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ABSTRACT

In early 1984, a joint Environmen! Canada/U.5. Environmantal Protection Agency program invesligated the effect of
changing combustion and flue gas cleaning syslem variablas on the performance of ihese systems. Using informalion from
earker characterization tests at the same test site (Mid-Connactian facfiity in Hartord), performance data on a refuse-derived
luel combusior and its lime spray diyer absorberffabric fiter (Tlue gas cleaning) syslem were oblained under good,
intermediate, and poor combustor operalion and high, normal, and low sulfur dioxide (SO2 ) control by Lhe flue gas cleaning
system. The independent combustion system varables included steam load, alr supply rate, and ils disiribution. For the
five gas cleaning sysiem, the ouliet gas lemperalure {rom the spray diyer absorber served &5 an easlly measurable
surrogate for the approach to saluration temperature, whils SO concentration In the fiue gas at the fabric filler oullet
continuously represented ime sioichiometry.

Test data included: acid gas, trace organlc, irace metal, and paniculale malter concentrations as well as material
collection for the delermination of ash/residue composition and production rates. In addition, process data and refuse-
derived fuel feed and ash/residus generation rates wers oblained. '

Comslations between combustion conditions and furnace emission of organic poliutants are presented. The removal
of polychierinated dibenzo-p-dioxins and dibenzolurans, other organics, and paniculate matter from flue gas is reporied. '
The transter of organics lo ashrresidue is detalled, and the close relatlonship betwean particulate removal and organics
rernoval s noted. The resuits of Input/output analyses of the organics across the flue gas cleaning system are discussed.

INFRODUCTION

The Mid-Connecticut project was undertaken jointly by Enviconment Canada (EC) and the .5, Envirgnmental
Protecilon Agency (EPA) 1o aid the development of regulalions for municipal waste combustion in both countries.
Pollutants measured In the two-phased lest program Included polychiorinaled dibenzo-p-dioxing {(PCDD) and
dibenzofurans (PCOF), chiorobanzenes (CB). chloraphenols (CP), polychiorinated biphenyls (PCB), polycydlic aromalic
hydrocarbons (PAH), frace melals, acid gases, combustion gases, and particulale matier (PM). During the first phase
{characterization, January 1989), 1ast condilions and melhodokgies were developed or deftned. 12 In the second phase
{pedormance, February-March 1989), 13 valld lesls were parformed while varying combustion and flue gas cleaning
process conditions. 34 The 13 valid performancs tests were grouped according fo major combustion conditlons {steam
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load and combustion efficlency) and lima spray dryer absorber (SDA)Aabdc filter (FF) operaling conditions {FF Intel
temperalure and stack suffur dicxida (SO2 ) concentrations).

In addktion 10 llya gas sampling for organics to delermine concentrations, an inpul/outpul anatysis ol lheir mass rales
in the various flow sireams was mads. This effort entailed determining mass rales of (he refuse-derived fuel (ROF) feed, dry
bottorn ash, grale siltings, aconomizer ash, FF residue, and (lue gas, both uncleaned (l.e., into the SDA) and cleaned {ie,
feaving the FF and enlering the stack). Samplas from these streams wers also analyzed for grganics contents, The tests
ware conducted on Unit 11 (605 tonnes/day) of the Mid-Connscticut facility in Harlford 5(see Figure 1) using EPA test
metlhods or EC/EPA-approved methods when standard melhods were unavailable. Dala qualily assurance and control
were conducted by he lest contraciors as well as an independent EC/EFPA leam.
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Figure 1. ROF Spreader Stoker with Spray Dryer Absorber and Fabric Fiter

This paper focuses on the results of organics measuremants mada during 1he parformance lests, Tha distribution of
organics in the fnput and output streams is summarzed, tha etfects of combustion etficlency on the concentration ol
organics contained in the combustor flue gases are discussed, the efficiency of tha flue gas cleaning equipment In -
removing organics from e combusior flue gases is summarized, and the relative concentration of orgarnics In Ihe
combustor and fiue gas cleaning rasidues Is presented.,

RESULTS

It has been postulaled 1hat carbon monoxide (CO) concentrations in fiue gas can be used as a measure 1o
characierize the efficlency of combusiion in destroying the organics in flue gases. During tha Mid-Connecticul
performance tests, combisstion operaling conditions were varled to provide test average flue gas concentrations of GO
{measured at the SDA inlel) ranging from less than 100 kb more than 900‘pbni. To tacifitate tha evalvation of tesl reslts
presented in this paper, combuslion condilions are defined as "good™ when the test average ltue gas concentration of GO
is 100 ppm or less, "intermediate™ when CO concentralions are between 100 and 250 ppm, and “poor* when they are
grealer than 250 ppm. '

