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CHAPTER 5
ALTERNATIVE BISPOSAL-TECHNOLOGIES

PURPOSE

5.2

The purpose of this chapter is to describe technologies which provide an
alternative to existing solid waste disposal technologies and to provide a brief
assessment on their current state of development. This chapter also describes a
number of benefits, advantages, and environmental and constraints, regarding the
identified alternative technologies.

This chapter will explore various alternative technologies which divert waste from
landfills and be used to generate energy, produce “green” fuels and other
products. Alternatives, such as conversion technologies, are beginning to be
considered viable alternatives for solid waste management in the United States.
Due to current _concern regarding the permitting, siting, and environmental
development of conversion technologies, the County of Los Angeles has studied
challenges and benefits to these technologies. These challenges and benefits are
also considered within the chapter text and in the technology summary Table 5-1.

DEFINITION OF TERMS

Due to increased interest in development of alternative technologies in the United
States and the evolution of thermal technologies, there has been some confusion
among widely used and overlapping terms. Section 5.2 defines a variety of terms
and their application to alternative technologies. For clarity, select terms will be
used throughout the Chapter.

Currently, California law does not properly define these alternative technologies.
One term (transformation) is used to include both incineration (mass-burn) and
some_conversion (non-burn) technologies, while other technologies are not
defined at all. Gasification is_singled out, however the definition currently
incorporated into_State statute for gasification is technically and scientifically
inaccurate.

The Los Angeles County Solid Waste Management Committee/Integrated Waste
Management Task Force (Task Force) has been lobbying the State Legislature to
revise California law so that it accurately reflects the scientific distinctions among
these technologies, and regulates them rationally based on their relative
environmental benefits and impacts compared with other solid waste management
options. To date, the Leqislature has been reluctant to address this issue in any
way; therefore the following definitions are offered to provide a clearer distinction
between the various terminologies currently in use.

5-1




Preliminary, Draft
For Discussion Only

5.2.1 Combustion

Combustion refers to an oxidation process - a reaction between a fuel and an
oxidant, typically ambient air or oxygen - producing an exothermic reaction in the
form of heat. Full combustion includes complete reactions in the form of heat and
a full flame.

5.2.2 Conversion Technologies

Conversion technologies refer to a wide array of state of the art technologies
capable of converting post-recycled or residual solid waste into useful products,
green fuels, and renewable energy through non-combustion thermal, chemical, or
biological processes. Conversion technologies do not include mechanical
processes. This definition is based on the Conversion Technology Evaluation
Report adopted by the Task Force.

5.2.3 Incineration

Incineration refers to an oxidation reaction including heat and flame, that reduces
the fuel to the state of ash. This definition is from the American Heritage

Dictionary.

5.2.4 Transformation

Transformation refers to a process whose principal function is to process solid
waste by incineration. Transformation does not include a composting, gasification,
conversion, or biomass processing. Transformation is a term defined in California
stature (PRC 40201) to currently include “incineration, pyrolysis, distillation, or
biological conversion other than composting.” Because the term as defined in
statute _does not make a distinction between incineration and conversion
technologies, this Chapter will not reference this term.

5.2.5 Waste-to-Energy

Waste-to-Enerqy is a generic term for a process that uses solid waste to produce
energy, however this term has become synonymous with incineration that
generates_electricity from the waste heat. The California Integrated Waste
Management Board characterizes waste-to-energy in such terms as well.

For the sake of clarity, we will use the terms “combustion” and “conversion technologies”
throughout this chapter.

5.3% INTRODUCTION ANB-PURPOSE
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As discussed in Chapter 1 (Subsection 1.4.2.4) and consistent with the goals
established in Chapter 2, the primary goal of the Los Angeles County CSE is to
address the solid waste disposal needs of the 88 cities in Los Angeles County and
the County unincorporated communities for a 15-year planning period.

Adequate disposal capacity has been identified, discussed, and discussed-in
Chapters4-and-7to-addressthese addressed in Chapters 4 and 7. -Those needs
are_met through utilization of existing in-County solid waste disposal facilities,
expansion of existing facilities, and development of new facilities-undervarious
scenarios.  Chapter 7 confirms that no new landfills can be developed in
Los Angeles County and expanding existing landfills is a long and challenging
process. Currently, nearly all refuse in Los Angeles County is transported by truck
to disposal sites within the metropolitan area, however that will be changing within
the decade. The County of Los Angeles is in a period of transition, and by the end
of this planning period will rely on facilities outside of its borders to manage most
of its waste. With the closure of the Puente Hills Landfill in 2013, and other
landfills closing soon after in Los Angeles County, it is estimated that as much as
12,000 tons of solid waste will be flowing out of the County by 2025, therefore itis

critical to investin aIternatlve solid waste mfrastructure that can address this need

However, past and current experience in siting new landfills and expanding
existing landfills underscores the difficulty of achieving this goal. In the last few
years, proposed new landfills and expansions of existing landfills have
encountered strong opposition to their development, particularly from residents
living in the vicinity of those facilities and from environmental groups. This has
resulted in an increasing interest in finding alternatives to landfill disposal that
Would have reduced negatlve |mpacts or have benef|C|aI |mpacts on the
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Among the most promising alternatives to landfill disposal and waste exporting are

conversion technologies. For nearly a decade, Los Angeles County has been a
consistent_supporter of conversion technologies because of their potential to
manage post-recycled MSW in _an_environmentally preferable manner. On
July 27, 1999, the Los Angeles County Board of Supervisors formally adopted a
series _of recommendations that included support for the development of
alternatives to landfilling and combustion, such as conversion technologies.

Since then, the County has supported local research and development of
conversion technologies including supporting legislation to advance conversion
within the state and working with members of the California Integrated Waste
Management Board (Waste Board) and other stakeholders on this matter. The
County has sponsored and supported legislation that would correct erroneous
definitions currently in State stature, and provide conversion technologies with
“diversion credit” for the material diverted from landfill disposal. Diversion credit
represents an important incentive for local jurisdictions, therefore diversion credit,
could invigorate research and development of environmentally benéeficial
technologies that can create jobs while transforming a liability (residual solid
waste) into a benefit (renewable energy, green fuels and useful products).

In 2004, the Los Angeles County Integrated Waste Management Task Force (Task
Force) established the Alternative Technology Advisory Subcommittee as an
outgrowth of its commitment to conversion technologies, supported by a condition
in the CUP of the Puente Hills landfill adopted in 2003. The Subcommittee is
comprised of a diverse group of professionals including representatives from local
government, the Waste Board, consultants, all experts in the field of conversion
technologies who are responsible for evaluating and promoting the development of
conversion technologies. The ultimate goal of the Subcommittee is to facilitate the
development of a demonstration conversion technology facility in Southern
California, which would showcase the benefits of conversion technologies as
technically, economically, and environmentally viable alternative _method of
managing solid waste within the County.

On August 18, 2005, the Task Force officially adopted the "Conversion Technology
Evaluation Report”. Research for this report was conducted which assessed the
viability of various conversion technologies, with the goal of vetting technologies
for a potential demonstration facility. This demonstration facility is proposed to be
partnered with a Material Recovery Facility/Transfer Station, the benefits of such a
pairing are significant and include readily available feedstock otherwise destined
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for landfill disposal, appropriate siting, preprocessing capacity, transportation (cost
and pollution) avoidance, and a host of symbiotic benefits.

Los Angeles County, like many other municipalities, is proposing to exclusively site
conversion technology facilities at Material Recovery Facilities or_ Transfer
Stations. This proposed siting requirement would further ensure that the waste
stream processed by conversion technology facilities are strictly residual solid
waste remaining after all feasibly recoverable recyclables have been removed.

The development and viability of the various proposed alternative dispesal |
technologies, and the methods to enhance existing landfill capacity, depend on
technical and economic factors, air quality standards, and public acceptance. |
Further studies and testing of many of these technologies may be needed to
determine if they are viableeconemicallyfeasible._ Data contained within the
Conversion Technology Evaluation Report provides clearly defined information
regarding all of the above mentioned areas of concern. There have been
significant developments regarding the use of MSW as feedstock for alternative
technologies, including conversion technologies.

A
O CHTC—V i O Ci

Combustion facilities that utilize municipal solid waste as a feedstock are currently
used within the County of Los Angeles. End products for combustion facilities are
typically ash, inert material, and enerqgy generation. Energy produced from the
combustion facilities is sold to power utilities, in addition to being used on-site.

Combustion systems are used to reduce the volume of solid waste, destroy
pathogens, break down chemical compound structures, and produce energy.
Combustion occurs at high temperatures to produce gas, ash, and inert residual
material. Heat from the controlled burning process is used to produce steam,
which is then used to generate power. Pollution control for gas produced is
typically in the form of scrubbers and filters. The scrubbers neutralize the acid
gases within the resulting gas. Filters remove minute ash patrticles from any gas
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produced due to current air quality standards. Typically the ash and minimal inert
material produced from combustion is stored and used as road base material.

5.4.1 lncineration Combustion

Combustion, as defined in section 5.2.3 of this chapter, is used to manage solid
waste in compliance with state and regional environmental requlations. Units
without preprocessing are referred to as mass-fired or mass burn combustion
facilities. Waste processed prior to burning is referred to as refuse-derived-fuel
(RDF). Refuse (solid waste) is typically burned at temperatures of about 2200
degrees Fahrenheit in waterwall boilers where thermal energy in the form of steam
would be recovered. The steam is then passed through turbines where the
thermal energy is converted to electricity. These processes can achieve a 70
percent volume reduction in the solid waste, ash being the only residue produced.
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Environmental issues associated with a combustion facility include potential
impacts to air guality, water quality, traffic, aesthetics, and noise. The combustion
of refuse to recover energy will generate emissions to the atmosphere which
require that sophisticated control devices be employed. Controlled combustion,
through the use of automated damper controls for air distribution, minimize NOy
and CO,. In addition, it has been demonstrated that ammonia injection into the
furnace is successful in further reducing NO, emissions. Sulfur dioxide,
hydrochloric_acid (HCI), dioxins/furans, cadmium, and lead are removed at an
efficiency of up to 99 percent through the use of lime treatment in a dry scrubber
neutralizing the acid gases. The final stage in a typical air pollution control system
at a combustion facility is a filter baghouse which removes up to 99.95 percent of
the particulate matter.

Combustion_technology has been identified as one of the most effective options
currently available to reduce the need for landfill disposal. Combustion_is
commercially, technically, and environmentally feasible. Buringthe-pasttwo-three
decades;-aninterestin-From the 1970’s to the 1990’s combustion technology grew
as aresult of enerqgy shortages and relatively high enerqy prices. State legislation
was enacted in the 1980s which encouraged the development of combustion
projects. However, political resistance and public perception have increased due
to environmental and safety concerns. At this time no new combustion_facility is
proposed for development. The current lack of enthusiasm for combustion
facilities is also associated with economic factors such as the high capital costs
involved in developing these facilities, the deregulation of the energy industry, ,
and other factors such as the strong public opposition encountered by previous
proposals due to air quality concerns. Additionally, development has been
discouraged by its current classification as disposal, rather than diversion under
State law. While there are no _current proposals to develop waste-to- energy

facilities in Los Angeles Countv, this technoloqv remalns a valid disposal optlon

Solid waste combustion systems (incinerators) can be designed to operate with
two types of solid waste fuel: commingled solid waste (mass-fired) and pre-
processed solid waste known as refuse-derived fuel (RDF-fired). Mass-fired
combustion systems are the predominant type. Currently, there are two such
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facilities operating in Los Angles County: the Commerce Refuse-to-Energy Facility
in the City of Commerce and the Southeast Resource Recovery Facility (SERRF)
in the City of Long Beach.

5.4.1.1 Fluidized Bed Combustion

Fluidized Bed Combustion (FBC) processes include a heated bed of
particles, typically sand or another type of granular media, suspended
(fluidized) within a steel column through use of an upward flow of air or fluid.
Oxygen is supplied more freely through the flow action of the bed media due
to the turbulent contact between the bed media and the fuel media.
Complete oxidation, including the production of flames maximizes thermal
efficiency and minimizes the amount of char produced provided by the fuel
media. FBC is best used to manage low BTU fuel media and high moisture
characteristics. Several FBC systems are being used and-developed-for
solid waste combustion throughout the world.

5.4.1.2 Mass-fired Combustion Systems

In_ a mass-fired combustion system, minimal processing is given to solid
waste before it is placed in the charging hopper of the system. The crane
operator in charge of loading the charging hopper manually rejects obviously
unsuitable items. One of the most critical components of a mass-fired
combustion system is the grate system. It serves several functions, including
the _movement of waste through the system, mixing of the waste, and
injection of combustion air. Typical mass-fired combustion facilities are
described below.

5.4.1.2.1 Commerce Refuse-to-Energy Facility.

The Commerce Refuse-to-Energy Facility (CREF) is a joint powers agency
formed by the City of Commerce and the County Sanitation Districts of
Los Angeles County (CSD). The CSD has operated CREF since its inception
in 1987. It successfully meets the South Coast Air Quality Management
District (SCAQMD) requirements and produces some of the lowest emissions
from a facility of its type worldwide. The facility combusts approximately
360 tons of refuse per day, 7 days a week, and generates approximately
10 megawatts (MW) of electricity that is sold to Southern California Edison

(SCE).

Residual ash is created as a result of the burning process, and an ash
treatment facility is operating at the site. The ash is mixed with cement in the
drums_of transit mix_trucks. The mix is then transferred to portable
containers where it hardens into 16 to 17 ton blocks. These blocks are
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transported to the Puente Hills Landfill where they are crushed and recycled
as a base material for roads.

5.4.1.2.2 Southeast Resource Recovery Facility.

The Southeast Resource Recovery Facility (SERRF) is a joint powers agency
formed by the City of Long Beach and the CSD. The City of Long Beach
employs a private contractor to operate the facility. SERRF has the capacity
to burn process about 1,38050 tons of refuse per day..7-days-a-weekand
As an end product, the combustion_process generates approximately 36
gross MW of electricity, with 30 MW of electricity that is sold to SCE.

Residual ash is created as a result of the combustion_burringprocess..—and
an There is an -ash treatment facility isoperating at the site. SERRF adds
cement to the ash and transports the mix to the Puente Hills Landfill where it
is recycled as a base material for roads.

5.4.1.3 RDF-Fired Combustion Systems

Refuse-derived fuel (RDF) is the material remaining after the selected
recyclable and noncombustible materials have been removed from the waste
stream. FheRDF can be produced in shredded or fluff form, or as densified
pellets or cubes. Densified RDF is more costly to produce, but is easier to
transport and store.

Due to the higher energy content of RDF compared to unprocessed solid
waste, RDF combustion systems can be physically smaller than
comparatively rated mass-fired systems. A RDF-fired system can also be
controlled more effectively than a mass-fired system because of the more
homogeneous nature of RDF, allowing for better combustion control and
better performance of air _pollution control devices. Typical RDF-fired
combustors are shown below.
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C— Fluidized Bed-Combustion (Moved to 5.2.1.3)
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Energy Answers Corporation

How the process works:

1.Municipal solid waste is delivered by collection Wucks, transfer traijfrs, and rail cars to the enclosed
receiving building, Here the waste is inspected, art bulky and regy€Clable materials are removed.

