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EXECUTIVE SUMMARY

INTRODUCTION

s

Substantial public and private research effort recently has been invested
in developiﬁg processes for converting municipal solid waste (MSW)‘to useable
énergy. The technology has progressed through demonstration phases into the
designing, building and successful operation of full scale facilities that, in
many cases, are providing economically attractive.utilization of municipal
solid waste. As fuel'prices continue to increése, waste-to-energy conversion
will become éven more comﬁétitive with landfills as an economical and energy-
vconserving waste disposal method. The potential then exists for increased use
of waste-to-energy processes for disposal of MSW in closer proximity to urban
sources of wastes. |

Tﬁe design‘and operation of much currently used air pollution equipment
is based on the burning 6f fossil fuels and not municipal solid waste. It
therefore follows that asséssment of the ability of conventioﬁal air pollutionA-
control technology to meet current and proposed air quality standards at
municipal waste-to-energy facilities is appropriate. Both the U.S. Environmental
Protection Agency (EPA) and Department ofiEnergy (DOE) made such assessments a
priority early iﬁ-their waste-to-energy programs. Much of this work was done
with pilbt or demonstrétion scale plants, or under less-than-ideal test conditions -
at "operating" facilities; and some recently developed énd promising concepts,
designs or operating alternatives have not been evaluated. Also it seems that a
sufficient ﬁumber of measﬁrements may not have been made in previous tests to’
pro§ide statistically vglid data bases. This report presents the results of a

survey of waste-to-energy facilities conducted:



1. To produce an updated s;atﬁs report on-capabilities of current air
pollution contrbl'technology to meet existing~and'ﬁroposed air quality
standards when municipal solid wastes are used as part or all of pﬁé‘
enérgy input to a generating facility;

2,.. To identifyAsignificaht findings' in recent research and development
projects that may suggest‘thét air pollution control technologyucbn—
straints mayvlimit the feasibility éffwide—spread use of municipal
so0lid wésfe as an energy source; and

3. To identify additiohal air pollution control technoldgy research and
developﬁent needs aséociated with waste-to-energy converéion,

This report presents tﬁe results of this survey. Section I contains a brief
general descrip;ion bf the three prominent types of waste-to-energy conversion
Processes in use at the present time, a brief history of federal_goVernment
furided research on these processes, and a summary of signifiéant research needs.
Section II contains an update bf’thelépéfating status and significant air pollution'
control operating expeﬁienées and associated research findings for existing waste-

to-energy conversion facilities on a case by case basis.
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CONCLUSIONS AND RECOMMENDATIONS -

The observations and facts presented in';his”;égqrt point clearly to
the need for a comprehensive program to conduc; aﬁ ;ndéstrj—vide assessment
“of partiéulate, trace element, and’hydroparbon«air.qmiss%qn levels from each
waste-to-energy process to proviée a data‘base foriﬁecisigp makiﬁg purposes.
Research is needed to determine suitable methods forxcqntrolling partiqulate,
gaseous and metals emissions from the three major types of waste-to-energy
conversion processes so that environmental control and waste disposal policy
makers will have adequate information to help make system-choices. Whiie
‘a significant amount of research has been qénducted concerning the capabilities
of conventional air pollution control equipment to meet current and proposed'
air quality standardé,.unanswered questions still remain, Specific research

and development needs are summarized as follows:

General Research Needs'Applicable
to all Waste-to-Energy Systems

1. Documentation of trace metals emissions from Waéte-to-energy processes
is sparce af best and is almost non;existent for organic materials. |
Thus further tests to quantify these parameters is needed. The
limited data available, while not providing an adequate statistical
base for drawing firm conclusions, do indicate the potential for
hazardoue metals emissions from some of the operating, full-scale
waste=to-energy processes. U(S, EPA aiso.:eceqtly has reported that
findings of trace hazardous organic in stack gases from some of these
processes definitely show the need for further investigation although
certified documentation of these obéervations has not been published

to date (12).



Air pollution emissions from various waste-to-energy conversion procegseé
now in opefation should be compared on a common‘basis (ton for ton or
BTU for BTU) including particulates, trace metals, chlorides (or HC1)
and hazardous organics. This haé notAbeen done to date;‘ Air pollution
control processes with sigﬁificant advantages should be identified.

This survey should include processes co-firing cnal and RDF, indirect
and direct heated pyrolysis units and conventional mass—incineratibn
and fluidized-bed incineration processes.

Air emission investigations like those mentioned in 1 and 2 above should
be extended to look at possible co-disposal of sewage sludge and
hazardous wastes with MSW. Although there seems to be little published
documentation of any such attempts at co-disposal~especia11y involving
hazardous industrial wastes, the potential may be significant. Any
such emission work should include searching for emission products that
may result from co-disposal that would not appear when burning the
municipal solid %aste separately or when co~firing MSW with cogl or oil.
An overall system analyses of the environmental/econémic/operational
aspects of waste-to—energy conversion. should be ﬁerformed to provide

a basis for selecting combinations of processing and air ﬁollution .
control technologies which will optimize energy recovery efficiency

and minimise undesirable emissions.

Bacterial and viral emissions from the exhausts of dust control
equipment used on front-end processes'(grinding, screening, etc.)

should be investigated and coﬁpared to.emissiéns ffom other disposal-:

sites such as landfills, sewage treatment processes, transfer stations,



.animal feed lot or confinement buildings so that hazards specific to

municipal solid waste processing can be identified.

Specific Mass-Incineration Research Needed

Methods are needed for controlling waste feed and excess air rates so
that incinerator operéting conditions can be adjustéd to minimize

particulate emissions and maximize - the effectiveness of air'pollution
control equipment. For example, some modular combustion units use a

two-stage combustion chamber to help reduce particulate emissions.

: Irace element and chloride emissions from fluidized-bed incineration

of MSW should be investigated té determine if tﬁis proéess has

significantly reduced emissions as compared to conventional ipcinéra—

tions. . |

The following supplements to conventional incinerator air poilution

control equipment should be investigated:

a. Addition éf alkaline maferial to the refuseAbed to promote binding
of chloride into the bottom ash.

b, Partial recirculation of flue gas as a means of reducing emissions

of particulate and nitrogen oxides.

Specific Cb-Firing Research Needs

Tests Shquld he extended to determine the effect of firing port

placement on particulate emissions when co-firing coal and refuse-

derived fuel (RDF) suspension-fired boilers, For example, at Ames,

Iowa, RDF injection ports were'placed below the coal firing ports and

particulate standards were met; Wisconsin Electric placed .the RDF

ports above the coal ports and particulate emission standards were not met.



fests when'co—firing coal and RDF should be conductedAto determine the
long-term effects on the performance of air pollution controi eqqipment.
Tests at Wisconsin Electric indicated detrimental 1ong-termAeffects;

but when RDF chfiring was stopped, the ESP performance returned to
normal (36); |

Tests should be conducted to investigate the effects of changes in

‘the operatibn of stoker-fired boilers -in organic emissions when co-

firing RDF, specifically, when fly ash reinjection is no longer

‘practiced.

The potential for co-firing RDF in small stoker-fired boilers having
mechanical collectors should be investigated further. Studies at
Ames show that it may be feasible to meet current air quality standards

with high efficiency cyclones if operating parameters are controlled

properly and RDF processing is designed to minimize the amount of dust

and fines reaching the boiler.

Tests should be conducted to determine the.relationship between front-
end processing methodology and trace element and particulate emissions
and boiler operating ﬁfoblems, such as slagging and ash handling.
Densified RDF (d-RDF) processing and co-firing with coal or oil

éhould be investigagéd in detail fo see if it has significant |

advantages over regular (fluff) RDF from an air pollution standpoint

and to determine if costs can be reduced to a level competitive with

RDF to take advantage of improved burnout, increased storage time
characteristics, and burning without boiler modification. There is

some evidence that co-firing d-RDF with coal or oil improves the



resistivity.of ash for ESP collection purposes and may élso cause
some of the sulfur from fuel oil to be contained with the ash.

