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Research progress of coal-fired coupled sludge incineration power

generation technology
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(1.College of Energy Engineering , Zhejiang University ,Hangzhou 310027, China ;2.Shanghai Chengtou Wastewater Treatment Co. ,Ltd. ,
Shanghai 201203 , China)
Abstract ; Incineration is widely used as the mainstream way to achieve the rapid reduction and harmless disposal of sludge in China,and
with the aim of " double carbon" emission reduction plan,co—combustion of sludge with coal can realize the carbon emission reduction and
the clean incineration of sludge. However, there are still many problems in slagging,, combustion pollutant emission and technical economy.
The basic physical and chemical characteristics,, water content distribution, coal quality index,and drying technologies of sludge were ana-
lyzed. The advantages and disadvantages of three technical routes of co—combustion of sludge with coal,i.e., direct co—combustion,
co—combustion of sludge dried directly by flue gas,and co—combustion of sludge dried indirectly by steam,were thoroughly analyzed based
on the typical co—combustion projects. The results show that direct co—combustion of wet sludge is faced with poor combustion stability and
low disposal capacity,and the combination of drying and co—combustion can achieve a large disposal capacity and ensure the combustion
stability. Considering the problems of high dust explosion risk and large demand for flue gas in the direct drying of sludge by flue
gas, co—combustion of sludge dried indirectly by steam is a better choice with good combustion performance. Among sludge indirect—drying

technologies , paddle drying and rotary disc drying have high thermal efficiency,low dust production,and small floor area. Due to the exist-
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ence of viscosity during sludge drying, it is necessary to select an appropriate drying model to analyze the heat and mass transfer process.

Based on the operation practice of typical co—combustion projects in China, it is found that when the blending ratio of sludge is well con-

trolled , co—combustion technology can not only ensure high combustion thermal efficiency, but also meet the emission standards of pollu-

tants including conventional pollutants ,heavy metals and dioxins. In terms of national policy, it is urgent to clarify and refine corresponding

policies, e.g. , the pollutant emission standard, power generation subsidy standard, and carbon emission reduction accounting standard, to

promote the development of co—combustion of sludge with coal.
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Table 1 Comparison of proximate and ultimate analysis of various types of sludge and typical coals in China

! Tk #t/ % TLE I/ % Quer,a” PPN
KA M, Ay Va FC,y Cq Hy 04 Ny Sq (MJ - kg™")
T 78.16 54.75 39.13 6.12 25.18 3.88 9.29 2.56 1.59 10.45 [8]
151 78.70 52.86 44.62 2.52 26.05 4.19 11.10 2.83 3.09 10.84 [8]
— 4591 51.64 2.45 25.53 4.17 70.57 4.76 0.78 9.81 [9]
8.15 50.39 44.86 4.76 25.35 4.32 15.24 4.02 0.69 8.19 [10]
84.74 58.46 35.53 6.01 17.85 4,04 — 2.26 0.85 8.62 [11]
81.20 43.46 45.84 10.70 32.08 3.82 — 2.54 1.91 12.10 [11]
Ep3je — 20.21 79.64 0.15 43.37 3.35 32.20 0.03 0.84 13.48 [12]
15k 72.74 67.86 32.02 0.12 15.42 3.08 7.91 0.98 4.75 5.86 [8]
L 50.00 6.10 59.04 34.86 25.28 222 9.80 0.24 0.26 8.83 [13]
it 7.18 14.02 29.33 56.65 68.70 3.94 — 1.11 — 25.37 [14]
WEAR I 25.40 12.96 32.26 54.78 64.15 4.24 15.82 1.58 1.23 23.53 [15]
K2 RETRMENRESESHTED
Table 2 Comparison of combustion characteristic parameters of sludges and coals in China'*"
IR RRIE S 4L R 1 5157 25757 3 5151

FRIRBEHFE/ (mg » min™") 1.385 1.028 0.648 0.750
KR EE/C 433.1 234.4 263.4 244.4
BRI/ C 662.1 605.7 739.5 605.9
SERBE %/ (mg - min™!) 0.27 0.16 0.14 0.14
SMRER/ % 87.8 45.7 44.6 44.5
#H KEEMEIEEY (10 mg? + (K - min) ') 1.927 4.894 3.192 3.270
LR IRBREBERS B (1070 mg? - (K? - min®) ") 8.020 7.119 3.052 4.375

HUGZ AL OLF Fe, Oy, X VAP F15 98 K R v S, 15 Ve B i — e TR, B R P
UNISE S RIS 2l 3/ 8 31l & SO, SFMRME MR
&3 HEFTRMABBEFE KA S EBXT L (XRF 5347)

