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ABSTRACT 

In order to study the incineration of crushed nunicipal waste as fuel in existing district 

heating plants together with wood chips, and to analyse PCDD/PCDF, PAH and chlorinated 

benzenes and chlorophenoles as well as heavy iretals, tests and sanpling was carried out 

at one district heating plant using gasification technology in energy production. For 

flue gas cleaning a multicyclone was used. 

The results showed that the contxjstion of a mixture of ca. 85 percent (weight) of slightly 

presorted and crushed municipal waste and ca. 15 percent (weight) wood chips as fuel can 

be done with low emissions of PCDD/PCDF, PAH, PCBz and PCP. The addition of waste into the 

gasifier resulted an expected slight increase in heavy metal emissions ccnpared to wood 

chips incineration. 

Waste combustion, Wocxi Qiip combustion. Gasification Technology, Einission ncasurenents, 

PCDD, PCDF, Chlorobenzenes, Chlorophenoles, PAH, MSW, Heavy tfetals, Wood Qiips. 

THE GASIFICATION PLANT, Tt3T PERIODS AND SAMPLING 

The plant located in the coimty ot Kitee is a 5 t*l gasification unit usually tirod wi^h 

wood chips. FJuo gas is cleaned with one multicyclone. Schematic figure of the plant is 

shown in Figure 1. In Oic gasification systan solid fuels are wholly converted inco 

ccntajstible gases, which are then burned in a conventional boiler. The fuel mixtures 

burned during the oxperinentr. are shown in Table 1. F.acli tost period lasted ca. seven 
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hours of wti ic i i saiip.Uiiq iind imajiurfiTeiits triok ca. tour l ioi i rs. 

Tati'.e 1. ^ Î(;1. mixtures on tlvi t e s t pl.int., vieiqllt Ixisi: 

Piant Foqx-riiicnt iiumbor Itoin luol MSW typo MSW amount (%) 

Kiteo (gasif ication unit) 
lUtee 
Kitee 

wood cliips (i'i-iferent:o) 0 
muiucipal wa.sto cr\islied 65 
mjnicipal wa.'itc ciuslied Sf. 

Flue gas analyses were carried ovit l:>orJi (plaiit cquipnait, additional oquiprcjit) con­

tinuously and on a sampling banis . Heasuceirent data was collected by a IIP 3407 data 

logging system, and procjssed by a I1L> 9045 cctrputnr. For Hi;i-sa.-npUi>g in tlio Clue gasts 

a special sampling tr . i in was usexi. Tne I^articuLato collection was txjrfonicd by i,>;okinetic 

saiapiing on f l a t quarz fibre f i l t e r s . For trace element sampling dig, In, Cd, Pb) in tlie 

flue gases, impenger systc-ms designed for respectivo neta l ic eloriKnts v.«re used. 

QiLorinated cotpounds and PCDD, PCDF as well as PAIls in tJie flue gases wert! sanpled with 

a l l gloss ss rp l ing t ra in (Jansson, Bergvall, 1987,/2/). The sanpling point i s shown in 

Figure 1. Tbe volune of the samples ranged frcm 1.6 to 3 Nm .̂ The sanpling equiptent 

fractionated the material in three par t s : par t ic les , condensate and na t t e r adsorbed by 

XSD-2 res in . In the sampling no internal standard (spikingl was ased. Ttx; sanples were 

extracted with toluene and/or hexane, evaporated to dryness and diluted in hexane. The 

hexane pliase was extracted with a water solution of K2CO3. The water phase was treated 

with acet ic acid anhydride, extracted witli hexane and analysed for cjaorophenols on a 

high resulot ion gas-chrcnatograph (HRO;) equipped with an EC-Detector. The original 

hexane phase was purified with ItpSO/̂  and analysed for Polychlorlnated biphenyis (PCBs) 

and chlorinared benzenes (FCBzs) . A small aliquotes was injected on a HPLC and anlayzed 

for Polyarorat ic hydrocarbons (PAHs). The hexane phase was further purif ied on an alunina 

oxid column a.Td a charcoal column and analysed for PCDDs and PCDFs on a HP-MSO quadmpolic 

masspectrcne-er (HRGC-LRMS) . 

E^fr 

I . T u o l b i n 7, AsTibaitottu 

2. Kuol food t O d v o y c 0. Drop soparaicn 

3. Puol ioQiiOf 9 , Humioflcw 

4. Gas ganofaiuf tO. GwaftcBiion an Ian 

5 Ash fomovom M. Pieto M D I oxcnangor 

6 As l i t onvoyo f 12, Gasfxpo 

t3 . Gas bumor 

1 *• Combusl ion air fa i i 
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16 Ecofwniiioi 
17 Fii.oQas tan 

: f l . Siacif 

Figure 1. Flowchart of the gasificatiion plant "Kitee" 
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FUEt. PREPAIWTION AND ODSEJtVATIONS OF THE BUWUIG 

The najiiicipal sol id waste used in tihe exporinents was collectc<l wicliin tlK c i ty of Jyvas-

ItylS and processed (presorting, crushing) br,- a local caipany. Fu^l rujtturcs were prepared 

by mixing MSW and wood chips from separate fuel s i l o s . Mixtme prc^forties arc described 

l a t e r . Those mixtures were fed t o tl^e gas i f ier using tivE existliig tvKl hor«iVlrr3 equipient . 

