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Research progress of coal-fired coupled sludge incineration power

generation technology
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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

ok Tk 5317/ % TCE G/ % Qrer,a” %
o M, Aq Va FC, Cy Hy 0y Ny Sa (MJ - kg™) -
Dilie 78.16 54.75 39.13 6.12 25.18 3.88 9.29 2.56 1.59 10.45 (8]
LRl 78.70 52.86 44.62 2.52 26.05 4.19 11.10 2.83 3.09 10.84 [8]
— 45.91 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]
ENYe — 20.21 79.64 0.15 43.37 3.35 32.20 0.03 0.84 13.48 [12]
1518 72.74 67.86 32.02 0.12 15.42 3.08 7.91 0.98 4.75 5.86 [8]
FiapLs 50.00 6.10 59.04 34.86 25.28 222 9.80 0.24 0.26 8.83 [13]
A 7.18 14.02 29.33 56.65 68.70 3.94 — 1.11 — 25.37 [14]
AR 25.40 12.96 32.26 54.78 64.15 4.24 15.82 1.58 1.23 23.53 [15]
£2 REGRMBHREIFES B!
Table 2 Comparison of combustion characteristic parameters of sludges and coals in China!'*
IRPEFFIES AL JHHE 157518 25751k 3575k
KM BEHEF/ (mg + min™") 1.385 1.028 0.648 0.750
K/ C 433.1 234.4 263.4 244.4
PRISIR B/ C 662.1 605.7 739.5 605.9
SRR HR/ (mg - min~!) 0.27 0.16 0.14 0.14
BRER/ % 87.8 45.7 44.6 44.5
Kk FaE AR B (107 mg? + (K? « min) 1) 1.927 4.894 3.192 3.270
LEAIRBETEREFEEL/ (1070 mg? - (K3 + min?) 1) 8.020 7.119 3.052 4.375
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Table 3 Comparison of main elemental compositions between sludge ash and typical coal ash in China(based on XRF analysis)

FTiE 588 %
miH
Si0, AL 0, P,0; Fe,0, K,0 Ca0 MgO Tio, S0, Na, O al
iy AR 52.77 22.31 9.65 6.22 3.21 2.77 1.19 0.70 0.43 0.13 0.02
HiEy5 el 26.71 31.74 16.96 6.80 0.69 13.08 1.08 0.45 2.27 0.47 0.10
TEE RN 44.04 12.59 8.27 14.55 3.42 8.31 — 1.68 4.77 — —
M By e 120 41.47 15.95 0.13 3.53 1.58 1.23 1.79 — 0.85 0.58 —
LA R (21 8.47 5.89 0.09 4.85 0.19 1.21 0.22 0.33 — 0.16 —
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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'®!

1]V EJIECREDIN PIFRLE &7k
[EREEPIN
. UMUK S - ]
5 N i viy v v v ik iRtV
KE/ % B et/ % et/ % et/ %

(kg - kg™) (kg - kg™') (kg - kg™") (kg - kg™")
15 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
35 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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Fig2 Schematic diagram of the sludge shear test during drying'
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i H MG Je HHkB A EE TS R 55 TR T 75 ¢
FEAE ] O BRBEIRE AT, T AEIE WL — T8 O FRA O AR 2%, Bk O B BB AT AR ;@ R E

SR b5 @ 17 U 45 B 0t
N BEBRAL B AR B 1B T5 R
IR kAR TR
et @ IR AHE R ) =2
Ik

IS AR
BHiAKR

JEST R R A A ek 5 ) o5 LA A A
AT Q FSiB bt

7 HESP AR s BRI B 7
WOMEE T T R B BESS K

HH 2 6 AT, A [ BRI & 75 Je A be & rL e R
()38 W 7 SR Bk SN ], Horh 1R TS U8 BB b
XoF By A e AR R R R M S e AR K TR FH AR S
BEAE AT P AEAE AR S 4P 28 ) B0 A 3
o G ) BT S 2 ) R O 401 38 %o B 855 A 0 95 R Ak
HEEOR PR WA ZE R T s R G B ke
) T2 MR8 2 TR,

2.2 HBETREZBIREN AT
2.2.1 RBALAEAR W

DITTLR: 330 MW ks i G822 Tk
TSUEEB B KR A5 & H X BRI L Y 5
WA T R AT, %30 H 5 I A R R 25 4 Bk
R 75%1)75 e 200 v/d, K B ST edl, T i

