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INTRODUCTION 

e 

Substantial public and private research effort recently has been invested 

in developing processes for converting municipal solid waste (MSW) to useable 

energy. 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 increase, waste-to-energy conversion 

will become even more competitive with landfills as an economical and energy- 

conserving 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. 

The design and operation of much currently used air pollution equipment 

is based on the burning of fossil fuels and not municipal solid waste. It 

therefore follows that assessment of the 'ability of conventional air pollution 

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 of Energy (DOE) made such assessments a 

priority early in. their waste-to-energy programs. Much of this work was done 

with pilot or demonstration scale plants, or under less-than-ideal test conditions 

at "operating" facilities; and some recently developed and promising concepts, 

designs or operating'alternatives have not been evaluated. Also it seems that a 

sufficient number of measurements may not have been made in previous tests to 

provide statisticalay valid data bases. This report presents the results of a 

survey of waste-to-energy facilities conducted: 



1. To produce an updated statbs report on-capabilities of current air 

pollution control technology to meet existing and proposed air quality 

standards when municipal solid wastes are used as part or all of the , 

energy input to a generating facility; 

2.. To identify significant f'inciings. in recent research and development 
i 

projects that may suggest that air ,pollution control technology..con- 

straints may limit the feasibility of wide-spread use of municipal 

solid waste as an energy source; and 

3.  To identify additional air pollution control 'technology research and 

development aeeds associated with waste-to-energy conversion. 

This report presents the results of this survey. Section I contains a brief 

general description of the three prominent types of waste-to-energy conversion 

processes in use at the present time, a brief history of federal government 

funded research on these processes, and a summary of significant research needs. 

Section I1 contains an update of the operating status and significant air pollution' 

. . control operating experiences and associated research findings for existing waste-, 

to-energy conversion facilities on a case by case basis. 



CONCLUSIONS AEjD RECOPBENDATIONS . 
. . , i 

The observations and facts presented in this report point clearly to . . .. . . . 

the need for a comprehensive program to conduct an industry-"ide . . assessment 
'L .. . 

of particulate, trace element, and hydrocarbon.air qnissiqn levels from each 

waste-to-energy process to provide a data base for . . decision .. ~. making purposes. 

Research is needed to determine suitable methods for,controlling particulate, . . 

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. While 

'a significant amount of research has been conducted concerning the capabilities 

of conventional air pollution control equipment to meet current and proposed 

air quality standards, unanswered questions still remain. Specific research 

and development needs are summarized as follows: ' 

General Research Needs '~~~licable 
to all Waste-to-Energy Systems 

1. Documentation of trace metals emissions from waste-to-energy processes 

is sparce at 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 

haeardous metals emissl.nns from some of the operating, full-scale 

waste-to-energy processes. U I S. EPA aiso .recently has reported that 

findings of trace hazardous organic in stack gases from some of these 
1 

processes definitely show the need for further investigation although 

certified documentation of these observations has not been published 

to date (12). 



4 

2 .  Air pollution emissions from various waste-to-energy conversion processes 

now in operation 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 has not been done to date., Air pollution 

control processes with significant advantages should be identified. 

This survey should include processes co-firing cnal and RnF, indirect 

and direct heated pyrolysis units and cnnveqtinnal mass-2ncineratibn 

and fluidized-bed incineration processes. 

3. 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 especially involving 
, 

hazardous industr,ial 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 waste separately or when co-firing MSW with coal or oil. 

4 .  An overall system analyses of the environrnental /economic/operatio~l 

aspects of waste-to-energy copGersion. should be performed to provide 

a basis for selecting combinations of processing and air pollution 

control technologies which will optimize energy recovery efficiency 

and mlnlmlcc undesirable emissions. 

5. Bacterial and viral emissions from the exhausts of dust control 

equipment used on front-end processes (grinding, screening, etc.) 

should be investigated and compared to emissions from other disposalL 

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 

1. Methods- are needed for controlling waste feed and excess air rates so 

that incinerator operating conditions can be adjusted 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.' 

2: Trace element and chlorfde emissions from fluidized-bed incineration 

of MSW should be investigated to determine if this prodess has 

significantly reduced emissions as compared to conventional incinera- 

tions. . 

3.  The following supplements to conventional incinerator air pollution 

control equipment should be investigated: 

a. Addition of alkaline material to the refuse bed to promote binding 

of chloride into .the bottom ash. 

b. Partial recirculation of flue gas as a means of reducing emissioris 

of particulate and nitrogen oxides. 

Specific Co-Fixing Research Needs 
, . 

1. Testa 6ho1.1l.d he,extended to determine the effect of firing port 

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

derived 'fuel (RDF) suspension-£ ired boilers, F O ~  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. 



2. Tests when co-firing coal and RDF should be conducted to determine the 

long-term effects on the performance of air pollution control equipment. 

Tests at Wisconsin Electric indicated. detrimental long-term effects; 

but when RDF &-firing was stopped, the ESP performance returned to 

normal (36). 

3. Tests should be conducted to investigate the effects of changes in 

the operation of stoker-fired boi1ers.in.organic emissions when co- 

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

practiced. . ' 

4 .  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. 

5 .  Tests should be conducted to determine the relationship between front- 

end processing methodology and trace .element and particul~te.emissions 

and boiler operating problems, such as slagging and ash handling. 

6. Densified RDF (d-RDF) processing and co-firing with coal or oil 

should be investigated in detail to 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 

characteris tics, and burning without boiler modification. There is 

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



resistivity of ash for ESP collection purposes and may also cause 

some of the sulfur from fuel oil to be contained with the ash. 

7. The effect of boiler heat release rate on particulate emissions when 

co-firing coal and RDF should be investigated. 

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

minimize toxic metals emissions should be investigated. 

Specific Pyrolysis Research Needs 

1. The extent to which heavy metals and other potential pollutants are 

bound into the char or slag produced by pyrolysis should be 

determined. If significant binding is found, methods should be 

examined- to exploit this phenomenon. 

2. Gaseous emissions from pyrolysis processes should be examined to 

determine the potential for release of undesirable trace elements 

or hazardous organic materials. 

3.  Because fixed carbon in the char produced in some pyrolysis processes 

can comprise 18% by weight and 30% of the heat content of IISW (28), 

steps should be taken to develop methods for recovering this energy. 

Thcae meclluds must be acceptable from an air pollution standpoint 

and also must be economically feasible. 
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SECTION I 

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-combustion, mass incineration and pyrolysis. CO-dombus tion consists of 1) 

some combination of shredding, classifying or other "front-end" processing of 

MSW into a recycleable (heavy) fraction and a burnable (light) fraction known 

as refuse-derived fuel (RDF), and 2) firing of the'RDF in combination with a 

fossil fuel in a conventional fossil fuel boiler modified for this purpose 

(Figure 1, Table 1): The "front-end" pro'cessing varies significantly from 

facility to facility with each producing an RDF having unique. characteristics, 

such as particle size, that affect its endpoint use. This processing can be 

carried further to include densification of RDF into powder, granules or 

briquettes that are expected to 'have significantly improved storage qualities 

and can be mixed directly with coal or oil and fired in existing power plants 

without having to make extensive boiler modifications. 

Mass incineration recovers energy from MSW by burning unprocessed wast'e in 

large, thermally efficier~t waterwall incinerators (Figure 2 ,  Table 2 ) .  Most 

energy recovery incinerators . . are similar to coal-fired stoker generating 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 in various stages of design, construction and operation 

which either shred or .wet pulp.MSW for use in flucdized bed, suspension-fired 

or stoker-fired boilers. 
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f u e l  f o r  energy reccvery  (From Shannon, L . J . ,  Shrag, M.P., Honea, F . I . ,  and 
3endersky, D . ,  U.S. EPA Report No. 65012-74-073, 1974).  



