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Incineration of Waste Water Sludge and Coal in a Circulating
Fluidized Bed Combustor

Dal-Hee Bae, Dowon Shun, Jaehveon 'Park, Ho-Jung Ryu and, Do-Hyun Parkx*

ABSTRACT

Co-incineration of coal and wastewater sludge was performed in a 0.IMWth bench scale
circulating fluidized bed combustor(CFBC). Sludge was received from a wastewater treatment
plant in a dye industrial complex in Busan Metropolis. Moisture content of received sludge was
809%. Coal and sludge mixture was prepared with weight ratio of /10, 85/15 and 80/20.
Co~combustion characteristics of the coal and sludge mixture demonstrated stable combustion
conditions. Component analysis, incineration characteristics, boiler performance was measured
before and after the test and application for commercial 59MWth CFBC boiler.  The release of
hazardous components such as SO, and €1 was suppressed by the presence of inherent minerals
of Ca, Na, K in coal and shudge mixture. Pre-drying was not essential but it was recommended
for the benefits of manageability of sludge.
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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) I.D. fan
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Table 1. Properties of sludge
As .
ot .
receiv ~|100C 2br
40min
ed

Moisture 82.5 13343 5.44
Proximate | Volitle matter| 12.08 2534 | 51.87
Analysis(%) Ash 542 |2123| 4269
Fixed Carbon| O 0 0
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Table 2. Chemicals used for sewage
treatment
Chemicals Rate {kg/month)

Sulphuric acid 172,476
Iron Sulphate 469,383
Sodium Hydroxide 9,507
Aluminum Sulphate 193,537
Bleach 33,889
liquid oxygen 10,610
Anion 2997
Cation 3,183
Polycrin (A-511) 7
Kurizet(S-307) 31
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Table 3. Ash analysis (ICP-MS)
Element Concentration (ppm)
Li 0.295
Na 4177
Mg 30.82
K 41.15
Ca 3751
V 1.668
Cr 0.0014
Mn 1559
Fe 0.704
Cu 0.049
Zn 0.26
Sr 3.125
Hg 0.0001
Pb 0.0012
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Table 4. Properties of coal and coal/sludge

mixture
Sludge | Sludge | Sludge
Sludge| Coal 0% | 15% | 20%
Moisture | 59.54 | 10.83 | 1347 | 1629 | 1867
Proxima| Volatile 26 | 3058 | 2006 | 2047 | 2825
te matter
Aanalys| Ash 1786 | 486 | 895 | 931 837
is (%) | Fixed
Carbon 0 5373 1 4852 | 4623 | 44.71
Ultimate| € 2798 1 6998 | 6498 | 6479 | 6572
A”(a;f)s’s s | 173|067 | 064 | 073 | 068
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Aol 003%2 Ao vielvx ekgitl Ho
7HAE &42 &3 o ALY Pb
_ _Carbon Flyash<Flyash rate Al 753 5.12 6.81 417
Carbon loss= Fuel rate S 077 | 1405 | 1112 | 1245
o714 Carbon loss: 7}2% &4 [-] P 0.27 0.8
Carbon Flyash; 81381 % &2% 5 [-] S 207 085 396 2,0_6
Flyash rate; 8]4+3] &g kg/h] g égé; ??; 222 gg;
F c AR 29 kg olc : : : :
uel rate 3l #kg/h] ol & o e o3 05
Ni 02 055
Table 5. Properties of ash
Sludge content [%]| 0 10 L Y 0 Table 7 Analysis of ash(XRF)
Moisture| 264 | 144 | 102 [ 1.09 ] 014 i ——
e | 8. . 12 112741 o
Proximate \r/::aainelf 811 1457 | 1212 112 011 Component| \©%0 1| oy [Fyash2 o
Aa‘;f/“)ys's Ash 6212 60.15 | 6168 | 60.84 | 9968 r:/lazg }gg 0"125% 0‘94597 00;3’7“
° Fixed |27.13]2384 | 2518 | 2533 | 007 J ' : : :
Carbon ARO3 162 8.15 122 503
FCloss %) | 25 | 46 | 51 | 47 | 03 géoz ?72§ 5“0-4 02317 8.1
Reference Fly | Fly Fly Fly | Bottom 05 - 229 719 0213
ash | ash | ash | ash | ash SO3 10.1 0348 185 0449
Cl 23 0.0363 115 -
. . . ) 203 . 4 )
st glsh vatgle] 42 B4k Table 6 gg R T e
I Table 7& z+z} ICP-MS9} XRF #dog Too 1_3;3 0'212 166 0'17
A v shese] e JET. Fly Cro03 | 116 | 00886 | 118 | 00611
ash 13} 2, Bottom ash 13 2& zkzb Algl/£8) % ) 023 | oo4ss | 027 )
80/203 ¥4 d4 FH M 28 HYF YT Fe203 167 299 2.4 364
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Table 6. Analysis of ash (ICP)
Compone | Fly ash1 Bottom Fly ash2 Botiom
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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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Table 9. Energy and mass balance for commercial