0.5 MPa M FIZE S TR 5 e B A7 T 150
it @, il B A R AL A, SR AR E R
BRBEA SRR

TAEAFEKET TIE R SEBIERE AP
BB TV FT R M W3 7, b 4 BRI i 4 18
HE T % 8 (R 138.6 vh) |, B b i Rh i IR 1%
THER S, ARG T A S KR TS
Ve BB (B L 3% 8., iR 7 FIEk 8 mI 4, &
BTG IR , ANRRE Tl oG 2 o M (AR X Tk
THERA — AR (H AR BN T 1%, v] WL 4R
15 VeI BRI B AL 1 T S BOSUEAR /N i 5 e 1B 1R
Eb 7 SRR ) LU A AR R 45/ | H 3 7 (R IR e A
PESZ AL/

R7T TRBKEHTFHTRERSRENPHB T FTRSH

Table 7 Proximate and ultimate analysis of coal mixed with dried sludge with different water contents

5iH D OREDE) R E) BE+20% TG HEH30% KGR HE+409% K A5
(MBI 3k ) (W3 3k ) (W3 k)

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 HEAAHTARRR KR TSRS SR E
Table 8 Ratio of dried sludge with different water contents under the same thermal loads
15K E % HURHRER/ (v - h7!)  LBRFEMR/(t- b)) BB/ (- b7 5l 5t/ % PRI 5 L/ %

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 MR EELEEY W

AN [RHRBE L EE T V5 e Y B8 458 I LR L IR Ak 2
RO L OLER 9, 5 TR R E 4w A ALY P 4
B ARG, B A S R B AR AL, AN HE s R 25

a2 7 IO, AR TS Ve A R KA
XFEAR BB A ORI FE RO, Ky TR <
0.1% , Xl YA SR /N T AR5 U8 5 kR
ORGSR TR R D) M 2 il by R 5E
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Table 9 Comparison of chemical composition of fly ash of coal and sludge incinerated at different combustion temperatures

\ JFE A %
FE
Si0, Al 05 Fe, 05 Ca0O MgO K,0 Mn, O,
750 °C K 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 JK it 56.88 27.87 3.45 3.27 0.857 1.17 0.147
— A K 40~ 60 15~40 4~20 2~10 0.5~4.0 — —

2.2.3 FHAMWAFEHARYH

SO, A= B 5575 6 T LA B 7 i R A4S B BT
HHA T KR R TR B ARIAR 37T o 2 4 DI AR 5
XUBCARFARE VRIS S R 7K 309% RO TS5 TR 1B 1R
RAKT 7.35%M0}, BEF V5 R B R E LT, SO, HEHk
JEARRA /N, 32 TRk TR S AR X A, T
TSIRAIB R R 2 SO, HERUR R /N, iR ik
SECURFSE K B SO, HEOHR BE BB IR 5 AN B R Y
B R g, AR B SO, 7R R BEAE i iR A 5 A Ak
VIV SR L . UL, Bheis e Xt 2 SO, HE ik
JERZ I ] Z WA

H T e A BT A0 5 S i, AU
o — B TR s e i bead AR b NO A=
BCHLEE S AL, 2 A AR R FEHE R
RO, BRI R ORI IR B 5T TS TR AR R
ek B TE Yo W HEBCRE M, & TS JE B IR E
<20% W}, i5iesken B NO, HEBoHk B T w3

LT, ZE LAY BUE B 5T 3 AR RE K
TS KR B AR b R B, T NO_ HEBOHk B
BT B K E 40% THUAH 7K 3R 10% T80 NO, HE
TGN 5% , X B 38 o B & BT JE 4B
RH/NT 7.35% 0, NO, HEilc= BEB IR e B M T
B, X AT R 55U /b e PR ZE | ZK S T A
FHAHSE X T HoAth 7 B0 5 e ¥y, o] 38 5o AN TR - B
PAg L, CO mlam it R 4f fie KURA Be e A4 il i
oy P I AT A BRI
224 E4BR_BEHHY W

LB Bt th 3K [ Tl bl X A7 72 Tl 5 K A
AT KIRHEE BRI S, S80S e h A
BEESETEE S, M5 E4EEES LR
HA] B R BURIEN LA 2R HEOEAR . S AN TR
FUCEF AN, ] fig S 8 EYE (PCDD/
Fs) #ibr, FESRITG R P ES RS E5IT L&
10, AT A4y T 42 J@ (40 Zn Cr Fl Pb 48) &

®10 REHEHSRIESESE™

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

wRR e/ ME LREDATE] R E HARFHE bR 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