Table 1. Refuse-derived fuel plants in the U. S. as of NOV. 1979 (11) . 
Capacity, TPD ' 

Start-up 
Location Owner ~isign Operating Products Date Status 

Ames, Iowa C i t y o f h e s ,  Iowa . ' 200 170 RDF, 1975 Operational 
. . ferrous 

Baltimore Co., bryland Environ- 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- 160 160 ECO-FUEL 1 1 ~  ' 1973 operational 
water, Massa- ment Associates 
chusetts 

Lane County, Lane County ' ' 500 - - RDF, % -- Under con- 
Oregon ferrous struction 

Milwaukee, Americology Div. of 1,200 . 900 'RDF, bundled - - Plant is cur- 
Wisconsin American Can Go. 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, 
Wisconsin 

City of Madison 200 RDF , 
ferrous 

1979 Operational 

Albany, 
New York 

City of Albany - - . . 
RDF , 
ferrous 

- - ECO-FUEL 1 1 ~  
ferrous, 
aluminum, 
glass 

1980. Under con- 
struction 

Bridgeport, 
Connecrlcut 

Connecticut Resources , 

Recuvery Autlracity 
1979 In start-up 

phases 

- - RDF, 
ferrous, 
aluminum, 
glass 

1979 Shakedown Monroe County, 
New York 

Monroe County 

1980 Under con- ' 
struction 

Nisgre Falls, 
New York 

Hooker Chemicals 
and Plastics Corp. , 

- - Steam, 
electricity, 
ferrous 

Appleton, 
Wisconsin 

Sadof f and ~ u d o y  
Industry 

- - Steam, 
ferrous 

1982 Advanced 
planning 

Columbus, 
Ohio 

City of Columbus - - ~lectricit~, 
ferrous 

1981 Processing 
operational; 
generating 
plant in 
planning 

I 
1981 Unde,r con- 

struction 
Lakeland, 
Florida 

- - Electricity, 
ferrous 

City o' Lakeland; 
Orlando Utilities 
Comm . 



 able 1. Continued'; . . 

Location Owner 

Capacity, TPD, 
Start-up 

Design Operating ~ioducts 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, 
Virginia Public Service electricity 
(SE Vir. Plan. Authority 
Auth. ) 

Detroit, City o f  n~ t . rn i  t 3,000 - = RDF, =beam 
1Iicl1 i g~11  

Peabody, . Combustian En- 1,800 . - - KUY, 
Massachusetts gineering Assoc. ferrous 

Inc. 

Tulsa, Tulsa Energy 1,000 - - RDF, 
Oklahoma Resources Re- ferrous 

covery Authority 

1983 Advanced 
planning 

1983 Advanced 
planning 

no Advanced 
planning 

1982 Advanced 
planning 



BOILER 
f 

Fig. 2. Schematic diagram of a typical mass-burning solid waste ~rocessing/ener~~ 
recovery plant (From Levy, S.J., Rigo, H.G., U.S. EPA Report No. SW-157.2, 
1976) . 
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Table 2 .  Mass-burning energy conversion f a c i l i t i e s  i n  the U.S. a s  of Nov. 1979 (11). 

Capacity, TPD 
Start-up 

Location Owner Design operating Products Date Status 

Braintree, City of 384 250 Steam 
Massachusetts Braintree 

1971 operational 

City of City of Chicago 1,600 
Chicago (Northwest) 

1,200 Steam 1971 Operational 

Harrisburg, City of 720 + 500 Steam 1972 Operational 
Pennsylvania ' Harrisburg ' 14 sludge (1979) 

Nashville, 
Tennessee 

.Nashville Thermal 720 
Transfer Corp. 

U.S. Naval 360 
Station 

RESCO 1,500 

Township of 750 
Hempstead, N.Y. 

1974 Operational 

140 Steam Norfolk, 
Virginia 

1967 Operational 

1,000 Steam, 
ferrous 

, Saugus, 
Massachusetts 

750 Steam, . 
electricity 

1974, Operational, 
(1976) 

Oceanside, 
New York 

Portsmouth, Norfolk Naval 
Virginia Shipyard 

30 Steam 1976 Operational 

1980 Shakedown early 
, 1980 

Akron, Ohio City of Akron . Steam, 
ferrous 

Hampton, 
Virginja 

NASA, USAF Steam 

Electricity 

Steam 

1980 Expected start- 
up latc 1980 

: Glen Cove. 
New York 

City of Glen Cove 225 + 
25 sludge 

1981 Undcr con 
structinn i98fI 

Wilmington, 
Delaware 

Delaware Solid' 
Wasre Authority; ' 

Ratheon Service Co. 

1,000 + 
'SU sludge 

1982 Under con- 
struction 1980 

1981 Under con- 
struction. 

Dubuque , 
Iowa 

Dubuque Metropoli- 
tan Area Solid 
Waste Agency 

Steam, 
ferrous 

1981 Advanced 
planning 

Gallatin, 
Tennessee 

Gallatin, Hender- 
sonville, Summer 
Cn11nt.y. A11t.hnri ty 

Steam, 
electricity 

NI'II ( 1 1  AIIJIIUY~, 
Massachusetts 

Universal Oil 
Products, Inc. 

. m Aclval~ced 
planning 

Beverly, ' ' ' Industrial Devel- 591 . 
Massachusetts opment Financing 

Authority 

Steam, ND Advanced 
electricity planning 

Pinalles Pinellas County 2,000 
County, Florida 

Electricity, 1982 Advanced 
ferrous, non- planning 
ferrous 

Westchester Contractor and 1,500 
County, N.Y. Municipal Authority 

Steam 1983 Advanced 
planning, 



Pyrolysis involves the thermal-,chemical decomposition of waste under controlled 

pressure, temperature and residence time by indirect application of heat. Ideally, 

the only gas flow leaving 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 essentially sealed reaction vessel through indirect heating 'is relatively 

simple compared to attempting to control combustion of a heterogenous waste in 

systems using large quantittes of excess 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-scale pyrolysis systems 

that have been -demonstrated to date have bee* starved-air combustion units in which 

part of the waste is burned in one section of the reactor to produce heat to 

decompose the remaining organic mate~ial (Figure 3, Table 3). Only the PYRO-SOL 

process has adhered to the use of indirect heating and exposure of all the input 

feedstock to a fixed residence time and temperature (33). Some such as the Baltimore 

facility, have on-site secondary combustion chambers with energy recovery in the 

form of steam or steam generated electricity only. Process residues range from 

inert slag to carbon-rich chars. 
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Fig .  3 .  Schematic d iagram of a p y r o l y s i s  p l a n t  (Union C a r b i d e ' s  PUROX . (From 

Report  o n  S t a t u s  of Technology i n  tk.e recovery  of Resources  from S o l i d  
Wastes,  County S a n i t a t i o n  E i s t r i c t s  o f  Los Angeles,  CA, J a n u a r y ,  1979) 



Table 3 .  Large-scale pyrcslysis systems i n  the U.S. a s  of NOV'. 1979 (11) .  

Location 
Key 

participants Process 
Design 
capacity 

Start-up 
Products date Status 

Baltimore, tlonsanto Enriron- ~ a n d g a r d ~ ~  Process: 1,000 Steam, 1975 tlonsanto Environ- 
Maryland ghem Systems, Inc; ' shredding, water . ferrous, Chem Systems, Inc 

City of Baltimore; quenching, magnet- glassy . . has withdrawn 
EP A ic separation aggregate from the project; 

revised by City 
of Baltimore, 
operational 1980 

El.Cajon, 
California 

Erie ,County, 
New York 

Occidental Petro- Flash Pyrolysis - - Plant is current- . . Tn 

leum Corp; San process: shred- ly not operating 
Diego Co; E M  . ding air classifi-- pending possible 

. . cation, magnetic, modification to ' 

and other mechan- correct problems 
icil separation, in pyrolysis unit 
frc.th flotation 

w 
Carborrmdum 

. Torrax, Inc; 
Erie County; EPA. 

 lagging pyrolysis 
system 

S. Charleston, Linde Division, pur=xTn dxygen 
W. Virginia Union Carbide con-#e.rter , 

Corp. shredding 

Redwood City, 
California 

Pyro-Sol, Inc, Indirect heat; 
cooling process 

Pyrolytic 
oil, ferrous 
aluminum, 
glass cullet 

Pyrolysis 
gaslsteam 

Pyrolysis 
gas 

50-751 Gas, high- 
module carbon char 

4 
Demonstration , 

plant closed. 
Three systems 
sold in Europe 

Operational until 
1979 

In develop- 
ment stage 
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SECTION I1 

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

In 1974 EPA1s,Municipal Environmental Research Laboratory (MERL) requited, 

as part of the City of St. Louis - Union Electric co-combustion demonstration 
project, a study of air pollution control efficiencies and emissions as well 

as a limited look at bacterial and viral emissfons 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 demonstration 

projects 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 its compre- 

hensive nature. The Department of.Energy, 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 utility boilers at Ames. ' This investinafion included an 

evaluation of the effects of various boiler rnodificat,ions and RDF characteristic - 
changes on air pollution control equipment operating performance as weil as on ' 

' 

IERL also ha9 taken broader looks at air pollution control at waste-to-energy 

conversion facilitiesin three other studies. Their "Engineering and Economic 

Analysis of Waste-to-Energ? Systems" published in May of 1978, included an evalua- 

tion of the air pollution control aspects of some eight waste-to-energy installations 

(35). EPA also has contracted with Midwest Research Institute of ~ansas City to 

conduct an "~nvironmental Assessment of Waste-to-Energy ~rocesses" (13). Third, 

PEDCO Environmental of Cincinatti, Ohio has published "Air Pollution Emissions 

and ~ont'rol Technology for Waste-As-Fuel Prucesses" in October 1979 (10) as the 

initial effort in an EPA/IERL contract to develop, test,'and evaluate pilot-scale 

air pollution cantrol devices for use on various waste-to-energy processes.. Theif 



r e p o r t  d e t a i l s  t h e  s t a t u s  of knowledge about  a i r  emissions from waste-to-energy 

processes  and c o n t r o l  equipment c a p a b i l i t i e s  a s  of 1979 b u t  d i d  n o t  i d e n t i f y  

r e sea rch  needs. 

