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ABSTRACT

In order to study the incineration of crushed municipal waste as fuel in existing district
heating plants together with wood chips, and to analyse PCDD/PCDF, PAH and chlorinated
benzenes and chlorcphenoles as well as heavy metals, tests and sampling was carried out
at ane district heating plant using gasification technolegy in energy production. For
flue gas cleaning a multicyclone was used.

The results showed that the combustion of a mixture of ca. 85 rercent (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 campared to wood
chips incineration.
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THE GARSIFICATION PLANT, TEST PERICDS AND SAMPLING

The plant located in the county of Kitee is a 5 M gasification unit usually Eired wit
wood chips. Flue gas is cleancd with one multicyclone. Schematic figure of the plant is
shown in Figure 1., In the gasification system solid fuels are wholly converted inco
combustible gases, which are then burned in a conventional boiler. The fuel mixtures
bumed during the evperiments are shown in Table 1. Each test period lasted ca. seven
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hours of which sonpling and measurements Look ca. four hours.

Table 1. Fuel mixtures on the test plant., weight basis,
Plant Experiment pnumber Main fuel MSW type MSW amount 1)
Kitec (gasification unit) 1 wood chips (roference) 0
Kitee 2 municipal waste crushed 65
Kitee 3 minicipal waste crushed 85

Flue gas analyses were carrvied out both (plant cquipment, additiocnal equipment) con-
tinucusly and on a sampling basis. Measurement data was collected by a HP 3497 data
logging system, ard processed by a [P 9845 computer. For RCl-sampling in the flue gascs
a special sampling train was used. The particulate collection was performed by isckinctic
sampiing on flat quarz fibre filters. For trace element sampling (Hg, 2n, Cd, Pb) in the
flue gases, impenger systems designed for respective metalic elements were used.

Chlorinated campounds and PCDD, PCDF as well as PAlls in the flue gases were sanpled with
all glass s=wpling train (Jansson, Bergvall, 1987,/2/). the sampling point is shown in
Figure 1. Tne volume of the samples ranged from 1.5 to 3 Nm3. The sampling equipment
fractionated the material in three parts: particles, condensate and matter adsorbed by
XA-2 resin. In the sampling no intemal stardard (spiking) was used. The samples were
extracted with toluene and/or hexane, evaporated to dryness and diluted in hexane. The
hexane phase was extracted with a water solution of KpC03. The water phase was treated
with acetic acid anhydride, cxtracted with hexane and analysed for chlorophencls on a
high resulotion gas-chromatograph (HRGS) equipped with an EC-Detector. The original
hexanc phase was purified with HpS04 and analysed for Polychlorinated biphenyls (PCBs)
and chlorinated benzenes (PCBzs). A small aliquotes was injected on a HPLC and anlayzed
for Polyaramatic hydrocarbons (PAHS). The hexane phase was further purified on an alumina
oxid colum znd a charcoal column and analysed for PCDDs and PCDFS on a HP-MSD quadrupolic
masspectrometer (HRGC-LRMS) .

1, Fuel in 7. Ash ballatty 13. Gas bumor
2. Fuol fpad convayor 8. Drop separator 14. Combustion alr fan
3. Fual foodor S. Humigfior 15 Gas bailer
4. Gas ganesolor 10. Gasificetion @ an 16 Economeass
S Ashromavers 1. P1ata hant oxcnanger 17 Flup gas fan
6 Ash convayor 12. Gas pipo 30. Stack
Figure 1. Flowchart of the qasification plant "Kitee"
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FUEGL. PREPARATION AND OBSERVATIONS OF THE BURMING

The nunicipal solid waste used in the experiments was collected within the city of Jyvas-
kyld and processed (presorting, crushing) by a local cavpany. Fuel mixtures were prepaied
by mixing MSW and wood chips from separate fuel silos. Mixtwre progerties are described
later. These mixtures were fed to the gasifier using the existing fuel handling equipment .

The fuel mixture vaulted in severly during the experiments. This was caused mainly by the
crushed wood (wood waste) chips fraction. The vaulting resulted a lower than expected MSW
content in the fuel, ca. 65 %, and inhomogenities in the fuel feed into the gasifier.
When chopped wood (wood chips) was used with MSW the vaulting tendency was not 50 cbvioius
and the amount of MSW in the fuel mix was much higher, ca, 85 %. It secms cbwious that a
gasificr with good bed temperature control and proper fuel handling equipment is suitable
for burning ordinary solid fuel and presorted and crushed MSW.

FUEL, PROPERTIES AND MEASURED EMISSIONS OF PCDD/PCDE’s, RELATED QOMPOMDS AND
HEAVY METALS

The properties of the fuel mixtures used in the experiments are presented in Table 2. In
total ca. 60 tonnes of waste fuel was burned in the experiments.

Table 2. Fuel properties used-in Kitee

{ 1 Wood {Waste | MW I
| | chips  |wood | |
{Moisture w-% | 25.9 | 35.6 { 38.0 |
| | I | |
JDRY SUBSTANCE: I | | |
[Effective heating | 1 | l
fvalue MI/kg | 19.6 { 18.6 { 18.0 t
Ic w-% | 51.6 | 49.4 | 46.0 |
iH w-% | 6.2 | 6.0 { 6.1 |
IN w% | 0.3 | 01 | 0.7 |
|Volatiles w-% | B1.6 | 80.1 t 7.5 |
|Hg my/kg | 0.03 | 0.03 { 0.8
1cd my/kg | 1.4 | 2.1 | 1.5 |
{Pb mg/kg | 1.1 t 5.2 38 |
12n mg/kg | 32 | 52 | 340 !
|ICl g/kg | 0.3 | 0.3 [ 12 |
1S g/kg | 0.3 { 0.6 | 1.5 |
|Ash content w-% | 0.9 | 2.9 { 13.3 |

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

Concentrations of PCDD and PCDF identified isomers in flue qas samples in Kitee are
shown in Table 4. Concentrations are given in ng/Nn3 dry gas and 4s TDDaqy,, {according
Eadon) reduced to 10 % Q0p.
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iable 3. Concentraticns of chlorinated phenoles in flue gas samples in Kitee.
Concentrations are given in ug/Nn3 dry gas reduced to 10 % CO,.