Horp, G5 ke Ve 4 JB S W HEHE COK Bl A48
AN e S e o /AN N W T B 7 I
JRAE 2w A, X2 DY g kB
Pb Cu Cr fil Ni %55 & JR AP R rp I S 5% B
TEREBE I I Zn T Cd %5 51 42 @ R 43 5% B FE R 0%
I T As Hg Al Se 45 5 5 Jx M 51 45 Jd ) 32 %2
WAERTEINA R BEERE , R ES RS
A HC SRS BT T, iR A He BREHRE T2
30% ,Pb Ui Wk FE R IR ARG 4.3 ~ 4.8 % HIAA

90

e R AT L BT R AR, W25 N
SRR Vs R IR S R E SR S
KIS VRIBEE N 10% B XKLL () & 4 )@
ISARHERCTC B B2, W A Rl i i —
TRV LR R bt R A A I 5 R 3 FhoOr el W T
VA S 4 ) iy R AT il 28 428 G A A A A Y5 R, s il
X TEE A A AR ROR B 4 TR AL A (4N CuCl,
M ZnCl,) 0 I B R bSR3 850 C LAE R
TS BB IR)K T 2 s ARk s i T BE T IR o
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AR, BT B TR IR B SR A TS A R
I T SRR A 208 O i ROBE I 45 T B
JUATRER 1 — S B

TEBRIERE A 15 VR HE be & v RIS Yy v
A1, 3% [ 1 R 15 A0 I A9 HEBORS HE SO, AT Y
GB 13223—2011¢ K HL ) KA 75 Y W HE AR v ) Xt
T B85 AR 115 YL ) (i W ) i = A DG
TR F Ay TREI H St #2 R H] GB 18485—
20144 A= 1 17 3 58 e 45 1l A UE ) VB 0 A 5 HE bR
HEDT R, MR AT IS T H S BRI A TS TR A e
R EFATG Y HE R 5 — b e, A R TR &
TR BE R R R IR &

3 MERGSTRERIERGSHN

TR ERIERR A 75 e TR LR 22 061 43 BT ) b L3
11, Hh ZA BB 29 A% [ 5K RE R s oy 1L BRI
HHYIREBRBEUOETH Y SRR TG
TEBIR H/INT 10% ], 18558 & B LA RsE M AR
AN TG YYITEHE R N . WL RE 4 HL ) 2011
SRR BRI B s e R — TR R R 4T
MBS U (80% ) T-1b 2 7K 36 40% 5 W AF T 1
fbiEle s, TR AR EE S R SRR 2% KL%
BRI RS, 15 HAE 2011—2019 4 i1 Ab
M5 35 AT v, MR A TR R R AT

F 11 REANBKEREFRERIERARRSEI LN

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

[47]

MR T

TiH WiRe R 26 WiRes ) e WRKHTT TR SEEY -2V
HBCHAL i Hike 423 £ R i1
WIS i B A posi e R o R A TEIRRAIR  FEFR AR
HA/MW  4x330 2x330+4x660+2x 1 000 3x650 2x330 630 600
e I WG GBI R IR R RIS I I I
HAl Kt A Pk PALER )™ PRI L™
ARHBL/ (1. d) 2x100 2x125 3%100 9x100 2x100 2x100
SNEE 3 Vb 6 264 4508 6319 15 452 5 600 —
EHI R/ T 6.7 8.3 10.0 30.0 73 7.8
TSR AN T KR, % 30 40 30 30 60 60
TSR B# T BT B#TH  BEETRIL  — —
T TMZES, AR HZER HMZES — —
Bk % 1~2 2~3 3-8 2.66 — <6
A IRA (I6 - T 180 160 — — — —
TR

4 HiENRE

1) BRI 5 75 VR BE e e v 7 0 B ML i
FHEATIOE | ML $5 B8 UAR AN AR 85285 1R
FRAVABERE G5 IR BEBEFOAR A R Z N R, M
HUF R R BOR S . 5380, 15 Tes & 3B & 7 1Y
e LA R B SR Y — 20 T f A AL

2) SRIERR G 15 Ve AL e 1 T v ) T Be W HE TR
WA TR oE 5, IR T X5 IR e AL S KR BIR
HAF T 22800 E G2 — 15 B W HE o San e, JUH
PN e R R R /BB W LS i S R
BEAd AR R e A TR T U PR A S A R s o, AT
PEHFEZHA R v HAE) ™

3) BUA MRS S 15 VR B R i TR B IR 1L
B, AnAn A PRALE i 2R AR R AR 175 2 HE J 55 il 2
TR IER G LR AL B R AR RS SRR Y

4) BRI 5 15 R BE e 7= L2 1) ORI I B A
SRR B E RS R P iC R (G R oT
Ro RO E T E A SRR 5 75 YR SE e K
A SRR B S BN =
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