These and o t h e r  r e p o r t s  have concluded t h a t  no t  enough r e l i a b l e  d a t a  a r e  

a v a i l a b l e  t o  adequate ly  a s s e s s  t h e  a i r  p o l l u t i o n  impacts of mass i n c i n e r a t i o n  

f o r  o t h e r  than  p a r t i c u l a t e s .  I f  t h i s  is t r u e  it fo l lows  t h a t  it would b e  

d i f f i c u l t  t o  provide any kind of comprehensive comparisons of t h e  a i r  p o l l u t i o n  

impaces of the v a r i o u s  waste-to-energy processes .  But i n  s p i t e  of t h i s  conclusion,  

t h e r e  a r e  some i n d i c a t i o n s  i n  t h e  l i t e r a t u r e  and from c u r r e n t  r e sea rch  p r o j e c t s  
. . 

t h a t  t h e r e  may indeed be s i g n i f i c a n t  d i f f e r e n c e s ' i n  t h e s e  impacts and i n  a i r  

p o l l u t i o n  c o n t r o l  equipment c a p a b i l i t i e s  t o  meet a i r  q u a l i t y  s tandards .  For 

example, Greenberg, Z o l l e r  and Gordon from t h e  Un ive r s i t y  of Maryland (15) 

concluded a f t e r  s tudying  composition and s i z e  of p a r t i c l e s  r e l ea sed  i n  r e f u s e  

i n c i n e r a t i o n  i n  1978 t h a t  "If a l l  urban r e f u s e  were burned i n  i . n r i n e r a t o r s ,  the 

l e v e l  of some toxic .  elements i n  urban a i r  would probably be. i n t o l e r a b l e . "  These 

i nc lude  Cd, Sn, Ag, Pb and poss ib ly  vapor-phase mercury. Granted, t h i s  does n o t  

account  f o r  coo le r  exhaust  streams from mass-burning energy recovery which l i k e l y  

causes  some condensation wi th  subsequent removal i n  p a r t i c u l a t e  c o l l e c t i o n  devices .  
. . 

However, t h e  PEDCO (10) r e p o r t  r e f e rences  s t u d i e s  which show t h a t  a l a r g e  p o r t i o n  

of me ta l s  a r e  adsorbed onto  t h e  l a r g e  s u r f a c e  areas nf t h e  sma l l c r  p ~ r t i c l o  

f r a c t i o n s  ( l e s s  than  2 micrometers) which l e a d s  t o  t h e  p r o b a b i l i t y  t h a t  l a r g e  

amounts of me ta l s  (75% o r  g r e a t e r  of Pb, Zn, Cd, Cu and o t h e r s )  escape c o l l e c t i o n  

by a i r  pollution c o n t r o l  devices .  It is  t h i s  s i z e  range t h a t  is  mos; l i k e l y  t o  

b e  inha led  deep i n t o  t h e  lungs ,  t hus  making t h e i r  removal more important .  



There are only limited available data on the differences,in trace metal 

emissions between firing coal only and coal plus RDF. The PEDCO report (10) 

concludes (pg. 135)'that control of lead on fine particles from co-firing may 

be necessary. This conclusion is based on their comparison of conservatively 

estimated ground level concentrations with work-place threshold limit values 

established by OSHA as being safe for continuous 40 hours a week exposure. EPA 

has not yet formally'addressed heavy metals.emissions from coal firing, and any 

required control wodd likely apply both to mass incineration and to co-firing 

of municipal solid wastes. 

Indirect-heated pyrolysis (such as used 'in the PYRO-SOL process) appears 

to be unique among waste-to-energy systems in its potential for control of the 

type and consistency of the products leaving the reaction vessel with similar 

implications ' for quality of energy production and for environmental control. 

DOE'S Resource Recovery Research, Development and Demonstration plan (pgs. 194- 

196) draws similar conclusions (28). .The processes developed by Union Carbide 

TM (PUROX ).Monsanto (LNDGARD), ANDCO Inc. (ANDCO-TORRAX) or Occidental Research 

Corp. (Flash Pyrolysis) all introduce either air or pure oxygen'into the 

pyrolysis chamber for combustion of part of the waste to provide suff ic lenr heat 

to pyrolyze the remainder. This causes the pyrolytic gases to be diluted 

with combustidn prbdkcts and nitrogen. ' The resulting product gas stream is 

large1 in volume, more contamfnfit~d with solids and high molecular weight 

u ~ g a n i c .  matcrinls, less cnnsistent in quality and lower in BTU content than 
. , 

that produced by indirectly heated pyrolysis (References 6, 25, 29 & 34 provide' 

good examples of the types of pilot scale pyrolysis processes that have been 

developed for disposing of wastes). 
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Currently there is practically no trace element emission information 

available for any of the pyrolysis processes. Union Carbide, though not 

currently operating its P U R O X ~  plant, claims low trace element emission upon 

combustion of their produce gas, but substantial trace elements remain in their 

wastewater sludges (24). Andco-Torrax claims a 40% reduction of flue gas flow 

over waterwall incineration. But with potentially incomplctc pyrolysis and 

without gas cleaning prior tn t h e  cecondary rombustiol~ cl~uluber, metals emission 

may be a 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 .equipment. Metals and complex organic emissions 

also are expected to be very low because of long residence time at pyrolysis 

design temperatures and low temperature product gas recovery which also provides 

extensive gas cleaning (32). 

Western Europe turned heavily to mass incineration in the 1970's and 

currently disposes of the wastes of some 100'millinn prnple in chic way muill 

of it employs energy recovery (22). But since then many of these counrrfes 

are showing concern for emissions from these incinerators. West Germany for 

example, wili require chloride control on any new incinerators (8). Many of 

the RDF emission studies have shown significant increases in r.hlnride emisoion 

over coal alone (9, 17, 19). 

Recent attempts by EPA to lower incinerator particulate emission standards 

from 0.08 to 0.03 gr/SCF has brought a flurry of comments on supposed difficulties 

for current ESP control technology to maintain a 0.03 gr/SCF standard over the 
' 

years (2). This could be another indication that more municipalities and 

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

transportation costs increase. 



REVIEW BY FACILITY OF SIGNIFICANT OPERATING 
EXPERIENCE AND RESEARCH FINDINGS 

A b r i e f  d e s c r i p t i o n  of ' t he  s i g n i f i c a n t  ope ra t ing  exper iences  and r e sea rch  

f ind ings  as r epor t ed  i n  t h e  above re ferenced  r e p o r t s  and a s  learned  ,from dis-. 

cuss ions  with '  des igners  o r  ope ra t ing  personnel  a r e  included h e r e  f o r  c u r r e n t l y  
. . 

ope ra t ing  waste-to-energy f a c i l i t i e s .  This  review i s  presented  by f a c i l i t y  type: 

co-combustion, mass i n c i n e r a t i o n ,  then  py ro lys i s .  

Co-combustion F a c i l i t i e s  

Ames S o l i d  Waste Recovery System - Ames, Iowa 

The ~ m e s  Sol id  Waste Recovery System (19) c o n s i s t s  of one resource  recovery 

RDF product ion  l i n e  c u r r e n t l y  process ing  1 0 0 ' t o  150 tons  per  day (TPD) of'MSW 

v i a  2-stage shredding,  f e r rous .me ta1  removal, and air  c l a s s i f i c a t i o n .  The RDF 

i s  s t o r e d  i n  a 500 ton  capac i ty  A t l a s  s t o r a g e  b i n  and i s  f i r e d  i n  any of t h r e e  

b o i l e r s ,  two of which a r e  sma l l  spreader  , s tokers  (7.5 o r  12.5 MW) and t h e  o the r  

a l a r g e r  (35 MW) suspension f i r e d  u n i t .  

