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ABSTRACT 

Expei'lmental daLa on PCDD and PCDF omiss ion In ravj ga' jcs from m u n i c i p a l s o l i d v a s t ? 
combust lon In a pi l o t p l a n t werri p rocessed by a new Respansf^ S u r f a c e Model to g*ln 
in ro rma t lon on p r o c e s s pa ramete r va lues which opLlmlze the p o s t - c o a b u s t o i - o p e r a l l n j 
c o n d l t l o n s . 
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IMTRODUCTION 

Our previous studies on PCDD and PCDF emissions in stock gasc? ffon xunlc ipal sol 14 uasie 

Incinerators rericct the combined errects of combustion, heat exchange .n the boiler and flue 

gas cleaning system (PItea e t ai., 1989a-g). 

in a previous paper (Pi tea e t a t . , 1989f), we reported the pr-el L ninar y results of an 

extensive several-year pi lot-pi ant test Ing and evaluatlon program c inducted 1 n.order lo 

obtain separate inrormalion on the combustion process and to Invest igate how operat tn^ 

parameters affect combustlon. A prelIml nary chenonetrlc analysis showed that Respont* 

Surface model 1 Ing of the emission from the combustion chamber in teres of the operat K* 

parameters permits the rationalization of the process conditions A further detailed 

Investigation (PItea e t a l . , 1990) lead to the finding of values for ',ho process parameters 

which minimize the emissions of dioxins and furans and/or the productions of the »ost toxic 

congeners. 

We have continued our interest In examining the eaissions from the piioL plant, and »re now 

able to report the results collected after the post-combust I on chawljer These results have 

been used In an eval uat lon of the efficiency of the post -conbuslor and lo opt luiie ll* 

operating conditions, taking Into account the relative decrease uf the PCDD and PCDf anounl* 
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EXPtHrHEKTAL DATA 

^ J :CScr ;pl ton of Ihc p i l o t - p l a n t has a l r e a d y ^ e n g iven ( P U e a e t , i / . . 1<389r). 

H.^: -rrmrr.l of t lw p r o c e s s parajfceter*; S'jch a& oxygen, tCBpera tu r t and f l u e g a s f low has been 

! . , . - :p>»enteJ wi th t h ^ -jajijillng of the raw g i s c s a t the e x i t of t he combus t ion and of the 

p_>5'. i.o«t>u5tion chajiber The fu rnace was l l r e d with raw r e f u s e The d a t a c o l l e c t e d a ro 

Listed ill Table 1: t he sample numtjcrlng r e f e r s t o a wider s tudy and o n l y t h o s e c a s e s wlicre a 

dec.rea.'.c c o u l d be o b s e r v e d a r c c o n s i d e r e d he re . In the computa t ion of t o t a l PCDD and PCDr 

con.:cnt r a t Ions I t was a r b i t r a r i l y a s sused (Oagnall e t a l . , 1990) t h a t a "not d e t e c t a b l e " (ND) 

v a l j e cor-responds t o a c o n c e n t r a t i o n (0 .04 pfi/Niii3) equal to h a l f the lowest NI). 

Table 1 l i s t s t h e v a l u e s of oxygen, t o p e r a t v . r c and gas flow bo th In t h e c o m b u s t i o n and the 

pcsr.-coBbusl lon chamber-, a.s we l l a s t h e i r d i f f e r e n c e s between t h e two p o i n t s . Moreover , t he 

s*j*r l a b l e l i s t s t h e t o l a ! aB>ount of e n l s s l o i i s f ro» the combustor chamber and, f l r w i l l y , the 

Hr i :en ta i te d e c r e a i e of t h i s v a l u e , due lo tht r e a c t i o n s Induced In t he f « s t - c o m b u s t o r . The 

i l a f f t h i s s t u d y I s to r e l a t e t h i s d e c r e a s e , i . e . . the e f f i c i e n c y of t n e p o s t - c o B b u s t o r , to 

U s o p e r a t i n g c o n d i t i o n s and l o t h o s e of the jombustor The numbering o;" samples r e f e r s t o a 

l»r | ;er s t u d y . 

