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Combustion Characteristics of Waste Fuels in a Fluidized Bed
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Abstract — The information on the processes of volatile combustion and devolatilization is important in designing and oper-
ating the combustor of solid waste fuels of which volatile proportion in the combustible is very high. The aims were to com-
pare the reactions of the waste fuels having different origin and to sort out their own distinguishable characteriséics that ar
important in designing the FBC(fluidized bed combustor). Waste fuels were selected to examine their characteristicssof pyrolysi
and combustion in a laboratory scale combustor in which a nearly single particle combustion condition was reproduced. Wood,
paper sludge, sewage sludge and RDF were selected and the fuel particles whose characteristic lengths were a few centimeters
were injected into a fluidizing environment of 7 sand in the thermally maintained reactor. By introducing some experimental
parameters such as the rate and the fraction of carbon conversion, the combustion characteristics of the fuels weretlvhecked for
two separated processes of devolatilization and char combustion. Additional experimental work was carried out to determine the
influence of the high water content of sludge fuels on its combustion process. The comminution effects on the combustion proces
of the large fuel particle were rechecked by performing the experiments for the wood particles of various size. The nthanings of
fuel combustion characteristics in designing of FBC were checked and some design strategies were suggested.
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— Fuel properties residence time
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heating value
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gas mixing, volatile and
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Operating conditions
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— Fuel properties
characteristics of pyrolysis  mixing and combustion
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combustion char combustion in the bed
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Fuel Combustor
size of fuel temparatures of the bed and
selection of auxiliary fuel  freeboard

water content control by preheating temperature
drying amount of air

size and geometry of
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Fig. 1. Schematic diagram for the relation between fuel properties and FBC design parameters.
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Fig. 2. Lab-scale fluidized bed combustor.
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Table 1. Equations for the determination of the parameters(g,,, is measured
on CH, base)

Experimental parameter Definition

Rate of carbon conversion(S8c d _
a%E— 8(0c0+ CcotCch)

. . n

Fraction of carbon conversion(%) f = N> 100( %9
. . . n

Mean carbon conversion time(sec)t, = J':) %_N%ﬂ

Carbon recovery(%) C Rec= N x 100( %)
- carbon in fuel

carbon in fuek feXMyye
12

Amount of carbon bumt up to specifi@ = J"o Q(CeotCeo, +Ccyy)dt
time t(n), and total carbon burnt(N)

N = J-‘OEQ(CCO+ Cco, +Ccyp)dt
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Table. 2 Results of ultimate analysis, proximate analysis and calorimetric analysis of the fuels

Dry base
Water HHV -
0,

Fuels %) (callg) Combustible (%) Ash

H N S \olatile Char Sum (%)
Wood 6 4,200 49.8 5.2 <01 <.01 85 15 100 <1
Sewage sludge 74 2,100 17.6 3.0 2.8 <.01 32 6 38 62
Paper sludge 57 2,400 27.9 4.2 0.4 <.01 50 9 59 41
RDF 4 5,600 51.2 7.6 1.4 <01 72 11 83 17
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Fig. 3. Fraction and rate of carbon conversion: dry wood, paper sludge, RDF, sewage sludgg,, 700°C, flow rate 120 NI/min(0.86 m/sec), size : 2 ¢m

fluidization gas : N,, air.

Table 3. Carbon recovery(%), mean conversion timéc(sec)

Case Wood Sewage sludge Paper sludge RDF
Combustion environment Air Fig. 3(a)
T(°C) C_Rec. i C_Rec. t C_Rec. t C_Rec. t
Total 95 113 91 134 92 192 97 93
Pyrolysis N - air Fig. 3(b)

Total 85 151 89 186 90 249 89 124
\olatile 59 115 51 102 50 129 75 118

Char 26 36 38 84 41 120 14 6
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Table 4. Carbon recovery(%), mean conversion timéc(sec)
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Fig. 5. Fraction and rate of carbon conversion: sewage sludge, water O-
67%, paper sludge, water 0-63%, .4 700°C, flow rate : 120 NI/
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Table 5. Carbon recovery(%), mean conversion timéC(sec).

Case Sewage sludge Paper sludge
Water(%) C_Rec.(%) fsec) Water(%) C_Rec. .t
0 89 125 0 89 182
24 87 174 30 98 235
45 99 193 49 94 163
67 96 121 63 97 100
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| Fuel properties connected to FBC design ]
[ l

Fuel properties FBC operating parameters
Volatile/Char contents Residence time
Rate of devolatilization <_—_> Temperature distribution
Comminution Characteristics Fluidizing gas velocity
Combustion rate of volatile and char Fuel particles mixing in the bed

Heat release to bed and freeboard
Fraction of unburned volatiles and char particle transferred to the freeboard

Design strategies to maintain bed and freeboard temperature

Bed Freeboard
Preheating temperature 2ndary air injection
Selection of auxiliary fuel Heat exchanger or water spray
Fuel size and water contents Size and geometry of combustion chamber

Fig. 6. Fuel properties connected to the FBC design.
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C. : concentration of CO, COCH,(CH base) [mol/Nr
f : fraction of carbon conversion [%]
fe : carbon mass fraction from element analysis

F_rate : flow rate [I/min]

HHV : higher heating value [cal/g]
MFC : mass flow controller

My - Mass of fuel input [g]

n : mole number [mol]

N : total mole number [mol]

C_Rec : carbon recovery [%]

Q : combustion gas flow rate [N¥sec]

t : time [sec]

tg : overall burnout time [sec]

t: : mean carbon conversion time [sec]
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