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Thermo-economic evaluation of using organic Rankine cycle system to
recover flue gas waste heat of a 30 t/h industrial boiler

LIU Yaling', ZHANG Cheng*, ZOU Yiping', CHEN Juan'. LIU Chao*
(1. Sichuan Province Special Equipment Inspection Institute, Chengdu 610061, P.R.China;
2. College of Power Engineering, Chongqing University, Chongqing 400044, P.R.China)

Abstract: Equipment selection and thermo-economic evaluation have great influence on thermodynamic
performance, economic feasibility and environmental impacts of ORC (organic rankine cycle) systems.
Selecting R123 as working fluid, we conduct the main parameters of equipment and thermos-economic
analysis for ORC electricity generation system driven by the flue gas waste heat of a real 30 t/h industrial
boiler. Then heat exchanger sizes and thermos-economic results are calculated, and the operating parameters of
equipment and heat exchanger layout are put forward. The results show that the unit capacity cost, electricity
production cost, payback period, net power output and electricity production power are 23 800 Yuan/kW,
0.285 Yuan/(kW « h), 5.58 years, 91.5 kW and 88.5 kW, respectively. Considering the main equipment and
operation maintenance cost, the system total investment is RMB 3.45 million.
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Fig.1 Overall layout diagram of ORC system
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Table 1 Properties of organic working fluids
W PR/ S g/ GWP
T % St o ODP
C MPa 100 yr
R245fa 134.05 154 3.65 0.000 1 050
R123 152.93 183.7 3.66 0.010 77
x2 HELH
Table 2 Conditions for calculation
S EALEN A
PRI 180 C
RSB 30 000 m’/h
HRH 0.7 —
B R 25 C
W 7 101 kPa
0 SR 82 C
3 ZRE5HH
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AU A B B R T340 75 SRR B 55 L BAGaE T A A A L e DR DR (L e R 2
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Table 3 Parameters and cost calcultion of economizer

24 Bl B fE

T4 B ERB

B
g g4z ND) W (R A

O EE/C 36 109
B EREE/C 109 109
JE 71 /kPa 955.6 939.1

i /W 380 885 610 694
X iR 22 /°C 24.5 32.2
e FA T L/ m* 104.9 135.5

AN/ TT o

126.156
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Table 4 Parameters and cost calcultion of condenser

S8 LACLEl
Biig| L
i O EE/C 65
R /°C 35
J& 71 /kPa 130.5
Hdhim /W 90 0074
Xf PR 22 /°C 19
e R TE L/ m* 43.6
AR E /T IT 74.34

TS ML IR S A AL, D) 38 5 — MR AE 500 kW AR & I FIZEHI T 91.5 kW %t 3R

ORC % B HLZH BE T LA ) 25 i ALt ml LA A S 20 e BIL L (ELHEE 2 4 P S5 20 B AL L 3 28 25 08 AR G 4 il 1)
RO X ] 25 AL o 5 A E AL RS J sl 4 S SRS i, O R B 5 1, AR IR IR B S A LR L R VML A R T
A A8 A3 L AR 22 [ AR A RIRESEBE 1020~ 120 08 THLIE AT

TR AR KRR B0 AR i G2 5, TARPAR A S 1 d B e AR R el iy, T 5
LS AL B A L B AR I, S5 M TR B0 K0, RS B o LU TR AR R i TR R NR 2 1N AIG S iR A B
LT E

x5 BRISHEEMRE

Table 5 Parameters and cost calcultion of expander

S8 Bl
T #Y IR
HELRBE/C 109
R E /°C 65
ik A & 77 /kPa 939.1
t H g /kPa 130.5
JE I 7.2
ik / (kg s s 4.7625
i Ty %/ kW 91.5
AR E /T oE 119.94

xo6 ZBNSHEME

Table 6 Parameters and cost calcultion of generator

e 7 545 K H AL
% L2 kW 88.5
e R BT F/ kW 110
IARE /T T 6.86
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Table 7 Parameters and cost calcultion of working fluid pump

B B
AR EE/C 35
R EE/C 35.5

#E 1T F1/kPa 118.2
tH FE J1/kPa 955.6
JE L 8.1

ik (kg e s 4.7625
FEI %/ kW 3.65
AR/ T TE 11.51

®8 BEHKRSHEBAK

Table 8 Parameters and cost calcultion of water pump

S il

vl LA
W/ m 10
W/ (kg s 27.2
FETI kW 0.68
WA RS/ JT I8 6.65

WMk 9. R 10 iR, HZEETBRGSNBITHEY B, ZRELBIIR N 85.5 kW, B EAE 345 L. #
HRIAEBR 2y 5.6 4, JFILHLB A A (0 10 kW & H I SRHL AN BRORN ¥4 000 48 % 45 72 A tigs B 45 7
TG, XY ORC RS2 13 6 5 0 B S A8 A B i PV I, H s 2 ML A T B AR,

