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Development of Circulating Fluidized Bed Boiler for
Refused Derived Fuel

Dal-Hee Bae”, Dowon Shun’

ABSTRACT
Combustion of RDF and wastewater sludge was performed in a 0.1IMWth bench scale
circulating fluidized bed combustor(CFBC). Combustion characteristics of the RDF and sludge
mixture demonstrated stable combustion conditions. Component analysis, Combustion
characteristics was measured before and after the test, and applications for commercial 1MWe
CFBC boiler were prepared . The release of hazardous components such as SO; and HCl was
relatively low values of 50 and 150ppm, respectively.
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Fig. 1. Diagram of circulating fluidized
bed combustor
(1) Combustor, (2) Heat transfer tube, (3)
Cyclone, (4) Coal feeder, (5) Limestone
feeder (6) Solid flow diverter, (7) Loop
seal, (8) Air preheater, (9) Bag filter, (10}
F.D. fan, (11) LD. fan
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Table 1. Properties of sludge and RDF

Sample, | Mois | Volat F.Car| Carb HHV
Wt% ture | ile Ash |"p, [Sulfur] o, [ HC (kcal/kg)
S'f“;‘fge 54 |519] 427 - | 124 |2725)om| 261
Agreultural) 959 | 97.2 | 0.14 | 21 02| 10550
RPF.f.fgaT

munici

unicipal | 009 | 657 | 32 | 1 | 014 | 634 | 06| 6889
A& 1)

RPF from

muniIcIp:

unicipal | 00 | 768 | 222 | 09 | 017 | 769 | 01| 8213
(A& 2

ME1 (5% 5& 298¢ AE: 150kg, PE:75kg, 581X 25kg)
ME2(FU%: F& J9seA AED 100kg, PE:BOkg, &A:20kg)
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Fig. 2. Vertical temperature
distribution during combustion
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Fig. 3. Emission characteristics of major
pollutants
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Fig. 4. Part List of CFB Boiler for RDF
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Table 2. Design Specification of Pilot Plant

CFBC Z¢% (tonvh) NAEF 4
] 2% 2 %(deg.-C) 300
Z71949 (ata) 15
AEAEZ (ton/h) 0.1
Fds RPF
WA (kcalkg) 8000
A AAEANZ (hrsfyr) 1000
Lk CO 300(12)
ppm @ HCI 6 71EbN A
12%602 S02 150(6)
Nox 150(6)
H2S 10
F 3
Cd
Dust @ mg/Sm3 100(4)
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Table 3. Properties of Coal .Lime and RDF

< LIMEST
A3t ANALYSIS l RDF I ONE
Proximate analysis wt % received
M 1038 0.08 0.02
\4 26.74 76.81
Ash 6.81 2223
FC 56.07 0.88
100.00 100.00
Ash analysis wt % dry
Ca0 2545 0.00 49.92
MgO 1.35 0.00 2.00
S03 0 0.00
Ultimate analysis wt % dry
C 73.16 59.69
H 4.11 9.64
N 0.73 0.33
total S 0.65 0.12
HCI1 0 0.50

Table 4°] RDF <29 & 9485 9 oy
238 8 dA=el g FUE M54 2L e
Witk

Table 4. Composition of Lime and RDF

RDF Limestone
Composition | [wt %] | [kgmolkgl [wt %] | [kgmol/kg]
Ca0 0.00 Q00E+0 4991 8.90E-03
MgO 0.00 000E+0 2.00 4.96E-04
CaSO4 0.00 000E+0
CO2 0.00 000E+0 41.35 9.40E-03
[ 59.64 50E-3
H 9.63 96E-3
N 0.38 271E-6
S 0.12 37E-6
HCl 0.50 137E-6
H20 0.08 46E-6
Inert 22.23 6.74
[¢] 742 4.63E-3
sum 100.00 100.00

Table 59 #FAZ71(A/F ratio) 1.4¢ ZHA
AL wo] AartAe A4S APAAS dulst
o JERIGItE, RDF lkg ¢i4of "ot A4A37] %
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€ 10.9Nm%/kg RDFolt}h. olyf A wjrirzke
Table59} #°] 11.4Nm%kg RDF7} €t} d49
AFEE % 50"%, ALAEL 20%, SO 60%
2 Aatgtt 8855 dAAR2oME thermal NOx
o AL Ao ik