Table 3 Comparison of main elemental compositions between sludge ash and typical coal ash in China( based on XRF analysis)

A Bt 5 A %
Si0, AL O, P,0; Fe,0, K,0 Ca0 MgO TiO, S0, Na, 0 cl
i eEr A 52.77 22.31 9.65 6.22 3.21 2.77 1.19 0.70 0.43 0.13 0.02
TG e ) 26.71 31.74 16.96 6.80 0.69 13.08 1.08 0.45 2.27 0.47 0.10
TG e ] 44.04 12.59 8.27 14.55 3.42 8.31 — 1.68 4.77 —
A EE e 20 41.47 15.95 0.13 3.53 1.58 1.23 1.79 — 0.85 0.58 —
J YRR (2] 8.47 5.89 0.09 4.85 0.19 1.21 0.22 0.33 — 0.16 —

T B TS Y 55 0 m Bk B X Ee An Al 1 B 1.2 BiRKSEERS

N, THNTSTE R RE 0 3 B B, 20 3 R oK oy 78 &
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DX AR T, ELBR e S iy s AR T fin & 2>
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Fig.1 Comparison of thermogravimetric curves of sludge and coal at 30 °C/min"?
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Table 4 Water distribution in sludge after mechanical dewatering'®!

B ok (1] ok T Ak HERES B K
. BBkE , ,
57k N Bk o8 Ipiss i1 v |pisie v Iiie=wi i v
KR % . Lu /% Hefsl/ % He /%

(kg - kg™) (kg - kg™") (kg - kg™) (kg - kg™)
1% 78.16 0 2.062 56.90 1.476 40.73 0.086 2.37
25 72.74 0 1.563 58.58 1.046 39.21 0.059 2.21
345 74.64 0 1.916 61.43 1.141 36.58 0.062 1.99
45 80.99 0 3.133 73.54 1.077 25.27 0.051 1.19
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Table 5 Comparison of characteristics of main sludge drying technologies in China'**>"]
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PHER A @ 15 Y8 18 5 B H
AN BEREAL AT O RS R
RPN B K R A DA
T ;@ MRS AFHE I S 7 A
BRAE

JOSAE R B AR 2 s @ v TR A
RS  Z8 1;® 5B bedt
BEAKR

7% AP OAS e O BRI D)
WM BT R P R BEAE B K

H 2 6 AL AN [R5 5 Je B8 e R R
(1438 1 3 e AL B AN ] e YR Y5 Y iR
Xof i P R A AR R AN R M R e 5K TR R R
BT R AELE FRARER b 28 3 0 | oo sUA#8
o S5 (R R I o] AR O 401 3 T IR B AR 4 i 11 Ak
BRI R IR ZE R TS R A B ke
B T 2B a a2 TRNA,
2.2 #BETREZBIRENAKZE
2.2.1 JRBEANLABEEAE R

DIHTITHE 330 MW B i i G858 T4k
TFURRB A KA TE T & X BRR LA Y 5
WHEAT RGN, %3 H 5 R Ab BRI A 25 A K
K 75% )75 200 v/d, R B & T, T4 i

0.5 MPa I FIZES; TG TS IR B A T T i5
fiti o, M B P R LR AR, SRS FEN
PR AP B

TAEARE KR T A5 SEBIRE AP
BRAE Tl AT R 4T WL 3% 7, He b B b R I o e R
HE U % JE (HEFETRE 138.6 v/h) |, B b I R %
THERZ R, MHFERAR T, A FE S KRR TE
Ve BB LU fE W3R 8, FER 7 ISR 8 AT, &
Bevg e , AN BRAEL G Tl AT 2 43 AT (B AR 6 15
THERA — @ e AE (AR BE /N T 1%, 7] DL i e
158 E R BRAL A T S B RN T TS T B TR
LU o5 ERRH HG At AR X 55708, X b i SR e e e
PR/

®7 ARESKROTUSRERSRENRE T LTS
Table 7 Proximate and ultimate analysis of coal mixed with dried sludge with different water contents
SH R IG5 T BE+20%FRAGIE HE30% B KRATG IR HE+40% 57K 35
(W3 ) (W3 ) (Wes )
M/ % 6.50 7.31 6.63 6.75 6.92
A/ % 28.15 37.86 28.19 28.15 28.10
V/ % 23.53 48.23 23.69 23.66 23.62
FC/% 41.82 6.70 41.48 41.43 41.35
C/ % 56.03 33.49 55.78 55.70 55.60
H/ % 3.48 4.59 3.48 3.48 3.47
0/ % 4.65 2.50 4.71 4.71 4.70
S/ % 0.36 1.20 0.37 0.37 0.37
N/ % 0.83 13.13 0.84 0.84 0.84
Q/(MJ - kg™) 27.74 15.15 21.65 21.62 21.58
*8 HREARAETTARKRKENTUFRE G ZRBALLE
Table 8 Ratio of dried sludge with different water contents under the same thermal loads
BT KE % SRR/ (1. b)) SEPRREME/ (v ) ERHER /(e hTh) V58 5t/ % PRI H %
20 1.30 137.84 139.14 0.94 99.06
30 1.49 137.86 139.34 1.07 98.93
40 1.74 137.88 139.62 1.24 98.76