®9 BAZKELE

Table 9 Summary of cost calculation

Tt
T hE A JiEZ B B TR 1% Bt A & FR K R S AL R
126.156 119.94 11.51 74.34 6.65 6.86 345.46

K10 REFREER

Table 10 Thermo-economic indicators

RAEILAR A, BAREEA, BRI R/ it gy / KR/
(E/kW) (JE/kW + h) 4 kW kW
23 800 0.285 5.58 91.5 88.5
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3.2.1 ORC w480 B & A& R A 5 A X

AIEL 1 7R S ORC ISR 008 A PR A A 8 4T A R H 5 8 A 8 e i 5 0 | IRUIL =2 T ) 08 3
Ho Horp R I R AR RE I 5 AL T B K- G N L 28 R B TR SR T A SR AR O IE . e i

EHMETE 2.4 m, & 2 ma BB GIRE 1 P RZE R BOKIE N 3.5 m, KB R E 1 i 3B K &
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Fig.2 Geometric layout of finned tubes
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Table 11 Geometric size of finned tube

S8 Hifh S8 Bl

W12 d,/mm 32 WhHEE fu/mm 15
BEJZ 6/mm 3.25 MR JREE 6 /mm 1
FEm AR S, /mm 85 R AP Y /mm 6
HAm A EE S, /mm 85 55038 BE B/ mm 500

3.2.3 m#HEpJMBZAKRR T AR E

W 12 FR, T B E R o 22 HE, 5 3 iR ie e 5 B HE B I, 28 Rk Br ol 28 HE. ZE L BUMIA
£ 3.5 m, B BIHIE K 1.5 m, AR B B A B TR K EE R 1.86 m, 728 A BT % 2.37 m, B3R B 0 1B AN
FE T AL T A B A K P A R PR L ZE R BURE A R B K B T R . R 2 BUR AR FE N 0.2 m, H
AR I 0RO IR A L DK 4 HE AR B A T AR M T L 3k R R A A TR T SRt 5 0 A A A e AR
I AR R AR A A
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Fig.3 Geometric size of finned tubes across transverse section of the flue

x12 FRRRBERAEENAHTER

Table 12 Geometric size of finned tubeacross longitudinal section of the flue

S8 Bl Bl
Hehoi /W 380 885 610 694
X HCOF #9322 /°C 24.5 32.2
FEE AR/ m? 104.9 135.5
a8 K/ m 947.2 1 223.6
W5 /m 2.1 62.1
BT /m 1.7 1.7
EHER HE 22 28
Y\ e A A /m 1.86 2.73
53 BeBE S /m 0.15

4 & it

K R123 R TJ5T, LA 30 t/h 28 it B S A B R ISORI T g 22491, % ORC & 42 IR 180 “C 4|
AP R E SR G T 0 0 46 1 TR & B Z SR A 25 5 TR b J 3 Hp 3 8 R
AT B IR AR . TR b, fin B B R e T A5 8 A8 o, v 8 R A8 58 U A8 I RS 58 2.4 m,
B2 m RHIEBEK 3.5 my KB 1.5 mo SO R T BRI A 3 R DN, AR A B K i A R v e R R
14 A I 2R A B R T

D) B REALES 1 AR S 23 800 JT/kW , BN & HL LA Ry 0.285 JC/kW « h, 8 5% MR S 5.6 4R, ithi
HT1h 91.5 kW, ZHII% K 88.5 kW,

2) A RS LS T B RN 2K R B, 349 0R FH e O 0 X B 92 R 8 R A 52 U3 R s TR LR
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WEAT R AL s & L HLHEZE T S 20 bl TR MRS R B0, FIBFE W& LSt gip 9t L &
SRR E NRT 345 T,

3) PARB AHGE A BT K E R 1.86 m . 28 & Br TR 2L 2.37 m, Bl 1.5 m K % /K S JRE AN R 2 T AR B Y
KB A B R LEJE L R A RS K BE T LR . 8 2 B AER B EE 0.2 m, B VUK 4 HEBUE B A B
TR B XA B B T R AR R R A A R A AR T R R R R A A A A S A
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