2. Refuse is pushed by front-end loaders onto conveyolg whichfed hammermill shredders. Waste is
shredded to a size of 6" or less, then passed under magnetyf which remove about two-thirds of the
ferrous (iron-bearing) metals for recyeling.

3,This shredded material is called Processed Refuse Fyé
egual to 72 gallons of fuel oil or about one-third ton of gbal.

(PRF). A ton of PRF has a heating value

4.The PRF is blown into specially-designed boile ight materiaf\burn in suspension, while heavy G
portions of the fuel are burned on a traveling gratg/at the bottom of INg boiler.

5.0ry ash from the boiler grates is conveyed tohe EAC-patented bottom\ysh processing facility where
it is processed into three components: oS metals, non-ferrous metald\{(aluminum, copper, brass, i
etc.), and a gravel-like material called Boj)fr Aggregate™. The metals ary recycled through scrap 3
dealers, and the aggregate is usable agftill material or a light-weight aggfgate for concrete and

asphalt products.

6.High-pressure steam produced in Jfie boiler is passed through a turbine which d
for pr ; uction of electricity. The aiy/Cooled condensers convert the steam back into
the boilers.

es the generator
wter for re-usa in

7.Combustion gases are pagped through scrubbers where they are sprayed with a lime\eagent 1o
neutralize acid-gas constitughts. Gases are than passed through sither elactrostatic preciltators or
fabric filters (bag-house) tgfCapture particulates. A continuous emissions monitoring system miyasures
and records levels of regflated compounds in the flue gas.

8.Fly ash, which is rgade up of the fine particles removed by the sophisticated air pollution conNpl
system, is collectag/separately from the bottorn ash, conditioned using a proprietary process, an
landfilled. Reseayfh is underway to develop a use for this material as well.

Source;Rescurce Recgfery Ene;-sy Answers Corporation Albany, New York

SEMASS/Schematic Process Diagram
Los Apgeles County Countywide Siting Element
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5.4.1.4B- Rotary Cascading Bed Combustion

The Rotary Cascading Bed Combustion (RCBC) is a robust solid-fuel burner
and heat recovery system, a form of Fluidized Bed Combustion (FBC)
system. It can burn solid waste, RDF, wood chips, etc. The system consists |
of a rotating horizontal cylindrical chamber with bundles of boiler tubes

projecting into the end of the chamber. The rotational speed of the chamber |
is high enough to keep the bed material continually airborne, thus increasing
combustion._ The hot solids cycle preheats the combustlon alr drying and

=B
RGBGsystem ‘Almost aII RDF systems have requwed extenswe redesign to
attain acceptable levels of reliability and environmental quality.

5.4.2 Biomass Combustion

State Statute (PRC 40106) defines "biomass conversion" as “the controlled
combustion, when separated from other solid waste and used for producing
electricity or heat, of the following materials: (1) Agricultural crop residues; (2)
Bark, lawn, yard, and garden clippings; (3) Leaves, silvicultural residue, and tree
and brush pruning; (4) Wood, wood chips, and wood waste; (5) Nonrecyclable pulp
or nonrecyclable paper materials.” It is essentially the controlled combustion of
certain biomass feedstocks. There are no biomass conversion facilities operating
or planned for Los Angeles County.

53— ALFERNATHVE SOHB WASTEBDISPOSALTECHNOLOGIES
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CONVERSION TECHNOLOGY SYSTEMS |

Conversion technology systems are an array of alternatives to conventional landfill
disposal. These technologies may be used in conjunction with current landfill
practices to extend the life cycle of existing landfills. Conversion technologies
refer _to innovative technologies including pyrolysis, gasification, anaerobic
digestion, and ethanol fermentation, which are capable of converting Municipal
Solid Waste (MSW) into an array of high value, marketable materials and green
fuels such as ethanol, biodiesel, biomethane, and hydrogen, which can be used to
produce clean, renewable energy.

Conversion technologies represent the most significant opportunity for beneficial
use of MSW to come along since passage of California’s AB 939 in 1989.
According to a Waste Board report, as of March 2005 there were approximately
140 operating conversion technology facilities utilizing MSW as a feedstock in
Europe and Japan. Various studies have shown that conversion technologies
employing thermal, chemical, or biological processes can be used to successfully
manage MSW. Using these technologies can decrease criteria air pollutants and
greenhouse gases which would ordinarily result from other waste disposal options.
Moreover, conversion technologies can revolutionize the way solid waste is
managed in _Southern California by transforming waste that is currently an
economic, environmental and political liability, and turning it into_a valuable
commodity and resource.

The use of residual solid waste (waste that remains after recyclables have been
removed) as feedstock sent to a conversion facility can help the County lessen
disposal into landfills, by diverting unrecyclable solid waste intended for disposal.
This _process would in turn increase landfill life and postpone the costly and
arduous task of siting and permitting new waste disposal sites. The
commercialization of these technologies creates a realistic potential to achieve
state recycling rates beyond 75%, while complementing and reinforcing the
existing recycling market and infrastructure.

Conversion technologies could accommodate a portion of the solid waste to be
managed within the 15-year planning periods of the Countywide Siting Element.

The California Integrated Waste Management Board’s 2001 Strategic Plan
includes a goal to “Support local government efforts to use alternative means of
diverting waste, including the use of conversion technology where residuals can be
converted directly into electricity and actively managed to increase fuel and gas
production.” This section provides a description of various existing-and-propesed
transformation-conversion technologies that can serve as alternatives to solid
waste disposal-technologies. _Conversion Franstormation-technologies can be
generally grouped into threewe main categories: a) thermal conversion processes,
b) biological conversion processes and cb) bielegical/chemical conversion
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processes Figure 5-1 shows a typical process diagram for most conversion

chnologles Ih&majenﬁkemwnsienﬂauen—pmeesses%ha%&@ebwenﬂ%bemg

mess%e—emeess—sd@%#aste%e—dem*e—renemable—%mmy—Conversmn
technologies differ from conventional combustion processes due to the capability
of conversion facilities to produce marketable products, including green fuels like
biodiesel and ethanol. The Department of Energy (DOE) report, “Annual Enerqy
Outlook 2006 with Projections to 2030” noted many markets for renewable energy.
These markets included fuel for automobiles to decrease dependence upon
foreign oil. “Sales of advanced technology vehicles, representing automotive
technologies that use alternative fuels or require advanced engine technology,
reach 5.7 million per year...”

There are specific_issuesrisks that are associated with the development of

conversionaew technologies, which must be carefully weighed by a jurisdiction
when considering alternative-conversion technologies as a part of their solid waste
management strategies._ Most issues with conversion technologies can be
separated into four cateqgories: requlatory, environmental/social, technical, and
economic. Most of the conversion technologies available have not been permitted
to process MSW or to address the emissions from the various processes. Public
perception is an important aspect to implementation of these technologies due to
the lack of knowledge regarding these facilities and the environmental impact due
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to _processing. Jurisdictions would need to provide public education regarding
these technologies and the specific_difference from existing full combustion
processes. Feedstock characteristics, process integration, and emission controls
at times provide design concerns. Currently, in the United States there are no
large scale heterogeneous MSW conversion technoloqy facilities. There are
smaller demonstration facilities, but most of the feedstock is homogeneous without
serious consideration for large scale MSW processing. Some cost data has been
generated regarding smaller demonstration facilities in the United States such as
capital, operation, maintenance costs, and possible revenue generated.

Some of the technologies discussed below are in the construction stage of full-
scale facilities. These technologies merit continued close observation of methods
and costs as they mature._ However, based on the above considerations and the |
length of time required to permit and develop these types of facilities, these
technologies (with the exception of waste-to-energy) may not be ready for large- |
scale commercial operation to mange a significant portion of solid waste generated
in Los Angeles County within the current planning period. _Nevertheless,
alternative-conversion technologies need to be continually evaluated so that in a
not-so-distantthe future they may provide for the management of a significant
share of the County’s solid waste.

Per the aforementioned URS, Conversion Technology Evaluation Report of August
18, 2005, the thermal, chemical, and biological conversion technologies will be
further _explained in the following sections. To simplify discussion of these
technologies this report is incorporated by reference. However, it should be noted
future revisions to the SFEConversion Technology Evaluation -report does not
constitute _a revision to the Countywide Siting Element. Therefore, the
CTEConversion Technology Evaluation -report will not be included as an appendix
within the Countywide Siting Element.

5.54.1 Thermal Conversion Processes |

There are two majorhree types of systems—for—the—thermal conversion

processesing of solid waste:; eembustien-systems,-namely pyrolysis systems; and
gasification systems;-which-are-deseribed-below._Thermal processing involves

thermal degrading of solid waste through exothermic or endothermic reactions in
an oxygen deprived or oxygen reduced environment. Full combustion of solid
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waste to the state of ash does not occur as a phase of the thermal conversion
processes.

(Most of the text moved to section 5.4.1.2)
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5.5.1.1 Pyrolyis Systems
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Pyrolysis is the thermal processing of waste in the absence of oxygen. Pyrolysis
systems are used to convert solid waste into gaseous, liquid, and solid fuels. |
Because most organic substances are thermally unstable, they can, upon heating
in an oxygen-free atmosphere, be broken down into gaseous, liquid, and solid
components.

Pyrolysis systems typically include kiln type structures which use external heat to
process solid waste - there are no flames applied directly to the solid waste in this

Process. heeonios oo con e o o coepel o pconcons L ne dern olie
processreguires-an-external-heat source:

Typical feedstock for pyrolysis systems range from municipal solid waste (MSW)
residuals to specific organic feedstocks. MSW residuals are acceptable if the
non-thermally degraded materials are separated, and if the residual materials are

dry.

During a pyrolysis operation, municipal solid waste is shredded, fed to a reactor
vessel, where it is heated to temperatures ranging from 750°900 to 14665
1650°F producing the following components:

e Syngas component, containing primarily hydrogen (Hp), methane (CHa),
carbon monoxide (CO), carbon dioxide (CO»), and various other gases,
depending on the organic characteristics of the material being processed.

e Liguid component (Pyrolysis oil), consisting of a tar or oil-like material
containing acetic acid, acetone, methanol, and complex oxygenated
hydrocarbons. Additional processing of this material results in a synthetic
fuel oil.

e Char or ash component, consisting of almost pure carbon plus any inert
material originally present in the solid waste.

bustibl luidoil I h
The gas or oil may either be used to generate power or burned-immediately-or
processed further and sold as fuel.

Since solid waste must be shredded prior to heating, potential environmental
effects associated with the processing phase of a pyrolysis system are similar to
those which may result from a mixed waste composting facility and include
increases in noise, dust, traffic, and risk of fire and vector infestation. However,
since the actual distillation step is in an enclosed environment, air quality impacts

are minimal. may be small. Pyrolysis is commonly used in the petroleum industry,
SepmesHesdoc coprnionnl spar e se e i e mecnldbne o
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In the United States, only a few small demonstration and commercial pyrolysis
facilities have been constructed and operated, most commercial facilities efwhich

have been-shut down due to-eperational-problems_end product quality.

Refer to Section 1.1.2 of the CTFEConversion Technology Evaluation Report, for
specific information regarding the range of pyrolysis processes and Appendix A,
within _the report, for lists conversion technology distributors. More general
information regarding the pyrolysis system is summarized within Table 5-1 of this

chapter.
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53.35.5.1.2 Gasification Systems

Gasification is the conversion at higher temperatures of Refuse-Derived-Fuel
{RBF)}—feedstock into combustible gases, using a limited amount of air.
Additionally, Ggasification is a general term used to describe the process of
partial_oxidation-eembustien in which a fuel is deliberately combusted with less
than the exact amount of oxygen (or air) needed for complete-cembustion
oxidation.

Unfortunately, State statute (PRC 40117) defines gasification inaccurately and in
a manner meant to sharply constrain the ability to develop this technology to
manage MSW. State statute defines gasification and prohibits the development
of a gasification facility unless the facility uses no air or oxygen in the process,
produces zero air_emissions, no discharges to surface or groundwaters, and
processes no feedstock from jurisdictions with less than a 30% diversion rate,
among_other restrictions. These restrictions are unprecedented for any
technology or _industry and seem designed to inhibit the development of
conversion technologies.
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Gasification is-a-technigue-for-effectively reducesing the volume of solid waste
and maximizes the recovery of energy. Gasification temperatures may range

from 750° to 12,000°, depending on they type of gasification system used.
Typically, the feedstock used is organic or thermally degradable and usually
requires preprocessing and drying. Essentially, the process involves partial
oxidationecembustion of a carbonaceous fuel to generate a combustible fuel gas
rich in carbon monoxide, hydrogen, and some saturated hydrocarbons, principally
methane.

The combustible fuel gas can then be combusted in an_internal combustion
engine, gas turbine, or boiler under excess-air conditions_in order to produce
power. Benefits to using gasification systems to manage solid waste are
increased levels of feedstock degradation, ability to accept organic and non-
organic material for degradation, and production of highly marketable products
such as fuel, road base material, and other chemicals.

There are sixthree—basic—-major types of gasificationers_systems;: fixed bed
gasification systems, fluid bed gasification systems, plasma arc gasification

systems.

The following is a brief description of the basic types of gasification systems._For
additional information regarding specific gasification systems and lists of various
gasification technology vendors, refer to Section 1.1.3 of the Conversion
Technology Evaluation Report. Also, general information regarding various
gasification systems are summarized within Table 5-1 of this chapter.

5.5.1.2.1 Fixed Bed Gasification System
A._ Vertical Fixed Bed

Vertical Fixed Bed

The vertical fixed bed gasifier has-a-nrumber-of-advantages-over-the-other
characterized by the upward orientation of the gasification machinery and the
stationary or moving grates within the system.. However, this type of reactor
is more sensitive to the mechanical characteristics of the fuel; it requires a

uniform, homogenous fuel, such as densified RDF. As-shownin-figure 5-3. |
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-Btu

—The end products of the process are primarily low
gas and char.

Gasifiers have the potential to achieve low air pollution emissions with
simplified air pollution control devices. The emissions are comparable to or
less than the emissions from excess-air combustion systems employing far
more complex emission control systems.

avaiable-type.Horizontal fixed bed gasification systems are characterized by
horizontally configured moving grates or plates which introduce feedstock
into the horizontally oriented gasification machinery. A horizontal fixed bed
gasifier consists of two major components: a primary combustion chamber
and a secondary combustion chamber. In the primary chamber, waste is
gasified by partial oxidationcembustion under controlled conditions, |
producing a low-Btu gas, which then flows into the secondary combustion
chamber. In the second chamber, it is combusted with excess air which
produces high-temperature (1,200 °F to 1,600 °F) gases that can be used to
produce steam or hot water in an attached waste heat boiler. This system
produces lower particulate emissions than conventional excess-air
combustors.

Horizontal fixed bed gasifiers are commercially available from several
manufacturers in standard sizes ranging from 0.05 to 4.2 tons/hr in capacity.