2.2.2 WP EEEYH

ANTRMBRAE IR B T 5 U8 1 R 6 I s VR RS I 2
RO LR 9, 75 e b R 24 R E ALY TR 4R
Er R ARA, B A B B AR AL, AS B I e ph 285

BB, d13R 7 ml, TS e Ao i KA
XA, BB A SRR L RO, B o3 b TR JEE <
0.1% X R AH AR /N, T RIS IR F KRR
eIV, 5 IR B TR R ) S 25 R 4t
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Table 9 Comparison of chemical composition of fly ash of coal and sludge incinerated at different combustion temperatures

) 54 %
B
Sio, AL 0, Fe,0, Ca0 MgO K,0 Mn, O,
750 °C Kt 51.57 20.22 3.60 12.35 0.858 1.01 0.136
800 °C JK it 61.44 23.59 3.29 2.98 0.850 1.24 0.124
850 °C Kt 56.88 27.87 3.45 3.27 0.857 1.17 0.147
— B 40~ 60 15~40 4~20 2~10 0.5~4.0 —

2.2.3 FHAEKFEMARYH

SO, A 515 6 T B b A B it R 045 B ]
HAS B KR BRI TR B R <3 3 45 s WA 5
XA F 5T & B 7K R 30% BT 15 R 4B TR
FART 7.35% 0, B & 15 R BHR LT, SO, HEsk
JEARARA /N, T2 TR B AR A R, TH B
15 IRB PRI 2 SO, HEE BN, IR 1
LUV KB SO, HEBUH BE B IR S AR
B B P A LA SO, AR AT RE7E i iR vt 5 48 4k
YL SR L . L, Bheis Xt 2 SO, HE i ik
B AT AT

T e A T A0 TR AR A e, AT
F o —m TR s e bead A2 v No A
BCHLIE 5 HEARRL, 2R A AR & BN R
SN, AR R DR YR IR B ST TS TR B R
beat B rfois g W HEBCRE I, & TS Je B IR L)
<20% B, 15RBHE RS NO HERo® B 0 i %

BT, ZEFLAEDY BUE B 5T 2 AR K
R TSR FEARA e IR, il NO HERUHK
T B KR 40% T AR 7KK 109% T80 NO, HE
TGN 5% , X BOHEEE" ) 8 i IR & BTG e B
RN T 7.35% ), NO, HEjik i B 8 1 tb L+~
B, X AT RE S5t /b i IR 3 K 5 5 R M/
FHAASE X T HoAl 5 V5 Yedy , ml 3 o AS TR - B
DA, an CO nT 3 i K47 e KRR be e A ds il , T
2B T 3 2ok A AR BR A BB
2.2.4 EABREXEARDWH

PR BE R T 3 T e XA Tlk v5 K i HE
HAEEKIEHE SRS, S EOR 5 e A 5
AERSBE SRR, MG RPESBEBRESR
Tl e R EURIENLA &R HEBOEAR . T3 ANE T
FUCE S B AN S, ] fE 5 8 U ESL (PCDD/
Fs)#br, REMTHGRPESE SRS E
10, T34 T4 J@ (10 Zn Cr A1 Pb 45) S b A e .

