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ABSTRACT

Experimental data on PCDD and PCDF emisslon In raw gases from czunlcipal solid waste
combustion in a pilot plant were processed by a new Response Surface Hodel to galn
information on process parameter values which optimize the posi-combuster operating
condiltions.
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INTRODUCTION

OQur previous studles on PCDD and PCDF emlisslons in stack gases from zunicipal solid waste
incinerators reflect the comblned effects of combustlon, heat exchange in Lhe boiler and Mive
gas cleaning system (Pitea et al., 1989a-g}.

In a previous paper (Pitea et al., 1989f), we reported the prelininary resulls of an
extensive several-year pilot-plant testing and evaluatlon program conducted in.order to
obtain separate information on Lhe combustion process and to investigate how operating
parameters affect combustlon. A preliminary chemometric analysls showed Lhat Response
Surface modelllng of the emisslon from the combustlon chaamber in terms of the operative
parameters permits the ratlonalization of the process conditions A further detalbled
Investigation (Pitea et al., 1990) lead to the finding of valucs for *he process parameters
which minimize the emisslons of dioxins and furans andsor the product;ons of the most toxic
congeners,

We have continued our interest In examining the emissions from the piiot plant, and are now
able to report the resulis collected after the post-combustion chamber These results have
been used in an evaluation of the efficiency of Lhe post-combustor and to optimize Its

operating conditions, taking Into account the relatlve decrease of Lhe PCDD and PCDFf amounts
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EXPERIHENTAL DATA

A gescription of the pllot-plant has already been glven {Pitea et al., 18983().

Meysrement of Lhe process paramelers such as oxygen, temperature and flue gas flow has been

werpiemented with the sampling of the raw gases at the exit of Lhe combustion and of the
prst-combustion chamber The furpace was rired with raw refuse. The data collected are
itsted in Table 1: the sample numbering refers to a wider study and only those cases where a
decreane could be observed arc considered here. {n the compulation of total PCDD and PCDF
conientrations it was arbitrarily assumed (Bagnatl et al., 1990) that a “not detectable” (ND)
vale corresponds to a concentration (0.04 pg/Nm3) equal to half the lowest ND.

Table 1 1ists the values of oxygen. temperature and gas flow both in the combustion and the
post-combustion chamber, as well as their differences between the two points. Moreover, the
samr table lists the lotal amount of enissions from the combustor chamber and, finally, the
rercentage decrease of this value, due lo the reactions Induced in the post-combustor. The
ale of this study Is to retate this decrease, i.e., the efficiency of tne post -combustor, to
1ls cperating conditions and to those of the zombustor. The numbering o7 samples refers to a

larger study.

Table 1. Experimental data: operatlng conditlons in sampling points A and B, total emission
of PCOD and PCOF for the combustion chaamber (¥} and percent decrease induced by the
post-combustor (D%).

RN (0) T, q, to,1, T, 0, 80, . 6T, . &, . % D%
% v A T N ‘c ng/Nn?
Wt 10.50 8Y1.40 729 02 14.20 864 10 1669.14 3.7 -27.3 940 1 1217.85 S7.70
002 9 60 784.97 588.45 12.30 1012939 1544.46 2.7 228.0 1056.0 OJ66.5%1 8994
003 650 73355 575.54 10.50 1038.16 1193.18 4.0 304.6 923.G 545.92 96.81
004 6 5¢ 904.31 851.02 15.05 S77.80 1013.66 B.5 -326.5 162 6 219.53 4.0
005 12.00 1041.04 459.48 13.50 731.78 503.52 1.5 -309.3 44 O  64.12 7311
006 11.40 819.06 S61.98 9.05 1071.22 1382.81 -2.3 252.1 820 8 21.06 88.94
003 12.80 704.54 S560.93 10.85 875.63 1544.92 -1.9 171 ! 984.0 250.51 98.72
010 16 6C B87.27 707.38 11.00 952.11 1448.17 -S6 264.8 740 3  62.52 90.18
g1} 14 30 555.03 553.13 13.80 719.40 1391.23 -0 3 164.4 838 1 8.0v 94.30
012 15 10 417.55 607.69 :3.8) 528.78 1t44.57 -1.3 111.2 1036.9 083 74.70
013 495 601.63 823.44 9.68 ©63.38 1:€8.83 4.7 261.7 445 4 3984.86 50,52
015 9.15 723.60 396.66 8.78 1011 29 1681.60 -0.4 287 7 ©BB4 Y 9625.62 66,50
018 365 768 90 282 09 7 85 1050.24 1250.48 4.2 281.3 9G8.4 1522.78 38.-13
019  11.00 B860.9 €35.15 10.75 981.78 1°28.30 -0.2 1311 592 1 79.99 79.31
0zt 11 50 85504 5579 11 50 S38.28 118802 0.0 -319.8 632 2 188.55 67.17
072 11 S0 815 11 740 76 11 S0 550.89 1149 52 0.0 -264.2 A408.8 168.43  61.57
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RESULTS AND DISCUSSION