E o i l c r  ope ra t ion  eva lua t ion  .. . whi le  co - f i r i ng  RDF. Eva lua t ion -o f  t h e  Ames 

b o i l e r  ope ra t ion  r e s u l t e d  i n  t h e  fo l lowing  conclusions:  

. . 
Exi s t ing  s t0ke . r - f i red  b o i l e r s :  

. . 
. 2  1. Boi l e r  g r a t e ' h e a t  r e l e a s e  des ign  r a t e . ( B T U 1 s / h r / f t .  of g r a t e )  and 

geometry of f l u e  gas r o u t i n g  may a f f e c t  loadings  a t  t h e  

en t rance  t o  t h c  air  p o l l ~ ~ t i o n  c o n t r o l  u n i t  , ( 2 0 ) .  

2. In t roducing  o v e r f i r e  a i r  from t h e  f r o n t  of t h e  b o i l e r  seems t o  have t h e  

e f f e c t  of i nc reas ing  r e s idence  time o f ~ c o m b u s t i b l e s . t h e r e b y  promoting 

more complete burning and consequenl: decrease  i n  p a r t i c u l a t e  loadings .  



3. Elimination of the fines re-injection (recycling of a portion,of 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 .  Appropriate.coa1 screening reduces the amount of coal fines and seems 

to result in decreased particulate emissions. This action will make 

it easier to meet particulate standards when co-firing RDF and coal. 

5. Somc combination of thc above changes in Lull.t?r operation m y  make 1 L  

possible to use existing smaller stoker-fired boilers without modifi- 

cation or with more efficient mechanical .collectors (such as cyclones 

and baghouses) which cannot be used currently because they will not 

meet' particulate standards for firing coal or coal plus RDF; and their 

size will not justify installat,ion of expensive ESP's. This is exactly 

the case for Ames Units 5- & 6 where new mechanical collectors and re- 

~ U C K ~ O ~  of KDF fines has made it possi.ble to meet particuate srandards, 

Simllar changes may make it economically feasible to burn RDF in lo- 

cations where stokers already exist but which cannot.justify additional 

capital investments as required for mass-burning or large suspension- 

fired boilers. 

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

,teubb: that 'the lucation of the Bt)F injection-firing ports relative to the coal 

ports influenced both.the stack emission and the amount of unburned RDF dropping 

into the bottom ash hopper (19). Moving the RDF injectio~l ports to a location 

. below coal injection and retr0fiting.a dump grate into the bottom of the. 

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 



may a f f e c t  p a r t i c u l a t e  emissions when burning RDF, b u t  such a c o r r e l a t i o n  has 

not y e t  been v e r i f i e d  (20): 

Changes i n  RDF processing:  Reducing f i n e s  i n  RDF b y . a s  much a s  50% s i g n i f i c a n t l y  

decreases  s l agg ing  problems because of t h e  increased  ash s o f t e n i n g  temperature.  

Ash content  a l s o  is  reduced by a s  much a s  50% (19). This  lower ash content  a l s o  

w i l l  reduce p a r t i c u l a t e  loadings  i n t o  t h e  APC equipment. This  conclusion a p p l i e s  

t o  s toke r - f i r ed  a s  w e l l  a s  suspension-f i red u n i t s .  

Emission t e s t s  eva lua t ion :  Emission t e s t s  on t h e  spreader-s toker  b o i l e r s  a t  

Ames whi le  co - f i r i ng  RDF with  c o a l  (Tables 4 & 5)  show s i g n i f i c a n t  i nc reases  i n  

c h l o r i d e s  and t r a c e  elements l ead ,  copper and z i n c  i n  t h e  f i n e p a r t i c u l a t e s .  above 

t h e  l e v e l s  normally found yhen f i r i n g  c o a l  a lone  (17).  These t e s t s  were runt i n  

1976 and 1977. I n  September of 1979 a d d i t i o n a l  p a r t i c u l a t e  t e s t s  f o r  compliance 

purposes were run on one b o i l e r  (No. ' 6) a f t e r  t h e  i n s t a l l a t i o n  of new, h ighe r  

e f f i c i e n c y  mechanical dus t  c o l l e c t o r s  whi le  burning low-ash Colorado c o a l  and RDF 

processed t o  remove f i n e s  and t o  lower t h e  ash  content .  The t e s t s  were conducted 

a t  average 70% of r a t e d  b o i l e r  load and 40% RDF by h e a t  conten t .  The a s soc i a t ed  

p a r t i c u l a t e  e m i o ~ i o n s  averaged 0.412 lb/MBTU. This  shows a s u b s t a n t i a l  improvement 

over  t h e  1976-77 t e s t s  dur ing  whikh 2 t o  4.4 lh/MBTU p a r t i c l e s  were measured (17). 

Even though t h e s e  tests should no t  be compared s t r i c t l y  wi th  t h e  76-77 d a t a  because 

of c o a l  and ope ra t ing  cond i t i on  d i f f e r e n c e s ,  i t  i s  obvious t h a t  t h e  exper iences  

and equipment modi f ica t ions  a t  Ames have s i g n i f i c a n t l y  reduced p a r t i c ~ l l a t e  

emissions. 

These decreases  i n  p a r t i c u l a t e  emissions probably w i l l  n o t  s i g n i f i c a n t l y  

change gasedus c h l o r i d e  emissions but.may change . the  t r a c e  metal emission r a t e  

from. t h a t  r epo r t ed  i n  t h e  1976-77 t e s c s  s i n c e  many meta1.s a r e  adsorbed t o  



Table 4. Se lec ted  emissions from Boi l e r  Unic 5 a t  A m e s ,  Iowa when co - f i r ing  c o a l  and RDF (17).  

80% load 80% load 1977 6.0% load lOOX load 
1976 1ow.a Iowa/Wyoming 1976 Iowa 1976 Iowa 

Parameter ( u n i t s )  

- 
coa l  h i t h  coa l  wi th  coa l  w i th  c o a l  wi th  

0 % .  20% 50% 0% 20% 50% 0% 20% 50% 0% 20% 50% 
RDF RDF RDF RDF RDF RDF RDF . RDF RDF RDF RDF RDFa 

P a r t i c u l a t e s  (uncont ro~lec i )  (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 s u l f u r ,  SOx (g/MJ) 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 n i t rogen ,  Nox . (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 . ( m g / ~ ~ )  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 (ng/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 (mg/MJ) 0:22 0.17 0.19 0.08 0.09 0.07 0.15. 0.19 .0 .31  0.09 0.15 0.17 

. - 
a m Only two runs  a t  t h i s  load  and % RDF w e r e  accomplished. 



Table 5 .  Selected emissions from Boiler Unit .6 a t  A m e s ,  Iowa when co-f iring coal. and RDF (17). 

80% load. 80% load 60% load 

1976 Iowa/Wyoming 1977 IowajWyoming 1977 Iowa/Wyoming 
coal with coal with 

I doal with 

Parameter (uni ts)  0% RDF ,.20% RDF 50% RDF 0% RD$ 50% RDF 0% & 20% RDF 50% RDF 

Part iculates  (controlled) (g/MJ) 0.9 0.7 0.9 0.8 1.9 0.7 1.8 1.7 

Part iculates  (uncontrolled) (g/MJ) 2.5 3.5 4.4 1.8 3.9 2.0 3.7 4.3 

Oxides of su l fur ,  SOx (g/MJ) 0.3 0.3 0.4 0.9 0.6 1.4 0.8 0.5 

Oxides of nitrogen, NOx (mg/MJ) 133.0 131.0 106 .O 91.0 88.0 106.0 52.0 96.0 

Chlorddes (mg/MJ) 6.3 44.0 88.0 9.4 4.2 96.0 110.0 127.0 

Formaldehyde (mg/MJ 5.8 0.6 1.6 16.0 20.0 22.0 28.0 23.0 

Hydracarbons (mg/MJ) -- -- -- 0.07 0.13 0.08 0; 07 0.07 
13 

a 4 

Only two runs a t  t h i s  load and % RDF were accomplished. 



t h a t  pass through the  APC device. 

Stack emissions d a t a  dbtained from t h e  suspension f i r e d  b o i l e r  a t  Ames (uni t '  

7) while burnitig RDF a r e  s u k r i z e d  i n  Table 6 .  (19). Addit ional  compliance t e s t s  

run in 'september 1978 a f t e r  changing the  RDF f i r i n g  por t  loca t ion  from above the  

c o a l  nozzles t o  below them i n d i c a t e  f u r t h e r  improvement i n  par t icula te .  emissiono 

beyond t h a t  experienced by dump g r a t e  i n s t a l l a t i o n .  Chloride emissions increased 
- 

with  increas ing percent  RDF'in a manner s i m i l a r  t o  t h a t  found i n  t h e  s toker- f i red  

Uni ts  5 and 6 (Table 6) .  Addit ional  tests run a t  16 t o  18% RDF content  (by'BTU) 

and 100% load showed a decrease i n  p a r t i c u l a t e s . f r o m  0.57 lb/MBTU before moving 

t h e  RDF i n j e c t i o n  por t  t o  0.31 lb/MBTu a f t e r  lowering the  i n j e c t i o n  por t  (32) .  