£10 ZEHGSEAESRSES

Table 10 Concentration of heavy metals in municipal sludge in China'*" mg/kg

HE R e/ MHE CAIDA L S IN| HARTHE FrifE 22

As 0.78 19.90 269.00 25.20 26.80

Cd 0.04 1.74 999.00 18.20 109.00

Cr 20.00 85.30 6 365.00 259.00 714.00

Cu 51.00 223.00 9 592.00 499.00 1 131.00

Hg 0.04 2.18 17.50 3.18 3.13

Ni 16.40 46.20 6 206.00 167.00 719.00

Pb 3.60 83.60 1 022.00 112.00 134.00

Zn 217.00 1 025.00 30 098.00 2 089.00 3 819.00

Horbr Gy ¥ kM 4 8 S W R K 4%
PRl S s Bl S HEA RS, AR 2 48 & 4
RSB, XA FFED R LB
Pb Cu Cr Ml Ni %55 4 J@ MR e FE vp K4 S 5% B8
TEFERE I, Zn 1 Cd %5 5 45 J&@ 0 40 5% BR e 55 e
4 A1) As Hg HI Se 25 oy ¥ e 4w ) R
AR BRERE SRR T REe RS
AH LG SRR T T, AR A He Bi s ik L2
30% ,Pb W FE A IR 4.3 ~ 4.8 5%, HIAA
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4 JE R BT AL BT R AR, W 25 X L
SRR ISR B RS IR S R AR O,
RITGIRIBEE A F 10% B}, %HRIEHLA B T 4 s
IRFRHERL TG SR N A s i i —
FEUE S Pl R R A b ) 3 Apor L X
Sk g o R AT B R A B AR A5 U, I
Xof WA A A ASOR ) 4 JE AL S (1N CuCl,
Al ZnCl,) P JE i HE R bR B 25 850 C LA L
UEFE RIS T 2 s AR be s il T BL nl BAIL et
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TERRIERR A 15 Ve 3 bk B B AR s e W 45 il O
11, TR W 2R Hh 5 AR L %) HE RIS HE SR 1 BA T Y
GB 13223—2011¢ K L] K75 G Wy HE b ) Xt
TG VRSB R P T G Wy (T S ) Bl = AH OCHE
TR FB A TR H St #2 R GB 18485—
2014 A= T 17 3 4 s 45 i s 1 ) AR A G HETBORR
WEDT DRI, MR AT OGS A B RR A TS TR AR e
KA Y HE ) G —br e, A R TR RS
15 BE e R BRI B

3 MRBESTRERRIERGISMH

FRIERIERE A5 Ve TR LR 22 B 3 B 6T HE L2
11, HA ZABE B 20 Ak [ 5 e R s oy 1L BRI
BEYFRREFEBEIIE Y SRR, TG
PBIR H/INT 10% 0], 85 A B HILZE RS e PE R AR
AN TSR N . WL RE >4 2011
SRR R G5 e & F — 0 TR SR IR T
FEALEHE TS TR (80% ) T4k 2 & 7K 3K 40% J5 It 47T T
fRi5le , TRV BES AR ] B SR Z 2% KL%
AR RE 2 B AE 2011—2019 4F R4k
M5 35 AT t, IREEALAE A TR R TERICR R AT

F11 REHARNBERETSREREIRERGHEARSHI L

Table 11 Comparison of technical parameters of typical co—combustion projects of coal with sludge in China

[47]

WiH WiRg 24 WiRgz ROILE T wRERT BT SE=Y 3V
NACE GV
AL Hinie Wine R S g = fig
VAR S GBS TP SR R R TERAR  PERR AR
/MW 4x330 2x330+4x660+2x1 000 3%650 2x330 630 600
S8 Wil 5 Wil 5t/ Bl 5 B R I Wil Wil 5 DIAlE
e 4 4 S 2N P P P
HREHEL (1 d7) 2x100 2x125 3%x100 9%100 2x100 2x100
it H %%/ 7170 6 264 4508 6319 15 452 5 600 —
RN R/ TT 6.7 8.3 10.0 30.0 7.3 7.8
HIAYEIKE % 30 40 30 30 60 60
T A BTN BT B& T EETAL — —
T RZES HIZER HRIZES HRZER —
BRI/ % 1~2 2-~3 3~8 2.66 — <6
B A/ (T6 - ) 180 160 — — — —
BRI

4 HERRE

1) BRIERE 5 5 D8 58 b8 e v 75 20 A ML 4L i
AT | L5 BB AR MR 7 A B 1A
BRI G5 DS B H AR B BN R, 1
BUNZEBOR RS 3 80, 15 TeRE 5 5B 8 2 1Y
S A AN bR v B E R BOR At — 22 B A4 fe

2) RIS 5 15 R L e A b 1 T Qe HE bR
HEA FFota , T A X {5 AP AP 5K R BIR
A TS HOH R G — 15 Qe RO S bn ofis, JUI
Je BN HERmAETTRY) . S5 IR AT g
e i P TSRt 7 PR AR LB v AT
PEREIZE AR T HAE

3) BUARIERE S 15 e SE b A B TR B IR 1L
B, Ay 7 PR =5 28 R MR 75 G HET S5 i 42
TR RS TR G SEbeAL R AR R A SR AR Y

4) JRBERR A T DR R R AR 1 RO AR i H AT
S0 R R DS IR A B o8 o LS B 7 S SN T o
AR H E AT A XA 5 75 TR AR B IK
BB IREA HTFBO BZ
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