boiler (excess air: 35%, coal/Sludge: 80/20, Moisture
in sludge: 82%)

Temp. | Solid] Heat | Gas Heat Q %o

[ka/kg | Ikeal/k | kgmoy
K] coall |g coall|kg coal {keal/kgl | ikealikgl

Reference | 298.15
Environment | 293

Coal 1
cormbustion

4964.9 4964.9
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Unburnt loss

CO->C02 AR 299
Cri->C2e 221890 479

C->Co2 000158 146,81

<sum> 154.50 [-154.50] -3.11
CE. [%] | 9689

Fadaton | 1 -49.65 | -496

Incoming dry 316

air 03224 | 40.19 | 402 | 08t

H20 fat. _ -
Coal 0.0192 | 20095 | -201.0 | -4.05
H20 fat. _ _
Siudge 0.0101 | 10546 | 1055 | -2.12
H20 lat. air 00066 | 68.88 | 689 | 1.39
Fuel specific| 293 1 -093 09
Sulfation/S 0001} 391 39
Lime,
caci/Ca 0.000| 000 00
Lime.
specific 293 (0000 0.00 0.0
Energy
Bed drain | 1123 |0.017| 248 25 |-005

Gas to _ _ -
baghouse 403 |0.067 | 1.260 | 0.3475 |-273.75| -272.5 | -5.49

Design 1

margin {%] 496

Boiler
effieiency by| 854
HHV {%)]

A Y FdFES He A A ‘Q*’F%‘
¥ -T—% 825%9 A Axd 2T Fuo g
334% ¢ dWAez Ztz Mu/eEA g vl U—}‘E
ez 29 FId&HF(keal/kg coal), FEE
del HE (% fuel), RY¥Y F&eo W3
59MWth Bdale] daMe/eeA E¥AR)
FF%E Table 109 Yetiith 58 825%
o] €A g e T F5 A ¥ g} 0
e 30%71x] WHEge] wE wdE AgS
876%ANA  836%7x WatslF T ol wet
59MWth 238 7] 98l "Bad 45| 262
—1—51 38kg/s2 W¥3siHch A8 38kg/sd A
£ & Meage 38x0.7=2.66°122 °F 0.04kg/s
o] A7t €87 2748 98 o AEFHE Ao

+

20023 119 129 log sheetol wzw P/\]"‘
BF 5 137]7F 207tone] A eh2 ALREHY
%717} 158tone} A EhS AL &3 T o :"‘Zo“ﬂ
A #Alg £3xe o Hi 60ton HASI. o
g detd £3AE E@gstE AN EIE
F £89A% 14%7t =Hol 43 A4S ot

" watd o)l8FogE AR 7hgo] EHQ
3=

Bz 88§ 8% 3% SOMWth(FL =
80ton/h) E A2 & Table 29 A& zte Hse

o2 4A4g A Me FFFL Table 10904
85/1

2.62kg/s°] 1:} Ael/&e A7} 85/1591 AL WY
Fd daFde  3lkglsolmE  £F  Mege
2.63kg/sel™ 0. Olkg/s.4 Mebo] e AMe 1kg

