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Drying kinetics of sewage sludge and simulation of its co-generation system
with biomass co-gasification
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Abstract: The efficient drying pre-treatment and gasification resource utilization of sewage sludge is one of the
important ways to realize green and sustainable city development. Firstly, the thermogravimetric reactor was used
to study the drying kinetics of sludge. Then, the influence of high temperature-low speed flue gas and low
temperature-high speed flue gas on the sludge drying process was clarified based on Fluent numerical simulation.
Finally, a new type of sludge and biomass co-gasification co-generation system was established by Aspen Plus,
and the thermodynamic performance of the system was discussed. The results show that, the drying process of
sludge in thermogravimetric reactor can be divided into the ascending stage, the first decreasing stage and the
second decreasing stage, and the decreasing stage is the main stage. The water diffusion coefficients of SW-60 and
SW-80 ranged from 6.34x<10-6 to 3.72x10-5 m?/s and 3.69%<10-5 to 2.60x<10-4 m?/s, respectively. The drying
activation energy of SW-60 and SW-80 was 9.55 kJ/mol and 28.25 kJ/mol, respectively, with the increase of initial
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moisture content. In the drying bed, the drying efficiency of high temperature-low speed flue gas is about 2.67
times that of low temperature-high speed flue gas. In the co-generation system, as the biomass blending ratio
increases, the input heat, air flow, low heating value of syngas, yield of syngas and potential of co-generation all
increase. However, the electrical efficiency, thermal efficiency and system efficiency will decrease slowly. When
the biomass blending ratio is 20%, the blend of 30% moisture dry sludge and biomass can produce electrical
energy potential and thermal energy potential of 0.61 kW h and 4.212 MJ per kg, respectively.

Key words: sewage sludge; drying kinetics; biomass; co-gasification; co-generation

I 2 308 L A 3 R 1) AN T R AN 5 7K Ak B 1 T
MRpsEsess, REW TSI 2RI m, i3
2025 Ey5 i B 9000 J3 th, G it
TR TEFEAL . BRIRAL A BRI P 2 e i
ARASIAER. S TR HREE SRR —,
XTIR T Sk T KRRk e A B P, @i Ak
2B AL, Bets LTSI R ER M & ARk . A
e S S A s AT BN 5 Y ) BE R AL
FIFHE, AR JE G656 7K 5 GEH >60%), X
HE BT R B A R B m I REFE, &0
UIKIER STy NN

TR TG VeI e BRSO Rk
TERREZINE, RARKZEISI TR ERA
(FlinsERe. #. b I, KRS &
ANETEER (1T E AT B, thAh, FEXTS RS
[ PR (1 # b e A L R S p S A B
— B AT AR R BIE A, W E S 2 IE )
PRIR IR 2 DA S IR B B 35 s o AR A A0kt
TFVRRHT T, AMUBEHE R RTT IR B AR, R
FEREREE R AR . SR TR TR — TN
FE G RA T7i8:,  ReE B I R T8 e A
Pem AR E D, R TR, m A KRR
SR AT A 2 N B, ERAS
FHR I AR S B B AR L el

IEAh, RF R AR AT e TR AR 1)
SERERR A BEOUARAS T 50 E e . IEAEsk, MRk
TR TR LA B A F0E5 a] R ) s ae Ay A 3 21 T
THE AR 1% (CFD) B TR IRk e . 240
CFD J7i2: G2 I T AEA0L i b L A
WM 20, HorR, Ansys H1H Fluent A2
fif f CFD B4l ) @l el |z B stk i i 2 —,
G ) 6o 22 ARG 1) R PR A B B AR . Vo YR T4
HREEEEREE R, WA RS, a7 AR
LG MEIRRE A EAREGER . B
NBFFR T P& SRR AR 5 Ve T 72
40, Jamaleddinea & A\ BT Wby —Wihy 22 AH 75 1%
ARURLIR BN 77 5 B BRI, 1 K 2R Jig LT 5 2%

http://rifd.cbpt.cnki.net

15V TRV BN AL AL U R, FFIGIE T A AL i
DIE 5 S o B A 1) — Stk

SR, RUSEE TR TR B 5 (3 T 5 e A5 28
TEERSY S s A RAVEAR SR, BT %
A BAEEET AR S, W25 A T2
Ho BIUITERENLA 5 5ei5 T el 5 Y 5
HAhY R — AT AR DO, Hodr, YRS
23 8 5 75 e AT A T 15 B A E
B, B Has CO M CHa Z5 BVl Sk . B4R,
DA SN JFRL I S AR FL O+ iR, (B0
T V8 B AW T B AR = R 2% e (B L
R T AL R I B, ORI Ak,
DRI, 45 6 DAYS YR R AE 0 5 o SR A 7 v B 5 B
o BT DI N IRPLEE R S HL PR Bt R fE LASRAR
IEAESY, SEBUAAEIEGE. o, BT R
IR U AR TR REe L, BT DA D B ot —
A, HE, MR TS Ve S AR T &
(196 A T NI R B i AR A3 21 78 70 BE 7