Madison Gas and E l e c t r i c  - Madison, Wisconsin 

The City of Madison, Wisconsin processes MSW t o  produce RDF f o r  f i r i n g b y  

Madison Gas and E l e c t r i c  i n  a 50 MW suspension-fired pulverized coa l  b o i l e r .  

The a i r  p o l l u t i o n  con t ro l  device a t  t h i s  p l a n t  i s  an e x i s t i n g  clectrosLatic 

p r e c i p i t a t o r  t h a t  was conservat ive ly  designed f o r  use with low-sulfur western 

coal .  Although a s  of t h i s  w r i t i n g  comprehensive emission tests have not .been 

performed, prel iminary observations i n d i c a t e  t h a t  ESP performance is  exce l l en t  

when burning RDF. This e n t i r e  opera t ion  has proven so s u c c e ~ o f u l  t h a ~  Madison 

Gas and E l e c t r i c  is f i n a l i z i n g  plans t o  s i m i l a r l y  modify a second 50 MW suspension 

f i r e d  u n i t  f o r  f i r i n g  RDF sometiue durfag 1980 (5). . It is l o g i c a l  t h a t  t h e  ESP 

here  would be more l i k e l y  t o  perform w e l l  when burning RDF (assuming good s o l i d  

waste burnout) because low s u l f u r  coa l  has f l y  ash r e s i s t i v i t y  c h a r a c t e r i s t i c 0  

c l o s e r  t o  RDF f l y  ash  than does high s u l f u r  coal .  Therefore, any ESP designed 

t o  perform w e l l  wi th  low s u l f u r  f l y  ash  would be expected t o '  perform w e l l  with 

RDF f l y  ash. There is  a l s o  b e l i e f  among some researchers  t h a t  expected hea t  



Table 6. Se lec ted  emissions from Bo i l e r  Unit  7 a t  Ames, Iowa, when co - f i r i ng  c o a l  and RDF (19).. 

P r i o r  . t o .  I n s t a l l a t i o n  of 
Dump Gra tes  1976, 1977 Af ter  I n s t a l l a t i o n '  of Drump Grates  1978 

60% Load 80: Load 100% Load 80% Load 100% Load 

Paramzter OW RDF - '  OX RDF 0% RDF 10% RDF 0% RDF' 10% RDF 20% RDF 0% RDF 10% RDF 20% RDF' 

P a r t i c u l a t e s  
( con t ro l l ed )  

P a r t i c u l a t e s  
( u ~ c o n t r o l l e d )  

Oxides of 
Su l fu r  SOx 

Oxides of 
Nirrogen NO 

X 

'Chlor ides  

Formaldehyde 

Methane 

l b / l o 6  BTU 9.05 7.49 8.26 8.35 

l b / l o 6  BTU 0.32 0.26 0.35 0.27 

l b / l o 9  BTU 5.14 13.6 28.14 7.65 

lb/103 BTU 4.56 20.9 5.49 60.0 

l b / l o 9  BTIJ 0.00 0.00 0.00 0.00 



r e l e a s e  r a t e s  (BTU t r a n s f e r  p e r  square foo t )  used i n  b o i l e r  design may be c r i t i c a l  

t o  good RDF burnout and t h a t  the  Madison u n i t  i s  an example of a b o i l e r  design 

well-suited t o  burning RDF (20).  

Milwaukee, American Can, Wisconsin E l e c t r i c a l  RDF CO-co&ustion 

The City of Milwaukee, t h e  Americology Division of the Ameri-can Can. Co. 

and Wisconsin E l e c t r i c  Power a r e  cooperating i n  an e f f o r t  t o  produce RDF f o r  use 

by Wisconsin E l e c t r i c  i n  supplementing suspension f i r i n g  of coal  i n  t h e i r  Oak 

Creek plarit  u n i t s  7 and 8 (310 MW each). These a r e  among the l a r g e s t  b o i l e r s  ever 

used t o  f i r e  RDF. Some b o i l e r  s lagging and low ESP e f f i c iency  problems have been 

experienced during 2 y,ears of extensive t e s t i n g  and evaluat ion by Wisconsin 

E l e c t r i c  (Table 7). There is some ind ica t ion  t h a t  the  experience gained a t  Ames 

i n  experimenting wi th  1) RDF f i r i n g  por t  locat ions  on t h e i r  suspension f i r e d  - 

b o i l e r  and 2 )  RDF f i n e s  content  could possibly so lve  some of t h e  problems a t  

Milwaukee, From on a i r  emissions standpoint ,  ESP's on both b o i l e r s  would not  

meet p a r t i c u l a t e  emission standards of 0.15 I~/WBTU w l l c n  bul'fiiug RDF. Also 

emission r a t e s  seem t o  5ncrease with accumulative RDF f i r e d .  ESP performance 

re turned t o  normal overnight a f t e r  co-f i r ing  of RDF was stopped (36 ) .  

Chicago Supplementary F-ng - Pl-and .- Cnmmonwealth Edisull Cu-Cowbustion ' 

The City of Chicago and Cormnonwcalth Edison are cooperating i n  a j o i n t  

vvrrture t o  coavert  MSW t o  RDF f o r  co-combustion i n  u t i l i t y  b o i l e r s  a t  t h e  

Commonwealth Edison Crawford p lan t  adjacent  t o  the  processing f a c i l i t y .  The City 

of Chicago has b u i l t  what is one of t h e  l a r g e r  capacity KUP (1000 TPD) production 

p l a n t s  cur ren t ly  i n  exis tence  (35). The,process include6 primary shredding, a i r  

c l a s s i f i c a t i o n  i n t o  heavy and l i g h t  f r a c t i o n s  with resource-recovery  o r  land- 
. . 

f i l l i n g  of t h e  heavy f r a c t i o n ,  and secondary shredding of t h e  l i g h t  f r ac t ion .  The 



Table 7. Unit condi t ions  and p a r t i c u l a t e  emissions a t  Wisconsin E l e c t r i c  
Power P l a n t  when burning RDF (36). 

T e s t  Tes t  Steam Load RDF Feed P a r t i c u l a t e  
No. Date (k lb /hr )  ( ton/hr )  Emiss$ons Unusual Conditions 

(lb/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. 

7 5/23/79 1690 0 0.342 P r e c i p i t a t o r  double powered; power 
s u p p l i e s  l i m i t e d  by arcinga 

0.137 8 1  I  I  . I 1  I  I  

0.058 P r e c i p i t a t o r  double powered. 

0.047 I 1  I  I  I 1  ' 

0.050 I  I  I  I  11  

0.036 11 I I I I  - 

0.066 I  I  I t  . I  I  

0.068 11 I  I  11 

0.186 

18  6/8/79 1594 2 0 1.442 Excessive p u l v e r i z e r  f ineness  . 
11 1  I  11 19 6/8/79 1566 10 1.282 

20 6/18/79 1591 2 0 0.736 

21  6/18/79 1547 2 0 0.658 

22 6/19/79 1554 10 0..566 

23 6/19/79 1514 1 0  0.448 

24 8/7/79 1533 0 0.960 Tes t  i n t e r r u p r e d  due to oyctem 
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 8/24/73 1146 0 0.278 
-- 

a 
Arcing was i n  t h e  teniporary double power connect ions,  e x t e r n a l  t o  t h e  p r e c i p i t a t o r .  



r e s u l t a n t  RDF i s  t r a n s f e r e d  pneumatical ly  t o  s t o r a g e  a t  t h e  power .p lan t  f o r  

even tua l  co-combustion. Because t h e  process ing  and co-combustion systems were 

'designed i n  t h e  e a r l y  7 0 t s ,  t h i s  f a c i l i t y  d i d  n o t  b e n e f i t  from improvements i n  

p roces s ing  and co-combustion des igns  developed i n  t h e  l a s t  few yea r s .  The 

f a c i l i t y  is  c u r r e n t l y  ( June , l980)  s h u t  down f o r  equipment modi f ica t ions  and very  

l i t t l e  informat ion  is  y e t  a v a i l a b l e  ahniit power p l a n t  p a r t i c u l a t e  emissions when 

co - f i r i ng  RDP. Again. i t  may be t ha t  cxpssieuc,~ gained a t  Ames i n  improving 

burnobt and decreas ing  a sh  content '  of RDF w i l l  l e a d  t o  s i g n i f i c a n t  .improvements 

i n  a ir  p o l l u t i o n  , c o n t r o l .  