5.5.1.2.2 Fluid Bed Gasification
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Fluidized bed gasification is a process in which a bed of particles is converted
to a fluid state by means of an upward flow of gas (or liquid). In its simplest
form, a Ffluidized Bbed Combustion{FBC)-system consists of a vertical steel
cylinder with a sand bed, a supporting grid plate, and air injection nozzles.
When air is forced up through the nozzles, the bed of sand expands up to
twice its resting volume and acts like a fluid. Refuse Derived Fuel can be
injected into the gasification reactor above or below the level of the fluidized
bed. The “boiling” action of the fluidized bed promotes turbulence and mixing
and transfers heat to the feedstock. In operation, auxiliary fuel (natural gas
or fuel oil) is used to bring the bed up to operating temperature (1,450°F to

1,750°F).

Fluidized bed gasifiers are an alternative design to conventional combustion

systems. With minimal modifications, a fluidized bed combustion system can
be operated as a fluidized bed gasificationer system. The major difference
between combustion and gasification systems is the method of fuel media
decomposition. Fluid bed combustion systems destroy fuel media through
full _oxidation including flames or combustion, thus producing minimal
amounts of char and minimal amounts of syngas. Fluid bed gasification
systems thermally decompose organic _matter in_a minimal oxygen
atmosphere in order to produce syngas, combustible liquids, chars, and slag

material. Several pilot-scale tests have been conducted with solid waste as

fuel.

Currently, there has been some success in Europe and Japan with

gasification technologies with processing MSW, with minimal preprocessing
in the form of removal of large items, shredding, and sorting. Some
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processing to remove metals and other inert material is required, both to
improve performance of the reactors and to reduce air emissions.

Refer to sections 1.1.3.1 and 1.1.3.2, of the €FEConversion Technology
Evaluation Report provides more information regarding the current success

with various gasification facilities.
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Fuel hatch

Fuel bin

Ash
removal
port

Source:  Integraled Soiid Waste Management. 1 chobangglous/ | neisen/vigit

Schematic diagram of batchfed vertical fixed-bed gasifier

Figury 5-3
Los Angeles County/Countywide Siting Element
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5.5.1.2.3 Plasma Arc Gasification System
. I fioat

Plasma arc gasification systems utilize technology which harnesses the
heating power of an artificial lightning bolt, to produce the high temperature
gases that cannot be reached through any other process except through
nuclear fission/fusion, to process solid waste. A plasma is generated when
gas, such as oxygen, passes through an electrical arc created by two
electrodes. This results in an extremely high processing temperature that is
reached with minimal gas flow.

Hot ionized gas (plasma) is used to heat air or oxygen to high temperatures
typically in excess of 7,000°F and use the resulting plasma for treating
Municipal Solid Waste. Plasma gasification processes occur in a closed |,
pressurized reactor and the air/oxygen introduced is controlled for promotion
of gasification reactions.

A plasma torch converts electrical energy into thermal energy, creating a
localized area of plasma. The torch’s intense heat can reach temperatures
as high as 12,000 °C. Typical feedstock for this type of gasification are any
organic or thermally degradable materials, including MSW. Waste feedstock
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is thermally processed until it dissociates into a solid rock, leaving an inert,
gray chunk of glass-like material.

Refer to section 1.1.4 of the €CFEConversion Technology Evaluation Report
for more information on plasma arc gasification. In Japan this technoloqy is
used to treat wastewater products, processing hazardous or medical waste,
and incinerator_ash. The aforementioned section of the “Conversion
Technology Evaluation Report” describes in detail the total process for this
type of conversion technology.
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o oloaical/Chemical .

55.2 Biological Conversion Process

Biological conversion processes are designed for biodegradable organics only and
require an extensive amount of pre-processing. Typically, the major end product
is compost (a minimally marketable product). The feedstocks are those which
include food waste, agricultural waste, biosolids, and various other organics and
biodegradable materials. Table 5-1 in this chapter further specifies feedstock
types and benefits of anaerobic and aerobic digestion.

53.21__Biosohds-InjectionTechnology
5.5.2.1 Anaerobic Digestion

Anaerobic _digestion (AD) is a process in_which biodegradable organics are
converted into compost, methane, and carbon dioxide. A typical AD process for
MSW begins with pre-processing in the form of separation of metals, plastic, and
non-biodegradable residues.

Hydrolysis, acidification, and production of biogas are the main components for
anaerobic digestion. Hydrolysis is the process of breaking chemical bonds of
larger molecules into smaller molecules. Acidification is the subsequent process
which degrades the smaller molecules into acids, hydrogen gas, and carbon
dioxide.

The products from the acidification process are introduced to methane producing
bacteria (methanogens) and produce biogas. Typical composition of the resulting
biogas is 50 percent to 70 percent methane with medium Btu values.

Refer to section 1.2.2 of the SFEConversion Technology Evaluation Report for
further explanation of the Anaerobic Digestion process along with general process

diagrams.
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5.5.2.2 Aerobic Digestion

Aerobic digestion is a biological conversion process in which microbial oxygen
dependant bacteria, degrade solid waste. Aerobic digestion feedstock must
contain_homogeneous biodegradable organic _material. Typical feedstock
includes food, agricultural, and biosolids wastes.

Aerobic_microorganisms _in_the reactor oxidize biodegradable material and
produce large amounts of heat. Renewable enerqy in the form of synthesized
biogas and ethanol are not products of this type of process. The aerobic
digestion process predominantly produces compost as well as solid and liquid
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fertilizers. Residue from the aerobic process is used to produce liguid and solid
fertilizers.

Refer to section 1.2.4.3 of the €FEConversion Technology Evaluation Report
contains more information regarding the aerobic digestion technology vendors.
Also, refer to Table 5-1 of this chapter for more information regarding aerobic

digestion.
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5.5.3 Chemical Conversion Processes

Chemical conversion processes are conversion technologies which are designed
to change the chemical structure of any organic fuel media. Chemical conversion
processes are designed to change organic (biodegradable or inert) fuel, while
biological conversion is designed to process only biodegradable organic fuel.

Table 5-1 of this chapter refers to chemical processes also.

5.5.3.1 Acid Hydrolysis

Acid hydrolysis is the process of breaking the chemical bonds of cellulose based
materials _and fermenting the sugar solution byproduct into ethanol. This
hydrolysis of cellulose bonds within fibrous vegetable type matter specifically is
called lignocellulosics. Green waste, agricultural, and paper waste are feedstock
to be fed into _a hydrolysis reactor and the liquid effluent from the reactor
fermented and distilled into 99% ethanol.

Typical byproducts from this hydrolysis process are carbon dioxide and lignin
type residue. Carbon dioxide produced is a high enough quality to be used for
non-food industrial applications. Lignin and other residue which may be used
for compost, gasification, combustion, or landfilling purposes.

Refer to section 1.2.3 of the “Conversion Technology Evaluation Report” for more
information.

5.5.4. Other Conversion Processes

There are_many emerging conversion technologies which have not yet been
introduced on a full scale. These types of technologies are continuously being
created and studied in order to find their potential solid waste applications. Due to
the numerous technology vendors and varying levels of development, minimal
discussion will be conducted regarding a national example of such a technology.

Refer to Table 5-1 of this chapter for more information.

55.4.1 Thermal Depolymerization (TDP)

Thermal depolymerization is a process in which the solid waste material
hydrocarbons are broken into smaller chemical hydrocarbon chains. Typical
feedstock for this material are animal or agricultural waste.

Feedstock is fed into a reaction chamber where it is heated to around 250 °C and
subjected to 600 psi (4 MPa) for approximately 15 minutes, after which the
pressure is rapidly released to boil off most of the water. The result is a mix of
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crude hydrocarbons and solid minerals, which are separated out. The
hydrocarbons are sent to a second-stage reactor where they are heated to 500 °C,
further breaking down the longer chains, and the resulting mix of hydrocarbons is
then distilled in a manner similar to conventional oil refining.

Currently, there is only one full scale facility (a 250 ton/day facility located in
Carthage, Missouri) which processes a highly specific feedstock, namely turkey
waste. Byproduts from this process include oil, water, and carbon solids. This
plant has not currently been successful in using MSW or RDF as a feedstock.

Section 1.1.5 of the “Conversion Technology Evaluation Report” specifies a
conversion process for animal waste to produce renewable energy in the form of

oil.
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The principle of NOx reduction is the reaction between the NOy in the flu gas with
the-ammonia(NH; ypresentin-the biosolids.— The chemical reactionis-asfollows:

NOy+NH;+ 0O, >N, +H.O
he follow it % , f

-Temperature (1700°F)
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5.6 ALTERNATIVE TECHNOLOGY DEVELOPMENTS IN LOS ANGELES COUNTY

5.6.1 Los Angeles County Efforts

As previously mentioned in section 5.3.1, the Los Angeles County Solid Waste
Management Committee/Integrated Waste Management Task Force has
vigorously supported increased study and facilitation for conversion technologies

Wlthln Los Angeles Countv Ln—addﬁren—te%m&tmq—the—A#ema%weleehneleqv

e Scientifically evaluating the technical, economic and environmental
feasibility of conversion technologies

e Promoting the development of conversion technologies by advocating for
changes in legislation and requlations

e Acting as aregional resource, disseminating accurate information regarding
conversion technologies and urging stakeholders throughout the State to
get involved in the development of these technologies

The County and the Task Force have been strong advocates of alternative
technology to manage solid waste. Many efforts to promote different technologies
have been very successful. Below are significant efforts by the County and the
Task Force:

e Built coalitions with numerous government agencies, associations and
other_entities to promote the development of conversion technologies
through policies, statements and other advocacy activities, including the
Task Force, the League of Council of Governments, and many others.

e Worked with the CAO to sponsor two legislative bills in 2000 that would
have provided 100% diversion credit for waste processed at conversion
technology facilities in order to create an incentive for thei development.
This effort created the momentum which resulted in the passage of
legislation in 2003 that required the Waste Board to study these
technologies and provide recommendations to the Leqgislature.

e Attends and participates at workshops and forums to increase our
knowledge and expertise in this area as well as to affirm the County’s
position and support.
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In 2004, the Los Angeles County Integrated Waste Management Task Force
established the Alternative Technology Advisory Subcommittee as an outgrowth of
its commitment to conversion technologies, supported by a condition in the CUP of
the Puente Hills landfill adopted in 2003. The Subcommittee is comprised of a
diverse group of professionals including representatives from local government,
the Waste Board, consultants, all experts in the field of conversion technologies
who are responsible for evaluating and promoting the development of conversion
technologies. The ultimate goal of the Subcommittee is to facilitate the
development of a demonstration conversion technology facility in Southern
California, which would showcase the benefits of conversion technologies as
technically, economically, and environmentally viable alternative method of
managing solid waste within the County.

On August 18, 2005, the Task Force officially adopted the "Conversion Technology
Evaluation Report”. Research for this report was conducted which assessed the
viability of various conversion technologies, with the goal of vetting technologies
for a potential demonstration facility. This demonstration facility is proposed to be
partnered with a Material Recovery Facility/Transfer Station, the benefits of such a
pairing are significant and include readily available feedstock otherwise destined
for landfill disposal, appropriate siting, preprocessing capacity, transportation (cost
and pollution) avoidance, and a host of symbiotic benefits.

Los Angeles County, like many other municipalities, is proposing to exclusively site
conversion technoloqgy facilities at Material Recovery Facilities or_ Transfer
Stations. This proposed siting requirement would further ensure that the waste
stream processed by conversion technology facilities are strictly residual solid
waste remaining after all feasibly recoverable recyclables have been removed.

The County and the Task Force are committed to promoting solutions that address
the solid waste management issues of Los Angeles County.

5.6.1.1 Southern California Conversion Technology Development Project

The CTEConversion Technology Evaluation Report identified areas of solid waste
management improvement within Los Angeles County. The report identified the
development of a conversion technology demonstration facility to be co-located
with a Material Recovery Facility (MRF). This co-located demonstration facility
would be an efficient use of materials and time for the solid waste management
needs of Los Angeles County.

The proposed demonstration facility is supported by the Task Force and will assist
the Countywide objective to evaluate these alternative technologies. The possible
benefits from conversion technologies will not only be marketable products but
also, employment, improved community development, increased resource
awareness and education regarding solid waste. This demonstration facility is
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proposed to be a better synerqgy between existing MRF's and TS'’s in an effort to
comply with more stringent greenhouse gas emission laws (such as AB 32),
reduce solid waste mismanagement, and support sustainable communities.

5.6.2 City of Los Angeles Alternative Technology Efforts

Concurrently, the City of Los Angeles is proposing to develop an alternative
technology facility which will also utilize waste residuals as a feedstock. City of
Los Angeles has also created a RENEW LA (Recovering Energy, Natural
Resources and Economic Benefit from Waste for Los Angeles) policy to provide
resource management for a period of twenty years. City of Los Angeles is also
conducting its own conversion technology studies with the goal of developing
various conversion technology facilities by 2025.

City of Los Angeles’ main objective is to significantly decrease the 3,600 ton/day
disposal rate into the Sunshine Canyon landfill. RENEW LA policy will utilize
waste residuals to produce alternative fuels and generate electricity. Many
thermal, biological, and chemical alternatives to conventional landfilling will be
considered in evaluating technologies to process the specified solid waste residual
feedstock.

9.7 ECONOMIC AND ENVIRONMENTAL ISSUES RELATNGTO DEVELOPMENT
OEALTERNATVETRANSFORMATHONTECHNOLOGIES (Originally Section

5.3.3)

With the trend towards closure of existing landfills, diminishing in-County disposal
capacity, and no foreseeable development of new landfills, emerging-cenversien
technologies have the potential to revolutionize -way solid waste is managemente

in Los Anqeles Countv Semeef—them—e#eethe—pe%emrane—eubstammwpedeee

s#ateg+e& -However, development of alternatlve technolocues faces economic

and environmental challenges and constraints as described below, due to
concerns to residents which ultimately determine where jurisdictions decide to
dispose of their solid waste.

This section proposes to expand on the environmental and economic issues of
various types of alternative technology. Some of these issues regarding the
effect of economic and environmental factors in alternative dispesattechnologies
and processes for the treatment of solid waste are detailed in _a report
commissioned by the National Renewable Energy Laboratory the United States
Department of Energy (in Golden, Colorado) titled, “Evaluation of Gasification and
Novel Thermal Processes for the Treatment of Municipal Solid Waste, August
1996 (NREL/TP-430-21612)".
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Total system costs, which typically include collection, transportation, processing,
operating and capital investments, need to be evaluated by jurisdictions to
determine the economic feasibility of developing a particular alternative
technology facility or building a particular transformation facility.

The rate charged for each ton of solid waste received at a facility, is a major
factor to jurisdictions or entities evaluating the option of siting facilities which
utilize alternative technologies. Tipping fees and revenue from the sale of energy
produced must be sufficient to cover capital and operating costs. Even if tipping
fees at these facilities at a given time were comparable or lower than fees
charged at landfill disposal facilities, jurisdictions must consider the impact of
additional costs that may be incurred if the waste stream fluctuates below the
level needed to keep the plant running.