Thé effect of boiler heat‘release rate on particulate emissions when
co-firing coal and RDF should be investigated.

The ability of fluidized-bed furnaces to tie up metals.and to'help

minimize toxic metals emissions should be investigated.

Specific Pyrolysis Research Needs

The extent to which heavy metals and other potential pollutants are

bbund into the char or slag produced by pyrolysis should be

' determined. If significant binding is found, methods should be

examined- to exploit thi§ phenomenon.,

Gaseous emissions from p&rolysis processes should be examined to
determine the pbtential for release of undesirableitrace elements‘

or hazardous organic materials. |

Because fixed carbon in the char produced in some pyrolysis processes
can comprise 187 by weight and 30% of the heat content of Msw (28),
steps should be taken to develop methods for recovering this energy.

These methwds must be acceptable from an air pollution standpoint

“and also must be economically feasible.
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SECTION T
DESCRIPTION OF WASTE-TO-ENERGY PROCESSES

Waste-to—energy conversion processes in full—scale'operation or advanced
demonstration stages in the U.S. can be divided into three major categories:
co-cdmbustion, mass incineration and pyrolysis. Co-éombustion.consists of 1)
some combination of shredding, classifying or other "front-end" processing of
MSW into a recycleable (heavy) fractidn and a burnable-(ligﬂt) fraction known
as refuse-derived fuel (RDF), and 2) firing of the RDF in combiqation with a
fossil fuel in a conventional fossil fuel boiler moaified fof this purpose
(Figure 1,‘Taﬁle.1).- The "front-end" processing varies significantly from
'facility'to facility with e;ch pfoducing an RDF having unique-chéracteristics,
such as particle size? that affect its'endpoint use.‘ This processing can be
carried further to includevdeﬁsificatidn of RDF into powder, granules or
bfiquettes that are expected to have significantly improved storagé qualities
and can be mixed directly with coal or 0il and fired in existing power plants
&ithout having to make extensive boiler modificatioﬁs.

Mass inciﬁeration recovers energy from MSW by burning uﬂpfocessed waste in
large, thermally efficient waterwall inciﬁeratqrs (Fiéure 2, Table 2). Most
‘ enefgy recovery ihcinérators are similar té coal-fired stoker genepating units
in that they employ moving grates for charging and ash removal. Waterwall
boilers typically are used to recover flue gas heat and generate steam. Indivi-
dual units may have a capacity in excess of 1000 TPD of MSW. There-are a few
other types of facilities iﬁ Qarious stages of design, construction apd operation
which either shred or wet pulp MSW for use'ig fiuidized bed, suspension-fired

or stoker-fired boilers,



AIR CLASSIFIER
Cyclone Separator

STORAGE AND TRANSPORTATION
Storage Bin ‘

HAMMERMILL

Stati onary Packer

‘R\U ght Material
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o“ﬁ- Heavy Materia

Trailer Truck
Nuggetizer D Magnet1 c Belt
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~

fig. 1. Flow diagram o0f a sclid waste processing plant designed to produce refuse-derived
' fuel for energy reccvery (From Shannon, L.J., Shrag, M.P., Honea, F.I., and
3endersky, D., U.S. EPA Report No. 650/2-74-073, 1974).
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Table 1. Refuse-derived fuel plants in the U.S. as of Nov. 1979 (11)..
Capacity, TPD
— Start-up
Location Owner Design Operating Products Date Status
Ames, Iowa City of Ames, Iowa o 200 170 RDF, 1975 Operational
' . c ferrous :
Baltimore Co., Maryland Eaviron- 1,200 750 RDF, 1976 Operational
Maryland mental Service ferrous
Chicago, City of Chicago 1,000 500 RDF, -- Plant is cur-
Illinois ferrous rently under-
: going shakedown
(1980)
East Bridge- " Combustion Equip- A 160 160 ECO-FUEL IITHv' 1973 _ Operational
water, Massa- ment Associates ' .
chusetts '
Lane County, Lane County ~ - ) 506 - RDF, to=- Under con-
Oregon - ferrous - struction
Milwaukee, Americology Div. of 1,200 - 900 ‘RDF, bundled - Plant is cur-
Wisconsin American Can Co. ‘ paper, ferrous, rently under-
) : aluminum, glass going shake-
concentrate down (1980)
St. Louis, Union Electric 150-300 -- RDF, 1972 Demonstration
Missouri Company ferrous facility is now
closed. Union
Electric has
abandoned its
work 'in solid
waste utiliza-
tion due to
local problems.
Madison, City of Madison . 400 200 RDF, 1979 Operational
Wisconsin - ' ferrous
Albany, City of Albany 750 -- RDF, 1980. Under con-
New York ' . ferrous struction
Bridgeport, Connecticut Resources ‘ 1,800 - ECO-FUEL IITH 1979 In start-up
Connecticut Recovery Authoiity ferrous, phases
aluminum,
glass
Monroe County, Monroe County 2,000 -- - RDF, 1979 Shakedown
New York ferrous,
aluminum,
glass
Niagra Falls, Hooker Chemicals 2,286 -- Steam, 1980 Under con-
New York and Plastics Corp. . “electricity, struction
ferrous
Appleton, Sadoff and Rudoy 2,400 <= Steam, 1982 Advanced
Wiaconsin Industry ferrous planning
Columbus, City of Columbus 1,200 -- Electricity, 1981 Processing
Ohio ' . : ferrous . operational;
generating
plant in
planning
Lakeland, City of Lakeland; 300 .- Electricity, 1981 Under con-
Florida Orlando Utilities struction
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Table 1. Continued.

Capacity, TPD

: 3 . Start-up
Location Owner Design Operating Products Date Status
Newark, Combustian En~ 2,000 - RDF, 1981 Advanced
New Jersey gineering Assoc.; ferrous, . planning
' Occidental Re- aluminum,

sources Recovery glass

Assoc.
Norfolk, Southeastern ) 2,000 -- RDF, . 1983 Advanced
Virginia ) Public Service electricity . planning
(SE Vir. Plan. Authority
Auth.) :
Detroit, - City of Netrnit 3,000 o= RDF, steam 1983 Advanced
Hichigan . planning
Peabody, Combustian En- 1,800 . -- ROF, no "Advanced
Massachusetts gineering Assoc. ) ferrous planning

Inc.
Tulsa, Tulsa Energy 1,000 -- RDF, 1982 Advanced
Oklahoma Resources Re- ferrous planning

covery Authority
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r A ‘ : o
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Fig. 2. Schematic diagram‘of a typical mass-burning solid waste processing/energy
recovery plant (From Levy, S.J., Rigo, H.G., U.S. EPA Report No. SW-157.2,
1976). : A ,
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Table 2. Mass~burning energy conversion facilities in the U.S. as of Nov. 1979 (11).