Densif i e d  RDF Co-combustion 

With t h e  except ion  of t h e  ECO-FUEL I1 process  marketed by Combustion Equip- 

ment Assoc ia tes  (CEA) t h e r e  has  been only minor e f f o r t  pu t  i n t o , i n v e s t i g a t i n g  

p roces ses  f o r  dens i fy ing  RDF and t u r n i n g  i t  i n t o  a powdered, p e l l e t i z e d  nr 

b r i q u e t t e d  f u e l  f o r  c o - f i r i n g  wi thout  mod i f i ca t ion  t o  e x i s t i n g  c o a l  o r  o i l - f i r e d  

b o i l e r s  o r  fuel-handl ing equipment. 

DuuL Pn the  ECO-FITEL 11 product ion  process  is c o n t r o l l e d  wi th  convent iona l  

baghouse technology added a f t e r  t h e  f a c i l i t y  was f i r s t  cons t ruc t ed ,  Some s u l f u r  

i s  added t o  t h e  f u e l  i n  t h e  chemical imbr i t t l ement  s t a g e  of t h e  p roces s  t o  make 

t h e  f u e l  b r i t t l e  s o  t h a t  heated b a l l  m i l l s  ecru be used t o  accomplish f i n a l  s i z e  

r educ t ion  ( b a l l  m i l l s  tumble smal-1 heated  s t e e l  b a l l s  through t h e  waste) .  The 

aul f in  cuntcnt  s p e c i f l c a e f o n  of t h e  f u e l  is  0.6 l b / m i l l i o n  BTU h e a t  i n p u t  (7) .  

Curren t ly ,  ECSFUEL I1 from CEAts ECO FUEL p roces s ing  p l a n t  a t  Bridgeport ,  

Connect icut  is  be ing  co- f i red  w i t h  o i l  i n  a b o i l e r  l uca t ed  a t  United I l l umina t ing  

Co. S t a t e  p a r t i c u l a t e  s t anda rds  a r e  be ing  met, b u t  meeting t h e  Connect icut  

s u l f u r  s t anda rd  of 0.55 l b  S/MBTU h e a t  i n p u t  i s  s t i l l  i n  ques t ion .  CEA claims 



an overall process energy efficiency equivalent to coarse size reduction only and 

the use of ECO-FUEL I1 is expected to require little or no.boiler modification. 

EPA has contracted with systems Technology Corporation (SYSTECH) of Xenia, Ohio to 

evaluate boiler performance and emissions while burning 285 tons of densified 

RDF briquettes (.1/2" diam. x 314" long) in two small stoker-fired boilers (60,000 

.lb/HR and 75,000 lb/HR steam) at Hagerstown, MD. The report evaluating the 

tests of these boilers is in draft form (9) as of August 1980. The preliminary 

'results from the Hagerstown tests did not indicate any significant boiler operat- 

ing problems while burning briquette/coal blends although low steam demands 

prevented testing at full boiler loads. Briquettes were successfully fired at 

100% of the boiler fuel during this evaluation but resulted in the clogging.of 

bottom ash handling equipment. 

Emissions tests showed 1) no significant increase in particulate emissions 

above coal alone (Table 8), 2) an increase in chloride emissions (Table a), and 3) 

an increase in some metals'and a decrease in others (Table 9). These results only 

indicate trends 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 lb/HR 

spreader-stoker steam boiler at which particulate emissions are controlled by an 

ESP. Also, in 1978 Detroit Edison evaluated the grinding and handling properties 

of a single, several hundred ton, batch of briq.uettes produced from ECO-FUEL I1 

but an apparent mistake 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). 



'Table 8. Corrected field test results for four coa1:dRDF blends. . . 
Stoker-fired boiler at Hagerstown, Maryland. 

. (Emission data were normalized to the March referenced coal)(g). 

. Blend (Coa1:RDF) Date Fraction of Boiler 
. . 

ASH- Chlorides' Total Hydro . 
Rated Load G R ~ C F  ppm carbons, ppm 

3/19 1 8 0  (coal only) .51 1 .311 7 2 
3/19 .51 1 .458 '84 
3/21 .40 2' .267 
3/21 

21.9 .. 40 2, .325 7 5 
73/22 .40 1 .226 5 5 12.7 
3/28 .38 1 .I97 38 
3/31 

13.7 
.27 1 .286 . 35 

3/31 .27 1 .234 36 . 29.6 
411 .35 1 ,281 44 ' 34.1 . 

. 513 .25 2 .I24 50 
514 

. . 
.20 .2 .I42 38 

. . 514 .22 2 
.. 

515 .31 2 , -087 ' 
515 .51 2 .084 38 
5/16 .21 2 .247. 50 
5/16 

17.3 
.36 2 .I25 5 2 

5/17 .17 2 .I88 
5/17 .17 2 
1/20 .53 1 .238 11 ' 13.1 
1/20 .53 1 -314 l? 9.6 , 

. . 1/21 .47 1 .154 6 13.7 
1/24 .53 1 -235 12 

. 1/25 
2.0 

.50 1 1.7 
12/10 1 .165. 
12/10 

39 
1 . - - - - - - - - - - - -  /-53.- - - -.z3- - -. e-, - - - - - .173 - 4 6  ' 

Irl 1 ,137- - -2g0- - - - - - 
3/23 

8.1 
.43 1 .189 289 18.0 

3/24 .44 1 .I94 2 39 
5/12 

13.1 
.34 2 .I61 234 

5/12 .28 2 . .I70 206 
5/13 .39 2 .lo7 

. . .  
175 18.8 

511 ? .30 2 
,1218 .45 1 .I96 202 
12/13 

8.1 
-45  1 .SO3 315 

12/13 .45 1 -255 131 . 
12/14 .43 1 .223 42 - 
12/14 1 -202 . 222 - - - - - . - - - - - - - - - -  --243_--------------------- 

1: 2 3129- .36 . 1 .201 407 19.3 
3/29 .36 1 .174. 300 . 15.5 
3/30 .26 1 -178 280 
5/10 

33.5 
. . .36 2 .I75 216 

5/10 .. 30 2 .I98 
5/11 

259 
.36 2 -154 265 18.3 

-ii----. . 5/11 .34 2 5 4  - -  - - ---------- 
0: 1 (IRDF only7 - - - - - .27- 2. 

-,-6T4- - - - - - 
.268- 

5/14 
55.7 

.26 2 .274 610 

. . 

~, .. 



.. 
Table 9. Average heavy metal emissions in stack particulates from blend firing tests of coal and degsified . , 

I RDF in stoker-fired boilers at - ~a~egtown, Maryland (9). 3 

- 4 

Coal: No. of Metals 
RDF samples 

MO~TH Blend analyzed Pb Cd As Hg Cr Ni Mn Zn Cu Sn Sb Ag .Vn 

. . . . 3 . . ~hreshold limit level, k / m  

200 20 500 100 100 1000 -- 5000 -- -- 500 10 - 
* - 



CEA claims (18) t h a t  the  b e s t  approach t o  con t ro l l ing  hazardous metals 

emissions from s o l i d  waste-to-energy processes i s  t o  remove a s  many of t h e  metals 

a s  p r a c t i c a l  i n  t h e  front-end resource recovery process and then t o  produce a 

f u e l  wi th  cons i s t en t  burning c h a r a c t e r i s t i c s  t h a t  w i l l  e l iminate  hot  s p o t s  and 

minimize incomplete combustion. I n  s p i t e  of .  e f f o r t s  t o  remove a l l  metals ,  lead  

emissions a r e  s t i l l  expected and may come frnm p r i n t i n g  ink on ~ h t !  paper i n  MSW 

(32) .  A mass balanced of metals  i n  BCQ-PTlSL I1 c v l l u u c i o n  has . n o t ' y e t  be&n 

performed. CEA a l s o  expects  t h a t  h l ~ n d i n g  3 conoistcill  puwdered KLIF with  o r  

o i l  w i l l  improve burnout of t h e  coa l  o r  o i l  (lowers t h e  carbon content)  and 
. . 

t he re fo re  w i l l  improve f l y  ash r e s i s t i v i t y  for '  e l e c t r o s t a t i c  c o l l e c t i o n  purposes. 