Table 5. Flue Gas Analysis

{conv | [kgmal/ [mg/ | [vot| {dry vol |[Nm3
T ) (P | s | )

SOx(8~>802) [ 0600 2.24E-5| 0001 | 52.8 10004 0.005
NO(N->NO) {0.1701461E-5] 0.001 | 50.8 {0.009 0010
N20(N->N20) | 6.050 | 6.78E-6| 0.000 | 10.9 {6.001] 0.001
HC(C->CH4) |0.001]248E-5] 0.000 | 146 {0.005 0005
HCl 0.500 | 6.84E-5] 0.002 0013 0015

4 AN dago] vk diFE IMWth vjte] 2
2= gdagol 60-70% yol Hx gk 2 2y
g9 474 JES&L Table 7] Jepliich 2
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d&4S vehd &4 7P & 42 EAL
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g&aol 2z}t 6.4% 7.5%8 ek AIE B
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Table 7. Boiler efficiency

sofid] yop | oBaS | pegy Q
CO(C->CO) |0.003]149E-4} 0.004 |1534]0.029 0033 :eﬁ) ke/ | e | (REm | otk | tkea/ke| %
CO2 from Fuel | 0983 |488E-2| 2.148 9539 1075 : rEF1 |2 RPF) Rp§ | RPFI ]
CO2 from lime 2.23E-4| 0010 0044 0049 reforence 120815
H20 from Fuel 4.78E-2| 0.861 9337 1052 Environment 203
H20 from air 9.89E-3| 0.178 1933 2178 Conk combustion T TRs e
N2 375E-1] 10517 7337 8268 Unburnt logs -10
Radiati
oz 29262 0.936 5718 6441 lossi%]. 15 Rl Il I
Dry flue gas 0454 | 13621 Incoming dry air| 333 048501 118 118 15
Flue gas 0512 | 14660 14 H20 lal. Fuel 0.0478] 500 =500 | -6.4
Flue gas MW | 286 H20 lat. air 0.0099| 104 104 13
o 2 coal_specific 293 1 -0.93 -1
QoA BAZE Table 69 R &8+ Sulfation/$ 0000} 173 2
EF2 dA9 daAE dAR9 v g mx|E 3 lime. calci/Ca 0009} -133 -13
S5} AlIZEE ANT FAYHE Syt Wy | e | @ o) oo 0
HollAl TAL: WHES o)zl AE0 T Bed drain 1123 [ 0.050 | 742 -7 1-01
1ol ERE = WEHE Y _O{‘-C}‘ BT Gas to baghouse| 453 | 0199 | 557 [05117] -591 | 68 |-75
ﬂ.}.\:oﬂ)""‘f‘ EH’?"E’-Q} 5]7]’ "’H%E‘]ﬂi 51'/}:%‘:}' %3] Desig?o/ri\argin 5 -391 | -5
4
{"_‘ ‘a’?'““ }\}%-%_1 Q"} %LCLE ‘i‘}%oi}g )é }"“k‘“‘f.‘ 3]’ Boiler efficiency 67.70
by HHV (%] :

739 B4 meisteiok 8l7] Wl A9 20%
HoolM  AdAsiE @tk RDF lkg 44
Ca/(S+C12) = 29 o 434 FUFL 0.24kgol
gk ojn} A= 3HE-3lE 0.05kgol™ WHUE F
= 0.2kgo] Btk

Table 6. Solid analysis

-] [ki:]"'/ lk/vg) | Gag/Non) | (N
Ca in fuel 3.09E-4
Ca in linr 2.12E~4
Solid discharge 0,248
Unburnt C 6.70E-4| 0.008
Bottom Ash* 0.2 0.050
Bag filter ash 0.193 | 0017348 17348
Convection pass _ash
Cyclone under 098 9.748
Entrainment 9.948
Particulate emissi (3.995 0.001 | 887E-05 | 8674
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Fig. 5. P&I of the 100kg/h RDF
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Fig. 6. P&l of the Commercial CFB
boiler for RDF
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