Capacity, TPD

— ‘Start-up
Location Owner Design Operating Products Date ~ Status

Braintree, City of : 384 250 Steam 1971 Operational
Massachusetts Braintree
City of City of Chicago 1,600 ' 1,200 Steam 1971 Operational
Chicago (Northwest) . .
Harrisburg, City of ) 720 + 500 Steam 1972 Operational
Pennsylvania Harrisburg 14 sludge (1979)
Nashville, .Nashvillc Thermal 720 400 Steam 1974 Operational
Tennessee Transfer Corp. ’ . : .
Norfolk, U.S. Naval = 360 140 Steam ) 1967 Operational
Virginia Station

_ Saugus, RESCO 1,500 ‘ 1,060 Steam, A 1976 Operational
Massachusetts : . ferrous
Oceanside, Township of 750 © 750 Steam, . 1974, Operational.
New York " Hempstead, N.Y. : electricity (1976)
Portsmouth, Norfolk Naval 160 ‘ 30 Steam 1976 Operational
Virginia Shipyard ’
Akron, Ohio - City of Akron - 1,000 Steam, ' - 1980 Shakedown early

ferrous ) 1980
Hampton, NASA, USAF 200 Steam 1980 Expected start-
Virginia ° ’ up late 1980
Glen Cove; City of Glen Cove 225 + Electricity 1981 Under con- _
New York . 25 sludge . struction 1980
Wilmington, Delaware Solid- 1,000 + Steam 1§82 Under con-
Delaware ~ Waste Authority; -’50 sludge : o ) struction 1980
Ratheon Service Co.
Dubuque, Dubuque Metrofoli— 250 Steam, 1981 Under con-
Iowa ) tan Area Solid ) ferrous struction-
: Waste Agency
Gallatin, Gallatin, Hender- "150 Steam, 1981 Advanced
Tennessee sonville, Summer R electricity planning
County Antharity

Not e Andover, Universal Uil 3,000 Electiicity ‘ND Advanced
Massachusetts Products, Inc. . planning
Beverly, """ Industrial Devel- 591 . Steam, ND Advanced
Massachusetts opment Financing : electricity planning

' Authority
Pinalles Pinellas County 2,000 Electricity, 1982 Advanced
County, Florida ferrous, non- planning

ferrous

Westchester - Contractor and 1,500 Steam 1983 Advanced

County, N.Y. Municipal Authority planning




15

Pyrolysis involves the thermal-chemical decomposition of waste under controlled
preséure, temperature and residence.time‘by indirect applicétion of heat. 1Ideally,
the only gas flow leaﬁing a pyrolysis reactor is that resulting'directly from the
decomposition of the waste from the solid to the gaseous phase (and of course
those gases introduced when charging wastes such as through an air lock feeder).
The type and consistency of the product (gas, liquid or char) produced from a
heterogenous waste such as MSW is dependent.on exposing all of the waste to the
desired design temperature, pressure and residence time. Accomplishing pyrolysis
in an essentiall§ sealed reaction vessel through indirect heating is relatively

'simple compared to attempting to control combuétion of a heterogenous waste in
systems using large quéntities of exceés air such as those designed for combustion
of coal.

Pyrolysis processes differ in reactor designs, operating temperatures and
reactor temperature gradients, residence times, recovered fuel characteristics
and carrier gas source and.composition (if any). Most-full-sbale‘pyrolysis systemg
ﬁhat have been ‘demonstrated to date have been starved-air combuspion units in which
part of the waste is burned in one'section of the reactor to produce heat to
decompose the remaining érganic material (Figure 3, Table 3). Only the PYRO-SOL
process ha§ adhered to the use of.indirect heating énd exposure of all the input
feedstock to a fixed residence time and temperature'(33). Some such as thé Baltimore
facility, haﬁé on-site secondary combustion chambers with energy recovery in the
form of steam or steam generate& electricity.only. Process residues range ffom‘

inert slag to . carbon-rich chars.
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Fig. 3. Schematic diagram of a pyrolysis plant (Union Carbide's PUROXTM). (From
: Report on Status of Technology in tte recovery of Resources from Solid

Wastes, County Sanitation LCistricts of Los Angeles, CA, January, 1979)
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Table 3.

Large-scale pyrclysis systems in the U.S. as of Nov. 1979 (11).

Location

Key"
participants

Process

Design
capacity

Status

Baltimore,
Maryland

El-Cajon,
California

Erie County,
New York

S. Charleston,
- W. Virginia

Redwood City,
California

Monsanto Environ-
Chem Systems, Inc;
City of Baltimore;
EPA

Occidental Petro-
leum Corp; San
Diego Co; EPA

Carborundum
Torrax, Inc;
Erie County; EPA

Linde Division,
Union Carbide
Corp.

Pyro-Sol, Inc

LandgardTH Process:

shredding, water
quenching, magnet-
ic separation

Flash PyrolysisTH
process: shred-

dimg air classifi--

cation, magnetic,
and other mechan-
iczl separation,
frcth flotation

Sléxging pyrolysis
system .

Pur:)xTH oxygen
converter,
shredding

Indirect heat;
cooling process

1,000

200

75

200

50-75/
module

) Start-up

Products date
Steam, 1975
ferrous, .
glassy
aggregate
Pyrolytic -
o0il, ferrous :
aluminum,
glass cullet
Pyrolysis 1974
gas/steam
Pyrolysis 1975
gas
Gas, high- no

carbon char

Monsanto Environ-
Chem Systems, Inc
has withdrawn
from the project;
revised by City
of Baltimore,
operational 1980

Plant is current- .

ly not operating
pending possible
modification to
correct problems
in pyrolysis unit

Demonstration
plant closed.
Three systems
sold in Europe

Operational until
1979

In dévelop-
ment stage

LT
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SECTION II

IDENTIFICATION OF RESEARCH NEEDS CONCERNING THE
AIR POLLUTION ASPECTS OF WASTE-TO-ENERGY PROCESSES

In 1974 EPA's Municipal Environmental Research Laboratory (MERL) reguired,
as parf of the City of St. Louis - Union Electric co-combustion demonstration
project, a study of air‘pollution'con;rol efficiencies and emissions as Weil
as a limited look at bacterial ana viral emissions from front-end processing (1).
Since then, EPA's Industrial Environmental Research Laboratory (IERL) has included
air pollution emission studies as part of almost all waste-to—energy deﬁbnétration
projecfg in which it has taken part. Of these, the investigation of the Ames Solid
Waste Recovery System in Ames, Iowa is especially noteworthy because of ifs compfe—
hensive nature. The Department ofiEnergy, EPA and others have cooperated over a
three year period'to study emissions while co-firing RDF and coal in both stoker-

’ and suspension-fired coal ufility boilers at Ames. ‘This investigation included an
~evaluation of the effects of Qarious boiler modifications and RDF charaéteristic -~
changes -on air pollution control equipmenf‘operating performance as wéil as on
emiscions (i7, 19).

IERL also has takén broader looks at air pollution control at waste—to-énergy
conversion facilities in three other studies. Their "Engineering and Economic
Analysis of Waste—tq—Energy'Systems" published in May of 1978, included an evalua-
tion of the air pollution contrbl aspects of some eight waste-to-energy installa;ions
(35). EPA algo has contracted witﬂ Midwest Researcﬁ Institute of Kansas City to
conduct an "Environmental Assessment of Waste-to-Energy Processes" (13). Third,
PEDCO Environmental of Cincinatti, Ohio has published "Air Pollutioh Emissions
and Control Technology for Waste-As-Fuel Processes" in chober 1979 (10) as the
initial effort in an EPA/IERL contract to deQelop, test, and evaluate pilot-scale

air pollution control devices for use on various waste-to-energy processes.. Their
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report details fhe status éf knﬁwledge about éir emissions from waste?to—energy
processes and control equipment capabilities as of 1979 but did not identify
research needs. |

" These and other reports have concluded that not enough reliable data are
available to adequately assess the air pollution impacts of mass incineration
for other than particulates. 1If this is true it follows that it would.be
difficult to provide any kind of comprehensive comparisons_of the air pollution
Impacts of the various wasfe—to-energy processes. But in spite of this conclusidn;
there are some indications in the literature and from current researéh projects
that there may indeed be'significant differences in these impacts and in éir
pollution control equipment capabiligies to meet air quality standards. Fof
example, Greenberg, Zoller and Gordon from the University of Maryland (15)
concluded after s;udying éomposition.and size of particles released in refuse
incineration in 1978 that "If all urban refuse Qére burned in incineratore, the
level of some toxic elements in urban air would probably be intoleréh]ﬂ." Tb.sa
include Cd, Sn, Ag, Pb and possibly vapor-phase mcrcury; Granted, this does not
account for coéler exhaust streams froﬁ méss—burning energy recovery which likely
causes some condensation with subsequent removal in particulate collection devices.
However, the PEDCO (10) report references studieg thch show that a large portion
ol metals are adsorbed onto the large surface areas of the smaller particle
fractions (less than 2 micrometers) which leads to the probability that large
amounts of metals (75% or greater of Pb, Zn, Cd, Cu énd others) escape collection
by air pullution control devices. It is this size range that is most likely to

be inhaled deep into the lungs, thus making their removal more important.
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There are only limited available data on the differences in trace metal
emiésions between firing coal only and coai'plqs RDF. The PEDCO report (10)
concludes (pg. 135) that éontrol of lead on fine particles from co~firing may
be necessary. ihis conclusion is based on their comfafison of conservatively
estimated ground level concen;rations with work—pléce threshold limit values
established by OSHA as being'safe‘for continuous 40 hours a week exposufé. EPA
has not yét férmally'addressed heavy metals ‘emissions from coal firing, and’any
required contrgl would likely apply both to mass inciﬁeration and to eo;firing
of municipél solid wastes.

