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Experimental Study of Co-firing and Emission Characteristics Fueled
by Sewage Sludge and Wood Pellet in Bubbling Fluidized Bed
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Abstract : The bubbling fluidized bed (BFB) reactor with a diameter of 0.1 m and a height of 1.2 m was used for experimental
study of co-firing and emission characteristics fueled by sewage sludge (SS) and wood pellet (WP). The facility consists of a
fluidized bed reactor, feeding system, cyclone, condenser and gas analyzer, The mean particle diameter and minimum fluidization
velocity are 460 um and 0.21 m s respectively. SS produced from Korea and WP from Canada were examined. The various
mixing ratios of WP were 20, 50, and 80% based on HHV. The equivalence ratio of 1.65, reactor temperature of 800 C, air flow
rate of 100 L min™, and fluidization number of 4 were fixed in the BFB experiment. In TGA, the range of combustion temperature
of SS was wider than that of WP. It represents that the combustibility of WP is higher than that of SS. The BFB reactor
temperature was maintained between 800 and 900 ‘C. CO emission of SS was high because of lower combustibility. NOx and
SOx formation of SS were higher than that of WP since high nitrogen and sulfur contents of SS. CO, NOx, and SOx formation
were suppressed as the mixing ratio of WP was increased. The slagging and fouling tendencies show high in all test conditions.
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Table 1. Properties of bed material

Property Symbol Unit Value
Mean diameter dy, pm 460
Particle density Ds Kg m” 2800

Bulk density b Kgm” 1400
Sphericity [0} - 0.62
Classification - - B

A =] particle density+= 2,800 kg m>o]H, bulk density+= 1,400
kg mUolch 2 Q7o) 44¥ 3 B FYRE F BAel
particle density®} Ho# YEE 7|HFC 2 0.62¢] land sandS
bgsteich EE 5 270) Wt Geldart B [8]o] S
t} 2 Lo A Equation (1), 2)& HIEO 2 A %53
SEO1E A

Remf = V 012+ CEAT_ q (1)

Remf = Umfpgl)p /uq (2)
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Table 2. Ultimate, proximate and heating value analyses of SS and

WP
Fuel | ss | we
Ultimate analysis (wt%, DAF basis)
C 69.7 523
H 7.5 52
N 8.9 0.9
S 0.7 0.01
(0] 13.2 41.6
Proximate analysis (wt%)
Moisture 17.0 8.5
Volatile 53.5 80.0
Fixed carbon 5.6 11.2
Ash 239 0.3
Heating value (kcal kg'l)
Higher Heating Value (HHV) 4,550 4,560
Lower Heating Value (LHV) 4,240 4,280
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Table 3. Reactor specifications

Parameter Unit Value
Type - Bubbling fluidized bed
Temperature T <900
Reactor diameter m 0.1
Reactor heigh m 1.2
Fluidization velocity ms’ 0.2~0.8
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Figure 1. Schematic diagram of the lab scale BFB system (T: Thermocouple, P: Pressure gauge).

Table 4. Experimental conditions

Sampling point

Unit Cl C2 C3 C4 C5
Fuel type - SS (100%) | SS (80%) + WP (20%) | SS (50%) + WP (50%) | SS (20%) + WP (80%) | WP (100%)
Feeding rate g min’' 8.5 9.4 10.75 12.1 13
Thermal input kW 2.7 2.98 34 3.82 4.1
ER - 1.65 1.65 1.65 1.65 1.65
Fluidization number - 4 4 4 4 4
Air flow rate L min” 100 100 100 100 100
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Table 5. Ash deposition tendency
Index Tendency
Low Medium High
B/A ratio <0.5 0.5<B/A<1 >1
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Figure 2. TGA results of (a) sewage sludge and (b) wood pellet.
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Table 6. Mean temperatures and pressure drops at measured points

Parameter| Unit Value

Case - cl | 2| 3] a4 | o5
T0 441 | 442 | 444 | 482 | 444
Tl 7506 | 7533 | 7725 | 803.5 | 7638
™ 7728 | 7752 | 7958 | 824.0 | 784.7
3 7770 | 779.6 | 799.5 | 834.6 | 7902
T4 T | 8879 | 889.4 | 899.2 | 894.0 | 895.6
T5 8324 | 8333 | 805.0 | 8287 | 8369
T6 4114 | 4175 | 4079 | 4365 | 4421
7 260.8 | 2652 | 246.1 | 280.8 | 282.8
T8 273 | 274 | 265 | 341 | 275
PO 237 | 236 | 240 | 240 | 234
pr "™ Tss | 90 | 91 | sa
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Figure 3. Measured emission profiles for the tested conditions.
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Table 7. Mean flue gas emissions at sampling point
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Table 8. Chemical analyses of tested fuel ashes

Parameter| Unit Value Case| Na;0 |[MgO| ALO;| SiO; | K:0 | CaO | TiO, [MnO| Fe;05
Case - Cl C2 C3 C4 Cs Unit wt%
0, 107 | 109 | 104 | 102 | 100 c1 | 817 [3.88]13.28]20.84]2.81 [12.46 123 [2.20 [ 11.34
co, | % 5o 87 | 96 | 102 | 109 2 | 7.16 | 3.68[13.30|22.41]3.03 [ 12.48] 123 | 2.24| 11.56
co 2150 | 1954 | 1059 | 1259 | 200 C3 | 9.17 |3.65]12.50]21.04] 321 [13.02] 1.25 [ 2.36 | 11.14
NO, 9289 | 6950 | 5193 | 3254 | 607 C4 | 8.58 |3.88]13.27]2093]2.95 | 12.66| 1.23 [ 2.27 | 10.72
NO | ppm | 916.1 | 6842 | 513.6 | 3239 | 575 C5 | 6.65 | 1.11]10.74]28.69] 3.71 | 11.52] 0.47 | 1.01 | 29.68
NO, 128 | 78 | 53 | 14 | 32
SO, 2992 | 2002 | 1341 | 641 | 046
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Table 9. Slagging, fouling and bed agglomeration indices for tested

fuel ashes
Case B/A S/A I/'C TA BAI
Cl 1.09 h 1.57h 091h | 10.75h | 1.03h
C2 1.03h 1.68 h 093 h 9.96 h 1.13h
C3 1.16 h 1.68 h 0.86h | 11.88h | 0.90h
C4 1.09h 1.58 h 085h | 11.29h | 093 h
C5 1.32h 2.67h 258h | 10.36h | 2.87h

* Slagging/fouling tendency h: high, m: medium, 1: low



88 oloid) - 7% - B8 - o] 2

Table 10. Unburned carbon concentrations and combustion effi-
ciencies for tested fuel ashes

Case | Unburned carbon (wt%) | Combustion efficiency (%)
Cl 043 99.75
C2 043 99.81
C3 0.41 99.89
C4 0.33 99.96
Cs5 0.30 99.99
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