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Comprehensive performance analysis of solid waste power generation system
coupled with anaerobic fermentation and incineration
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Abstract: An efficient integrated power generation system of solid waste coupled with anaerobic fermentation and
incineration is proposed. Solid waste anaerobic fermentation is adopted to generate biogas, which enters the biogas
burner to burn and generates high-temperature flue gas, and the flue gas heats the steam-water system and the
primary and secondary air through the heater and air preheater in the unit. Under the condition that the heat generated
by solid waste incineration in the boiler is not changed, the energy entering the steam turbine to do work is increased,
thus the power generation efficiency of the whole unit increases. At the same time, according to the first law of
thermodynamics and the second law of thermodynamics, the reasons for power generation efficiency and exergy
efficiency improvement are analyzed. The results show that, compared with the case unit, the proposed high-
temperature flue gas system with biogas combustion can increase the net power generation by 8.69 MW. In addition,
the power generation efficiency and power generation exergy efficiency of the new system has increased by 3.56
percentage points and 9.74 percentage points, respectively. Economic analysis shows that the proposed coupling
system is equipped with an anaerobic fermentation biogas combustion system, and the dynamic recovery period is
3.78 years, which has obvious economic advantages.
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Fig.1 Schematic diagram of the solid waste incineration generator set in case
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Tab.1 The composition and calorific value of solid waste in furnace of the case unit
War/% 1&1*4;&{*‘/ K kgt
C H 0 N s cl K5y W5y )
21.97 1.91 12.78 0.50 0.20 0.30 4175 20.89 6700
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Tab.2 Main parameters of solid waste incineration
generator set in case

IiH HfH
[i] [ % I B (kg 571) 9.26
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FREBH 3.83 MPa/390.01 °C/20.00 kg/s
IS4 (290 0.83 MPa/244.28 “C/1.30 kgls
S8 (290 0.06 MPa/85.50 °C/1.33 kg/s
ZIRBH 5.50 kPa/34.62 “C/14.59 kg/s
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[ P 2 B SR % 19.97
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Fig.2 Schematic diagram of the new type of solid waste power generation system coupled with anaerobic
fermentation and incineration
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Fig.3 The models of the case unit and the anaerobic fermentation and incineration coupled power generation system
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Tab.3 Working medium parameters of main heating surface of waste heat boiler in the case unit and the coupling unit
TH ZIHLH LW
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AR R ERE/(Kg sY) 20.00 27.12
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Tab.4 Parameters of air preheating system of the case unit and the coupling unit
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o JEJ1/kPa 0.83 1.07
%Zgﬁ?gif& BT 244.28 426.36
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Fig.5 Energy flow diagram of generating system of the case unit and the coupling unit
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Tab.6 Exergy loss distribution of the case unit and the
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Tab.8 Investment comparison of the coupled power

coupling unit generation system in case unit
0 H ZHIHLL A DA ek ZHIHLL MEHIE  BEEE
B 46.80 34.59 SRS 2 R4 1.044.00 1.044.00
T 1.21 1.72 WRREAKREE ARG 1404.56 1404.56
R 3.02 5.18 JBLHR 2R G 320.00 320.00
EEAE¥N 1.60 6.32 TS e 51.50 51.50
J R 0.26 3.23 I 5 11.58 11.58
L 0.25 0.48 15 s 53.99 53.99
s 5.97 NIREIELE 6.85 6.85
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BV H AR B 500t EEIEE 273 2.92 0.19
Fz 7 EFESHEKRRE LAt 8187 11071 2884
Tab.7 Basic assumptions of economic analysis ZIKTR 82.40 168.15 85.75
e o B K5 7.36 37.25 29.89
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NP e 56.99 220.77 163.78
i;gzg/h 702.30 &it 4392.64 9216.34 482370
BT AT T 10%45 % 4.5 MRS
woLee 2 AR 0 AR S8 B I R £ R SR
AR H LR AR (G (kW h) ) 0.65

55 A T A A FR LA AR LG, 3B R GERR IR
AR TARIR 41, A5 B INVE SR beds . ik
WERE AN, RGP WAL B S IE
ST R REMSKELN. 2 MRFEPBR LT
XTI G 8.

RS ZHIE R R KB RAE TR
BRI PR B P N . RRAE IS AT AT T B8
KA 10%, Tt RSFIZIT 72000, FREs
JatE s e izt CUF 2 R E %3 2 2RI,
MU A2 4T, R AE e sl I AE 2 R 74
N 0.81471, 23 ik I SR BLE AR H T H AR &
BRI 06181, Bk AR A RS A= HE
3107, ZEPARHE LM EANZ) 0.65 J6/(KW h),
HOOE T LK R Ak 2R 3R 15 1 [ B Ak B 9%, HX
70 JUMRSY, Z2B R Rl AR R R FE B
B xE g 0.75 Jo/(kW )il BT 4535 H 1525 ]
WE AN 3.78 45 1F 25 SR N, Pt
AR IR 7 E R IUE Tk 2] 61 593.64 FI Tt
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BRI RS, — 7 AR 5807 A B R
T3 AAFTE IR & 5 FH L A0 FR o 4 A0 77 AR T =
RONLIR) [P, A4S R AR RS SE i st s 53—l
BE UL R A R, A R A SN
o IHERCR G BEE A R HE A pH AH
B EEAA AT pH ERE. REE pH {HE
2 6.8~7.2, FEAT ATk i [ B 1 RS AL . T/
FE Rl R e 2 1F T P AR B RUEEAL B AT L I
PRIR B AR . HEALIE IR 3 A
AT E AT AL DL

545 g

A — P RS R G R4
ZRGET miRESEEE R R e ERE
R, R PRE I A i SRR T B i
SNBSS K RS DL CHEER
] AR e i LA N 206, MNRE=R . M. &drtEfn
TS A AT b, 13BN SR

DA S RGIREHR Bk F) 23.59 MW,




%1

Fr & 5 PREURRESRBERE G I R 5 B R G os 5 MR RE S B 65

SREINAA RS R G015 K BN T 8.69 MW,
R EBCRIG N 356 H s, HAKHEMEN
31.53%.

2) RILHE RGH, WP BRI, REeHL
KRR G R MU R A Brign: AH L R
H, MEKBRGENLSIABCERSE R T 9.74 H 7,
BANRGMBEER AR T,

3) LIRS Z efh H AL BE 500t [ & AR 2
BT, SRR, B RF MBS EUE
Wil 3.78 4F, ¥ IIME A /DN 61 593.64 JiTt.
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