RDF Processing In-Plant A i r  Q u a l i t y  Control 

Essen t i a l ly  a l l  RDF processing f a c i l i t i e s  t h a t  inc lude  any kind of shredding 

a l s o  inc lude  some type of in-plant  dus t  c o l l e c t i o n  system which . genera l ly  . i s  : 

extended throughout t h e  processing l i n e  .' These sys tems c o l l e c t  dus t  from shredding 

opera t ions ,  exhaust from a i r  c l a s s i f i c a t i o r l  and pneumatic conveying a s  weli a s  

a t  o t h e r  in te r im processing points .  Baghouses genera l ly  a r e  used as con t ro l  

devices because of t h e i r  r e l i a b i l i t y  and e f f i c i ency  i,n meeting p a ~ t i c u l a t t !  emission 

standartls.  Bac te r i a l  and v i r a l  emissions from baghuuse exhausts e x t e r n a l  t o  t h e  

bu i ld ing  a r e  not  thought t o  be  a problem ( 3 )  although only l imi ted  tests t o  v e r i f y  

t h i s  have been performed. Also, f i n e s  from these  c o l l e c t o r s  may c ~ n t a i n  s i g n i f i -  

cant  b a c t e r i a l  contamination bu t  t h i s  h a s ' n o t  been inves t iga ted .  Current p r a c t i c e  

is  o f t e n  t o  burn . them . with  the  RDF. 

Hempstead Resource Recovery Corp . , Hemps tead,  New Y.ork . . 

This p r i v a t e  corpora t ion  b u i l t  and opera tes  a resource recovery system which 

is  designed t o  take  up t o  2000 TPD MSW and produce RDF, through a wet-pulping 



process ,  which i s  then  f i r e d  a lone  i n  an air-swept spout  spreader  s t o k e r  b o i l e r .  

Dust c o n t r o l  equipment i s  used t o  c o n t r o l  a i r  q u a l i t y  w i t h i n  t h e  front-end 
. @ >. 

process ing  .bu i ld ing .  ESP a i r  p o l l u t i o n  c o n t r o l  is used on t h e  b o i l e r  s t a c k  and 

has  been t e s t e d  at 0.032 g r / s t d  f t 3  (26) which is  about 30% of t h e  New York 

S t a t e  p a r t i c u l a t e .  s tandard .  Emissions, d a t a  o t h e r  than  p a r t i c u l a t e s  were no t  

a v a i l a b l e  a t  t h e  t i m e  of t h i s w r i t i n g  b u t  EPA has conducted o t h e r ' t e s t s  which 
. . 3 .  

w i l l  'be publ ished i n  ' t h e  nea r  f u t u r e  . 

' . Mass- I n c i n e r a t i o n  
1 
/ 

RESCO (Refuse Energy System Co.). Saugus, Massachusetts , 

. . 
. . 

The system a t  Saugus c o n s i s t s  of two 7.50 TPD Von Ro l l  waterwal l  i n c i n e r a t o r s  

of ~ u r o ~ t i a n  des ign  t h a t  have been operated f o r  3-112 y e a r s  a t  approximately 

t h e i r  des ign  capac i ty .  Recent overhaul .and  g r a t e  replacement i n  t h e  i n c i n e r a t o r s  

w i l 1 , r a i s e  t o t a l  capac i ty  t o  a s  much a s  2000 TPD t o t a l  MSW processed. Emission 

'. tests on t h e  ESP's used f o r  p a r t i c u l a t e  c o n t r o l  a f t e r  a  r e c e n t  r o u t i n e .  overhaul  

3 
averaged  0.027 g r l s t d  f t  as compared t o  a  0.05 g f l s t d  f t 3  s tandard  e s t a b l i s h e d  

by t h e  s t a t e  of ~ a s s a c h u s e t t s  (23).  I n c i n e r a t o r  r e s idue  i s  put  through magnetic 

and is  then so ld  a s  aggrega te  f o r  use  i n  road cons t ruc t ion .  

. . 
. . ~ a s h v i l i e  - Thermal Transfer  Corp. 

, . .  ~. 

Thermal Transfer  Corp. o f '  Nashvi l le  ope ra t e s  two r e c i p r o c a t i n g  g r a t e  waterwall  

i n c i n e r a t o r s  r a t e d  a t  360 TPD each. Or ig ina l  a i r  c o n t r o l  equipment 
, ~ 

cons i s t ed  of mult icones and 'wet  scrubbers .  Emissions from t h e s e  uni , ts  d i d  nor: 

meet a i r  p o l l u t i o n  s t anda rds .  o f  0.08 g r l e  td  f  t3 and t h e s e  c o n t r o l  'devices. were 

rep laced  w i t h  ESP's, one on each b o i l e r  u n i t  (35). I n  ,addi t ion  t o  ,improved 

p a r t i c u l a t e  c o l l e c t i o n  e f f i c i e n c y ,  t h e  increased  d r a f t  a l s o  improved s o l i d  waste  



burnout .  Since i n s t a l l a t i o n  of t h e  two ESP's, t h i s  waterwal l  i n c i n e r a t i o n  

f a c i l i t y  has opera ted  very  s u c c e s s f u l l y  w i th  minimum manpower requirements ,  has  

met s t a t e  s t anda rds  f o r  p a r t i c u l a t e  emissions,  and has  had few ope ra t ing  problems 

a f t e r  i n i t i a l  shakedown. 

P y r o l y s i s  Waste-to-Energy Systems 

P U R O X ~  System -.. . .. 

The P U R O X ~  p y r o l y s i s  system w a s  developed by t h e  Union c a r b i d e  Corp. and 

w a s  s t ~ c c e s s f u l l y  opera ted  a t  a 200 TPD l e v e l  .for procaooing a culliblnation. of MSW 

and sewage s ludge  a t  South Char les ton ,  West V i r g i n i a  (24) .  The feeds tock ,  con- 

s i s t i n g  of shredded MSW wi th  meta ls  removed o r  a combination of processed MSW 

and p a r t i a l l y  dewatered sewage s ludge ,  is  i n j e c t e d  near  t h e  top  of a v e r t i c a l  

r e a c t o r  which h a s  a counter-flow of ho t  gases  (See F igure  3 ) .  The feeds tock  is  

d r i e d  i n  t h e  upper s e c t i o n  of t h e  r e a c t o r ,  then  descends f u r t h e r  i n t o  p y r o l y s i s  

zone where breakdown of t h e  c e l l u l o s e  produces gases ,  l i q u i d s  an& char .  Pure 

oxygen is  in t roduced  a t  t h e  bottom of t h e  r e a c t o r  t o  sbpyurt  rhe  p y r o l y s i s  

r c a c t i u n .  l?ysulysis  products  i nc lude  1 )  molten ino rgan ic  sla'g which i s quenched 

and 2 )  gases  which r i s e  through t h e  descending r e f u s e  column. The gasco l eave  

t h e  r e a c t o r  a t  t h e  top  t o  be  cleaned of o i l s ,  l i q u i d s ,  mois ture  and p a r t i c u l a t e s  

i n  a wet-scrubbing/ESP system. ~ f t e r w a r d s ,  i t  can b e  used o r  s o l d  a s  a medium 

v a l u e  BTU gas. Energy conversion is  equ iva l en t  t o  mass i n c i n e r a t i o n  b u t  n e t  

efllcicncy ( inc luding  front-end processing)  i s  only about 50% (35).  

The gas  c leaning  system reduces . t h e  gas temperature t o  about 100°F which 

l i k e l y  condenses most vaporized metalo. Th i s  condensat ion,  i n  combination wi th  

front-end meta ls  removal, reduces t r a c e  meta l  emissions r e s u l t i n g  from f i n a l  

p r o j e c t  gas  combustion t o  very  low l e v e l s  (25) .  Co-disposal of sewage s ludge  i n  -. 



the P U R O X ~  system results in a wastewater sludge having substantially reduced 

metals content when compared to conventional' domestic wastewater sludge. The 

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

the majority of the metals in the feedstock are tied up in the inorganic inert 

silica slag taken off the bottom of the reactor. 

Based on particulate loads in the product gas, Union Carbide estimates that 

particulate emissions from gas combustion after ESP control will be on the order 

of 0.001 to 0.003 gr/SCF at 12% C02 with trace metals emissions at correspond,ingly 

low levels in the stack (24). The P U R O X ~  System has baghouse dust control on 

the front-end typical'of other shredding, classification and resource recovery 

systems. 

ANDCO-TORRAX Pyrolysis System 

The ANDCO-TORRAX system uses unprocessed MSW as feedstock in a vertical 

TM 
pyrolysis reactor similar .in operational characteristics to the PUROX system 

except that preheated air rather than pure oxygen is used to support the reaction. 

Consequently, the heating value o£ the 'pyrolysis'gas is too low to justify 

cleaning and resale. Instead, it is burned immediately in a secondary combustion 

chamber using minimum excess air. A portion (10%) of the exhaust gases are used 

to meet pyrolysis reactor preheat needs through use of regenerative' heating 

towers. and the remainder is used to produce steam in.a heat recovery boiler (35). 

~onversilon and net efffcieacies arc ~imilar t n  those .experienced for the PUROX 
TM 

process. 'I'he use u1 a seksndary combustinn chamber instead of 'a product gas 

cleaning system eliminates any significant wastewater stream, but the lack of 

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

gas cumbustion mcans increased potential £or trace metals emissions in the air 



4 0 
. . 