According to the National Renewable Enerqy Laboratory report, low energy prices
affected development of transformation technologies by reducing the flow of
revenue from the sale of electricity or stream. For example, during the 1980’s
and up to the early 1990'spresent, the trend in_energy prices was has-been
downward.

However, the since the early 1990’s, the trend in _enerqy costs has steadily
increased. Consequently, the effective break-even tipping fee for proposed
alternative dispesaltechnology facilities has increased, thereby making financing
and community acceptance of such projects more difficult. lnthe United-States;

A
Rw, - oY O Ci -

operating costs for the gasification technologies, which are equivalent to the
break-even tipping fee, are comparable to those for owner-operated mass burn
facilities. Nevertheless, the revenue stream from selling energy continues to be
critical to overall economic acceptability.

Environmental issues are recognized as critical to the viability of alternative
technologies and processes. Environmental issues have affected solid waste
managementecombustion. Initially, pressure-was-most environmental issues were
focused on visible emissions. Then the Clean Air Act and its Amendments
provided a catalyst drevefor the industry awayto change from simple refractory
enclosures and toward water wall boiler and combustion industry, and to the solid
waste combustion market. In 1977 the pollutant “dioxin” emerged as a new issue.
Admissions of acid gases-HCL and SO,, nitrogen oxides (NOx) and toxic
elements also became of increasing concern. Other interests focused on ash
production _and disposal. transfermationWhile air _emissions dominate the
“political”_assessment of a given process, problems with all effluents and
environmental consequences must be resolved as part of the permitting process.
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Development of transformation facilities, even those using the proven combustion
technologies are also likely to encounter strong public opposition due to concerns
regarding potential environmental impacts. Moreover, the proponents of these
technologies are generally seeking governmental agencies and municipalities to
finance the development of new facilities or “proof-of-concept” facilities. However,
due to current fiscal constraints, only few local governments may be in a position
to finance the development of unproven technoloqy and therefore need to rely on
private sector for their development.

Several new or enhanced technologies to thermal processes of solid waste are
now well established. One class, commonly referred to as combustion_plants,
burns waste in the same physical form as it is generated (mass-burn
incinerators), which is coupled with elaborate back-end air and residue treatment.
Another burns wastes alone or with fossil fuels after preprocessing of the waste
to arefuse-derived fuel (RDF). Although environmental concerns have not driven
thermal processing out of business, they have resulted in significantly higher
costs due to environmental compliance, increased system complexity, and long
delays in_moving projects through the public review and requlatory approval

processes.

Combustion _plants are well-proven combustion processes, and beyond these, a
new technoloqgy class has emerged — refuse gasification. During this process, the
organic fraction of solid waste is heated to drive off a gas with a substantial fuel
value. This gas can be cleaned and burned in a gas engine or gas turbine to
generate electricity. Emissions data generally show very low rates for dioxins,
acid gases, and problematic pollutants.
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RDF facilities have incurred substantial post-construction rework, capital
investment, capacity down rating, etc., and landfills are still required. Many
systems in this study have significant development tasks ahead of them.
Unfortunately, the catalyst of vigorous market activity to push this development
and to foster risk-taking is weak. Further, many systems are quite complex. This
complexity presents some problems when seeking acceptance by client
communities, by requlatory authorities, and from financial and engineering entities
involved in concept selection and project implementation.

Interestingly, the situation in Europe is similar to that in the United States, but the
result is different. Recent legislation in Germany, France, and the Netherlands
has mandated an end to raw solid waste landfilling. This legislation will help to
further emphasize the role of thermal processing in solid waste management,
where solid waste turned into enerqy has already assumed an important position.
However, driven by stringent air emissions limits in some European nations,
waste management costs in Europe are much higher than in the United States.
Although combustion_is technically feasible and is successfully demonstrated in
the United States and Europe, and specifically in Los Angeles (Commerce
Refuse-to-Enerqy Facility and Southeast Resource Recovery Facility) County at
facilities in Commerce and Long Beach, there are no proposed new combustion
facilities in Los Angeles County at the present time.

TABLES, FIGURES, AND FLOWCHARTS

Additional information regarding conversion technologies may be referenced in the
August 18, 2005 URS, Conversion Technology Evaluation Report. The following
tables, figures, and flowcharts have been added for further information also.
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Process Product Energy-Form p'a”t%'*eE | | Ggg;al Process Capital| Proprietary Capital | Capital Cost ‘
Mg/draw) $ $ (%) ($/Mg/e) |
EPHne- Steam 780 79415 28.015 353 104,800 |
TRS Termiska ProcessorAB Gas 1600 170,675 58,875 333 106,700 |
Prolertnternational-Corp- Gas 1247 153,625 57,625 375 123,200 |
Thermoselectthe- Gas 1440 236,790 192,790 814 164,400 |
Battelle Gas 849 80,532 12,532 156 94,900 |
Pedco-tncorporated Steam 800 87,067 28.167 324 108,800 |
ThermoChem-ne- Gas 849 91,733 20,983 229 108,800 |
Procoes SrocoCoornbing CroooPoveny | BlotPopor Gestl 9 CrosoHoor ot MotHootbeote
Cost{(iMa): gownivg) | gownivgy | @mgr (MIAWR)S MakwR)s ||
EPHne. 8521 1088 895 52.71 9.69 1178 |
TRS Fermiska ProcessorAB 71.84 1230 1024 38.91 8.57 1029 |
ProlerInternational-Corp- 99.15 1281 1091 59.47 8.23 9.67 |
Thermoselect ne- 13531 1083 778 10695 9.74 1355 |
Battelle 79.37 1001 871 4763 1053 1211 |
Pedco-tncorporated 78.87 886 868 52.29 11.89 1215 |
ThermoChem-ne- 8117 1149 1004 4456 9.17 105 |
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Plant Size Capital | Process | ProprietaryCapital | Capital-Cest
Process Product Energy Form Evaluated Cost Capital |
(heraw) $0 $0 (%) ($/d) |
EPHnAe- Steam 860 79:415 28,015 35:3 92343 |
TPS Termiska ProcessorAB Gas 1760 170.675 | 58875 33.3 96,974 |
Proler-International-Corp- Gas 1370 153,625 57,625 375 112135 |
Thermoselect tne- Gas 1585 236,790 192.790 814 149.394 |
Battele Gas 935 80,532 12,532 156 86,130 |
Pedeco-tncorporated Steam 880 87,067 28,167 32.4 98,940 |
S Gas 935 91733 | 20983 229 98,110 |

Net
Process Gross-Operating-Cost GrossPower | NetPower | Operating | GrossHeatRate | NetHeatRate
Cest

- ($* teWhity feWhit) S (BtAWS (BtuAWmS |
EPHAe- 7746 899 740 47.88 13117 13,522 |
TRS FermiskaProcessorAB 65.31 919 748 35-37 10,879 13,362 |
Proler-international-Corp- 9012 1059 901 54.06 9,445 11,094 |
Thermoselect e 12291 895 643 97.06 11176 15549 |
Battele 716 827 720 4281 12,087 13,896 |
Pedco-tncorporated 8516 879 77 5647 11,376 13,938 |
ThermoChem-tne: 736 950 830 4041 10,529 12,052 |
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Table 5-1 — Conversion Technology Comparison

Category Type Typical Typical Feedstock Byproducts/Residuals Benefits/Advantages
Temp.
Range
Byproducts are: carbon char, silica, slag, ash,
metals, non-thermally degradable material, tar, and
viscous material No direct burning in oxygen starved atmosphere.
Any  organic or thermally Carbon char produced can be used to produce
deqradable materials Contaminants removed from syngas/flue gases prior | diesel fuel for vehicles.
* to being exhausted from stack.
Thermal Pyrolysis 750 - MSW acceptable if separation . Other Ipyproo_lucts may be used in a number_ of
1650 of non-thermally _degraded Syngas cleaned through use of a boiler, scrubbers, |ways including road base and construction
—— - low-NOx burners, and activated carbon injection. |material.
material included, and drying
material. All syngas cleaning will provide a clean burning] This process typically produces the highest
syngas for power generation per South Coast Air|amount of energy per ton of feedstock.
Quality Management District (SCAQMD) acceptable
limits.
Any organic _or _thermally Eq\gi;cl)gucts produced: carbon char, silica, slag, ash, Produce clean syngas which can then be
degradable materials. — converted into_chemicals or _power generation
Pyrolysis/ 750° - e Pre-cleaning of the syngas is necessary prior to through an IC engine or gas turbine.
Thermal . S MSW acceptable if significant - — - >
—_— Gasification 2500 - —— being utilized for production of chemicals, or as a . . .
separation and drying included. fuel for gas turbines or reciprocating engines. which This process typically produces high amounts of
Byproducts of pyrolysis require clean fuels to minimize corrosio'n and enerqy per ton of feedstock, with the least amount
process. emissions of solid residuals.

Source: Conversion Technology Evaluation Report, August 18, 2005

*N/A — Not Applicable

Comparison Data for Conversion Technology
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Table 5-1 — Conversion Technology Comparison

Category Type Typical Typical Feedstock Byproducts/Residuals Benefits/Advantages
Temp.
Range
Produce clean syngas which can then be
Byproducts produced: carbon char, silica, slag, ash, | converted into chemicals or power generation
metals through an IC engine or gas turbine.
. . Any__organic ar thermally The gasification process has no outlet or stack. Fixed bed technology allows for larger items of
Fixed/Fluid o degradable materials. MSW n
—_ 1400° - - MSW to be thermally processed, along with lees
Thermal Bed S acceptable if preprocessed to . . . - -
—_— _— 2500 —— Pre-cleaning of the syngas is necessary prior to|preprocessing of feedstock material.
Gasification separate _significantly large bei ilized f ducti chemical
items, shredded, and sorting eing utilize or_pro uctl_on Of cheémicas, or as a . .

: : = |fuel for gas turbines or reciprocating engines, which | Fluid bed technology allows for most solid waste
require clean fuels to minimize corrosion and|to be processed, however larger bulky items are
emissions. not fully processed.

Volume of syngas produced is lower than the
Byproducts produced: carbon conversion, molten|volume of flue gases formed in the combustion of
Any organic _or thermally|ash, slag, metals MSW in a waste-to-energy facility.
Plasma Arc degradable materials. MSW
Thermal . 7000° acceptable if preprocessed to|Air emissions are a major environmental issue to be | Syngas is_costs less to treat due to smaller
- Gasification = ; :
—_— separate _significantly large |addressed. Contaminants are removed from the|volume. Syngas is more homogeneous and
items, shredded, and sorting. |syngas and/or from the flue gases prior to being|cleaner-burning fuel than MSW.
exhausted from a stack.

Source: Conversion Technology Evaluation Report, August 18, 2005

*N/A — Not Applicable

Comparison Data for Conversion Technology
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Table 5-1 — Conversion Technology Comparison

Category

Type

Typical

Temp.
Range

Typical Feedstock

Byproducts/Residuals

Benefits/Advantages

Biological

Aerobic
Digestion

Food waste, agricultural

Byproducts: Residue processed to produce liquid
and solid fertilizers. This process is different from
anaerobic digestion in that no fuel is produced.

waste, sewage biosolids

Contaminants from leachate and gases produced
are captured and not released into adjacent area.

Aerobic_microorganisms in the reactor oxidize
biodegradable material and produce large
amounts of heat.

Chemical

N/A*

Lignocellulosics, paper,
wood, yard waste, vegetal

biomass

Byproducts produced: Carbon dioxide produced may
be used for non-food industrial applications. Lignin
and other residue which may be used for compost,
gasification, combustion, or landfilling purposes

Due to the dryers, furnaces, fermentation units,
boilers, and handling of hazardous chemical
particulants and dangerous compounds must be
taken care of.

Production of VOC's, NOx, SO2, CO, and PM,
PM10.

These compounds and particulate matter are
produced by dryers, carbon furnaces, fermentation
units, boilers, and ethanol load-out systems.

Fuel grade 99% ethanol. Process may be fully
enclosed to minimize odor and provide dust
control.

Chemical/
Other

Thermal
Depolymer-

N/A*

ization

All organics or
biodegradable_materials.

Byproducts produced : oil, water, fertilizer

Tipping hall contains an odor control system. Most
process water is recycled, vacuum/recompression

system to be utilized to minimize wastewater
discharge.

Essentially 100% diversion rate for processed
MRE residuals.

Direct products are fuel, residue for fertilizer,
biogas, power generation and carbon.

Source: Conversion Technology Evaluation Report, August 18, 2005

*N/A — Not Applicable

Comparison Data for Conversion Technology
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Byproducts for Various Conversion Processes
Conversion MSW Energy Products Scale —
Technology component Efficiency Mole % Commercialization
processed (energy output)
Partial All organics 29% CO
oxidation low moisture <50% 3% CO2 0.5to
gasification wet basis depending 75% 15% H2 5 MWt
air-feed on reactor type (cold gas) 3% CH4
50% N2
Partial All organics 18% CO
oxidation low moisture <50% 30% CO2 5to
gasification wet basis depending 90% 40% H2 150 MWt
oxygen-feed on reactor type (cold gas) 9% CH4
1% N2
Indirectly All organics 15% CO
fired high moisture or dry 9% CO2 10to
gasification 85% 59% H2 25 MWt
(cold gas) 14% CH4
3% N2
Hydro- All organics 11 % CO
gasification high moisture or dry 24 % H2 Pre-commercial
with steam 90% 6 % CO2
pyrolysis (cold gas) 49 % CH4
Indirectly All organics 7% CO
fired high moisture or dry 40% CO2 0.5to
Pyrolysis 65% 5% H2S 5 MWt
with drier (cold gas) 32% H2
& gasifier 15% HCs
Indirectly All organics 5% CO
fired high moisture or dry 36% CO2 0.5to
Pyrolysis 55% 3% H2S 2 MWt
with drier (cold gas) 19% H2
36% HCs
Anaerobic Biodegradable 30-60% 40-60% CH4 0.1to 10 MWt
Digestion Components (cold gas) 60-40% CO2
Fermentation Biodegradable 30-70% Ethanol 0.1to 10 MWt
Components (liquid)
Aerobic Biodegradable N.A. Soil N.A.
Digestion Components amendment
(Composting)
Source: Evaluation of Conversion Technology Processes and Products
University of California Riverside & University of California Davis
5-78
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ETEAN TURBIME

1. Weigh Scales 5. Dry Scrubber
2. Refuse Storage Pit 6. Baghouse
3. Furnace & Boiler 7. Ash Treatment and Recycling

4. Turbine — Generator, Stack

Commerce Refuse-to-Energy Facility Schematic Process Diagram Figure 5-1
Los Angeles County Countywide Siting Element
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*See schematic notes on next sheet for further information.

