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Deep recovery and optimization of waste heat and energy quality
for coal-fired units
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Abstract: In response to significant increase in energy consumption caused by low-grade waste heat and energy
waste in coal-fired power plants, a 350 MW unit is selected as the research object, the Ebsilon software is used to
model and simulate different deep recovery schemes for low-grated waste heat and residue. The operating data of
the unit under two schemes of “organic Rankine cycle (ORC)” and “Heater” are calculated. The energy
consumption characteristics, revenue characteristics and differences are analyzed, and the mechanism and
optimization plan for deep recovery of waste heat and energy are obtained. The results show that, the energy
consumption characteristics of the unit improve significantly under both schemes, and the “heater” scheme has
lower energy consumption. As the organic working fluid flow rate increases, the power generation of the ORC
system gradually increases, but the thermoelectric efficiency of the ORC system gradually increases at first and
then tends to stabilize and has a downward trend, with a range of 6.94%-~7.75%. The organic working fluid flow
rate has a relatively small effect on circulation efficiency of the ORC system. Both schemes are technically and
economically feasible. The “ORC” scheme can bring direct electricity benefits to the power plant, while the
“Heater” scheme is slightly more economical.
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Fig.1 The Ebsilon platform computing model for “ORC” scheme
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Fig.4 Ebsilon simulation convergence under VWO
benchmark operating conditions
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Fig.5 Heat consumption characteristics of steam turbine

3.2 ORC RGFHYBITHH

WL R E 53 th, Ja{H 549 ki/kg, “ORC”
TIEPRCE W ARG ORC RG HIWHLA &
e, RJFEE IR E R H ORC R4
KA R HE THLT ORC RS S AT IRAL AN
6 fias, ORC ZH ik HlA ML L5 1098 A ke
R245fa. M 6 WK1, 78K 4% WA HL LR
N 2 487.07 KW, ORC RAMIKHEN
206.23 kW, ORC RS HIA HAFELIN 7.75%.

AFEAPLLERE q T, ORC RGHIBITHHE
WmE 7 frs. A7 RTEN, BEE AV LR E g K8
B K, ORC ARGk H LD Peva BTG K. ORC
ARG TR S R IAIRE . RDE
VRRSE . IR KIS . FAJRIR R s |
PEREBOR ., A URIREDBAC. WIREROR. K
MRS, W ORC RSt FIIZER K.

AFRAHLLERE g ~, ORC RGHIHHRL
o R 8 Fras. B 8 A, B LR E
3K, ORC R M 2 & F I H i 2k
s, VN 6.94%~7.75%, A HL LR R
ORC RGEIBHRRILME N G5 K 7 ME 8 7]
L, AHLTRMRES ORC R4 I IE
tt, 5 ORC RGUEHM AR BIMMLAA, HILfE
ORC RS itH, fA/ERIMITEMN ORC RYEH)
RO R 1 Th 2




116 F YR A 2024 4%
0.500 MPa 549.203 kJ/kg 0 2487 MW
130.624 C 53 499.765 kg/h
Tt
| 0.500 MPa |381.849 kl/kg
I\/I i 91.082 'C |53 499.765 kg/h

L
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ay
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NS

0.200 MPa

25.008 °C | 250 000.000 kg/h
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Fig.6 Operation status of the ORC system under rated conditions
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Fig.7 Operating characteristics of the ORC system at
different organic working fluid flow rates
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different organic working fluid flow rates
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Fig.9 Operating performace of the heater
in the “ORC” scheme
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%1 FRAFMIN “ORC” HEMMBITITIIE
Tab.1 Operating characteristics of the heaters under
different load conditions in the “ORC” scheme

