
1
1
1
1

1
1
1
1
1

1
1
1

1
1
1

2
1

3
1
3
2

1
1
1
1

1
1

1

1

1

2
1

2*
1
1

1
2

1

1

2*

1

2*
2

1

1

1

1

1

1

1
1
1
1
1

1

1
1
1

1
1
2

1
1
1
1

2

2

2

2

3

1

1
1

1

1
1

1

1

1
2

2

2
3

1
1

1
1
1
1

1
2

2
2*

2
2

2

2
4

3

1

3
3

2

3

3

2

3

2

3

2

4
4

4

4

3
1

1
1

1

3
2
4

1
1
2

3
1
1

1
1
1

1
1
4
1

1
1

1

1
1

1

1
2
1
1

1

3

1

2

2
2

3

1
2
1
36

29

28

1

8

3

9

7

1

3

3

3

23

1

3

3

1

0

1
1
2
2
1
1
1
1
2
1
1
1
1
1
1
3
4
1
1
1
2
1
1
1
4
2
3
1
5
3
3
1
1
4
1
1
1
1
2
1
1
1
6
1
1
1
1
3
1
3
1
2
1
2
2
1
2
1
2
1
9
2
1
1
8
1
2
3
1
1
1
2
1
2
2
2
1
1
1
1
1
3
3
2
2
2
2
1
1
1
162

Legend:
1 - Submitted information
2 - Selected for consideration
3 - Qualified
4 - Selected for Contract
5 - Contracted
Footnote:
*
Companies submitted a combined proposal to local government
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Table A-2. Summary of Municipal Waste Processing Technologies
Available to the Solid Waste Authority of Palm Beach County, Florida
Technology
Alternative

Mass-burn/
WaterWall

Massburn/Modular

RDF/Dedicated
Boiler

RDF/Fluid Bed

Pyrolysis

Gasification

Anaerobic
Digestion

Mixed-Waste
Composting

Plasma Arc

Chemical
Decomposition

Description
Unprocessed MSW fired in a chamber
built of water tubes. Heat recovered
for steam and/or electricity production

Economic Issues
Operations/
Capital
Maintenance
$200k to $300k per $40 to $65/ton
installed ton (high)
(moderate) O&M
costs. Minimal
materials recovery.

Experience Record
The predominant
method of WTE in the
US and overseas for
decades. Over 60
plants currently in
commercial operation
Substantial experience
with facilities firing
MSW in Europe and to a
lesser extent in the
U.S.
Dozens of facilities in
operation since the
1970s

Size Applicability
Modules up to 750
TPD, with total facility
size over 3,000 TPD

Reliability
High proven
reliability, over
90%

Environmental Issues
Air emissions (controlled
by statute). Requires
residual disposal.

Modules up to 150
TPD, with total facility
size up to 450 TPD

High proven
reliability, over
90%

Air emissions (controlled
by statute). Requires
residual disposal.

$150k to $200k per
installed ton
(moderate)

$50 to $70/ton
(high) O&M costs.
Minimal materials
recovery.

Modules up to 750
TPD, with total facility
size over 3,000 TPD

Good proven
reliability, over
80%

Air emissions (controlled
by statute). Requires
residual disposal.

$158k to $198k per
installed ton
(moderate)

Shredded MSW fired in a sand bed.
Preprocessing can increase materials
recovery.

One facility firing MSW
in the US, other units in
Europe and Japan

Facility size up to 460
TPD

Good proven
reliability, over
80%

Air emissions (controlled
by statute). Requires
residual disposal.

High capital cost

$50 to $60/ton
(high) O&M
costs.Good materials
recovery revenue
potential.
High O&M costs.
Good materials
recovery revenue
potential.

Heated MSW in oxygen-starved
environment produces a fuel gas that
is incinerated to generate usable
energy - steam and/or electricity.

One pilot plant in
California operating for
2 years

Pilot plant sized for 50
TPD MSW

Insufficient
experience to
establish reliability
estimate

Air emissions (controlled
by statute), Odors from
MSW transport. Residue
may have beneficial use.

High capital cost

Heated MSW in oxygen-starved
environment generates a fuel gas that
can be exported for heat or power
generation.

Two facilities firing
MSW in Japan since
1998, 10 small units
firing MSW in Europe
and Asia

Multiple modules of
300 TPD MSW each

Insufficient
experience to
establish reliability
estimate

High capital cost
(one vendor
estimates $235k$250k/installed
ton)

High O&M costs

Extensively preprocessed/Shredded
MSW directed to a series of digesters
for gas generation that can be
exported for heat or power generation.

One facility in operation
in Israel for less than
two years; other limited
facilities in Europe

Operating facilities up
to 300 TPD

Limited air emissions
(controlled by statute),
potential air emissions
when gas is fired.
Residue may have
beneficial use.
Odor, potential air
emissions when gas is
fired. Residue may have
beneficial use.

Low capital cost

High O&M costs.
Several materials
revenue streams
may be available,

Limited operating
experience at small
scale. Subject to scaleup issues.

Shredded and screened MSW is
aerated, allowing natural organisms to
convert waste into a soil amendment.
No energy products are generated.

Hundreds of small
plants in operation in
Europe; 14 the US,
mostly less than 120
TPD
Two pilot plants in
operation since 1999 in
Japan

Up to 250 TPD
facilities

Product quality
unreliable

Odor; potential for
product contamination
from MSW toxics

Low capital cost

Low O&M costs.
Questionable product
quality threatens
project economics.

No large-scale
commercially viable
plants in operation..
Scale-up an issue.

Less than 200 TPD
MSW

Insufficient
experience to
establish reliability
estimate

Air emissions (controlled
by statute). Residue may
have beneficial use.

Very high capital
cost

Very high O&M costs

No commercial
experience to date.
Subject to scale-up
issues. May require
new legislation.

No operating plants at
this time

No operating facilities
at this time

Insufficient
experience to
establish reliability
estimate

Odor, potential air
emissions (controlled by
statute) when gas is
fired

Moderate capital
cost projected

Unprocessed MSW fired in a series of
refractory chambers followed by a heat
recovery boiler for steam and/or
electricity production.
Shredded MSW, with ferrous metals
removed, fired in a chamber built of
water tubes. Preprocessing can
increase materials recovery.

MSW heated by a plasma-arc in
oxygen-starved environment produces
a fuel gas that is incinerated to
generate usable energy for steam
and/or electricity. Similar to
gasification.
The organic portion of MSW is heated,
converted to a gas, and the gas is
refined to water, burnable and nonburnable fractions.

Insufficient
experience to
establish reliability
estimate

High O&M costs

Unknown at this
time

Risks/Liability*
Proven commercial
technology at
appropriate scale.
Requires new
legislation.
Proven commercial
technology; limitations
in scaling up to size
needed. Requires new
legislation.
Proven commercial
technology at
appropriate scale.
Requires new
legislation.
Proven technology;
limited U.S commercial
experience; scalability
an issue. Requires new
legislation.
High risk, uncertain
commercial potential.
No operating
experience with large
scale operations. May
require new legislation.
Limited operating
experience at only
small scale. Subject to
scale-up issues.

Technology under
development. Not a
commercial option at
this time.

Risk
Summary

Very Low

Low

Low

Moderate

High

High

High

Moderate
to high

High

High

* Does not include risks related to procurement, such as vendor quality and deep pockets (ability to provide technical, construction and operating guarantees; underwrite risks, etc.).
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