Indireqt—heated pyrolysis (such‘as used'ip the PYRO-SOL process) éppears
to be‘uﬁique among waste-to-energy systems in its potential for control of the
type and conéistency of the products leaving the reaétion vessel with similar
implicatidns'for quality of energy production aqd for environmental control.
‘ﬁbE's Resource Recovery Research, Development and Demonstratioﬁ plan (pgs. 194-
196) dféws similar éonclusions (28). The processes developed by Union Carbide
(PﬁROXTM).Monsanto (LANDGARb), AﬁDCO Inc. (ANDCO-TORRAX) or dcciden£al Research
Corp. (Flash Pyrolysis) all introduce either air or pure oxygen'into:the |
pyrolysis chamber'for combusgion of part of the wasfé to provide suffiéient heaﬁ
to pyrolyze tﬁe remainder. This causes the pyrolytic gases to be diluted _
with coﬁbustidn products and nitrogen. The resﬁlting product gas stréam is
larger in volume, more contaminated with solids and high molecular weight
viganic materials, less consistent in quality and lower in BTU content than
that produced by indiﬁectly heated pyrqusis_(References 6, 25, 29 & 34 provide‘
good ekamples of the types‘of pilot scale pyrolysiévprocesses that have been

developed for disposing of wastes).
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Currently there is. practically no trace element emission information
avéilable for any qf'the pyrolysis processes. Union Carbide, though not
currently operating its PUROXTM plant, claims low trace element emission upon
comﬁustion of their produce gas, but substaﬁtial.trace elements remain in their
wastewater sludges (24). Andco-Torrax claims a 407 reduction of flue gas flow
over waterwall incineration. But with potentially incomplctc pyrolysis and
without gas cleaning prior to the secondary combustivii cliuwber, merals emission
ﬁay be .2 problem. PYRO-SOL, the only operational indirect-heated pyrolysis

'
system has shown very low particulate emissions from combustion of product gas
in a boiler without control.equipmenﬁ. Metals and complex organic emissions
also are expected to be very low because of long résidence time at pyroiysis
design temperatures and low temperature product gas recovefy which also provides
- extensive gas cleaning (32)5

Western Europe turned heavily to mass incineration in the 1970's and
curréntly disposes of the wastes of some 100nmilli0n people in thic way much
of it employé energy recovery (22). But since then many of these countries

are ;howing concern for emissions from these incinerators. West Germany for
example, will require chloride control on any new incinerators (8). Many'of
the RDF emission studies have shown significant increases in chlonride emigsion
ovef coal alonev(9, 17, 19). |

Recent attemﬁts by EPA to lower incinerator particulate'emisgion standards
from 0.08 to 0.03 gr/SCF has brought a flurry of comments on supposed difficulties.A
for current ESP control technology to maintain a 0.03 gr/SCF standard over the
years (2). This could be another indication that more muni;ipalities and

MSW disposal firms are considering mass incineration-energy recovery as refuse

transportation costs increase.
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REVIEW BY FACILITY OF SIGNIFICANT OPERATING
EXPERIENCE AND RESEARCH FINDINGS

A brief description of the significant operating experiences and research
findings as.reported in the above referencéd reports and as learned from dis-
cussions with.designers or operating personnel are included here for currently
operating waste-to-energy facilities. This review is presented by facility type:

co-combustion, mass incineration, then pyrolysis.

Co-combustion Facilities

Ames Solid Waste Recovery System - Ames, Towa

The Ames Solid Wéste Recovery System (19) consists of one resourcé recovery
RDF production line curreﬁtly processing 100 to 150 tons per day (TPD) of MSW .
‘via 2-stage shredding, ferrous metal remo?al, and air classification. The RDF
is stored in a 500 ton capacity Atlas storage bin and. is fired in any of three
boilers, two of which aré small sﬁreader,stokers (7.5 or 12.5 MW) and the other

a larger (35 MW) suspension fired unit.

Boiler operation evaluation while co-firing RDF. = Evaluation of the Ames

boiletr operation resulted in the following conclusions:

Existing stoker~fired boilers:

1. Boiler grate‘ﬁeat release design'rate:(BTU's/hr/ffz éf grate) and

. geometry of flue gas routing may affect particulate loadings at the
entrance to the air pollution control unit  (20).

2. Introducing overfire air from the front of the boiler seems to have the
effect of increasing residencé time of'coﬁbustibles,theréby promoting

more complete burning and consequent decrease in particulate loadings.
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3. Elimination of the fines re-injection (rgcycling of a portion~§f the
fly ash from some collection point back to the boiler) may very well
reduce particulate loadings at the expense of a slight decrease in
boiler efficiency.

4. Appropridte.coal screening reduces the amount of coal fines and sgeﬁs
to result in decreased particulate emissions. This action will make
it easier to meet particulate standards when co—fi;ing RDF and coal.

5. Some combination o¢of the above chunées in Lhuller aperation may make 1;
‘possible to use existihg smaller stoker-fired boilers without modifif
cation or with more efficient mechanical'collectors.(suéh as cyciones
and baghouses) which cannot be used.currently beéause they will not
meet particulate standards for firing coal or coél plus RDF;-and their

 size will not justify installation of expensive ESP's. 'This is exac;ly
_the.case for Ames Units 5 & 6 where neﬁ mechanical collectors and re-
duction of RDF fines has made it:possible to meet partiCuate.standards.
Similar changes'méy make it economically feasible to burn RDF in lo-
cations where stokers aiready exist but which cannot justify additional
capital investments as required for mass—bufning or large suspensiéﬁ- |
fired boilers.

¢

Existing suspension fired boilers: It was found in the Ames co-firing

‘tesls that the lucation of the RDF injection-firing ports relative to the coal .
_ ports influenced both .the s;ack emission énd the amount of unburned RDF'dropéing :

.into the bottom ash Hopper (19). Moving the RDF injectiou ports to a location
. below coal injectioﬁ and retrofiting -a dump gfatelinto the bottom of fhe‘
boiler have solved the problem of unburned wastes and minimized the impact of

RDF firing on stack emissions. Boiler heat release rate design criteria also
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may affect particulate emissions when burning RDF, but such a correlation has

_not yet been verified (20).

Changes in RDF processing: Reducing fines in RDF by as much as 50% significantly

decreases slagging problems because of the increased ash softening temperature.
Ash content also is reduced by as much as 50% (19). This lower ash content also
will reduce particulate loadings into the APC equipment. This conclusion applies

to stoker-fired as well as suspension-fired units.