SERRF Refuse to Enerqgy Facility Schematic Process Figure 5-2
Los Angeles County Countywide Siting Element
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SERRF Schematic Notes

1. Tipping Hall - Solid waste delivered by trucks, screened for

radioactive material, weighed by computerized scale, drive into
enclosed tipping hall, discharging their load. Refuse inspected
for unprocessible waste, pushed into refuse storage pit by front
end loader. Storage pit area is enclosed, air continuously drawn
from pit area, sent through boilers removing dust/odor,
destroyed by high temperatures. Carbon filters used for odor
control when boilers shut down for maintenance.

Furnace - Waste lifted out of storage pit by cranes, dropped into
refuse feed hopper. At bottom of feed chute, hydraulic rams
push refuse into boiler, and combusted under controlled
conditions. Heat generated converts water flowing through tubes
into steam. Floor of furnace has moving grates pushing refuse
through boiler. Refuse passes through boiler, ash discharged
into quench tank. Quench tank cools and eliminates dispersion
of the ash. Thermal DeNoy system, injects ammonia into boiler's
chamber, used to control nitrogen oxides.

Dry Scrubber - After leaving boiler, combustion gases travel
through pollution control system. Dry scrubber neutralizes acid
gasses by spraying lime slurry into exhaust stream. Excess of
95% SO, and HCI removed in process. Reacted lime/ash
removed from bottom of scrubber.

SERRF Refuse to Energy Facility Schematic Process

4. Baghouse - Baghouse operates like gigantic vacuum cleaner.

Air drawn through baghouse, particulate matter/fly ash trapped
in bags. Each boiler has baghouse containing ten modules with
bags made of fiberglass. Baghouse cleaned by blowing air, in
reverse direction, through the bags. Particulate and fly ash
removed from bottom. Process removes 99.5% of particulate
matter in air stream down to sub-microscopic levels. After
leaving baghouse, cleaned exhaust gases exit through a 265
foot tri-flue stack. Emissions monitored by combination of
continuous monitors and periodic stack sampling.

Generator - Steam generated from refuse used to drive
turbine-generator producing electricity. Some electricity
produced used to operate facility and remainder is sold to SCE
for distribution. Steam used to drive turbine-generator then sent
to condenser, converted into water, and recycled back through
boilers.

Ash Conveyors - The ash from the furnace, dry scrubber, and

baghouse is treated and transported to the landfill where it is
used as road base material.

Figure 5-2

Los Angeles County Countywide Siting Element
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Typical Conversion Technology Procedural Flowchart

Figure 5-3
Los Angeles County Countywide Siting Element
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TYPICAL PYROLYSIS/STEAM REFORMING
SYSTEM FOR POWER GENERATION

Indirect Heat from
Combustion of Fuel
or

Raw MSW Pyrolysis Qil Pyrolysis Oil .
i
Processed -
MSW Clean
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. . Emission
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Processing Reactor gontrol Generation
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Syngas
Char
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Plastics
H Steam

TYPICAL PYROLYSIS SYSTEM FOR POWER GENERATION

Raw MSW
Physical .
Processing Thermal Eén[::fr';n
Oxidizer System
Processed
MSW ﬂ
Syngas y
Pvrolysi Water L_or_d Power
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Plastics Tar Electricity
Ash, Char, Metals, Silica Heavy Liquid
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General Pyrolysis System Process Flowchart Figure b-4

Source: URS Conversion Technology Evaluation Report, August 18,2005
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TYPICAL GASIFICATION SYSTEM FOR
POWER GENERATION (2 OPTIONS) OR CHEMICALS

Raw MSW Air or Oxygen
Processed
MSW Clean
Syngas I :
Physical Gasifier Emission Syngas Chemlc-al
L —————r= (Control ———=Production
Processing 1,400- Svst
2.500°F ystem
Syngas V G Power

. eneration

Metals Ash or . (IC Engine or

Glass Slag J" Gas Turbine)
Paper e mTmTT T E
Plasﬁics | ower | Emission !
1 Generation 1 I I
1 (Boiler& lemsmswag Control :
I Steam Turbine I 1 System I
: -Generator) 1 : 1
________ 1 I |
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General Gasification System Process Flowchart Figurle 5-5

Source: URS Conversion Technology Evaluation Report, August 18,2005
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TYPICAL PLASMA GASIFICATION
SYSTEM FOR POWER GENERATION
Raw MSW Air or Oxygen
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General Plasma Arc Gasification System Process Flowchart Figure b-6

Source: URS Conversion Technology Evaluation Report, August 18,2005
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SIMPLIFIED TYPICAL MSW ANAEROBIC DIGESTION
PROCESS SCHEMATIC (after Legrand et al. 1989)

Biogas

342 tpd + 3.5 tpd H,0
Metals 4.5 872,000 sct/d (@ 55% CH,)
Plastics 4.3
Residue 12.9

/y Compost, or
Cake ——— Landfill, or

|
MSW Conversion o i
MS e —> fed Anaerobic ANdLIL, ¢
100.0 tpd | Digestion L40.8 ﬁ Gasification, or
| 89.6 tpd i Combustion
! 1
| |
| |
1 |
1 |
i Excess filtrate 10.2 tpd i
| i
| |
| |
D e e o e o o o e e e e e e e e e o o 1
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I
General Anaerobic Digestion Process Flowchart Figurd 5-7

Source: URS Conversion Technology Evaluation Report, August 18,2005
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SIMPLIFIED ETHANOL PRODUCTION PROCESS SCHEMATIC
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General Acid Hydrolysis Process Flowchart

Source: URS Conversion Technology Evaluation Report, August 18,2005
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CHAPTER 5
ALTERNATIVE TECHNOLOGIES

PURPOSE

The purpose of this chapter is to describe technologies which provide an
alternative to existing solid waste disposal technologies and to provide a brief
assessment on their current state of development. This chapter also describes a
number of benefits, advantages, and environmental and constraints, regarding the
identified alternative technologies.

This chapter will explore various alternative technologies which divert waste from
landfills and be used to generate energy, produce “green” fuels and other
products. Alternatives, such as conversion technologies, are beginning to be
considered viable alternatives for solid waste management in the United States.
Due to current concern regarding the permitting, siting, and environmental
development of conversion technologies, the County of Los Angeles has studied
challenges and benefits to these technologies. These challenges and benefits are
also considered within the chapter text and in the technology summary Table 5-1.

DEFINITION OF TERMS

Due to increased interest in development of alternative technologies in the United
States and the evolution of thermal technologies, there has been some confusion
among widely used and overlapping terms. Section 5.2 defines a variety of terms
and their application to alternative technologies. For clarity, select terms will be
used throughout the Chapter.

Currently, California law does not properly define these alternative technologies.
One term (transformation) is used to include both incineration (mass-burn) and
some conversion (non-burn) technologies, while other technologies are not
defined at all. Gasification is singled out, however the definition currently
incorporated into State statute for gasification is technically and scientifically
inaccurate.

The Los Angeles County Solid Waste Management Committee/Integrated Waste
Management Task Force (Task Force) has been lobbying the State Legislature to
revise California law so that it accurately reflects the scientific distinctions among
these technologies, and regulates them rationally based on their relative
environmental benefits and impacts compared with other solid waste management
options. To date, the Legislature has been reluctant to address this issue in any
way; therefore the following definitions are offered to provide a clearer distinction
between the various terminologies currently in use.
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5.2.1 Combustion

Combustion refers to an oxidation process - a reaction between a fuel and an
oxidant, typically ambient air or oxygen - producing an exothermic reaction in the
form of heat. Full combustion includes complete reactions in the form of heat and
a full flame.

5.2.2 Conversion Technologies

Conversion technologies refer to a wide array of state of the art technologies
capable of converting post-recycled or residual solid waste into useful products,
green fuels, and renewable energy through non-combustion thermal, chemical, or
biological processes. Conversion technologies do not include mechanical
processes. This definition is based on the Conversion Technology Evaluation
Report adopted by the Task Force.

523 Incineration

Incineration refers to an oxidation reaction including heat and flame, that reduces
the fuel to the state of ash. This definition is from the American Heritage
Dictionary.

5.2.4 Transformation

Transformation refers to a process whose principal function is to process solid
waste by incineration. Transformation does notinclude a composting, gasification,
conversion, or biomass processing. Transformation is a term defined in California
stature (PRC 40201) to currently include “incineration, pyrolysis, distillation, or
biological conversion other than composting.” Because the term as defined in
statute does not make a distinction between incineration and conversion
technologies, this Chapter will not reference this term.

5.25 Waste-to-Energy

Waste-to-Energy is a generic term for a process that uses solid waste to produce
energy, however this term has become synonymous with incineration that
generates electricity from the waste heat. The California Integrated Waste
Management Board characterizes waste-to-energy in such terms as well.

For the sake of clarity, we will use the terms “combustion” and “conversion
technologies” throughout this chapter.
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INTRODUCTION

As discussed in Chapter 1 (Subsection 1.4.2.4) and consistent with the goals
established in Chapter 2, the primary goal of the Los Angeles County CSE is to
address the solid waste disposal needs of the 88 cities in Los Angeles County and
the County unincorporated communities for a 15-year planning period.

Adequate disposal capacity has been identified, discussed, and addressed in
Chapters 4 and 7. Those needs are met through utilization of existing in-County
solid waste disposal facilities, expansion of existing facilities, and development of
new facilities. Chapter 7 confirms that no new landfills can be developed in
Los Angeles County and expanding existing landfills is a long and challenging
process. Currently, nearly all refuse in Los Angeles County is transported by truck
to disposal sites within the metropolitan area, however that will be changing within
the decade. The County of Los Angeles is in a period of transition, and by the end
of this planning period will rely on facilities outside of its borders to manage most
of its waste. With the closure of the Puente Hills Landfill in 2013, and other
landfills closing soon after in Los Angeles County, it is estimated that as much as
12,000 tons of solid waste will be flowing out of the County by 2025, therefore it is
critical to invest in alternative solid waste infrastructure that can address this need.

However, past and current experience in siting new landfills and expanding
existing landfills underscores the difficulty of achieving this goal. In the last few
years, proposed new landfills and expansions of existing landfills have
encountered strong opposition to their development, particularly from residents
living in the vicinity of those facilities and from environmental groups. This has
resulted in an increasing interest in finding alternatives to landfill disposal that
would have reduced negative impacts or have beneficial impacts on the
environment.

Among the most promising alternatives to landfill disposal and waste exporting are
conversion technologies. For nearly a decade, Los Angeles County has been a
consistent supporter of conversion technologies because of their potential to
manage post-recycled MSW in an environmentally preferable manner. On
July 27, 1999, the Los Angeles County Board of Supervisors formally adopted a
series of recommendations that included support for the development of
alternatives to landfilling and combustion, such as conversion technologies.

Since then, the County has supported local research and development of
conversion technologies including supporting legislation to advance conversion
within the state and working with members of the California Integrated Waste
Management Board (Waste Board) and other stakeholders on this matter. The
County has sponsored and supported legislation that would correct erroneous
definitions currently in State stature, and provide conversion technologies with
“diversion credit” for the material diverted from landfill disposal. Diversion credit
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represents an important incentive for local jurisdictions, therefore diversion credit,
could invigorate research and development of environmentally beneficial
technologies that can create jobs while transforming a liability (residual solid
waste) into a benefit (renewable energy, green fuels and useful products).

In 2004, the Los Angeles County Integrated Waste Management Task Force (Task
Force) established the Alternative Technology Advisory Subcommittee as an
outgrowth of its commitment to conversion technologies, supported by a condition
in the CUP of the Puente Hills landfill adopted in 2003. The Subcommittee is
comprised of a diverse group of professionals including representatives from local
government, the Waste Board, consultants, all experts in the field of conversion
technologies who are responsible for evaluating and promoting the development of
conversion technologies. The ultimate goal of the Subcommittee is to facilitate the
development of a demonstration conversion technology facility in Southern
California, which would showcase the benefits of conversion technologies as
technically, economically, and environmentally viable alternative method of
managing solid waste within the County.

On August 18, 2005, the Task Force officially adopted the "Conversion Technology
Evaluation Report”. Research for this report was conducted which assessed the
viability of various conversion technologies, with the goal of vetting technologies
for a potential demonstration facility. This demonstration facility is proposed to be
partnered with a Material Recovery Facility/Transfer Station, the benefits of such a
pairing are significant and include readily available feedstock otherwise destined
for landfill disposal, appropriate siting, preprocessing capacity, transportation (cost
and pollution) avoidance, and a host of symbiotic benefits.

Los Angeles County, like many other municipalities, is proposing to exclusively site
conversion technology facilities at Material Recovery Facilities or Transfer
Stations. This proposed siting requirement would further ensure that the waste
stream processed by conversion technology facilities are strictly residual solid
waste remaining after all feasibly recoverable recyclables have been removed.

The development and viability of the various proposed alternative technologies,
and the methods to enhance existing landfill capacity, depend on technical and
economic factors, air quality standards, and public acceptance. Further studies
and testing of many of these technologies may be needed to determine if they are
viable. Data contained within the Conversion Technology Evaluation Report
provides clearly defined information regarding all of the above mentioned areas of
concern. There have been significant developments regarding the use of MSW as
feedstock for alternative technologies, including conversion technologies.

COMBUSTION SYSTEMS
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Combustion facilities that utilize municipal solid waste as a feedstock are currently
used within the County of Los Angeles. End products for combustion facilities are
typically ash, inert material, and energy generation. Energy produced from the
combustion facilities is sold to power utilities, in addition to being used on-site.

Combustion systems are used to reduce the volume of solid waste, destroy
pathogens, break down chemical compound structures, and produce energy.
Combustion occurs at high temperatures to produce gas, ash, and inert residual
material. Heat from the controlled burning process is used to produce steam,
which is then used to generate power. Pollution control for gas produced is
typically in the form of scrubbers and filters. The scrubbers neutralize the acid
gases within the resulting gas. Filters remove minute ash particles from any gas
produced due to current air quality standards. Typically the ash and minimal inert
material produced from combustion is stored and used as road base material.

54.1 Combustion

Combustion, as defined in section 5.2.3 of this chapter, is used to manage solid
waste in compliance with state and regional environmental regulations. Units
without preprocessing are referred to as mass-fired or mass burn combustion
facilities. Waste processed prior to burning is referred to as refuse-derived-fuel
(RDF). Refuse (solid waste) is typically burned at temperatures of about 2200
degrees Fahrenheit in waterwall boilers where thermal energy in the form of steam
would be recovered. The steam is then passed through turbines where the
thermal energy is converted to electricity. These processes can achieve a 70
percent volume reduction in the solid waste, ash being the only residue produced.

Environmental issues associated with a combustion facility include potential
impacts to air quality, water quality, traffic, aesthetics, and noise. The combustion
of refuse to recover energy will generate emissions to the atmosphere which
require that sophisticated control devices be employed. Controlled combustion,
through the use of automated damper controls for air distribution, minimize NOx
and COy. In addition, it has been demonstrated that ammonia injection into the
furnace is successful in further reducing NOy emissions. Sulfur dioxide,
hydrochloric acid (HCI), dioxins/furans, cadmium, and lead are removed at an
efficiency of up to 99 percent through the use of lime treatment in a dry scrubber
neutralizing the acid gases. The final stage in a typical air pollution control system
at a combustion facility is a filter baghouse which removes up to 99.95 percent of
the particulate matter.