The capabllity of the post-cambusitor of reducing the amount of emisslons, treated oy relative
reduction, was studied by response surface modelling. The Hesponse Surfare (RS rethod (8:x
ct al., 1978) was Lo be used to gain tnsight iuto the possible nature of the jvint effects of
varlables, here oxygen (Q), temperature (T) and gas flow (Q), on the tatal PCDDePCDF
concentration (¥).

Linear PLS modclling has been shown to be the best chemoretric tool te wdentify causal
relationships (Wold et al., 1984; Clementi et al., 1986}, How-ver with u few vausal vartables
(the effect of which can be supposed to be non tinear) the CARSO procedure {Clezentl et &)
1989), consisting in determining a lincar PLS model on the expanded matrix of the raw data,
and the non-linear PLS (QPLS) developed by Wold et al. (1983) appcar to be pure approprliate
A recen! study on Lhe two quadratic PLS models (Cruciani et al., 19%0) has wrown that also
the QPLS model, based on a non-lincar inner rclatlonship, can be descelbed &y a4 galynoalal of
second degree by means of an apprepriate transformation of the OPLS Ioadings Morcuver, this
equation 1s quite similar to that obtained by CARSD in cases where the cumparison vas
feasible. Therefore, Lt is possible te clalm that the response surface obtalnable Ly the twe
methods is sdbsLantlally the same.

The CARSO procedure was suggested for handling problems with a relativeiy low nusper of
variables, usually not hlgher than five. The finding that non llnear PLS gives the Same
result as linear PLS on the expanded matrix permits the outlining of u1 new. refiped,
procedure for obtaining response surfaces via PLS.

Detalls and reasons for this are glven elsewhere (Cruclani et al.. 1990) and oniy a brief
summary ls reported here. The method consists in modelling the raw data by ¢FLS, fcliowed by
computing the polynomial coeffliclients from the QPLS lecadings. and then studying the response
surface by means of the Lagrange analysis, as suggested in the ordinary procedure

The problem under investigation requires formulation as a responce surface study -here the
post~combustor efficlency is described In terms of the operating conditions i1u the coabustor,
in the post-combustor, and therefore of thelr differences. as well as of the amgunt of
emissions entering the post-combustion chamber. Since the causal variables are as many as ten
it was appropriate to use the new procedure te detect the ranges of operating condlitlons
which optimize the relative cutting down of emlsslons due to the post-combustor

The procedure, carried out on the data reported In Table 1, permitted both the interpretation
of avallable duta and their presentation in terms of optimal operating conditicn ranges It
is clear Lhat the most important features regard the oxygen in the apeerating corditions, the
levels should be lower than in Lhe combustion chamber. Moreover, it is neceusary that thc
oxygen level in the combustion chamber is qulte high, say higher than i2 tinally, ore
should also be warned that the efficiency of the post-combustor cannot be optimized when the

entering amount of PCDD+PCDF is very high.
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