Emission tests evaluation: Emission tests on the spreader-stoker boilers at

Ames while co-firing RDF with coal (Tables 4 & 5) show significant increases in
chlorides and trace elements lead, copper and zinc in the fine particulates above
the levels normally found when firing coal alone (17). These tests were run- in
1976 and 1977. 1In September of 1979 additional particulate tests for compliancelA
purposes were run on one boiler (No. 6) after the installation of new, higher,h
efficiency mechanical dust colleétors>while burning low-ash Colorado coal and.RDF
ﬁrocessed té remove fines and to lower the ash content. The tests wére conducted
at average 70% of rated boiler load and 40% RDF by heat cdnteﬁt. The associated
particulate emiceions averaged 0.412 1b/MBTU. This shows a substantial improvement
over the 1976-77 tests during which 2 tb 4.4 lb/MBTU particles were measured (17);
Even though these tests should not be compared strictly with tﬁe 76-77 data because
of coal and operating condition differences, it is obvi§us that the experiences
and equipment modifications at Ames have significantly reduced particﬁlate
emissions.

These decreases in particulate emissions probably will not significantly
change gaseous chlqride emissions but may change the trace metal emission rate

from that reported in the 1976-77 tests since many metals are adsorbed to



. Table 4. Selected emissions from Boiler Unit 5 at Ames, Iowa when co-firing coal and RDF (17).

80% load 80% load 1977 607 load 100% load

1976 Iowa Towa/Wyoming 1976 Iowa 1976 Iowa
: coal with coal with coal with ) coal with
Parameter (units) 0% . 20% 504 0% 20Z S04 0% 20%Z 502 0% 20% 50%

RDF RDF RDF RDF RDF RDF RDF - RDF RDF RDF RDF RDF®

Particulates (ccntrolled) (g/M1) 0.7 5.4 0.3 0.8 0.9 1.0 0.9 1.1 1.3 1.3 0.4 0.4
Particulates (uncontrolled) (g/MJ) 3.6 4.1 3.4 3,2 3.8 4.2 3.2 4,4 3.5 4,1 2.2 3.1

Oxides of sulfur, sdx ~ (g/M1) 2.3 1.9 1.5 1.0 0.7 0.9 1.3 2.3 0.8 2.4 2.0 1.7
Oxides of nitrogen, NO_  (mg/MJ) 80.0 76.0 €4.0 .77.0 67.0 69.0 99.0 104.0 78.0 81.0 76.0 50.0
Chlorides -  (mg/MJ) 13.0 68.0 97.0 6.5 87.0 139.0 22,0 58.0 100.0 7.0 62.0 101.0
Formaldehyde © (mg/M) 0.2 0.2 4.3 11.7 3.7 3.4 2.7 3.1 6.2 3.3 .2.0 0.2
" Hydrocarbons o (mg/M1) 0.22 0.17 0.19 0.08 0.09 0.07 0.15. 0.19 0.31 0.09 0.15 0.17

20nly two runs at this load and % RDF were accomplished.

- 92



Table 5. Selected emissions from Boiler Unit 6 at Ames, Iowa when co-firihg coal and RQF (17).

80% load. : 802 load . | - 60% load
1976 Ioﬁa/ﬁyoming ' 1977 Iowa/Wyoming 1977'Idwa/Wyom1hg'
. _coal with _ _ coal with - ' cdoal with ,
Parameter (units) : 0% RDF . 20% RDF 50% RDF 0% RDF® 50% RDF 0% Rpi 20% RDF  50% RDF
Particulates (controlled) (g/MJ) 0.5 0.7 - 0.9 0.8 1.9 0.7 1.8 1.7
Particulates (uncontrolled) (g/MJ) 2.5 3.5 4.4 1.8 3.9 2.0 3.7 4.3
Oxides of sulfur, SO_ (g/MJ) 0.8 0.3 0.4 0.9 0.6 1.4 0.8 0.5
Oxides of nitrogen, NO_  (mg/MJ)  133.0  131.0 106.0 91.0 88.0  106.0 52.0 96.0
. Chlorides (mg/MJ) 6.3 44.0 88.0 9.4 110.0 4.2 96.0 127.0
Formaldehyde (mg/MJ) . 5.8 0.6 1.6 16.0 20.0 22.0 28.0 23.0
Hydrocarbons (mg/MJ) - - - 0.07 0.13  0.08 0.07  0.07

aOnly t&o runs at this load and % RDF were accomplished.

Lc
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particplates that pass throﬁgh the APC device.

Stack emissions data obtained froﬁ'the suspension fired boiler at Ames (Unit
75 while burning RDF are summarized in Table 6.(19). Additional compliance tests
run in September 1978 ;fter changing tﬁe RDF firing port location from above the
coal nozzles to below them indicate further improvement inkparciculate emissions
beyond that experienced by dump grate installation. Chloride emissions increased
with increasing percent RDF in a manner si;ilar to ;hat found.in thé stoker-fired
Units 5 and 6 (Table 6). Additional tests run at 16 to 187 RDF content (by BTU)

and 100% load showed a decrease in particulates from 0.57 1b/MBTU before moving

the RDF injection port to 0.31 1b/MBTU after lowering the iﬁjection port (32).

Madison Gas and Electric - Madison,'Wisconsin

The City of Madison; Wisconsin processes MSW to produce RDF for firing_by
ﬁadison Gas and Electric in a 50 MW suspension-fired pulVerized coal boiler.
The air pollution control device at this plant-is.an existing clectrostatic
precipitator that was conservatively designed for use with low-sulfur wéstern
coal, Alfhough as of this writing comprehensive emission tests hAVe not been
performed, preliminary observations indiéate that ESf performance is excellent
Qhen burning RDF. This entire operation has proven so successful that Mad1;0n
Gas and Electric is finalizing plans to similérly modify a second 50 MW sdspension
fired unit for firing RDF sometime during 1980 (5). . It is logicalvthat'the ESP
.here wouid be more likely to perform well when burniﬁg RDF (assuming good solid
Qaste burnout) because low sulfu£ coal has fly ash resistivity characteristics
closer to RDF fly ash than does high sulfﬁr coal. Therefore, any ESP designed
to perform well with low sulfur fly ash would be expected to'perfofmlwell with.

RDF fly ash. There is also beliefbamong some researchers that expected heat



Table 6. Selected emissions from Boiler Unit 7 at Ames, Jowa, when co-firing goal and RDF (19).

Prior to Installation of
Dump Grates 1976, 1977

60% Load 80% Load

100% Load

After Installation of Drump Grates 1978

807 Load

1007 Load

0.00

Paramater 0% RDF - 0% RDF 0% RDF 10% RDF 0% RDF 10% RDF 20% RDF 0% RDF 10% RDF 20% RDF
Particulates 6 | ) | .
(controlled) 1b/10° BTU 0.23 - 0.35 0.60 0.53 0.21 0.37 0.37 0.42 0.44- 0.53
Particulates 6 o - ‘ ' ‘
(unconﬁrolled) 1b/10° BTU 19.05 7.49 8.26 8.35 6.54 7.63 8.21 + 7.93 7.28 7.47
Oxides of - 6 . ) . : . . ‘
Sulfur S04 1b/19° BTUC 2.61 2.88 3.70 2.88 3.42 2.84 2.33 3.30 _2.33 1.93
Oxides of 6 ‘ ,
Nizrogen NOX 1b/10° ‘BTU 0.32 0.26 0.35 0.27 0.39 0.33 0.33 0.31 0.26 0.26
\
‘Chlorides 1b/109 BTU 5.14 13.6 28.14 7.65 10.7 50.9 93.7 7.65 58.4 28.6
Formaldehyde lb/lOg BTU 4,56 20.9 - 5.49 60.0 8.37 12.0 . 0.77 0.19 1.44 0.42
Methane 1b/109 BTU .0.00 0.00 0.00 5.30- 6.07 3.77 3,35 4,58 2.47

67
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release rates (BTU transfer per square foot) used in boiler design may be critical
to good RDF burnout and that the Madison unit is an example of a boiler design

well?suited to burning RDF (20).