Z 0.004kge] Aeo] 9 FL A o7 B
del A& F2E BFeA 9ok wekA 20029

112 129 HAZS ZAstA 19 0.004x(207 +
154) = l.44ton/daydl & © Al&sts Aol

ol @43 og A5 &42 vy,

Aze 2242 A didA XJDEA
st gelAle] BaAde o, AYF T
v Hul, JleHeze AW/EYA
& 54 deg Ao B d8TH E}"]«l

EUAEA, daF wits F "—‘.“ﬂ A %%
Qksle) ZHAslojor 3t} d48 825% & =84
#5¢ 4% AN dz¥ 3

60ton/day x(1-0.825)/(1~0.334)=15.76ton/day
15.8ton/day2 ZF€oh. 20023 11¥€ 12¢
2 Adsd  EYdse &8 X
15.8/(207ton/day 1% 7] + 154ton/day 2&7]) +15.8
ton/day sludge) = 42%7F €t} Table 10914
Ael/&eR b7t 956 9 AE 22 289 By
7 4 A3FE 2.72%keg/s7F "ok &4 A
g2 258kg/s7t Hol 23817 0.14kgd] o1& &
et 1kg% 0.05kge] A& H7Zasrt g

Table 10 Heat loss by moisture of
coal/sludge mixture in case of commercial boiler
system

flo 2L JN <o nfu n\l

=
o sk

latent 1y ot toss
Moisture Heat loss Fuel feed
by latent .
content by Boiler rate,
Coalfsl| . Energy of | .
of dge moisture moisiure efficiency | (ka/s,59M
siudge | % |in siudge, | |wih CFB
(%) (keallkg g Boiler)
(%)
fuel)
70/30 [ 1582 36 83.6 3.80
8020 | 1055 2.1 85.4 3.31
, 1. . .
25 85/15 79.1 5 86.2 3.10

9010 527 09 86.9 292
95/5 264 05 876 2.82

100/0 0 0 88.2 2.62
70/30 | 1126 23 85.7 334
80/20 | 751 14 86.7 3.06

334 [ 9010] 375 0.7 875 283
937 26.3 06 87.7 276
95/5 18.8 03 87.8 272
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Table 11. Energy and mass balance for
dryer
Heat Calculation| Solid | Heat | Gas Heal
[kgmo¥/ | [kcal/kg | [keal/kg
kg] | tkeal
Kl | Ikg/g) |Ikeal/kg) kal | mol |

Reference | 298.15
Ervironme

nt 2%

Fue:
combustio i 11,731 11731

n

Unburnt

loss
cC — _

o2 1.426-4 | 67592 | 9.5667

CH4e—CO _
e D0 350E-5 | 212224 | 74215
C—>C02 1.24E-3 ] 94032 | 11648
<sum> 133.48

CE, 98.862

Air 293 20608 | ~3598
H20 lat. R e

e 1.12E-1| ~10476 | -1172

Heo . a20E-2| 10476 | 4403
ol specific| 293 1 -2.6E+0 -2575
Sulfation/S 0 3619 0
fime.
calci./Ca 0 12889 0
lime spe. | 293 0 05122 0
Fan credit 2.06 118 243
Flue gas 1 0E.
ot 423 210 | 91E+2 | -19E+3
Radiction .

1088 1 17.308 173
Design e
margin 1 117.308 173
Dryer

efficiency 07672

Azr)el Alzd T43 FAFAE Fig. 500

UEHA T DryerE S4o2 &9 ghe 2z
712 EolrtrlHel &%y FAE JJERND
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Sludge Dryed
cake
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Fig. 5. Energy and mass balance of sludge
for dryer
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ARy Zl""l e Ri

X

T 423

gasLNm3/ 16295 |kgmol/| vol%
] h

Cco, 188 26
HO0 1839 - 267
N2 4286 589
0. 859 11.8
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