Combustion technology has been identified as one of the most effective options
currently available to reduce the need for landfill disposal. Combustion is
commercially, technically, and environmentally feasible. From the 1970’s to the
1990’s combustion technology grew as a result of energy shortages and relatively
high energy prices. State legislation was enacted in the 1980s which encouraged
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the development of combustion projects. However, political resistance and public
perception have increased due to environmental and safety concerns. At this time
no new combustion facility is proposed for development. The current lack of
enthusiasm for combustion facilities is also associated with economic factors such
as the high capital costs involved in developing these facilities, the deregulation of
the energy industry, , and other factors such as the strong public opposition
encountered by previous proposals due to air quality concerns. Additionally,
development has been discouraged by its current classification as disposal, rather
than diversion under State law. While there are no current proposals to develop
waste-to- energy facilities in Los Angeles County, this technology remains a valid
disposal option.

Solid waste combustion systems (incinerators) can be designed to operate with
two types of solid waste fuel: commingled solid waste (mass-fired) and pre-
processed solid waste known as refuse-derived fuel (RDF-fired). Mass-fired
combustion systems are the predominant type. Currently, there are two such
facilities operating in Los Angles County: the Commerce Refuse-to-Energy Facility
in the City of Commerce and the Southeast Resource Recovery Facility (SERRF)
in the City of Long Beach.

5.4.1.1 Fluidized Bed Combustion

Fluidized Bed Combustion (FBC) processes include a heated bed of
particles, typically sand or another type of granular media, suspended
(fluidized) within a steel column through use of an upward flow of air or fluid.
Oxygen is supplied more freely through the flow action of the bed media due
to the turbulent contact between the bed media and the fuel media.
Complete oxidation, including the production of flames maximizes thermal
efficiency and minimizes the amount of char produced provided by the fuel
media. FBC is best used to manage low BTU fuel media and high moisture
characteristics. Several FBC systems are being used for solid waste
combustion throughout the world.

5.4.1.2 Mass-fired Combustion Systems

In a mass-fired combustion system, minimal processing is given to solid
waste before it is placed in the charging hopper of the system. The crane
operator in charge of loading the charging hopper manually rejects obviously
unsuitable items. One of the most critical components of a mass-fired
combustion system is the grate system. It serves several functions, including
the movement of waste through the system, mixing of the waste, and
injection of combustion air. Typical mass-fired combustion facilities are
described below.

5.4.1.2.1 Commerce Refuse-to-Energy Facility.
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The Commerce Refuse-to-Energy Facility (CREF) is a joint powers agency
formed by the City of Commerce and the County Sanitation Districts of
Los Angeles County (CSD). The CSD has operated CREF since its inception
in 1987. It successfully meets the South Coast Air Quality Management
District (SCAQMD) requirements and produces some of the lowest emissions
from a facility of its type worldwide. The facility combusts approximately
360 tons of refuse per day, 7 days a week, and generates approximately
10 megawatts (MW) of electricity that is sold to Southern California Edison
(SCE).

Residual ash is created as a result of the burning process, and an ash
treatment facility is operating at the site. The ash is mixed with cement in the
drums of transit mix trucks. The mix is then transferred to portable
containers where it hardens into 16 to 17 ton blocks. These blocks are
transported to the Puente Hills Landfill where they are crushed and recycled
as a base material for roads.

5.4.1.2.2 Southeast Resource Recovery Facility.

The Southeast Resource Recovery Facility (SERRF) is a joint powers agency
formed by the City of Long Beach and the CSD. The City of Long Beach
employs a private contractor to operate the facility. SERRF has the capacity
to process about 1,380 tons of refuse per day. As an end product, the
combustion process generates approximately 36 gross MW of electricity, with
30 MW of electricity that is sold to SCE.

Residual ash is created as a result of the combustion process. There is an
ash treatment facility operating at the site. SERRF adds cement to the ash
and transports the mix to the Puente Hills Landfill where it is recycled as a
base material for roads.

5.4.1.3 RDEF-Fired Combustion Systems

Refuse-derived fuel (RDF) is the material remaining after the selected
recyclable and noncombustible materials have been removed from the waste
stream. RDF can be produced in shredded or fluff form, or as densified
pellets or cubes. Densified RDF is more costly to produce, but is easier to
transport and store.

Due to the higher energy content of RDF compared to unprocessed solid
waste, RDF combustion systems can be physically smaller than
comparatively rated mass-fired systems. A RDF-fired system can also be
controlled more effectively than a mass-fired system because of the more
homogeneous nature of RDF, allowing for better combustion control and
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better performance of air pollution control devices. Typical RDF-fired
combustors are shown below.

54.1.4 Rotary Cascading Bed Combustion

The Rotary Cascading Bed Combustion (RCBC) is a robust solid-fuel burner
and heat recovery system, a form of Fluidized Bed Combustion (FBC)
system. It can burn solid waste, RDF, wood chips, etc. The system consists
of a rotating horizontal cylindrical chamber with bundles of boiler tubes
projecting into the end of the chamber. The rotational speed of the chamber
is high enough to keep the bed material continually airborne, thus increasing
combustion. The hot solids cycle preheats the combustion air, drying and
ignites it. AlImost all RDF systems have required extensive redesign to attain
acceptable levels of reliability and environmental quality.

Biomass Combustion

State Statute (PRC 40106) defines "biomass conversion" as “the controlled
combustion, when separated from other solid waste and used for producing
electricity or heat, of the following materials: (1) Agricultural crop residues; (2)
Bark, lawn, yard, and garden clippings; (3) Leaves, silvicultural residue, and tree
and brush pruning; (4) Wood, wood chips, and wood waste; (5) Nonrecyclable pulp
or nonrecyclable paper materials.” It is essentially the controlled combustion of
certain biomass feedstocks. There are no biomass conversion facilities operating
or planned for Los Angeles County.

CONVERSION TECHNOLOGY SYSTEMS

Conversion technology systems are an array of alternatives to conventional landfill
disposal. These technologies may be used in conjunction with current landfill
practices to extend the life cycle of existing landfills. Conversion technologies
refer to innovative technologies including pyrolysis, gasification, anaerobic
digestion, and ethanol fermentation, which are capable of converting Municipal
Solid Waste (MSW) into an array of high value, marketable materials and green
fuels such as ethanol, biodiesel, biomethane, and hydrogen, which can be used to
produce clean, renewable energy.

Conversion technologies represent the most significant opportunity for beneficial
use of MSW to come along since passage of California’s AB 939 in 1989.
According to a Waste Board report, as of _March 2005 there were approximately
140 operating conversion technology facilities utilizing MSW as a feedstock in
Europe and Japan. Various studies have shown that conversion technologies
employing thermal, chemical, or biological processes can be used to successfully
manage MSW. Using these technologies can decrease criteria air pollutants and
greenhouse gases which would ordinarily result from other waste disposal options.
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Moreover, conversion technologies can revolutionize the way solid waste is
managed in Southern California by transforming waste that is currently an
economic, environmental and political liability, and turning it into a valuable
commodity and resource.

The use of residual solid waste (waste that remains after recyclables have been
removed) as feedstock sent to a conversion facility can help the County lessen
disposal into landfills, by diverting unrecyclable solid waste intended for disposal.
This process would in turn increase landfill life and postpone the costly and
arduous task of siting and permitting new waste disposal sites. The
commercialization of these technologies creates a realistic potential to achieve
state recycling rates beyond 75%, while complementing and reinforcing the
existing recycling market and infrastructure.

Conversion technologies could accommodate a portion of the solid waste to be
managed within the 15-year planning periods of the Countywide Siting Element.

The California Integrated Waste Management Board’s 2001 Strategic Plan
includes a goal to “Support local government efforts to use alternative means of
diverting waste, including the use of conversion technology where residuals can be
converted directly into electricity and actively managed to increase fuel and gas
production.”  This section provides a description of various conversion
technologies that can serve as alternatives to solid waste disposal. Conversion
technologies can be generally grouped into three main categories: a) thermal
conversion processes, b) biological conversion processes and c) chemical
conversion processes. Figure 5-1 shows a typical process diagram for most
conversion technologies.

Conversion technologies differ from conventional combustion processes due to the
capability of conversion facilities to produce marketable products, including green
fuels like biodiesel and ethanol. The Department of Energy (DOE) report, “Annual
Energy Outlook 2006 with Projections to 2030” noted many markets for renewable
energy. These markets included fuel for automobiles to decrease dependence
upon foreign oil. “Sales of advanced technology vehicles, representing automotive
technologies that use alternative fuels or require advanced engine technology,
reach 5.7 million per year...”

There are specific issues that are associated with the development of conversion
technologies, which must be carefully weighed by a jurisdiction when considering
conversion technologies as a part of their solid waste management strategies.
Most issues with conversion technologies can be separated into four categories:
regulatory, environmental/social, technical, and economic. Most of the conversion
technologies available have not been permitted to process MSW or to address the
emissions from the various processes. Public perception is an important aspect to
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implementation of these technologies due to the lack of knowledge regarding
these facilities and the environmental impact due to processing.

Jurisdictions would need to provide public education regarding these technologies
and the specific difference from existing full combustion/combustion processes.
Feedstock characteristics, process integration, and emission controls at times
provide design concerns. Currently, in the United States there are no large scale
heterogeneous MSW conversion technology facilities. There are smaller
demonstration facilities, but most of the feedstock is homogeneous without serious
consideration for large scale MSW processing. Some cost data has been
generated regarding smaller demonstration facilities in the United States such as
capital, operation, maintenance costs, and possible revenue generated.

Some of the technologies discussed below are in the construction stage of full-
scale facilities. These technologies merit continued close observation of methods
and costs as they mature. However, based on the above considerations and the
length of time required to permit and develop these types of facilities, these
technologies (with the exception of ) may not be ready for large-scale commercial
operation to mange a significant portion of solid waste generated in Los Angeles
County within the current planning period. Nevertheless, conversion technologies
need to be continually evaluated so that in the future they may provide for the
management of a significant share of the County’s solid waste.

Per the aforementioned URS, Conversion Technology Evaluation Report of August
18, 2005, the thermal, chemical, and biological conversion technologies will be
further explained in the following sections. To simplify discussion of these
technologies this report is incorporated by reference. However, it should be noted
future revisions to the Conversion Technology Evaluation report does not
constitute a revision to the Countywide Siting Element. Therefore, the Conversion
Technology Evaluation report will not be included as an appendix within the
Countywide Siting Element.

5.5.1 Thermal Conversion Processes

There are two major types of thermal conversion processes of solid waste; namely
pyrolysis systems and gasification systems. Thermal processing involves thermal
degrading of solid waste through exothermic or endothermic reactions in an
oxygen deprived or oxygen reduced environment. Full combustion of solid waste
to the state of ash does not occur as a phase of the thermal conversion processes.

5.5.1.1 Pyrolyis Systems
Pyrolysis is the thermal processing of waste in the absence of oxygen. Pyrolysis
systems are used to convert solid waste into gaseous, liquid, and solid fuels.

Because most organic substances are thermally unstable, they can, upon heating
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in an oxygen-free atmosphere, be broken down into gaseous, liquid, and solid
components.

Pyrolysis systems typically include kiln type structures which use external heat to
process solid waste - there are no flames applied directly to the solid waste in this
process.

Typical feedstock for pyrolysis systems range from municipal solid waste (MSW)
residuals to specific organic feedstocks. MSW residuals are acceptable if the
non-thermally degraded materials are separated, and if the residual materials are
dry.

During a pyrolysis operation, municipal solid waste is shredded, fed to a reactor
vessel, where it is heated to temperatures ranging from 750° to 1650°F
producing the following components:

e Syngas component, containing primarily hydrogen (H,), methane (CHy),
carbon monoxide (CO), carbon dioxide (CO,), and various other gases,
depending on the organic characteristics of the material being processed.

e Liquid component (Pyrolysis oil), consisting of a tar or oil-like material
containing acetic acid, acetone, methanol, and complex oxygenated
hydrocarbons. Additional processing of this material results in a synthetic
fuel oil.

e Char or ash component, consisting of almost pure carbon plus any inert
material originally present in the solid waste.

The gas or oil may either be used to generate power or processed further and
sold as fuel.

Since solid waste must be shredded prior to heating, potential environmental
effects associated with the processing phase of a pyrolysis system are similar to
those which may result from a mixed waste composting facility and include
increases in noise, dust, traffic, and risk of fire and vector infestation. However,
since the actual distillation step is in an enclosed environment, air quality impacts
are minimal..

In the United States, only a few small demonstration and commercial pyrolysis
facilities have been constructed and operated, most commercial facilities have
shut down due to end product quality.

Refer to Section 1.1.2 of the Conversion Technology Evaluation Report, for
specific information regarding the range of pyrolysis processes and Appendix A,
within the report, for lists conversion technology distributors. More general

5-11



Preliminary, Draft
For Discussion Only

information regarding the pyrolysis system is summarized within Table 5-1 of this
chapter.

5.5.1.2 Gasification Systems

Gasification is the conversion at higher temperatures of feedstock into
combustible gases, using a limited amount of air. Additionally, gasification is a
general term used to describe the process of partial oxidation in which a fuel is
deliberately combusted with less than the exact amount of oxygen (or air) needed
for complete oxidation.

Unfortunately, State statute (PRC 40117) defines gasification inaccurately and in
a manner meant to sharply constrain the ability to develop this technology to
manage MSW. State statute defines gasification and prohibits the development
of a gasification facility unless the facility uses no air or oxygen in the process,
produces zero air emissions, no discharges to surface or groundwaters, and
processes no feedstock from jurisdictions with less than a 30% diversion rate,
among other restrictions. These restrictions are unprecedented for any
technology or industry and seem designed to inhibit the development of
conversion technologies.

Gasification effectively reduces the volume of solid waste and maximizes the
recovery of energy. Gasification temperatures may range from 750° to 12,000°,
depending on they type of gasification system used. Typically, the feedstock
used is organic or thermally degradable and usually requires preprocessing and
drying. Essentially, the process involves partial oxidation of a carbonaceous fuel
to generate a combustible fuel gas rich in carbon monoxide, hydrogen, and some
saturated hydrocarbons, principally methane.

The combustible fuel gas can then be combusted in an internal combustion
engine, gas turbine, or boiler under excess-air conditions in order to produce
power. Benefits to using gasification systems to manage solid waste are
increased levels of feedstock degradation, ability to accept organic and non-
organic material for degradation, and production of highly marketable products
such as fuel, road base material, and other chemicals.

There are threemajor types of gasification systems; fixed bed gasification
systems, fluid bed gasification systems, plasma arc gasification systems.

The following is a brief description of the basic types of gasification systems. For
additional information regarding specific gasification systems and lists of various
gasification technology vendors, refer to Section 1.1.3 of the Conversion
Technology Evaluation Report. Also, general information regarding various
gasification systems are summarized within Table 5-1 of this chapter.
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5.5.1.2.1 Fixed Bed Gasification System

Vertical Fixed Bed

The vertical fixed bed gasifier is characterized by the upward orientation of
the gasification machinery and the stationary or moving grates within the
system.. However, this type of reactor is more sensitive to the mechanical
characteristics of the fuel; it requires a uniform, homogenous fuel, such as
densified RDF. The end products of the process are primarily low-Btu gas
and char.