 Mi1waukee, American Can, Wisconsin Elecirical RDF Co-combustion

The City of Milwéukee, the Americology Division of the American Can. Co.
and Wisconsin Electric Power are cooperating in an effort to produce RDF for use
by Wisconsin Electric in supplementing suspension firing of coal in their Oak
Creek plant units 7 and 8 (310 MW each). These are among the largest boilers ever
used to fire RDF. Some boiler slagging and low ESP efficiency problems have been
experienced during 2 years of.extensive_testing and éValuation by Wisconsin
Electric (Table 7). There is some indiéation that the experience gained at Ames
in experimenting with 1) RDF firing port locations on their suspension fired -
boiler and 2) RDF fines content could possibly solve some of the problems at
Milwaukee, From on air emissions standpoint, ESP's on both boilers would not
meet particulate emissién standards of 0.15 1h/MBTU whcn burhiug RDF. Also
emission rates seem to increase with accumulative RDF_fired. ESP performance

returned to normal 6vernight after co-firing of RDF was stopped (36).

Chicago Sﬁpplementary Fuel Processing Plant and Commonwealth Edisuu Cu-Cofbustion '

The City of Chicago and Commonwealth Edison are cooperating in a joint
veanture to convert MSW to RDF for co—coﬁbustioﬁ in utility boilers at the
Commonwealth Edison Crawford plant adjacent to.the processing facility; The City
of Chicago has built what is one of the larger capacity RDF (1000 TPD) production
ﬁlants currently in existence (35). The:process includes primary shredding, air
classification into heavy and'light‘fractions with resourcé»recovéry or land-

filling of the heavy fraction, and secondary shredding of the light fraction. The
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Table 7. Unit conditions and particulate emissions at Wisconsin Electric
Power Plant when burning RDF (36).
Test Test Steam Load RDF Feed. Particulate .
No. Date (k1lb/hr) (ton/hr)  Emissions Unusual Conditions
(1b/MBTU)
1 5/18/79 - - - Invalid-improper sampling technique.
2 5/18/79 1677 0 0.159 ' .
'3 5/21/79 - - - Invalid-improper sampling technique.
4 5/21/79 1802 0 0.172 '
5 5/22/79 1775 0 0.242
6 5/22/79 1719 0 *0.228
7 5/23/79 1690 0 0.342 Precipitator double powered; power
supplies limited by arcing®
8 .5/23/79 1882 0 0.137 " " " "
9 | 5/24/79 - 1726 0 0.058 Precipitator double powered.
10 5/24/79 1841 0 0.047 " " "
11 5/25/79 1758 0 0.050 n " "
12 5/25/79 1666 -0 0.036 Y " "
13 5/31/79 1557 30 0.066 " " "
14 5/31/79 1542 30 0.068 " " "
15 6/5/79 1658 30 0.186
16  6/5/79 1602 30 0.196
17 6/7/79 1596 21 0.390
18 6/8/79 1594 20 1.442 Excessive ﬁulvefizer fineness.
19 6/8/79 1566 10 1.282 "o " "
20 6/18/79 1591 20 0.736
21 6/;8/79 1547 20 0.658
22 6/19/79 1554 10 0.566
23 6/19/79 1514 10 0.448
24 8/7/79 1533 0 0.960 Test interrupted due to syctem
: requirements.
25 8/22/79 1522 0 0.378
26 8/22/79 1613 0 0.374 !
27 8/23/79 1209 0. 0.094
28 8/24/79 1146 0 0.278

a s . . : . . s
Arcing was in the temporary double power connections, external to the precipitator.

'
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resultant RDF is transféred pneumatically to storage at the power_plaﬁt for
eventual co-combustion. Because the processing and co-combustion systems were
‘designed in the early 70's, this faﬁilify did not benefit from improvements in
processing and co-combustion designs developed in the last few years. The
facility is currently (June 1980) shut down for equipment modifications and very
-little information is yet available ahout power plant'particulatg emissions when
co-firing RDF. Again, it may be that cxperieuct gainéd at Ames in imprbving
burnocut and decreasihg ash content of RDF will lead to significént-improyements

in air pollution control.

Densified RDF Co-combustion

With the exception of the ECO-FUEL II érocess marketed ﬁy Cﬁmbustion'Equip—
ment Associates (QEA) there has been only minor effort put iﬁto,investigating
processés for densifying RDF and turning it into a powdered; pelletized or
briquetted fuel for co-firing without modification to existing coal or oil-fired
boilers or fuel-handling equipment.

Dust in the ECO-FUEL Il production process is controlied with conventional
baghouse technology added aftef the facility was first constrﬁcted. Some sulfur
is added to the fuel in the .chemical imbrittlement stage of the process to make
the fuel brittle so that heated ball mills cau be used to accomplish.finél size
‘reduction (ball mills tumble small heated steel balls tﬁrbugh the waste). The
aul fur content specillcation of the fuel 1is 0.6 1b/million BTU heat input (7).
Currently, ECO-FUEL II from CEA's ECO.FUEL processing plant at Bridgeport,
Connecticut is being co-fired with oil'in a boiler lucated at United Illuminating
Co. State particulate standards are‘beihg met, but meeting the Connecticut

sulfur standard of 0.55 1b S/MBTU heat input is still in question. CEA claims
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an overall process energy efficiency equivalent to coarse size reduction only and
the use of ECO—fUEL IT is expected to require little or no ‘boiler modification.
EPA has contracted with Syétems Technology Corporation (SYSTECH) of Xenia, Ohio to
evaluate boiler performance and emissions while burning 285 tons of densified

RDF briquettes (1/2" diam. x 3/4" long) in two small stoker-fired boilers (60,000
‘lb/HR'énd 75,000 lb/HR stgam) at Hagerstown, MD. The report evaluating the

tests of these boilers is in draft form (9) as of August 1980. The éreliminary
Tesults from the Hagerétown tests did not indicate any significant boiler operat-
ing préblems while burning briquette/coal blends although low steam demands
prevented testing at full boiler loads. Briquettes were succgssfully.fired at
100% of the boiler fuel during this evalqation but resulted in the clogging‘of

~ bottom asﬁ handling equipment.

Emissions tests showed 1) no significant increaseAin par;iculate emissions
'above coél alone (Table 8), 2) an increase in chloride emissions (Table 8), and 3)
an increase in some metals and a decreasg in others (Table 9). These results only
indicate trgnds because they were observed during very low boiler load conditions
and when using only low-efficiency cyclones for fly ash collection.

The data analysis is not yet completed for the second larger boiler tested
by SYSTECH at Erie, Pennsylvania using densified RDF briquettes in a 150, 000 1b/HR
_ spreader—stqker steam boiler at which particulate emissions aré controlled by an
ESP, Alsd, in 1978 Detroit Edison evaluated the grinding and handling propérties
.of a single, several hundred ton, batch of briquettes produced from ECO-FUEL II
but an apparent mistuke in briquette producion caused serious briquette deteriora-
tion, dust problems and equipment clogging and prevented continuous firing. This

precluded any meaningful evaluation of boiler performance or emissions (31).
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‘Table 8, Corrected field test results for four coal:dRDF blends.
: Stoker~fired boiler at Hagerstown, Maryland.
(Emission data were normalized to the March referenced coal)(9)

