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Thermodynamic and economic analysis of co-firing dried sludge
in coal-fired power plants
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Abstract: The increasing volume of sewage sludge production in China has created an urgent need for its
harmless and resourceful treatment. This paper aims to tackle this issue by adopting a novel strategy that
integrates coal-fired power plants with a sewage sludge drying system, in this method, the sludge will be co-fired
after being dried. By taking a typical supercritical 660 MW unit as the research object, the influences of moisture
content (10%, 20%, 35%, 50%, and 65%) and blending ratio (2%, 4%, 6%, 8%, and 10%) of the dried sludge on
parameters such as flue gas temperature, boiler efficiency, net power generation efficiency, equivalent net
efficiency of sewage sludge power generation and equivalent net efficiency of dried sludge power generation are
investigated through thermodynamic calculation of the boiler and comprehensive thermodynamic and economic
analysis of the entire system under THA condition. The results indicate that, when the moisture content of the
dried sludge exceeds 50%, it leads to parameter deterioration, and this trend intensifies with an increase in the
blending ratio. Considering all factors, it is recommended to maintain the moisture content of the dried sludge at
50% or below, and if it exceeds this value, the blending ratio should be limited to less than 4%. Blending sludge
leads to a reduction in the exergy efficiency of the system, which is mainly due to the increasing exergy losses in
the boiler and drying equipment. Moreover, the study reveals that the optimal economic performance is achieved
when blending the sludge with moisture content of 20% and blending ratio of 10%, in this case the dynamic
payback period is only 4.02 years.
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Tab.1 Main parameters of the reference coal-fired unit
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Fig.1 Schematic diagram of the coal-fired power plant integrated with sewage sludge drying system
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Tab.3 Parameters of the sewage sludge and coal
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Fig.2 The flow chart of boiler thermal calculation
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Fig.3 The effects of sludge blending on flue gas temperature
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MAEEAZMEML T, MEGRBREEARIEM,
B NT5 YR R KT R B N5 U 1 15 48 16 830 o S
i

4) FEBRR O, BB o i o bl ok,
HEEE BRI RS m, kT ZEP4H
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Tab.5 Exergy analysis results of the unit co-firing dried sludge with 65% moisture content

TiH SHE T, B 2% BheE 4% B 6% Bher 8% B 10%
LA MW % MW % MW % MW % MW % MW %
.~ A 46.55 2.91 93.08 5.77 139.60 8.57 186.18 1133 23271  14.04
s 1583.70 100.00 1552.07 97.09 152044 9423 148881 9143 145694 8867 142531 8596
PSP Nihp i 1583.70 10000 1598.62 100.00 1613.52 100.00 162841 100.00 164312 100.00 1658.02  100.00
{5 Je TR 46.55 2.91 93.08 5.77 139.60 8.57 186.18 1133 23271  14.04
B 82847 5231 84541 5288 86264 5346 88050 5407 89852 5468  919.07 5543
EAL 4358 2.75 43,01 2.69 4251 2.63 41.92 2.57 41.26 2,51 40.66 2.45
R 8.01 0.51 7.94 0.50 7.87 0.49 7.79 0.48 7.70 0.47 7.59 0.46
BHR A 19.96 1.26 19.82 124 19.48 121 19.13 1.17 18.86 1.15 18.31 1.10
I Pl 16.25 1.03 16.17 1.01 16.06 1.00 15.96 0.98 15.83 0.96 15.65 0.94
HIKE 7.44 0.47 7.42 0.46 7.39 0.46 7.37 0.45 7.33 0.45 7.28 0.44
TR A 0.00 0.00 4.90 0.31 9.80 0.61 14.70 0.90 19.60 1.19 24,50 1.48
Lripile 39.60 2.50 39.60 2.48 39.60 2.45 39.60 2.43 39.60 241 39.60 2.39
Mt 963.30 6083 98429 6157 100534 6231 102696 6307 104870 6382 107266 64.70
Pk nh 62040 3917 61433 3843 60817 3769 60145 3693 59442 3618 58536  35.30
&S 39.17 38.43 37.69 36.93 36.18 35.30
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HRAGUIE, KRB A T5 e T3 %
WAMG TR 2.5 P2, HABZ G R AR A
SR 6.

Fz 6 EFUELELRSE
Tab.6 Basic parameters for the economic analysis

BiH Hifh
HEIZATISIE] N/h 7 200.00
TG HLALAE i JE 39 ni2Va 30.00
RS c/(TE (KW h) L) 0.40
TFURARFEANY el (T £7) 170.00
RISV AED F cunPU(TT 0 1) 4.49
TR TR &R0 ) 4.03
JAR PG £1) 580.00
NI iais?4)/% 8.00
EIBATHES R B PR% 4.00

s Cin (JI70) tHEMR:
C,=36-m; -N-c, x10™" +
3.6-Am, -N-p, x10™ + (15)
AP-N ¢, x10*—C, ¥

e con AALETS Y HIAMIG, Jo/mi; N OHLA S
VS ATI A, he Ame A FT59 8 BE BTERUE, Kols:
AP R B RIS Te s > R i, KW s pm KRR
HI RS, Jolt; ce N EREEAY, Jo/(kWh); ¥ NE
BATYHS B %.

RT BRREF

T EhAS U DPP S BT R G AR 4
GrRetE, @ NF
= (Cin - Cout)

= A+ig)”

Ao y NNLHAE G I FEA, 5 Con NES
y EMI AR E, Jiot; ks AR, %.

Bl 11 g5 T 3hAS U Bk V5 e & K 2R 45
FeEMAR L, MW 11 vT 0L, 4750 /KEN 20%
W, A ESE RN, TREF 20% 5 KA, 3
A [N B 5 e B S I T DS, RS 10%
NN, A 4.02 4

=0 (16)

467
B 5 b2 —
45+ [ Bhamay
[ #Bherte%
44t [ Bhamsw M
O Bhem0%

Zh Ml H/a
I
[9%)
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EKE%

11 7SEEEARES R KR RIBREM Ttk
Fig.11 Change of dynamic investment payback period with
moisture content and blending ratio of the sewage sludge

R T HEH T TGRS KR 20% AFSEE
THIRGEF LR, NF T TG, B3
A BES BRI (2%~10%) 45480 15 602.89.
31205.77. 46 778.00. 62396.22. 77 983.78 JiJG,
R e AL BN J5 1) 4 15U 28 P AIA 21 4 640.65.
9341.78. 14 020.19. 18 729.00. 23 428.85 /i Jt,
SRR 4358 4.07. 4.04. 4.04. 4.03. 4.02 4.

S HER

Tab.7 The techno-economic analysis results

TH BheE 2% BheE 4% B b 6% B b 8% b 10%
SRR E R E/(kg s7Y) 10.18 20.36 30.52 40.71 50.88
SR AT 6 15 602.89 31205.77 46 778.00 62 396.22 77 983.78
NERIEY (SEE AN AW 448571 8971.43 13448.33 17 938.45 22419.76
RIS TT 7T 4 640.65 9341.78 14020.19 18 729.00 23428.85
)25 B Hla 4,07 4,04 4,04 4,03 4,02

RAHARAEF RS Z R BB TEA . 15Uk
HRM U S5 R R R, R AR S W KPR
Wiy, 173 0 AR R ANUS U 52 24 Hh BRI . P 12
I 13 5 TG 7K EN 20%. B EH 10%
I, R B AT e A B AUV B B 2 BT YiCRE
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Fig.12 Variation of the dynamic payback period with total
investment cost
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Fig.13 Variation of the dynamic payback period with
tipping fee of disposing sewage sludge
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