TM 
. . ' pol lu t ion  stream r e l a t i v e  t o  the  PUROX system. However, compared t o  conventional 

mass inc ine ra t ion  i n s t a l l a t i o n s  of s i m i l a r  s i z e ,  ANDCO-TORRAX claims ( ton f o r  ton 

of MSW) approximately 40% l e s s  exhaust gas volume (30). Therefore, i t  i s  

expected t o  produce a t  l e a s t  40% lower emissions per ton of refuse  disposed.  

than mass inc ine ra t ion  with equivalent  a i r  po l lu t ion  con t ro l  equipment. This does 

no t  take i n t o  account any d i f fe rences  i n  tie-up of metals i n  i n e r t  s l a g  versus 

inc ine ra to r  residue.  Like P U R O X ~ ,  t he  TORRAX system a l s o  produces an i n e r t  

s l a g  which is  usable a s  concrete aggregate o r  is  s u i t a b l e  f o r  l a n d f i l l i n g .  
. , 

The ANDCO-TORRAX system has been sold  and constructed i n  Western Europe 

, I ,  (4 i n s t a l l a t i o n s ) ,  Japan ( 1  ins ta l l a t ion) : ,  and the  U.S. ( 1  f o r  MSW disposal  and 

f o r  s imulat ing d i sposa l  of nuclear  wastes a t  Orlando, FL) (4). 

Occidental Research Corporation Flash Pyrolys is  

. . 
Tlie I l a s h  pyrolys is  system developed by ~ c c i d e n ' t a l  Research Corp. has been 

t e s ted  b r i e f l y  i n  a demonstration p lan t  constructed a t  E l  Cajon, Ca l i fo rn ia  with 

funds coming pr imar i ly  from Oc.ci.denta1 but  with some support from EPA and San 

Diego County. This 200 TPD process (35) cons i s t s  of pyrolys is  of t h e  shredded 

l i g h t  o r g a n i c ' f r a c t i o n  of MSW i n  a . f a s t  moving (1400"~)  gas and p a r t i c l e  stream 

recycled from t h e  .char burner. This gas cools in '  the  reac to r  t o  an average 

pyrolys is  temperature of 950°F before  en te r ing  a cyclone f o r  removal of char tn  

the  char burners f o r  . recycling.  Reqideaco time i n  the reactor is. about 5 sec. 

The gas continues t o  an o i l  quenching, decanting system f o r  recovery of product 

o i l  and the  remaining product gas i s  compressed and used a s  1)  an oxygen f r e e  

t r anspor t  gas, 2)  a s  f u e l  f o r  pr.eheating combustion a i r  i n  t h e  char burner, and 

3)  a s  f u e l  i n  the  af terburner .  Again, low-product-gas temperature before com- 
>: .: 

bus t i o n  i n  t h e  af te rburner  and f  ront-end metals removal ind ica tes  low p o t e n t i a l  



f o r  t r a c e  metals emission a f t e r  baghouse con t ro l .  Conversion e f f i c i e n c i e s  a r e  

lower t han  o t h e r  p y r o l y s i s  systems mentioned he re  p a r t i a l l y  because t h e r e  is 

h e a t i n g  va lue  l e f t  i n  t h e  char .  The recovered product  o i l  can be  mixed wi th  No. 

6 f u e l  o i l  and burned. The system was demonstrated a t  t h e  E l  Cajon f a c i l i t y  

al though extended continuous ope ra t ion  d id  n o t  ensue. A s  a r e s u l t ,  exFensive 

air emissions t e s t i n g  d i d  n o t  t a k e ' p l a c e .  

PYRO-SOL Indirect-Heated Pyro lys i s  

The.PYRO-SOL process  i s  a n  i n d i r e c t  heated p y r o l y s i s  system c u r r e n t l y  used 

i n  a 50 TPD s c a l e  p l a n t  t o  dispose,  of an  RDF obta ined  from an a u t o  sa lvage  

opera t ion .  It a l s o  has  been t e s t e d  us ing  MSW and wood ch ips  a s  feeds tock  ( 3 3 ) .  The 
.f' ' 

system c o n s i s t s  of primary shredding  and then  f eed ing  through an a i r  lock  i n t o .  

a s e a l e d  h o r i z o n t a l  p y r o l y s i s  r e a c t o r  o r  "tunnel". A v i b r a t i n g  bed moves t h e  

feeds tock  from one end of t h e  60-f t  l eng th  t o  t h e  o t h e r  a t  an average temperature 

of 1750°F wi th  a s l i g h t l y  lower temperature a t  t h e  a i r  lock  end than  a t  t h e  

char  c o l l e c t i o n  end. The system is  hea ted  i n d i r e c t l y  through tubes  spaced over  

t h e  v i b r a t i n g  bed (throughout t'he t unne l  l e n g t h ) .  Product gas  "and waste  h e a t  

a l s o  a r e  recovered ' thiucighaut  t h e  reactnr. me product  gas l eaves  t h e  r e a c t o r  

a t  approximately llOO°F, 'is cleaned and quenched i n  a cyclone and wet sc rubber  

and the  cooled gas (350 - 400 BTU/SCF) i s  s t o r e d  f o r  u se  i n  a gas bo i l e r / s t eam 

genera tor  combination. The Bay Area A i r  P o l l u t i o n  Cont ro l  D i s t r i c t  has  t e s t e d  

t h e  b o i l e r  when burning PYRO-SOL product ion  gas.  Tes t  r e s u l t s  show p a r t i c u l a t e  

emissions of 0.023 gr/SCF which i s  w e l l  below t h e  s tandard  of 0.15 gr/SCF b u t  ' . 

t h i s  included n o t i c e a b l e  r u s t  from an  i n f r e q u e n t l y  used b o i l e r  (1 ) .  Because of 

t h i s ,  t h e s e  emission r e s u l t s  are probably h ighe r  than  would be  t h e  case  i n  day 

t o  day b o i l e r  ope ra t ing  condi t ions .  ( 



A high energy content  char is produced from the  waste and is  processed via 

magnetic separa t ion and a i r  c l a s s i f i c a t i o n  and a small percentage of i t  is used t o  

f i l t e r  scrubber wastewater. It may a l s o  have market value o r  possibly could 

be burned on s i t e  t o  produce more energy f o r  i n d i r e c t  heat ing (33). 
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APPENDIX A 

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

~ e w  Source Performance Standards (NSPS) 

a. Co-combustion 

New Source Performance standards for particulate emissions from 

electric utility boilers larger than 250 mil BTU/hr heat input (approx- 

imately 10T/hr coal) recently have been revised downward by the U.S. 

6 Environmental Protection Agency from 0.1-to 0.03 lb/10 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 of £-set criteria. These standards also . - .. 
. 

are expected to apply to boilers co-firing RDF with other fossil fuels. 

The U.S. EPA has proposed a new Federal NSPS of 0.03 gr/dSCF for 

incinerators greater than 50 tons per day. . Current federal, standards 

for mass incinerators is 0.08 grains per dry standard cubic foot (gr/dSCF) 

with many states having lower standards (Maryland = 0.03 gr/dSCF; 

Massachusetts = 0.05 gr/dSCF)(A2).. New NSPS are likely to be set by 

best available control technology. 

Gaseous phase Chloride (HC1) apparently is being considered in the 

NSPS review required by the Clean Air Act Amendments of 1977 because of 

the increased occurrence of polyGinyl chloride (PVC) in9 municipal solid 

wastes. Heavy metals, particularly lead (Pb) and cadmium (Cd), similarly 

1 are under 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 EPA. 



c .  .Pyro lys is  

There c u r r e n t l y  a r e  no NSPS s p e c i f i c  t o  p y r o l y s i s  processes .  These 

processes  are expected a s  a minimum t o  m e e t  i n d i r e c t  h e a t  b o i l e r  emission 

s t anda rds  o r  process  weight emission s t anda rds  which vary  accord ing  t o  

h e a t  i npu t .  

2 .  Ambient A i r  Standards 

EBA i o  p l a n n i ~ i g  L u  vp0gOse an ambient n i r  standslJ l o r  re5pIrable 

3 p a r t i c u l a t e s  i n  a d d i t i o n  t o  t h e  c u r r e n t  a m h i ~ n t  s tandard  of 75 UR/UL- all~iual 

geometr ic  mean f o r  t o t a l  suspended p a r t i c u l a t e s  ( A 3 ) .  It is  n o t  known how t h i s  

u l t i m a t e l y  may a f f e c t  NSPS f o r  co- f i red  boilers, mass- inc inara tors  o r  p y ~ u l y s f s  

processes .  
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