Blend (Coal:RDF) Date Fraction of  Boiler ASH-  Chlorides Total Hydro
o . Rated Load GR/SCF ppm carbons, ppm
1:0 (coal only) 3/19 .51 1 .311 72
; : 3/19 .51 1. .458 - 84 _
3/21 .40 2 .267 , 21.9
3/21 .40 2 .325 75
3/22 .40 1 .226 55 12.7
3/28 .38 1 . .197 38 13.7
3/31 .27 1 .286 . 35
3/31 .27 1 .234 36 - 29.6
4/1 .35 1 .281 44 34,1
. 5/3 25 2 124 50
5/4 .20 2 .142 - 38 }
5/4 .22 2 .
5/5 .31 2 .087 \
5/5 - .51 2 .084 38
5/16 .21 2 .247. 50 17.3
5/16 .36 2 .125 52
5/17 .17 2 .188
- 5/17 .17 2 _
1/20 .53 1 .238 11 13.1
1/20 .53 1 .314 13 9.6
1/21 47 1 .154 6 13.7
1/24 .53 1 .235 12 2.0
. 1/25 .50 1 ' . 1.7
12/10 1 .165. 39
_______ HH[_______;_L____g@__;y__*__~
() M - 3/23 .43 1 .137 780 8.1
3/23 .43 1 .189 289 18.0
3/24 YA 1 .194 239 13.1
5/12 34 2 161 234
5/12 .28 2 .170 206
5/13 .39 2 .107 175 18,8
5/11% .30 2
12/8 .45 1 .196 202 8.1
12/13 .45 1 .503 315
12/13 .45 1 .255 131
12/14 43 1 .223 42
_____________ 12/04 .43 1 _ _ _.202 222 _ __ _ _
1:2 3/29 .36 1 .201 407 19.3
3/29 .36 1 174 300 15.5
3/30 .26 1 .178 280 33.5
5/10 .36 2 .175 216
5/10 .30 2 .198 259
5/11 .36 2 .154 265 18.3
e e e e AL W34 2 ____
0.1 (dRDF on1y7 5/14 .27 2. .268 654 55.7
5/14 .26 2 274 610




Table 9. Avérage heavy metal emissions in stack particulates from blend firing tests of coal and‘HeﬁSified
o RDF in stoker-fired boilers at-Hagestown, Maryland . S '

R

Coal: . No. of ‘ ' T Metals
: : RDF. samples - - :
MONTH Blend analyzed Pb Ccd As Hg - Cr  Ni Mn Zn Cu- Sn Sb Ag Vn

Threshold limit lével,'ﬂ§7m3A

200 20 500 . 100 100 1000 -- - 5000 ~--  -- 500 10
MARCH 4 |
1:0 7 228  <4.43 173 <7.85 35.1 32.6 47.7 592 <51.7 <1.46 <87.2 <8.72 <87.2
1:1 3 3975 79.4  45.9 T19.6 33.5 32.1 64.6 6012 96.1 3.36 <52.2 12.0 <52.2
1:2 3 7660 233 44,9 12,3 47.6 41.0 101 8569 82.5 4.99 <87.3 17.1 59.6
MAY |
1:0 7 230  4.33 184  <5.57 50.7 49.5 30.4 596 50.1 <1.45 <65.6 <6.56 <65.6
1:1 3 4237 72.4 153  15.7 35.4 35.9 62.6 5664 82.4 2.70 <48.5 <6.51 <48.5
1:2° 3 8217 220 126  11.4 55.4 50.9 115  B317 134  3.47 59:1 19.4 <59.1
0:1 2. 9953 267 49.4 94.7 79.7 29.4 275 8033 203  6.07 <107  29.7 <107

13
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CEA claims (18) that the best approach to controlling hazardous metais
emissions from solid waste-to-energy processes is to remove as maﬁy of the metals
as practical in the front-end resource recovery process and then-to produce a
fuel with consistent burning charactefistics that will eliminate h&t spoté and
minimize incomplete combustion. In spite of efforts to remove all me;als,’léad
emissions are still expected and may come from printing ink §n Lhe paper in MSW
(32). A mass balanced of metals in ECO-FUEL II cumbustion has-ndt'yet been |
.performed. CEA also expects ‘that hlending a conoiatenl puwdered KUY with coal or
oil will improve burnout of the coal or oil (iowers theAcarbon content) and

therefore will improve fly ash resistivity for electrostatic collection purposes.

RDF Processing‘In—Plant Air Quality Control

Essentially all RDF processing facilities that include any kind of shredding
also include some type of in-plant dust collection system which generally is:
extended throughout the procéssing line. Thése systems collect dust from shredding
operations, exhaust from air classification and pneuﬁatic conveying as well as
at other interim processing points. Baghouses generally are used as control
devices because of their reliability and efficiency in meeting particulate emission
standards.‘ Bacterial and viral emissions froﬁ baghouse gxhausts external to the
building are not thought to be a problem (3) although only 1imited.tésts to §érify
this have.been performed. Also, fines from these collectors may contain signifi-

Acant bacterial contamination but this has not been investigated. Current practice

is often to burn them with the RDF.

Hempstead Resource Recovery Corp., Hempstead, New York

This private corporation built and operates a resource recovery system which

is designed to take up to 2000 TPD MSW and produce RDF, through a wet-pulping
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process, which is then fired alone in an air-swept spout spfeader stoker boiler.
., MDust control équipment is u;ed to-control air qdality_within the front-end
processing building. ESP air pollution control is uséd on the boiler sﬁack and
has been tested at 0.032 gr/std ft3 (26) which is about 30%,°f the New York
‘State pér;icglate.s;andard. 'Emissions,daﬁa other than particulétes were not

available at the time of this writing but EPA has conducted other tests which

will be published in the near future,

Mass—Incineration

RESCO (Refusé‘Energy System Co.). Saugus, Massachusetts

fhe system.at Saugus consists of two 750 TPD Von Roll waterwall incinérétors
of.Européan design that héve been operated for 3-1/2 years at approxiﬁatély
their design capacity;‘ Recent overhapl4and grate réplacement in the incinerators
will“réise'tdtal capacity to as much as 2000 TPD total MSW procéssed{' Emission
tests on the ESP;S used for particulate control‘afper a recent routine:overhaul
,avéfaged 0.027 gr/std ft3 as compared to a 0.05 gflstd'ft3 standard established
by thé State of MasSaChqsetts (23). 1Incinerator residue is put through ﬁagnétic

‘sepadration and is then sold as aggregate for use in road construction.

Nééhvilie - Thermal Transfer Corp.

Tﬁerﬁal fransfer Cérp..éf'Naéhville operates two reciﬁroéating gréte waterwall
inciheraﬁors rated at 360 IPD each. Original air péllﬁtion coﬁtrol equipmeﬁt
cénéisted of multicones and wet scrubbers. Emissions fromAthese units did not
meet air pollution standards of 0.08 gr/std ft3 and these COﬁtrolldevicéSiwere
replaced with ESP's, one on each boiler unit (35). In addition to improved

particulate collection efficiency, the increased draft also improved solid waste
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burnout. Since installation of the two ESP's, this waterwall incineration
facility has operated very successfully with minimum manpower requirements, has
met state standards for particulate emissions, and has had few operating problems

after initial shakedown.

Pyrolysis Waste-to-Energy Systems

EHRQXTgASVStem

The PUROXTM pyrolysis system was developed by the Union Carbide Corp. aﬁd
- was successfully operéted at a 200 TPD level for processing a cumblnatiqn,of MSW:
and sewage sludge at South Chafleston, West Virginia (24). .The feedstock, con-
sisting of shredded MSW with metals removed or a combination of processed ﬁSW
and partially dewatered sewage sludge, is injected near the top of a vertiqal
reactor which has a counter-flow of hot gases (See Figure 3). The feedstock is
dried in the upper section of the reactor, then descends further into a pyrplysis
zone where breakdown of the cellulose produces gases, liquids'andichar. Pure
"oxygen is introduced at the bottom of thE»réactor to support the pyrolysis
reactiovn. Pyrulysis products include 1) molten inorganic siég which is quenched
and 2) gases which rise through the deséending refuse column. The gases ieave
the reactor at the top to be cleaned of oils, liquids, moisture and particulates
in a wet-scrubbing/ESP system. Afterwards, it can be usea or sold as a medium-
value BTU gas. Energy conversion is equivalent to ﬁass incineration but net
effletleney (including ffént—end processing) is oﬁly about 50% (35).