Gasifiers have the potential to achieve low air pollution emissions with
simplified air pollution control devices. The emissions are comparable to or
less than the emissions from excess-air combustion systems employing far
more complex emission control systems.

Horizontal Fixed Bed

.Horizontal fixed bed gasification systems are characterized by horizontally
configured moving grates or plates which introduce feedstock into the
horizontally oriented gasification machinery. A horizontal fixed bed gasifier
consists of two major components: a primary combustion chamber and a
secondary combustion chamber. In the primary chamber, waste is gasified
by partial oxidation under controlled conditions, producing a low-Btu gas,
which then flows into the secondary combustion chamber. In the second
chamber, it is combusted with excess air which produces high-temperature
(1,200 °F to 1,600 °F) gases that can be used to produce steam or hot water
in an attached waste heat boiler. This system produces lower particulate
emissions than conventional excess-air combustors.

Horizontal fixed bed gasifiers are commercially available from several
manufacturers in standard sizes ranging from 0.05 to 4.2 tons/hr in capacity.

5.5.1.2.2 Fluid Bed Gasification

Fluidized bed gasification is a process in which a bed of particles is converted
to a fluid state by means of an upward flow of gas (or liquid). In its simplest
form, a fluidized bed system consists of a vertical steel cylinder with a sand
bed, a supporting grid plate, and air injection nozzles. When air is forced up
through the nozzles, the bed of sand expands up to twice its resting volume
and acts like a fluid. Refuse Derived Fuel can be injected into the gasification
reactor above or below the level of the fluidized bed. The “boiling” action of
the fluidized bed promotes turbulence and mixing and transfers heat to the
feedstock. In operation, auxiliary fuel (natural gas or fuel oil) is used to bring
the bed up to operating temperature (1,450°F to 1,750°F).
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Fluidized bed gasifiers are an alternative design to conventional combustion
systems. With minimal modifications, a fluidized bed combustion system can
be operated as a fluidized bed gasification system. The major difference
between combustion and gasification systems is the method of fuel media
decomposition. Fluid bed combustion systems destroy fuel media through
full oxidation including flames or combustion, thus producing minimal
amounts of char and minimal amounts of syngas. Fluid bed gasification
systems thermally decompose organic matter in a minimal oxygen
atmosphere in order to produce syngas, combustible liquids, chars, and slag
material. Several pilot-scale tests have been conducted with solid waste as
fuel.

Currently, there has been some success in Europe and Japan with
gasification technologies with processing MSW, with minimal preprocessing
in the form of removal of large items, shredding, and sorting. Some
processing to remove metals and other inert material is required, both to
improve performance of the reactors and to reduce air emissions.

Refer to sections 1.1.3.1 and 1.1.3.2, of the Conversion Technology
Evaluation Report provides more information regarding the current success
with various gasification facilities.

5.5.1.2.3 Plasma Arc Gasification System

Plasma arc gasification systems utilize technology which harnesses the
heating power of an artificial lightning bolt, to produce the high temperature
gases that cannot be reached through any other process except through
nuclear fission/fusion, to process solid waste. A plasma is generated when
gas, such as oxygen, passes through an electrical arc created by two
electrodes. This results in an extremely high processing temperature that is
reached with minimal gas flow.

Hot ionized gas (plasma) is used to heat air or oxygen to high temperatures
typically in excess of 7,000°F and use the resulting plasma for treating
Municipal Solid Waste. Plasma gasification processes occur in a closed ,
pressurized reactor and the air/oxygen introduced is controlled for promotion
of gasification reactions.

A plasma torch converts electrical energy into thermal energy, creating a
localized area of plasma. The torch’s intense heat can reach temperatures
as high as 12,000 °C. Typical feedstock for this type of gasification are any
organic or thermally degradable materials, including MSW. Waste feedstock
is thermally processed until it dissociates into a solid rock, leaving an inert,
gray chunk of glass-like material.
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Refer to section 1.1.4 of the Conversion Technology Evaluation Report for
more information on plasma arc gasification. In Japan this technology is
used to treat wastewater products, processing hazardous or medical waste,
and incinerator ash. The aforementioned section of the “Conversion
Technology Evaluation Report” describes in detail the total process for this
type of conversion technology.

55.2 Biological Conversion Process

Biological conversion processes are designed for biodegradable organics only and
require an extensive amount of pre-processing. Typically, the major end product
is compost (a minimally marketable product). The feedstocks are those which
include food waste, agricultural waste, biosolids, and various other organics and
biodegradable materials. Table 5-1 in this chapter further specifies feedstock
types and benefits of anaerobic and aerobic digestion.

5.5.2.1 Anaerobic Digestion

Anaerobic digestion (AD) is a process in which biodegradable organics are
converted into compost, methane, and carbon dioxide. A typical AD process for
MSW begins with pre-processing in the form of separation of metals, plastic, and
non-biodegradable residues.

Hydrolysis, acidification, and production of biogas are the main components for
anaerobic digestion. Hydrolysis is the process of breaking chemical bonds of
larger molecules into smaller molecules. Acidification is the subsequent process
which degrades the smaller molecules into acids, hydrogen gas, and carbon
dioxide.

The products from the acidification process are introduced to methane producing
bacteria (methanogens) and produce biogas. Typical composition of the resulting
biogas is 50 percent to 70 percent methane with medium Btu values.

Refer to section 1.2.2 of the Conversion Technology Evaluation Report for further
explanation of the Anaerobic Digestion process along with general process
diagrams.

5.5.2.2 Aerobic Digestion
Aerobic digestion is a biological conversion process in which microbial oxygen
dependant bacteria, degrade solid waste. Aerobic digestion feedstock must

contain homogeneous biodegradable organic material. Typical feedstock
includes food, agricultural, and biosolids wastes.
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Aerobic microorganisms in the reactor oxidize biodegradable material and
produce large amounts of heat. Renewable energy in the form of synthesized
biogas and ethanol are not products of this type of process. The aerobic
digestion process predominantly produces compost as well as solid and liquid
fertilizers. Residue from the aerobic process is used to produce liquid and solid
fertilizers.

Refer to section 1.2.4.3 of the Conversion Technology Evaluation Report contains

more information regarding the aerobic digestion technology vendors. Also, refer
to Table 5-1 of this chapter for more information regarding aerobic digestion.
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5.5.3 Chemical Conversion Processes

Chemical conversion processes are conversion technologies which are designed
to change the chemical structure of any organic fuel media. Chemical conversion
processes are designed to change organic (biodegradable or inert) fuel, while
biological conversion is designed to process only biodegradable organic fuel.

Table 5-1 of this chapter refers to chemical processes also.
5.5.3.1 Acid Hydrolysis

Acid hydrolysis is the process of breaking the chemical bonds of cellulose based
materials and fermenting the sugar solution byproduct into ethanol. This
hydrolysis of cellulose bonds within fibrous vegetable type matter specifically is
called lignocellulosics. Green waste, agricultural, and paper waste are feedstock
to be fed into a hydrolysis reactor and the liquid effluent from the reactor
fermented and distilled into 99% ethanol.

Typical byproducts from this hydrolysis process are carbon dioxide and lignin
type residue. Carbon dioxide produced is a high enough quality to be used for
non-food industrial applications. Lignin and other residue which may be used
for compost, gasification, combustion, or landfilling purposes.

Refer to section 1.2.3 of the “Conversion Technology Evaluation Report” for more
information.

5.5.4. Other Conversion Processes

There are many emerging conversion technologies which have not yet been
introduced on a full scale. These types of technologies are continuously being
created and studied in order to find their potential solid waste applications. Due to
the numerous technology vendors and varying levels of development, minimal
discussion will be conducted regarding a national example of such a technology.

Refer to Table 5-1 of this chapter for more information.

5.5.4.1 Thermal Depolymerization (TDP)
Thermal depolymerization is a process in which the solid waste material
hydrocarbons are broken into smaller chemical hydrocarbon chains. Typical

feedstock for this material are animal or agricultural waste.

Feedstock is fed into a reaction chamber where it is heated to around 250 °C and
subjected to 600 psi (4 MPa) for approximately 15 minutes, after which the
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pressure is rapidly released to boil off most of the water. The result is a mix of
crude hydrocarbons and solid minerals, which are separated out. The
hydrocarbons are sent to a second-stage reactor where they are heated to 500 °C,
further breaking down the longer chains, and the resulting mix of hydrocarbons is
then distilled in a manner similar to conventional oil refining.

Currently, there is only one full scale facility (a 250 ton/day facility located in
Carthage, Missouri) which processes a highly specific feedstock, namely turkey
waste. Byproduts from this process include oil, water, and carbon solids. This
plant has not currently been successful in using MSW or RDF as a feedstock.

Section 1.1.5 of the “Conversion Technology Evaluation Report” specifies a
conversion process for animal waste to produce renewable energy in the form of
oil.

5.6 ALTERNATIVE TECHNOLOGY DEVELOPMENTS IN LOS ANGELES COUNTY
5.6.1 Los Angeles County Efforts

As previously mentioned in section 5.3.1, the Los Angeles County Solid Waste
Management Committee/Integrated Waste Management Task Force has
vigorously supported increased study and facilitation for conversion technologies
within Los Angeles County.

e Scientifically evaluating the technical, economic and environmental
feasibility of conversion technologies

¢ Promoting the development of conversion technologies by advocating for
changes in legislation and regulations

e Acting as a regional resource, disseminating accurate information regarding
conversion technologies and urging stakeholders throughout the State to
get involved in the development of these technologies

The County and the Task Force have been strong advocates of alternative
technology to manage solid waste. Many efforts to promote different technologies
have been very successful. Below are significant efforts by the County and the
Task Force:

e Built coalitions with numerous government agencies, associations and
other entities to promote the development of conversion technologies
through policies, statements and other advocacy activities, including the
Task Force, the League of Council of Governments, and many others.
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e Worked with the CAO to sponsor two legislative bills in 2000 that would
have provided 100% diversion credit for waste processed at conversion
technology facilities in order to create an incentive for thei development.
This effort created the momentum which resulted in the passage of
legislation in 2003 that required the Waste Board to study these
technologies and provide recommendations to the Legislature.

e Attends and participates at workshops and forums to increase our
knowledge and expertise in this area as well as to affirm the County’s
position and support.

In 2004, the Los Angeles County Integrated Waste Management Task Force
established the Alternative Technology Advisory Subcommittee as an outgrowth of
its commitment to conversion technologies, supported by a condition in the CUP of
the Puente Hills landfill adopted in 2003. The Subcommittee is comprised of a
diverse group of professionals including representatives from local government,
the Waste Board, consultants, all experts in the field of conversion technologies
who are responsible for evaluating and promoting the development of conversion
technologies. The ultimate goal of the Subcommittee is to facilitate the
development of a demonstration conversion technology facility in Southern
California, which would showcase the benefits of conversion technologies as
technically, economically, and environmentally viable alternative method of
managing solid waste within the County.

On August 18, 2005, the Task Force officially adopted the "Conversion Technology
Evaluation Report”. Research for this report was conducted which assessed the
viability of various conversion technologies, with the goal of vetting technologies
for a potential demonstration facility. This demonstration facility is proposed to be
partnered with a Material Recovery Facility/Transfer Station, the benefits of such a
pairing are significant and include readily available feedstock otherwise destined
for landfill disposal, appropriate siting, preprocessing capacity, transportation (cost
and pollution) avoidance, and a host of symbiotic benefits.

Los Angeles County, like many other municipalities, is proposing to exclusively site
conversion technology facilities at Material Recovery Facilities or Transfer
Stations. This proposed siting requirement would further ensure that the waste
stream processed by conversion technology facilities are strictly residual solid
waste remaining after all feasibly recoverable recyclables have been removed.

The County and the Task Force are committed to promoting solutions that address
the solid waste management issues of Los Angeles County.

5.6.1.1 Southern California Conversion Technology Development Project
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The Conversion Technology Evaluation Report identified areas of solid waste
management improvement within Los Angeles County. The report identified the
development of a conversion technology demonstration facility to be co-located
with a Material Recovery Facility (MRF). This co-located demonstration facility
would be an efficient use of materials and time for the solid waste management
needs of Los Angeles County.

The proposed demonstration facility is supported by the Task Force and will assist
the Countywide objective to evaluate these alternative technologies. The possible
benefits from conversion technologies will not only be marketable products but
also, employment, improved community development, increased resource
awareness and education regarding solid waste. This demonstration facility is
proposed to be a better synergy between existing MRF’s and TS’s in an effort to
comply with more stringent greenhouse gas emission laws (such as AB 32),
reduce solid waste mismanagement, and support sustainable communities.

5.6.2 City of Los Angeles Alternative Technology Efforts

Concurrently, the City of Los Angeles is proposing to develop an alternative
technology facility which will also utilize waste residuals as a feedstock. City of
Los Angeles has also created a RENEW LA (Recovering Energy, Natural
Resources and Economic Benefit from Waste for Los Angeles) policy to provide
resource management for a period of twenty years. City of Los Angeles is also
conducting its own conversion technology studies with the goal of developing
various conversion technology facilities by 2025.

City of Los Angeles’ main objective is to significantly decrease the 3,600 ton/day
disposal rate into the Sunshine Canyon landfill. RENEW LA policy will utilize
waste residuals to produce alternative fuels and generate electricity. Many
thermal, biological, and chemical alternatives to conventional landfilling will be
considered in evaluating technologies to process the specified solid waste residual
feedstock.

5.7 ECONOMIC AND ENVIRONMENTAL ISSUES (Originally Section 5.3.3)

With the trend towards closure of existing landfills, diminishing in-County disposal
capacity, and no foreseeable development of new landfills, emerging technologies
have the potential to revolutionize solid waste management in Los Angeles
County. However, development of alternative technologies faces economic and
environmental challenges and constraints as described below, due to concerns to
residents which ultimately determine where jurisdictions decide to dispose of their
solid waste.

This section proposes to expand on the environmental and economic issues of
various types of alternative technology. Some of these issues regarding the
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effect of economic and environmental factors in alternative technologies and
processes for the treatment of solid waste are detailed in a report commissioned
by the National Renewable Energy Laboratory the United States Department of
Energy (in Golden, Colorado) titled, “Evaluation of Gasification and Novel
Thermal Processes for the Treatment of Municipal Solid Waste, August 1996
(NREL/TP-430-21612)".

Total system costs, which typically include collection, transportation, processing,
operating and capital investments, need to be evaluated by jurisdictions to
determine the economic feasibility of developing a particular alternative
technology facility or building a particular transformation facility.

The rate charged for each ton of solid waste received at a facility, is a major
factor to jurisdictions or entities evaluating the option of siting facilities which
utilize alternative technologies. Tipping fees and revenue from the sale of energy
produced must be sufficient to cover capital and operating costs. Even if tipping
fees at these facilities at a given time were comparable or lower than fees
charged at landfill disposal facilities, jurisdictions must consider the impact of
additional costs that may be incurred if the waste stream fluctuates below the
level needed to keep the plant running.

