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Performance Analysis of Supercritical CO, Lignite-Fired Power Plant

Integrated with Gas Extraction Pre-Drying System

ZHANG Xuwei, BAI Wengang, GAO Wei, LI Hongzhi, YAO Mingyu

(Xi’an Thermal Power Research Institute Co. » Ltd, Xi’an 710054, China)

Abstract: To improve the energy efficiency of the lignite-fired power plant, a supercritical CO,
lignite-fired power plant integrated with gas extraction pre-drying system is proposed. Firstly,
the high temperature heat carried by the working medium at the hot side outlet of the high tem-
perature regenerator is used as the heat source to preheat the lignite to evaporate the water in the
lignite. Secondly, the working fluid after releasing heat in the dryer enters the low temperature
regenerator to heat the low temperature working fluid on the cold side to reduce energy loss.
Based on the first and second laws of thermodynamics, the thermodynamic calculation model of a
novel high-efficiency coupled system of supercritical CO, lignite-fired power plant and gas extrac-
tion pre-drying system are established, and a comparative analysis is made between the direct-

fired lignite power plant and the lignite-fired power plant integrated with gas extraction pre-
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drying system. Taking the lignite from the Shengli coalfield in Xilinhot, Inner Mongolia as an

example, the calculation is carried out. Results show that the gas extraction pre-drying lignite

can increase the power generation efficiency by 1.50% and reduce the standard coal consumption

rate by 8. 41 g « (kW « h) ™!,

Exergy analysis further shows that the gas extraction pre-drying

lignite reduces the combustion exergy destruction of the boiler by 4. 47%, which increases the

exergy efficiency of the lignite-fired power plant by 1. 34%. And the improvement of system

exergy efficiency is mainly contributed to the reduction of the exergy destruction during the boiler

combustion. The higher the dryer efficiency and the lignite drying degree, the greater the energy-

saving potential of the lignite-fired power plant integrated with gas extraction pre-drying system.

Keywords: supercritical CO, power cycle; lignite; gas extraction pre-drying; exergy analysis
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Fig. 1 Supercritical CO, direct-fired lignite power plant
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Fig. 2 Supercritical CO, lignite-fired power plant integrated with gas extraction pre-drying system
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Table 1 Compositions and low heating value of the raw
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w/ % Qnul.ar[)/
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Table 2 Boundary parameters of the supercritical power

cycle
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Table 5 Thermodynamic calculation results of the

power plants

K
B BB BT
KHARGE THREBRE
PR/ (kg e s D 110. 91 107.55
HL T 3/ MW 660. 00 660. 00
PR 53 L/ % 33.03 40. 49
BT Y 9.33 8.72
TEEMLAT L/ Yo 14. 40
BRI Y 91.76 93.51
PEIR R/ Yo 51. 81 50.16
RERE/ % 46.13 47.63
K AFREMAER/ (g« kW ' «h ') 266.63 258. 22

3.3 EEmMBERERSW

FEF )2 o BB BT B RR AR O & L R G 1A
R AT K H R G RE T ad RE AT T
3.3.1 #EEHH

ELRARE IR R G Y R hE U Bl ok R A&l 4 By
o BB RE Y LA 100 20, A i I R
LB An T E b, B 4 AT A B R OR
91, 76 Y0 .8 A M I A A AR B Bl T 0 2R AT A
RS B RERBFEN 46.13% ., BT
OB I KA B RO O Aok e S R
B B AR SRR . e P R AR A T
R R AR e R IR 2 I A k. TR
LA RS A HE R B 1 T 150, 6 °C L B my HE
R BE 3 A R A HE R BT 2% o7 L ik 6. 9800, AT
FER P RCR AL .

Fpbddi sk
1.26% HAh i
ﬁpdgmjﬁ* 1.41%

R

B4 FA R A I S — AR BRI B R T R S RE T 1A
Fig. 4 Energy flows of the supercritical CO, direct-fired

lignite power plant
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