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Analysis of Sewage Sludge Mono-incineration Thermodynamic Calculation
Method in a Sewage Treatment Plant
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Abstract; Sludge incineration, as one of the main sludge treatment technologies in urban sewage
treatment plants, has been widely applied in engineering in China. At present, coal-fired boiler
thermodynamic calculation method is often referred to calculate the key parameters (such as calorific
value of sludge or fuel, composition of flue gas and enthalpy value) in the process of design and
simulation. Thermal calculation is the basis of process design and simulation. As an important part of
process design, modification and improvement of the method is beneficial to improve the accuracy and
rationality of process design and management. There are differences in the incineration process and
management between sewage sludge and coal incineration in coal-fired boilers. The calculation method of
coal-fired boilers ignores the latent heat of water vapor in flue gas, so the accuracy of coal-fired boiler
thermal calculation method needs to be verified. A comparison between the traditional thermal calculation
method and the optimized thermal calculation method was exemplified. The actual state and latent heat of

water vapor in flue gas were not considered when the coal-fired boiler thermal calculation method was
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used for sludge incineration process calculation, which affected the temperature prediction accuracy of

incinerator combustion, flue gas waste heat utilization and flue gas purification. Common range of sludge

water content to be combusted in the furnace in China is 50% —60% . The combustion temperature and

the corresponding inlet and outlet temperature of flue gas facilities were 40 — 50 “C higher when the

traditional method was employed. When the traditional method is used for design and operation, the

deviation caused by calculation should be fully considered in combination with the selection of sludge

water content to be combusted in the furnace.
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Analysis results of sludge as received basis
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Tab. 1

C./ |H 0./ | N |80 | A/ | ML/

VO—L(l 866 C 5.55 H., 0 75
=021 %100 T2 100 Y T 100 T
Oar 3
0.7 1g5) =1.461 m*/kg (1)

TSR 1 kg AW 5 U85 20 L bR 2 R
(N

V,=aV)(1+0.016 1) =2.078 m’/kg  (2)

1 kg API5TRIAES W EE AN

Car 3
Ve, =1.866 14 =0.246 m'/kg (3)
Sar 3
Vi, =0.7 - 20.003 m’/kg (4)
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Vio, = Veo, + Vso, =0.249 m’/kg (5)
22.4 N, _ 3
=28 " 100 +0.79V, =1.170 m*/kg
(6)
po22.4 W, 2x22.4 H,
0718 100 2 x2.016 100
0.016 1) =0.950 m’/kg (7)

1 kg AJ 5 Je AR AT W ) S bR A B
wr.
Vio =Vino +0.016 1(a—-1) V)

=0.959 m’/kg (8)
TR
V,=Vio, + W, + Vio + (@ -1 V) =
2.963 m’/kg (9)

1 kg AW59858 ARBERRAL AR T HRANT -

Quetsar = Qo —212H,, -0.8(0, +N,,) -
24.4 x M, =3 553 k]/kg (10)
T 1 kg AJP05 e X0 W 9 258 S0 7E A0 Ui
t =400 CHrHIA 1K -
h, =V.h) =1 127 k)/kg (11)
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(°C) I A R TR AR
h? = VROZ h?mz + Vglz hON2 + V(l)-lz() h(l)-lz() +(a-1)
Vi g
2 ko, A, o By A3 1 mt SRS 1
kg JROPAEMREE Ry ¢ (°C) IR FARAE, L3 2,
MR (12) 231 1) ST ((°C) MR, I
#3,

R, (12)
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Tab.2  Theoretical specific enthalpy of gas and ash

1/C hGo,/ (kJ + m ™) hy,/ (k) + m™) o/ (kJ +m™) B/(kJ - m™) RS/ (k] - kg™)
100 170 130 151 132 81
200 357 260 304 266 169
300 559 392 463 403 264
400 772 527 626 542 360
500 996 664 794 684 458
600 1222 804 967 830 560
700 1 461 946 1147 979 662
800 1704 1093 1335 1130 767
900 1951 1243 1524 1281 875
1 000 2202 1394 1725 1436 984
3 1 kg NPITREEMEFENESERE (RFT MR 5 1 kg APT5TRERIREERY
RENR(EEHE) HEME A

Tab.3  Enthalpy at temperature ¢ of flue gas produced by

complete combustion of 1 kg sludge ( traditional method)

t/C hy/(kJ - kg™")
100 415
200 838
300 1320
400 1784
500 2262
600 2749
700 3252
800 3 769
900 4294
1 000 4 833

hy, =(Quw+h) x(1-10%) =4212 kl/kg
(13)
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F4 THKESHLEE(p=0.1 MPa)

Tab.4  Specific enthalpy of superheated water vapor

(p=0.1 MPa)

/°C o/ (KJ - kg™") o/ (K = m ™)
100 2 676 2177
200 2 875 2 315
300 3075 2 470
400 3279 2 629
500 3489 2 796
600 3706 2972
700 3929 3148
800 4 160 3336
900 4 398 3524
1 000 4 643 3721

22 HHLR

TR R R OK ZE SR TR I, A R, A
TV R IAE N % = AL AT, ) 1 kg Api5 258
IRBER m AL K 5 370 ki/kg,
AHRLHE, 1 kg A4 Y5 8 58 42 R 58 1 HE JH 4
W
hy = ( Qs +h) x (1-10%) =5 847 kI/kg
(15)
L5 R T K Z8 TR I R iR AR (L3R
5) , NZEEAFBERY HEIRIR E £ =832 °C o i HEIHR
JEE RSB F 75 Y B e SR ) Rl

&5 1 kg NPT EMMRT ERIESIERE t REET
RAENE(RETTE)

Tab.5 Enthalpy at temperature ¢ of flue gas produced by

complete combustion of 1 kg sludge (optimization method)

t/°C hy/ (k) - kg™")
100 2327
200 2773
300 3226
400 3 691
500 4169
600 4 657
700 5160
800 5 675
900 6 202
1 000 6 737
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Fig.1 Variation of combustion temperature difference and

flue gas enthalpy difference calculated by two methods

with water content
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Fig.2 Variation of flue gas enthalpy and steam enthalpy
ratio with temperature (with water content of sludge
interring the furnace being 60% )
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