LAk, EARICT SEIR = S iR R S A A
I 25 B AN GIRLE C AU ZE AR E K1, (=
&4 Rk, SRR 3 B AR N DB B
KA, FESAFIR e 2 #1075 2 2 B A LA 7K R
WIHEAT IR &, TESRIGERMFE, U
BURW R TR R K ER ST, K, EAMNY
SEDIS 5l H @it /N AL R A FI R P P 2
RIC T AETT K AL BT F 38 7 35 e e Ak o g 5 R H
R, AT DA A5 K AR B ) R R RIS,
Ak, Villarini & A& T —/NATLLE ICE R4
HEE G I AEY S AR, IF BT 7 8 Ao
AR ), BRRE AR, #l
P2 R 0 )N 30% A1 60% . PR 1RGP i A = A
[ BRIE v TS PR AT URRBE K, 17 ] B 7= A= )
RE U AT LA ak 21 H ) BRD 78 3B [F) — TR
HAhREIRTHFE R -

gk EATR, B TFHIA S KRS e TR R
SMEE R, BT A SR 2 Fh g R SR R R iS5 U
YERBFFER o B9, FIFAHE R NI T 157k




5% 3 4

e S5 IS Ve T REh oot S 5 AR I S AL LB R e 3

BT IRARAE BN 05 FLIR, BT SRR HB <
TE - J5 R A o675 Y8 AT X I T M B2 1) A RE A e
i, 81T Fluent EEBAIRTE T 2 Pt A Tl
SEAF T TRIR N IR« T KK o 1 o A i
B, AT TR FE o e A BRSBTS 4
RS SH; a, ACEES TREERST
FE 15U S A IS A0 DA B AT FRL )T B A
I R, BRI T A F AV B R ST
PR RGN, XS BRI kAT
VAL, DAHAREEE Ny RIS 30 77 V5 U i R R A Ak
BRI AR A
1 XEMBIE R
1.1 Lt

SR B35 R i B I A S PR R A F A
BFRACAR IR TS V8. K 2 PSS KR IR
60%- 80%[175 JEft fhic y SW-60 Fil SW-80. 51
FES I T8 Jeg iy AR RE AT E HLR &
BIE 1. MR 1 ATURIL: 2 Fhis YR re S E e ik
JREBEBIRIK, 25N 1.47%F1 6.63%; 1K%Y
HIRE, 43 AIA 46.72%F1 50.17%; 2 FHi5YERE M
18 C ' S E/KEMMRER N, —HFEEN
O Al S Jii 7340, ZFE 20 3 H 43 s Fl 1 H 43 £,
I HEEES/KRRIM, O Ml S FEnHa k4%
i%s 2 Py et m i TR A B 4 A 9.78.
10.51 MJ/kg, H&—@E R 1 2 Misieif
HUBUSR &2 8050 3 )9 29.7006H1 41.20%, X i3 H1Y5
Ve LTI I B 7K 2 G N 7+ =
R1USRERTTESH. REUAERENREENH

Tab.1 Proximate analysis, ultimate analysis, low heating
value and organic matter content of sewage sludge samples
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Tab.2 Ash composition analysis and ash fusion temperature
of sewage sludge samples

VR Y e SW-60 SW-80
Fe20s 47.13 42.96
SiO 25.35 28.98
Al03 8.70 7.66
P20s 9.33 8.96
SOs 2.15 3.95
CaO 1.32 2.27
TRERAY Wi% )
TiO2 2.16 2.28
MnO 0.68 0.07
ZnO 0.24 0.11
Na,0 0.33 0.45
MgO 0.87 0.78
K20 1.24 0.98
DT 1070 1240
ST 1100 1260
IRl
HT 1120 1270
FT 1140 1280
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Fig.1 Structure model and mesh model of the drying bed
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Fig.2 Flow diagram of the sewage sludge and biomass
co-gasification co-generation system
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Fig.3 Flow diagram of simulation of the sewage sludge and biomass co-gasification co-generation system using Aspen Plus
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Tab.4 Proximate analysis, ultimate analysis and low heating
value of the dewatered sewage sludge and biomass samples
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Tab.5 List of parameter settings in Aspen Plus simulation
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sewage sludge over time at different drying temperatures
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sewage sludge drying process
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Tab.6 List of main flow thermodynamic parameters in the simulation of co-generation system

Tipe T JEAI(0°Pa)  hHAE JEE /R B/ (kmol L) AR (kg hY) PR EI (M hL)

AIR 25.00 1 1 51.10 1474.36 1 266.64
AIR1 25.00 1 1 613.25 17 692.40 15199.70
CMPAIR 358.26 12 1 613.25 17 692.40 2 696.69
MIXFLOW 687.29 1 0.89 134.07 3164.36 10 709.50
CMIXFLOW 250.00 1 0.89 134.07 3164.36 5833.28
SYNGAS 30.00 1 1 119.79 2561.84 3018.88
HSYNGGAS 585.08 1 1 119.79 2561.84 8551.03
CMBSTGAS 1047.35 12 1 705.02 20 254.20 6 468.52
EXTTGAS 515.27 1 1 705.02 20 254.20 46 231.80
QUTIL 80.00 1 1 705.02 20 254.20 20697.00
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Fig.9 Effect of biomass blending ratio on input
heat and air flow
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Fig.11 Effect of biomass blending ratio on electrical
efficiency, thermal efficiency and system efficiency
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Tab.7 Performance evaluation and comparison of
co-generation systems
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JERE AR % HREI% RGNHEI% SCHR
BT 30.0 64.0 [27]
A 30.0 39.0 69.0 [27]
5k 256 47.8 76.7 [25]
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Fei5e 24.1 54.8 [29]
0 20.7 710 [29]
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