The gas cleaning éystem reduéesAthe gas temperature to about 100°F which
“likely condenses mqstlvaporizad metals. This condensation, in combination with
front-end metals removal, feducés tracenmetél emissions resulting from final

project gas combustion to very low levels (25).. Co—dispoéal of sewage sludge in
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the PURdXTM éystem results in a wastewater sludge haviné substantially reduéed
metals content when compared to conventional domestic wastewater sludge. The

reason for this according to Union Cérbide's mass balance information is .that

the majority of the‘metalé in the feedstock are tied up in the inorganic inert
siliéa slag taken off the bottom of the reactor.

Based on particulate loads in the product gas, Union Carbide estimates that
pérticuiate emissions froﬁ gas combustion after ESP control will be on'the‘order
of 0.001'to 0.003 gr/SCF at 12%.002 with trace metals emiésions at correspondingly
low levels in the stack (24). _The PUROXTM System has baghouse dust contrel on
the front-end typical of 6ther shreddiﬁg, classification and resource recovery

systems,

ANDCO~TORRAX Pyrolysis System

The. ANDCO-TORRAX system uses unprocessed MSW as feedstock in a vertical
pyrolysis reactor similar in operational characteristics to the PUROXTM system
except that preheated air rather than pure oxygen is used to support the reaction.
Consequently, the heating value of the pyrolysis gas is too low to justify
cleaning and résaie. Instéad, it is burneq immediately in a secondary combustion
chamber using minimum excess air. A portion (lOZ) of the exhaust gases are used
to meet pyrolysis reactor preheat néeds through ﬁse of regenerative‘heating
towers and the remainder is used to produée steam in.a heat recovery boiler (35).
Conversion and net efficiencies arc eimilar to thoée,expefienced for the PUROXTM
proéess. The use ufl a seéondary combusribn chamber instead of a prbduct gas
cleaning system eliminates any significant wastewater stream, but the 1acklof

front~end metals recovery and low temperature product gas cleaning before final

" gas combustion mecans increased potential for trace metals emissions in the air
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 ‘po11ution stream relative to the-PUROXTM systém. However, comparéd to conventional
mass incineration installations of similar size, ANDCO-TORRAX claims (ton for ton
of MSW) approximately 40% less exhaust gas volume (30). Therefore, it is
expected to produce at least 40% lower emissions per ton of refuse disposed-
than mass incineration with equivaleﬁt air pollution control eqﬁipﬁent. This does
not take into account any differences in tie-up of metals in inert slag versus
incinerator residué. Like PUROXTM, the TORRAX system also produces an inert
slag which is usable 53 concrete aggregate or is suitéble,for landfilling.

The ANDCO-TORRAX system has been sold and constructed in Western Europe.
(4 installations), Japan (1 installation), and the U.S. (1 for MSW disposal and

for simulating disposal of nuclear wastes at Orlando, FL) (4).

Occidental Research Corporation Flash Pyrolysis

The flash‘pyrolysis\system develéped by'Occideﬂtal Research Corp. has been
tested briefly in a demonstration plant construéted at E1 Cajon, California.with
funds coming primarily from Occidental but with some Suppqr£ from EPA and San
Diego County. This 200 TPD process (35) consists of pyrolysis of the shredded
light organic’ fraction of MSW in aAfastlmoving (1400°F) gas and particle stream
recycled from the .char burner. This gas cools in'the'feactor to an average
pyrolysis temperature of 950°F before entering a cyclone for removal of char to
the char burners for recycling. Residenca‘time in the reaétor is~ab0ut 5 sec.
The gas continues to an oil quenching, depanting system.for recovery-of product
oil and the remaining product gas is compressed and used as 1)van oxygen free 
transport gas, 2) as fuel for preheating combustion air in the char burner, and
3) as fuel in the afterburner. vAgain, low~product—-gas temperature before com-

bustion in the afterburner and front-end metals removal indicates low potential
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for trace metals eﬁission after baghouse control. Conversion éfficiencies are
lower than other pyrolysis systems mentioned here partially because there is
heating value left in the-char.i The recovered préduct 0il can be mixed with No;
6 fuel oil and burned. The system was demonstrated at the El Céjon facility
although extended continuous operation did not ensue. As a result, exFensive

air emissions testing did not take place.

PYRO-SOL Indirect-Heated Pyrolysis

The PYRO-SOL process is an indirect heated pyrolysis system cﬁrrently used
in a 50 TPD scale plant to dispose of an RDF obtained from an auto salvage |
operation. 1t also has been tested us}ng MSW and wood chips as feedstock (33). The
system consists of primary shredding and then feeding through an air lock into
a éealed hofizontal pyrolysis reactor or "tunnel". 'A vibrating bed moves the
feedstock from one end of the 60-ft 1eng£h to ihe other at Qn average temperature
of 1750°F with a slightly lower temperature at the air lock end than at the
char collection end. The system is heated indirectly through tubes spaced over
the vibfating bed (throughout the tunnel length). Product gas and waste heat
also are recovered thruughout the reactnr. The product gas leaves the reactor
at approximately 1100°F, is cleaned and quenched in a cyclone and wet scrubber
and the cooled gas (350 - 400 BTU/SCF) is étored for use in a gas boiler/steam
generator éombination. The Bay Areg Air Pollu;ion Control District has tested
the boiler when burning PYRO-SOL production gas. Test results show particulate
emissions‘of 0.023 gr/SCE which is well below the standard of 0.15 gr/SCF but ~
this included noticeable rust from an infrequently used boiler (1). Because of

this, these emission results are probably higher than would be the case in day

to day boiler operating conditionms. /'
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A high energy content char is produced from the waste and is processed via
magnetic separation and air classification and a small percentage of it is used to
filter scrubber wastewater. It may also have market value or possibly could

be burned on site to produce more energy for indirect heating (33).
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APPENDIX A

STATUS OF AIR POLLUTION STANDARDS
APPLICABLE TO WASTE-TO-ENERGY PROCESSES

New Source Performance Standards (NSPS) )

a.

Co-combustion

New Source Performance Standards for particulate emissions from
electric utility boiiers larger than 250 mil BTU/hr heat'input (approx-
imately 10T/hr coal) recently have been revised downward by the U.S.

Environmental Protection Agency from 0.1 to 0.03 1b/106 BTU (Al). The

revised NSPS for industrial boilers are expected to be in a similar

range. These standards are maximum and may be lowered significantly

depending on regional and local off-set criteria. These standards also - .-

are expected to apply to boilers co-firing RDF wifh other fossil fuels.
Mass-incineration

The U.S. EPA has propoéed a new Federal NSPS‘of 0.03 gr/dSCF for
incinerators greater than 50 tons per dayf‘ Cufrent federaiAstandards
for mass incinerators is 0.08 grains per dry standard cubic foot (gr/dSCF)
with many states having loﬁer standards (Maryland = 0.03 gr/dSCF;
Massaqhusetts = 0.05 gr/dSCF) (A2).. New NSPS are likely to be set by
best available cohtrol'technology.

Gaseous phase Chloride (HCl) apparently is being considered in the
NSPS review required by.the Cléan Air Act Amendments of 1977 because of
the increased occurrence of.polyViﬁyl chloride (PVC) in municipal solid
wastes. Heavy metals, particularly lead (Pb) and cadmium (Cd), similarly
are unde# review as possible NSPS's in the hazardous pollutant category.
However, the fate of those proposals depend on the results of studies

not yet completed Ly EFA.
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c¢. Pyrolysis
There currently are no NSPS specific to pyrolysis processes. These

processes are expeéted as a minimum to meet indirect heat boiler eﬁission

standards or process weight emission standards which vary‘according’to

heat input.
Ambient Air Standards

EPA io0 planning Lu propase an ambhient nir atandaird [ur respirable

particulateé in addition to the current amhient standard of 75 ug/m3 aunual
geometric mean for total suspehded particulates (A3). It is not known how chié

ultimately may affect NSPS for co-fired boilers, mass=incinerators or pytulysis

processes.
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