BAT T4 QMW QMW Ty C TyclC
THA-100%0a 3.30 3.24 91.08 38.00
75%THA-100% 0a 3.30 3.24 91.08 38.00
50%THA-100% Ga 3.30 3.24 91.08 38.00
40%THA-100% g, 3.30 3.24 91.08 38.00
30%THA-100% ga 3.30 3.24 91.08 38.00
THA-100% qa 3.30 3.24 91.08 38.00
THA-70% qa 4,05 3.96 102.95 38.00
THA-50% qa 454 4.45 110.89 38.00
THA-40% qa 479 470 114.85 38.00
THA-30% qa 5.04 494 118.81 38.00

s TEF, MAEBERE THIELT
SR 10 FivR. AFETOUF RAGEFURHAE Qr
AR LE KR AT Qx RIAGEKILE Tvo AR FH K
BE Tye W3 2. KL 10 Nk 2 AT, INFARR 13
AR 2%, RAMEHEEE B EREZ R 131 C,
SRR K FIRE S E] 38 C, SRS Z
IKAEEE R G AT R WL B T oL, i
BB E 5.79 MW, B4t K By e 1l
5.67 MW, MR MIRETARERS, “IMREs” %]
PATR FERR R FH AR A, IR

SHEEIE 9 AT 10 7T 40: “ORC” 7%, ORC
RGFR T MR, BT UINAZA 8O FH 1) #4
BAIRHR D, N 3.24 MW; “In#gs” 7,
RIMEEE IS, BT LUIn#GEs A ORI
HEANEZ, N 5.67 MW,

1.200 MPa|428.179 kl/kg

1.200 MPa | 140.494 kl/kg
101.958 CI71 000.000 kg/h

33.270 'C 171 000.000 kg/h

4
T

0.500 MPa [159.622 kJ/kg

0.500 MPa | 549.203 kl/kg
130.624 'C |53 499.765 kg/h

Ak

‘ 38.000 'C 153 499.765 kg/h
~ LKA R 5

ki

0 5.790 MW

10 “AnAER” ARMMKBFBITEE
Fig.10 Operating characteristics of the heater in the
“Heater” scheme

F2 FERIGEIR “IAR" ARMARESITHIHYE
Tab.2 Operating characteristics of the heaters under
different load conditions in the “Heater” scheme

BT T Q/MW Qx/MW TviC Tvc/C
THA 5.79 5.67 130.63 38.00
T5%THA 5.79 5.67 130.63 38.00
50%THA 5.79 5.67 130.63 38.00
40%THA 5.79 5.67 130.63 38.00
30%THA 5.79 5.67 130.63 38.00

34 HARGFHER
2 T ISR G, RITE BIK A R4

171, “ORC” JrZEes . IR 7K 3 Mlieas,
Ho L ge ] UL B RIS s o IR 7%
SRR K 2 FhURCER o 2 FRIRIE A IR RIS 56
RIS W% 3. W& 3 AILLEH: “ORC” &
B R B e 38 Ji /A, A 39.6 I T/,
KRS 467.3 JiTU/AFE, SRES A 544.9 Ti T/

“CHLRER” T RATEIREE 73.7 JIgu/AE, KRR
467.3 JiTulAF, Was A 541 Fi U/

% 3 RMBEREIIREE
Tab.3 Investment income statement for waste heat energy
and quality recovery

miH “ORC” K% CHIAER” TR
HLALZHZIMW 350 350
BRI R (K (KW h) 1) 7721.34 7721.00
U FFE (K (KW h) 1) 7713.37 7706.19
PR T A/ (kJ (kW h) 1) 7.96 14.81
TLIBRIE(G (KW h) ) 0.27 0.51
SEFI /N 4071 4071
R R 387 720
FRBEEANI (GG £ 1022.7 10227
SRR o 39.6 73.7
SAKE/(at) 467 319 467 319
KT 1) 10 10
RAKEAIT T 467.3 467.3
ORC VR4 MK /KW 206
FEHTHG R HL B/ (KW h) 839 554
B EAR (T (KW ) ) 0.453
B R R RR TG 38.0
ISV &I 544.9 541.0
MERFITITC 703 460
A I O a 1.29 0.85
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