The distribution of organic compounds (based on the average of all tests) In the RDF, combustor ash (dry botiom ash
plus ecanomizer ash), flyash {labric filter residug), and stack gas emissions is shown in Figure 2. Comparison of the
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srganics in the RDF laed with all organics leaving the faciiity in the combustor ash, collected tiyash and stack emissions
¢ows @ nel reduction in all classes of all measured organic compounds except PCDF. Comparison of the tolal measured
grpanics in the RDF feed with the surm of the organics in all culput sireams indicales thal combuslion resulis in a net

wduction in tolat organics which exceeads 80%.
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Figure 2. Distribution of Organics

Figures 3.4, and 5 incicate the concenirations of organics leaving the combuslor; i.e., organics at the SDA inlat.
PCDOYPCDF and 1otal organics in the combusior flue gas tend to increase as combustion becomes less efficlent (Figures 3
and 4). Regression analyses using all major parameliers characlenizing combustion condilions Indicated that gither CO or
THC is Ihe best single parameler lor predicting 1lue gas concenlrations and hence destruction of PCDD, PCDF, CB, CP,
and PAH. Fiue gas concentrations of these erganic compounds increase with delsriorating combustion conditions as
characterized by CC concentralions {Figure 5). While the PCB did not follow this trend, this apparent anomaly is probably
associaled with tha low level and high variability of these concenlrations. There was no significant correlation between the
concemration of organics in ke gas and sleam load, flyash concentration, or iyash carbon content.

The removal of organics in the fiue gas cleaning system exceeded 85% for al measured semivolatile organic
campounds and aver 8% tor PCDD and PCDF. As seen in Figura 6, concentrations of CB and CP in the stack gas
decreased as combustion improved. Stack concentrations of PCDD, PCDF, PCB and PAH varied only slightly and
inconsistently with combusfion conditions. Slack concentralions of semivolalile organics were lower for infermediale and
good combuslion conditions than for poor combustion condilions. There was no apparent correlation betweaen flue gas
cleaning operating variables and stack concentrations of organics. This lack of correlation was probably due to the high
callection efficiency of organics noted for all tests.

Concentrations of CB and PCB in the combustor bottom ash and economizer ash ware below the detection limils tor
all samples analyzed (Figure 7). PCDD and PCDF were found al detectable levals In only 2 of 12 bottom ash samples
analyzed. Bolh ware from 1asis with good combustion conditions. PCDD was delected at low concerntralions In 4 of 12
samples, and PCDF was delected at significanty higher concentrations in 10 of 12 samples. The amounts of CP and PAH
in the two combuslor ash straams were 100 o 1000 fimas higher than the amounts of PCDD and PCDF. The higher
average concenirations ol PCDD and PCDF noted during the good combustion tests resuit prmarily from the
concentration of these organics found In the twoe botiom ash samples containing detectable quaniities of PCDD and PCDF.
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Figura 6, Organics Concenlrations at Fabrie Filtar Quilet

Figura §. Qrganics Concentratians at SDA inlet
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Figure 7. Organics Concenyrations in Combustor Ash

Figure & shaws that the major fraction of all semivolatite organic compounds (excepl PCB) leaving the combusior was
inthe FF ash. The relalive amounts of all organic compounds in the FF ash increased with worsening combustien
condifions {increasing CO)J.
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Figure B, Organics Concentrations in Fabric Filter Ash
CONCLUSIONS

+The concendrations of semivolatile erganic compounds (PCOD, PCDF, CB, CP, PAH, and PCB) in the furnace llue
pas depended ah combuslion conditions. Net destruction efficiencies for these organics ranged lrom approximately 50%
for poor combuslion 1o 96% for good combustion.

«Average CO or THC concentration In tha flue gas was the best single indicator for the furnace destuction of
organics.

-Average concentrations of PCDD, PCDF, CB, CP, and PAH in the flue gas tended to increasa as combuslion
deledoraled (ie., CO increased).
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-The concentrations of semivolatile organics in flue gas in decreasing order wera: PAH, CP, CB, PCDF, PCOD, ang
PCB.

~PCOY/PCOF removals in the SDAFF syslem excoaded 99.9%, while PM removal exceeded 99%. Removats of af
arganics classes (PCDD, PCOF, CP, CB, PAH, and PCB]) were over 95%.

+Organic compound removats in the SDA/FF system appeared to be independent ol lue gas cleaning system
operation, which genarally kept hydrogen chloride (HCI) removals above 90%. Total erganic emissions in flue gas ranged
trom 300 mg/hr for good combustion to 1440 mg/br for poor combustion,

*PAH and CP ware the major trace organics in tha ADF. Both wera also the main components in the stack gas bul
with vakses substantially below those in the RDF,

~The major fractions of all organics leaving \he combustor {PCDD, PCOF, B, CP, and PAH) were collected and
discharged with 1he FF residue. PGB was below tha delection fimit in all the ash/residue streams.

*Generally, the organics concentrations in ihe combustor ash (bottom ash plus economizer ash) were considerably
less than In the FF resldue. With the exceptions of CP and PAH in bottom ash, (he relative amounts of organics in the
combustor ash were lower Lhan in the slack gas.
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