The fuel mixture vaulted in scverly ducirig ttvi experiinents. This was caused nv.\inly by U>c 

crushed wood (wood waste) chips fraction. Ths vaulting resulted a letter than expected KSW 

content in the fuel, ca . 65 %, and ihhonojenities in the fuel feed in to the g a s i f i e r . 

When chr^jped wood (wocxl chips) was used with MSW the vaulting tcndervry was not so Obvioius 

and the amount of MSW in the fuel mix was nuch higher, ca. 85 %. I t seems obvious tha t a 

gas i f ie r with good bed tenperature control and proper fuel handling equipment i s su i table 

for turning ordinary ^ l i d fuel and presorted and cEUSl̂ xl MSW. 

FUEL PFOPEKTIES MID MEASUPEB EMISSIONS OF PCDD/PCDF's, PELMH) OtlCOUKS WO 

HEAVY METALS 

The prcper t ies of the fuel mixtures used in the experiments are presented in Table 2. In 

t o t a l ca . 60 tonnes of wastie fuel was burned in tlw expcrijnents. 

Table 2. Fuel propert ies used-in Kitee 

1 
1 

(Moisture w-% 

IDRlr SUBSTANCE: 
(Effective heating 
lvalue MJ/kg 
IC w-% 
IH w-% 
IN w-» 
IVolatiles w-% 
IHg rrq/kg 
ICd mg/kg 
IPb nq/kg 
|Zn n»3/kg 
ICl g/kg 
IS g/kg 
lAsh content w-% 

Wood 
chips 

25.9 

19.6 
51.6 
6.2 
0.3 
81.6 
0.03 
1.4 
1.1 
32 
0.3 
0.3 
0.9 

Waste 
wood 

35.6 

18.6 
49.4 
6.0 
0.1 
80.1 
0.03 
2.1 
5.2 
52 
0.3 
0.6 
2.9 

MSW 1 

38.0 1 

18.0 1 
46.0 1 
6.1 ( 
0.7 1 

71.5 1 
0.8 1 
1.5 1 

39 1 
340 1 
12 1 
1.5 1 

13.3 1 

The concentrations of chlorinated phenoles in the flue gases are given in Table 3. 

Concentrations of PCDO and PCDF identified isaners in flue gas sanples in Kitee are 

shown in Table 4. Concentrations eu:e given in ng/Nn^ dry gas and as TCDOgqy (accenting 

Eadon) reduced t o 10 % CO2. 
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Table 3. Coouentrations of ciilorinated phenoles in flue gas sanples in Kitee. 

C«wentratior\s are given in vq/Wr dry gas reduced t o 10 % CO2. 

Test 

23DCP 
25031/2400? 
34DCP 
J50CP 
2€Da> 
235TC? 
236TCP 
245TC? 
234TC? 
24SICP 
345TCP 
2345TeCP 
2346TeCP 
2456TieCP 
ECP 

M> 
M) 
M3 
ND 

o,cn 
MJ 
M3 
0,02 
(C 
0,02 
IC 
(C 
M) 
10 
0,01 

0,07 
0,21 

ô 
N3 

0,05 
0,06 
0,03 
0,11 
0,05 
0,43 

bD 
0,03 
0,19 
M) 

0,05 

W 
0,34 

fV 

tc 
0,07 
0,04 
0,04 
0,12 
0,07 
0,65 

W 
0,05 
0,29 
M) 

0,09 

SuJ CWorinated Phenoles 

t o = not datected 

1,3 

Table 4. Concentrations of PCDO an:l Pecs' in flue gas sanples in Kitee. 

Concentrations are given in ng/liii^ dry gas and as TCDDgq̂ ^ (according 

ZaAxi) reduced to 10 % 00^. 

