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Abstract: [Objective] The effective identification of irreversibility losses in the thermal systems of coal-fired
power plants is important for improving energy efficiency and enhancing waste heat utilization. However, in
practical operation, the distribution of irreversibility losses is difficult to determine accurately, and the utilization
efficiency of waste heat is still relatively low. To address these problems, a waste heat potential evaluation method
based on entropy generation and exergy loss analysis is proposed. The method aims to identify the weak links in
the thermal system and provide a thermodynamic basis for waste heat utilization scheme selection. [ Methods] A
660 MW coal-fired power unit and a 300 MW coal-fired power unit are selected as the research objects. Based on
the Ebsilon Professional platform, thermal system models of the two units are established according to their heat
balance diagrams and operating parameters. The models are verified by comparing the calculated extraction steam
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flow rates with the design values. Then, entropy generation analysis and exergy loss analysis are conducted for the
main heat exchange equipment in the regenerative heating system. Combined with off-design condition analysis,
the distribution of irreversibility losses and the potential for waste heat utilization are quantitatively evaluated.

[ ResultsIThe results show that the irreversibility losses of the two units are mainly concentrated in the regenerative
heating system. For the 660 MW unit, the main loss sources are the #2 and #3 high-pressure heaters and the #7 low-
pressure heater. For the 300 MW unit, the main loss sources are the #2 high-pressure heater and the #7 low-pressure
heater. The main reason is the large heat transfer temperature difference between steam and water, which increases
heat transfer irreversibility and exergy loss. Based on these results, an energy cascade utilization scheme combining
extraction steam preheating and flue gas waste heat utilization is proposed. The scheme improves the temperature
matching relationship in the regenerative heating system and reduces irreversibility losses under different operating
conditions. For the 660 MW unit, the maximum thermal efficiency improvement is 1.88%, and the maximum
reduction in coal consumption rate is 2.50 g/(kW ). For the 300 MW unit, the maximum thermal efficiency
improvement is 0.47%, and the maximum reduction in coal consumption rate is 1.31 g/(kW ). [Conclusion] The
proposed method can effectively identify the main irreversibility loss sources in coal-fired power units and provide
a thermodynamic basis for waste heat utilization scheme selection. The proposed scheme has good off-design
adaptability and can provide guidance for waste heat potential exploration and system optimization in coal-fired

power plants.

Key words: coal-fired power unit; waste heat utilization; entropy generation analysis; exergy loss analysis
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Fig.1 Thermal system model of the 660 MW coal-fired unit
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Fig.2 Thermal system model of the 300 MW coal-fired unit
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Tab.1 Main design parameters of the 660 MW and 300 MW
coal-fired units

ZH 660 MW HL# 300 MW K141
HE DRIMW 660 300
F7&I5E J1IMPa 24.2 16.67
LFIRIEEIC 566 537
FFRIRHR/(th L) 1840.9 900.9
FHZEIR R J1IMPa 3.93 3.179
FHZERIREIC 566 537
2R IKIRFEIC 279.2 272.4
WA 2L J1/kPa 49 5.1

1.2 #RBYIEE
T SRR R AR TR I HER TR, SR HACF
i B B LA A [F] R S AT R A T BB IE o X
FeHyR S B SHUE, SRR A v .
RS ES s 5 R s % bk 2 foi
2 Rt R B SHEER

Tab.2 Comparisons between the design extraction steam flow
values and the simulation results

; 161202 164688 2.16 80077  80497.55 0.53
% 90125 85878 -4.71 23405  23364.46 -0.17
B

% 201266 201110 -0.08 73562  73797.61 0.32
&

fi} 63790 63791 0.00 28060  28014.42 -0.16
g 57582 57443 -0.24 25344 25496.22 0.60
;; 57132 56354 -1.36 25915  25601.27 -1.21
EI{H: 109326 109503 0.16 54870  55094.47 0.41

. 660 MW HL4 300 MW HL4H

DA

B @i g W it fi gl wmE
(kgh?)  (kgeh) % (kgrh™®) (kg=h't) %

;‘3 149104 151 986 1.93 75 315 76 077.21 1.01
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exchange equipment
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Fig.5 Scheme of extraction steam preheating combined with
flue gas waste heat utilization
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Fig.6 300 MW Unit Waste Heat Utilization Scheme
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