T»bt« I . E x p e r l B e n l a l d a t a o p e r a t i n g c o n d i t i o n s In sampling p o i n t s A ?.nd B, t o t a l e m i s s i o n 
of PCOO and PCDF f o r t h e combustion chanber ( t ) and pe rcen t d e c r e a s e ind-jccd by the 
fws t -comlws to r (DX). 
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RKî ULTS AND niKCUSSION 

The capability of the post-combu'jtor of r-ediiclnE tho amount of *̂ ml;;sinns. ii-f̂ itcd ;n; relative 

reduction, was sl.udlcd by rcGponso uurfaco rodelllng. The ftpsponsc Surfjirc iiiCyJ r̂ t̂lfCd iflz-y 

ct a l . , 197B1 was to bo used to gain InGlght into the possible n.-itun* i-f ih'̂  .j'int offt-ctti of 

variables, here oxygen (0), tumpciature (T) and ga-j flow (Q), t.n i ̂rr Irital l'CD0*rC0F 

concentrat Ion (Y.). 

Linoar PLS model 1 Ing has been shown to Ix; the bout chenoreir lc t ool to ijii:fitiry causal 

relationships (Wold et t i l . , 1984; Clcmentl r t a l . . 1986). Mow-vor with ;i feu t.̂ n̂ inl variables 

(the effect of which can be 'jvipposcd to be non linear) the TAIlSO pr-i-cr-di:i e (Cl.'^cnU ct jJ . 

1989), consisting; In determining a linear PLS model on the exf'anded n;itrix (.-f the raw daia. 

nnd the non-linear PLS [QPLS) developed by Wold et a i . (1989) appear to bo rore upproprlale 

A recent study on the two quadratic PLS models (Crucian! et .iJ, . i990) hay -̂ t.̂ ŷ m ihni aUo 

the QPl.S model, based on a non-linear inner relationship, can Nj doscclNMl t y -i f.'ilyr.naial cif 

second degree by moans of an appropriate transformation of the QPLS loadings Hu-.rt.wVoc, this 

equation is quite similar to that obtained by CAftSO In CEISCS wherL- the curpririson /̂as 

feasible. Therefore, it Is possible to claim that the respon-jc surface ybtaUviiMr Ly the tvj 

methods Is substantially the same. 

The CAltSO procedure was suggested for handl Ing probleffs with a r-clat iveiy low nuohcr of 

variables, usually not higher than five. The finding that non linear PLS gjvcs the saee 

result as 1 inear PLS on the expanded matrix permits the out 1 lnli:R of it new. refined, 

procedure for obtaining response surfaces via PLS. 

Details and reasons for this are given elsewhere (Crucianl c-l a l . . 19^0) ai,d onjy a brief 

summary is reported here. The method consists in modelling the raw data by 'J/'I.s". fcliowed by 

Computing the polynomial coefficients from the QPLS loadingsi, and then atuJyinfr thi- (•er,f>5r.5e 

surface by means of the I^grange cuialysls. as suggested In the ordinary prorcdurr 

The problem under Investigation requires formulation as a roiiponse cutface study j/iere ihe 

post-combustor efficiency is descrlljod In terms of the operating conditions in U.e conbuslor. 

In the post-combustor. and therefore of their differences, as wcl I ai of thre amount of 

emissions entering the post-combustlon chamber. Since the causal variables are as ftany as ten 

H was appropriate to use the new procedure to detect the ranges of operating conditions 

which optimize the relative cutting down of emissions due to the post-coBbustor 

The procedure, carried out on the data reported In Table 1. permitted both the interpretation 

of available data and their presentation In terms of optimal operating condition ranges 11 

Is clear that the most Impor-tant features regard the oxygen In the of*<ri-ailng conditions, th* 

levels should be lower than In the combustion chamber. Moreover, It is neceisary ihat the 

oxygen level In the combustion chamber is quite high, say higher than 12 Mnnl ly, or-* 

should also be warned that the efficiency of the post-combustor caniiot bo optiatZL-d wricn the 

entering anjount of PCDD+PCDF Is very high. 
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