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Abstract Energy production from organic waste incineration provides an efficient means of reducing
fossil fuel consumption. In this study, the combustion characteristics of mixtures of organic waste sludge
and bituminous coal were investigated using an 0.155m 1.D./2.2m high fluidized bed combustor. Sewage
sludge, dye sludge, and fertilizer sludge were used as organic wastes. Combustion characteristics were
analyzed using elutriation rate constants, combustion efficiencies, temperature profiles versus axial bed
height, pressure fluctuation properties, and flue gas compositions for different sludge types and mixing
ratios. Mixed combustion characteristics were affected by the physicochemical properties of sludge.
Combustion efficiency was primarily affected by elutriation rate constant and residence time in the
fluidized bed. Mixed combustion characteristics showed high sludge combustion efficiency was obtained
when mixed combustion was performed using a circulating fluidized bed. In addition, sludges with a

high abrasion rate increased freeboard combustion.
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1. FBC 2. Pre-heater 3. Thermocouple
4. Temp. recorder 5. Press.transducer 6. Power

7. Amplifier 8. P.C. 9. Cyclone

10. Monometer 11. Discharger 12. Compressor
13. Regulator 14. Air filter 15. Flowmeter
16. Screw feeder 17. Hopper 18. Filter

19. Back press. reg. 20. Condenser 21. Coarse filter
22. Fine filter 23. Suction pump  24. Gas analyzer

25. Cooling system

Fig. 1. Schematic diagram of measuring of sub-
bituminous coal spontaneous combustion.
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Table 1. Analysis of Coal and Sludge.

Fuel Sewage Dyeing Fertilizer |Bituminous
Sludge Sludge sludge coal
Density(kg/m’) | 2,818 3.753 1.571 1,393
Proximate analysis (wt.%)
Moisture 6.5 10.6 30.1 0.7
Ash 43.0 31.0 21.4 10.0
Volatile 4.3 13.6 16.3 31.2
Fixed carbon 46.2 44.8 32.2 58.8
Ultimate analysis (wt.%, dry basis)
C 29.2 38.5 58.5 75.0
H 5.4 7.0 8.0 4.8
O 22.4 21.8 20.0 12.0
N 4.3 4.2 13.6 1.3
S 0.6 0.4 0 0.1
Other Characteristics
Heating value
(keal/ke) 3,202 4,002 2,555 7,074
Bui;;%;‘w 819 927 495 372

Table 2. Activation energy determined by Kissinger
and Friedman Methods[11,12]

Method Sewage | Dyeing | Fertilizer Coal
Kissinger(J/mol) | 128.36 201.6 124.3 246.4
Friedman(J/mol) 136.8 211.2 150.7 254.8
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Fig. 2. Cumulative particle size distribution of
feeding sludge.
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Fig. 3. Combustion efficiency of Bottom ash according
to sludge mixing fraction with coal and sludge

type(Excess air 50%, Superficial air velocity
0.344 m/s).
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