Test 1 2 3
230CF N 0,07 ND
25000 /24DCP 3] 0,21 0,34
340CP ND ND ND
s ND ND ND
26D 0,07 Q0,05 0,07
235TC2 N 0,06 0,04
236TC? 3] 0,03 0,04
245TC2 0,02 0,11 0,12
2HTCP ND 0,05 0,07
2461TCP 0,02 0,43 0,65
3451TC2 ND ND N
2345TeC® ND 0,03 0,05
2346TelP ND 0,19 0,29
2456TeCP ND ND N
PCP 0,01 0,05 0,09
Sus (hlorinated Phencles 0,1 1,3 1,8

ND = not. detected

Table 4. Concentrations of BCDD axd PCDF in flue gas samples in Kitee.
Concentrations are given in ng/N'n3 dry gas and as 'PCDDequ_ {according
Eadon) reduced to 10 $ QO;.

PCOD/PODE~ test test test
isomer 1 2 3
2,3,7,8-TeCtO ) ND D
1,2,3,7,8-PeCh0 5 0,048 T
1,2,3,6,7, 8-HxCDD WD N )
1,2,3,7,8,9-HxDO 1D ND ND
1,2,3,4,7, 8-H<DD ) ) D
2,3,7,8-TeCOF %) 0,675 0,964
1,2, 3,7, 8-PeCOF 1D 0,042 0,057
2,3,4,7,8-PeCOF (5} 0, 061 0,086
1,2,3,4,7, 8-HeCor 10 N 5
1,2,3,6,7,8-HeCLF i) D ND
1,2,3,7,8, 9-HeCDF 0 1D ND
2,3,4,6,7,8-He(DF HD 3 2] ND
TOO—ekv. {(Eadcn) ng/tind D 0,8 1,1

D = nct detectod

The detectian limdts oo chlorinated benzenes and chlorinared phenoles as well as
PUTC/PCIF compouwnds arv 3 - 20 ng/’rln—i and 3,01 ~ 0,20 ng/Nn3 respectively (depending on

rhe 1samer) .

The concera vat wons of ditferent emission compounds are sumariezed in Table 5. Table shows
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metals i3 low.

Table 5. Concentrations of emission campounds in the flue gases in Kitee,
Concentrations are recuced to 10 % O0p.

| |Test 1 | Test 2 | Test 3 l
[Fuel (mixture) Wood chips  |w. waste/MSW|w. chips/MSW|
|per cent, dry 1 100 | 40/60 | 15/85 |
{Particul, mg/Mnd | 64 | 318 | 294 i
lHy (stg) ug/bmd | 62 I 85 | 84 !
icd (stg) ua/Nm3 | 7 I [ | 7 1
|Pb (s+g) ug/Nmd | 13 I 2720 | 272) I
Izn (stq) mg/mm3 | 1 I 30 | 32 I
Fe (s) mg/Mmd | 14 | I |
I i I ] i
N0, pem | 300 i 3s0 1 360 )
|sof pom | 30 ! 100 1 130 !
i ma/tm3 | 4 | 200 1 290 |
] | ] ] !
IClIPh* ~  ug/Nm3 | 0,1 1 1,3 | 1.8 |
|C1Bz* ug. | <0,1 { 0,9 ] 1,1 !
| I i I |
[BAH" vg/Nm3 | 7,2 I 68 I 2,5 |
| | | | i
1T0-equ. ng/Mmd | KC 1 0,8 \ 1,1 1}

* Total sum of different analyzed isamers or compounds.
NC = not calculated

RELATIONS BETWEEN EMISSIONS AND SQME OPERATING PARAMETERS
Seme relations between emissions operational parameters are summarized below:

- the particulate conoentr«:xtion in the flue gases follows the mixing ratijo of
waste and the ash content in the fuel mix,

- the concentrations of SO and WO, in the flue gases increase when MSW is mixed
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 mercury emission was lower than expected, the mercury
concentration in the MSW-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 operational
disturbances.
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CONTLLSIONS
Ny #TO/PDF compounds were found when wood chips alone were burned.

The aadition of MSW into the fuel seems, however, when considering the PAH'S in the
analysis, decrease the sum concentration in the flue gases.

The coocentration of chlorinated phenoles, and especially pentachlorophenole, shows a
clear covariation with the amount of MSW added to the main fuel.

The mixing of MSW into the fuel (wood chi-ps, crushed waste wood) will immediately increase
t}e levels of chlorinated benzenes and chlorinated phenoles in the flue gases. This has
beein shown in Table 2. for chlorinated phenoles.

The leavy retal emissions were relatively low in the experiments. For example, the
reasured rercury ard cadrium emissions were lower than the German TA-LUFT 86’ stipulates.
“he measured emission of 2ink was high, which is typical for gasification process.

Correlating the cbserved concentrations of PCIO and PCOF and related compounds as well as
heavy metals with operating parameters can be done. There seems to exist a "co-variation"
between the gas temperture in the gasification, amount of MSW and abserved PCDD/PCOE con-
certrations. If intemal standards (spiking) had been used in the experiments, the
anaiytical accuracy could have been better. Aiso if more efficient flue gas cleaning had
been used, the emission of PCDD/PCDF-compounds could have been lower.
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