KDO/PCDF-
isoTpr 

t e s t 
1 

t e s t 
2 

t e s t 
3 

2, 3,7,8-TeCCO 
1,2,3,7,8-PeCDO 
1,2,3,6,7,8-Hxao 
1,2,3, 7,8,9-Hxa» 
1,2,3,4,7,8-HxCDO 

2,3, 7,e-TcCDf 
1,2,3,7, 8-PeCDF 
2,3, 4,7,8-PcCDF 
l,2,3,4,7,B-HeCDf 
l ,2,3,6,7,e-HeaJF 
1,2,3,7,8,9-lteaiF 
2, 3,4,6,7,8-HeCDF 

IC 
ND 
ND 
M) 
l « 

tB 
fC 
I B 
IC 
IC 
t o 
m 

NO 
0,048 

m 
M) 
i c 

0,675 
0,042 
0,061 

i c 
M) 
t© 
IC 

^B 
i c 
ND 
IC 
ND 

0,964 
0,057 
0,086 
Ml 
ND 
ND 
I d 

TCEO-ekv. (Eiicfcnl nq/t*r3 

IC " net dei«r..ed 

0,8 

Ttic detocfion l i r u t s fcr c.hloriiuitCTj benzenes and chiormatod phenoles as w?lJ as 

V.-X/f-.TX- cnrpourr.ls a i r 3 - JO nyltin'- ;ind :),01 - 0,20 ng/Mii'' respectively (depending cn 

^iw iscmcr) . 

TW? cor^cerj rdt icrs ot ttitten'i^t. emission ci'^rpounds arc sunmarized in Table 5. Table shrews 
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metals is low. 

Table 5. Concentrations of emission conpour»is in the flue gases in Kite*. 

Concentrations are reduced to 10 % 002-

1 

IFuel (mixture) 
Ipor cent, dry 

IPart icul 
IHg (s+g) 
ICd (s-tg) 
IPb (s-tg) 
|Zn (s-tg) 
|Fe (s) 

HWx 

IClPh' " 
IClBz* 

IPAH-

ITCDO-equ. 

mg/mv^ 
ug/Wii3 
ug/Nm3 
ug/I*n3 
mg/»ti3 
ng/Ntte 

ppti 

rog/Nm-' 

ug/l4t|3 
ug/l*n3 

ug/l*ii3 

ng/Nm3 

ITest 1 

IHood chips 
1 100 

1 64 
1 62 
1 7 
1 13 
1 1 
1 14 

1 300 
1 30 
1 4 
1 
1 0,1 
1 <0,1 
1 
1 V,2 

1 NC 

Test 2 

w. waste/MSW 
40/60 

318 
85 

272) 
30 

350 
100 
200 

1,3 
0,9 

6,8 

0,8 

1 Ttst 3 1 

w. chips/HSWI 
15/85 i 

294 1 
84 1 

272? ] 
32 1 

360 1 
130 1 
290 1 

1,8 1 
1,1 1 

2,5 1 

1,1 1 

* Total sum of different analyzed isomers or ccrpounds. 

IK = not calculated 

RELATICNS BETWEEN EMISSIONS AND SOE OPERATING PAIWETERS 

SOTE relations between emissions operational paraneters arc surnerized below: 

the particulate concentration in the flue gases follows the nixing ratio of 

waste and the ash content in the fuel mix, 

the concentrations of SO2 and NO^ in the flue gases increase when MSW is noxed 

with wood chips. This is because of the sulphur and nitrogen contents of the 
MSW fuel, 

the concentration of hydrochloric acid in the flue gases follows the mixing 
ratio of MSW. 

the increase in the nercui-y emission was lower than expected, the neroiry 

concentratioii in the MSM-fuel was "normal", however. 

the gasification process was more stable with chopped wood than crushed waste 
wood fraction. 

The vaulting tendency with all the fuels was in experiments the main reason to operat iooal 
disturbances. 
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oacuusiais 

fij ivIO/PCEP ccrpounds were found when wood chips alone were burned. 

TTK? arUition o: KGH into the fuel seems, hciwever, when considering the PAH's in the 

a.-jUy5is, decrease the sixn concentration in the flue gases. 

The ccnccnt ration of chlorinated phenoles, and especially pentachlorophenole, shows a 

clcivr cov-ariaticfi with the amount of MSW added to the main fuel . 

The nixing of ICW into the fuel (wood chips, ciushed waste wood) wil l inmediately increase 

t>ie lc%Bls of chlori iated benzenes and chlorijiated phenoles in the flue gases. 11113 has 

bce.T shown in Table 2. for chlorinated pinholes. 

-TiK ;eav-y metai erdssioi-vs were re la t ive ly low in the experimsnts. For exanple, the 

."lej.surwl iTicrcury 4rd cachiun emissions were lower than the German TR-LUFT 86' s t i p u l a t e s . 

TVK noasurwl enussion of zink was h i ^ , which i s typical for gasif icat ion process. 

Oortelatlng t l * ctesen.«i concentrations of PCCC and PCEF and rela ted ccnpounds as well as 

hejiv metals with cperating parameters can be done. There seems t o ex is t a "co-variation" 

between the gas tenpcrture in the gasif icat ion, amount of MSW and observed PCDD/PCDF con-

cw.trat ions. If internal standards (spiking) had been used in the e^qseriments, the 

ana l i t i ca i accuracy cculd have been b e t t e r . Also i f more eff ic ient flue gas cleaning had 

be«i used, the enissicn of PCCO/PCDf-oonpoundt; could have been lower. 
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