According to the National Renewable Energy Laboratory report, low energy prices
affected development of transformation technologies by reducing the flow of
revenue from the sale of electricity or stream. For example, during the 1980’s
and up to the early 1990’s, the trend in energy prices was downward.

However, the since the early 1990’s, the trend in energy costs has steadily
increased. Consequently, the effective break-even tipping fee for proposed
alternative technology facilities has increased, thereby making financing and
community acceptance of such projects more difficult. The net operating costs for
the gasification technologies, which are equivalent to the break-even tipping fee,
are comparable to those for owner-operated mass burn facilities. Nevertheless,
the revenue stream from selling energy continues to be critical to overall
economic acceptability.

Environmental issues are recognized as critical to the viability of alternative
technologies and processes. Environmental issues have affected solid waste
management. Initially, most environmental issues were focused on visible
emissions. Then the Clean Air Act and its Amendments provided a catalyst for
the industry to change from simple refractory enclosures and toward water wall
boiler and combustion industry, and to the solid waste combustion market. In
1977 the pollutant “dioxin” emerged as a new issue. Admissions of acid gases-
HCL and SO,, nitrogen oxides (NOx) and toxic elements also became of
increasing concern. Other interests focused on ash production and disposal.
While air emissions dominate the “political” assessment of a given process,
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problems with all effluents and environmental consequences must be resolved as
part of the permitting process.

Development of transformation facilities, even those using the proven combustion
technologies are also likely to encounter strong public opposition due to concerns
regarding potential environmental impacts. Moreover, the proponents of these
technologies are generally seeking governmental agencies and municipalities to
finance the development of new facilities or “proof-of-concept” facilities. However,
due to current fiscal constraints, only few local governments may be in a position
to finance the development of unproven technology and therefore need to rely on
private sector for their development.

Several new or enhanced technologies to thermal processes of solid waste are
now well established. One class, commonly referred to as combustion plants,
burns waste in the same physical form as it is generated (mass-burn
incinerators), which is coupled with elaborate back-end air and residue treatment.
Another burns wastes alone or with fossil fuels after preprocessing of the waste
to arefuse-derived fuel (RDF). Although environmental concerns have not driven
thermal processing out of business, they have resulted in significantly higher
costs due to environmental compliance, increased system complexity, and long
delays in moving projects through the public review and regulatory approval
processes.

Combustion plants are well-proven combustion processes, and beyond these, a
new technology class has emerged — refuse gasification. During this process, the
organic fraction of solid waste is heated to drive off a gas with a substantial fuel
value. This gas can be cleaned and burned in a gas engine or gas turbine to
generate electricity. Emissions data generally show very low rates for dioxins,
acid gases, and problematic pollutants.

Historically, most RDF facilities have incurred substantial post-construction
rework, capital investment, capacity down rating, etc., and landfills are still
required. Many systems in this study have significant development tasks ahead
of them. Unfortunately, the catalyst of vigorous market activity to push this
development and to foster risk-taking is weak. Further, many systems are quite
complex. This complexity presents some problems when seeking acceptance by
client communities, by regulatory authorities, and from financial and engineering
entities involved in concept selection and project implementation.

Interestingly, the situation in Europe is similar to that in the United States, but the
result is different. Recent legislation in Germany, France, and the Netherlands
has mandated an end to raw solid waste landfilling. This legislation will help to
further emphasize the role of thermal processing in solid waste management,
where solid waste turned into energy has already assumed an important position.
However, driven by stringent air emissions limits in some European nations,
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waste management costs in Europe are much higher than in the United States.
Although combustion is technically feasible and is successfully demonstrated in
the United States and Europe, and specifically in Los Angeles (Commerce
Refuse-to-Energy Facility and Southeast Resource Recovery Facility) County at
facilities in Commerce and Long Beach, there are no proposed new combustion
facilities in Los Angeles County at the present time.

TABLES, FIGURES, AND FLOWCHARTS
Additional information regarding conversion technologies may be referenced in the

August 18, 2005 URS, Conversion Technology Evaluation Report. The following
tables, figures, and flowcharts have been added for further information also.
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Table 5-1 — Conversion Technology Comparison

Category Type Typical Typical Feedstock Byproducts/Residuals Benefits/Advantages
Temp.
Range
Byproducts are: carbon char, silica, slag, ash,
metals, non-thermally degradable material, tar, and
viscous material No direct burning in oxygen starved atmosphere.
Any organic or thermally _ _ C_arbon char prod_uced can be used to produce
degradable materials. Contgmlnants removed from syngas/flue gases prior | diesel fuel for vehicles.
to being exhausted from stack.
. 750°- . . Other byproducts may be used in a number of
Thermal Pyrolysis 1650° g/]lcsmr/]::_‘;ﬁg:;b;ﬁ;f Sgg;::ggg Syngas cleaned through use of a boiler, scrubbers, |ways including road base and construction
. .~ 1low-NOx burners, and activated carbon injection. | material.
material included, and drying
material All syngas cleaning will provide a clean burning|This process typically produces the highest
syngas for power generation per South Coast Air|jamount of energy per ton of feedstock.
Quality Management District (SCAQMD) acceptable
limits.
Any organic or thermally Eq);pt);cl)sducts produced: carbon char, silica, slag, ash, Produce clean syngas which can then be
degradable materials. converted into chemicals or power generation
) R ) . . through an IC engine or gas turbine.
Pyrolysis/ 750° - e Pre-cleaning of the syngas is necessary prior to
Thermal Gasification 2500° MSW a_cceptable .'f s!gnlflcant being utilized for production of chemicals, or as a|,.. . .
separation and drying included. fuel for gas turbines or reciprocating engines, which This process typically produces high amounts of
Byproducts of pyrolysis require clean fuels to minimize corrosio'n and | €Neroy per.ton of feedstock, with the least amount
process. emissions. of solid residuals.

Source: Conversion Technology Evaluation Report, August 18, 2005
*N/A — Not Applicable

Comparison Data for Conversion Technology
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Table 5-1 — Conversion Technology Comparison

Category Type Typical Typical Feedstock Byproducts/Residuals Benefits/Advantages
Temp.
Range
Produce clean syngas which can then be
Byproducts produced: carbon char, silica, slag, ash, | converted into chemicals or power generation
metals through an IC engine or gas turbine.
. . Any organic or thermally The gasification process has no outlet or stack. Fixed bed technology allows for larger items of
Fixed/Fluid o degradable materials. MSW )
1400° - . MSW to be thermally processed, along with lees
Thermal Bed R acceptable if preprocessed to . . . . i
e 2500 L Pre-cleaning of the syngas is necessary prior to|preprocessing of feedstock material.
Gasification separate significantly large bei ilized f ducti ¢ chemical
items, shredded, and sorting eing utilized for production of chemicals, or as a . .

' ' " |fuel for gas turbines or reciprocating engines, which | Fluid bed technology allows for most solid waste
require clean fuels to minimize corrosion and]to be processed, however larger bulky items are
emissions. not fully processed.

Volume of syngas produced is lower than the
Byproducts produced: carbon conversion, molten|volume of flue gases formed in the combustion of
Any organic or thermally|ash, slag, metals MSW in a waste-to-energy facility.
Plasma Arc degradable materials. MSW
Thermal - 7000° acceptable if preprocessed to|Air emissions are a major environmental issue to be | Syngas is costs less to treat due to smaller
Gasification I ; -
separate significantly large|addressed. Contaminants are removed from the|volume. Syngas is more homogeneous and
items, shredded, and sorting. |syngas and/or from the flue gases prior to being|cleaner-burning fuel than MSW.
exhausted from a stack.

Source: Conversion Technology Evaluation Report, August 18, 2005
*N/A — Not Applicable

Comparison Data for Conversion Technology
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Table 5-1 — Conversion Technology Comparison

Category

Type

Typical
Temp.
Range

Typical Feedstock

Byproducts/Residuals

Benefits/Advantages

Biological

Aerobic
Digestion

N/A*

Food waste, agricultural
waste, sewage biosolids

Byproducts: Residue processed to produce liquid
and solid fertilizers. This process is different from
anaerobic digestion in that no fuel is produced.

Contaminants from leachate and gases produced
are captured and not released into adjacent area.

Aerobic microorganisms in the reactor oxidize
biodegradable material and produce large
amounts of heat.

Chemical

Acid
Hydrolysis

N/A*

Lignocellulosics, paper,
wood, yard waste, vegetal
biomass

Byproducts produced: Carbon dioxide produced may
be used for non-food industrial applications. Lignin
and other residue which may be used for compost,
gasification, combustion, or landfilling purposes

Due to the dryers, furnaces, fermentation units,
boilers, and handling of hazardous chemical
particulants and dangerous compounds must be
taken care of.

Production of VOC's, NOx, SO2, CO, and PM,
PM10.

These compounds and particulate matter are
produced by dryers, carbon furnaces, fermentation
units, boilers, and ethanol load-out systems.

Fuel grade 99% ethanol. Process may be fully
enclosed to minimize odor and provide dust
control.

Chemical/
Other

Thermal
Depolymer-
ization

N/A*

All organics or
biodegradable materials.

Byproducts produced : oil, water, fertilizer

Tipping hall contains an odor control system. Most
process water is recycled, vacuum/recompression
system to be utilized to minimize wastewater
discharge.

Essentially 100% diversion rate for processed
MRF residuals.

Direct products are fuel, residue for fertilizer,
biogas, power generation and carbon.

Source: Conversion Technology Evaluation Report, August 18, 2005
*N/A — Not Applicable

Comparison Data for Conversion Technology

5-26

Table 5-1




Preliminary, Draft

For Discussion Only
Byproducts for Various Conversion Processes
Conversion MSW Energy Products Scale —
Technology component Efficiency Mole % Commercialization
processed (energy output)
Partial All organics 29% CO
oxidation low moisture <50% 3% CO2 0.5to
gasification wet basis depending 75% 15% H2 5 MWt
air-feed on reactor type (cold gas) 3% CH4
50% N2
Partial All organics 18% CO
oxidation low moisture <50% 30% CO2 5to
gasification wet basis depending 90% 40% H2 150 MWt
oxygen-feed on reactor type (cold gas) 9% CH4
1% N2
Indirectly All organics 15% CO
fired high moisture or dry 9% CO2 10to
gasification 85% 59% H2 25 MWt
(cold gas) 14% CH4
3% N2
Hydro- All organics 11 % CO
gasification high moisture or dry 24 % H2 Pre-commercial
with steam 90% 6 % CO2
pyrolysis (cold gas) 49 % CH4
Indirectly All organics 7% CO
fired high moisture or dry 40% CO2 0.5to
Pyrolysis 65% 5% H2S 5 MWt
with drier (cold gas) 32% H2
& gasifier 15% HCs
Indirectly All organics 5% CO
fired high moisture or dry 36% CO2 0.5to
Pyrolysis 55% 3% H2S 2 MWt
with drier (cold gas) 19% H2
36% HCs
Anaerobic Biodegradable 30-60% 40-60% CH4 0.1to 10 MWt
Digestion Components (cold gas) 60-40% CO2
Fermentation Biodegradable 30-70% Ethanol 0.1to 10 MWt
Components (liquid)
Aerobic Biodegradable N.A. Soil N.A.
Digestion Components amendment
(Composting)
Source: Evaluation of Conversion Technology Processes and Products
University of California Riverside & University of California Davis
UC Riverside Comparison Table for Conversion Technology Table 5-2
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3. Furnace & Boiler 7. Ash Treatment and Recycling

4. Turbine — Generator, Stack

Commerce Refuse-to-Enerqy Facility Schematic Process Diagram Figure 5-1
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*See schematic notes on next sheet for further information.

SERRF Refuse to Enerqgy Facility Schematic Process Figure 5-2
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SERRF Schematic Notes

1. Tipping Hall - Solid waste delivered by trucks, screened for

radioactive material, weighed by computerized scale, drive into
enclosed tipping hall, discharging their load. Refuse inspected
for unprocessible waste, pushed into refuse storage pit by front
end loader. Storage pit area is enclosed, air continuously drawn
from pit area, sent through boilers removing dust/odor,
destroyed by high temperatures. Carbon filters used for odor
control when boilers shut down for maintenance.

Furnace - Waste lifted out of storage pit by cranes, dropped into
refuse feed hopper. At bottom of feed chute, hydraulic rams
push refuse into boiler, and combusted under controlled
conditions. Heat generated converts water flowing through tubes
into steam. Floor of furnace has moving grates pushing refuse
through boiler. Refuse passes through boiler, ash discharged
into quench tank. Quench tank cools and eliminates dispersion
of the ash. Thermal DeNoy system, injects ammonia into boiler's
chamber, used to control nitrogen oxides.

Dry Scrubber - After leaving boiler, combustion gases travel
through pollution control system. Dry scrubber neutralizes acid
gasses by spraying lime slurry into exhaust stream. Excess of
95% SO, and HCI removed in process. Reacted lime/ash
removed from bottom of scrubber.

SERRF Refuse to Enerqy Facility Schematic Process

4. Baghouse - Baghouse operates like gigantic vacuum cleaner.

Air drawn through baghouse, particulate matter/fly ash trapped
in bags. Each boiler has baghouse containing ten modules with
bags made of fiberglass. Baghouse cleaned by blowing air, in
reverse direction, through the bags. Particulate and fly ash
removed from bottom. Process removes 99.5% of particulate
matter in air stream down to sub-microscopic levels. After
leaving baghouse, cleaned exhaust gases exit through a 265
foot tri-flue stack. Emissions monitored by combination of
continuous monitors and periodic stack sampling.

Generator - Steam generated from refuse used to drive
turbine-generator producing electricity. Some electricity
produced used to operate facility and remainder is sold to SCE
for distribution. Steam used to drive turbine-generator then sent
to condenser, converted into water, and recycled back through
boilers.

Ash Conveyors - The ash from the furnace, dry scrubber, and

baghouse is treated and transported to the landfill where it is
used as road base material.

Figure 5-2
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General Pyrolysis System Process Flowchart Figure 5-4

Source: URS Conversion Technology Evaluation Report, August 18,2005
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General Gasification System Process Flowchart Figure 5-5

Source: URS Conversion Technology Evaluation Report, August 18,2005
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General Plasma Arc Gasification System Process Flowchart Figure 5-6

Source: URS Conversion Technology Evaluation Report, August 18,2005
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SIMPLIFIED TYPICAL MSW ANAEROBIC DIGESTION
PROCESS SCHEMATIC (after Legrand et al. 1989)
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General Anaerobic Digestion Process Flowchart Figure 5-7

Source: URS Conversion Technology Evaluation Report, August 18,2005
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SIMPLIFIED ETHANOL PRODUCTION PROCESS SCHEMATIC
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General Acid Hydrolysis Process Flowchart Figure 5-8
Source: URS Conversion Technology Evaluation Report, August 18,2005
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