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Synthesis of heat integrated mass exchanger
networks using step-wise approach based on superstructure
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Abstract: This paper deals with the synthesis of heat integrated mass exchanger networks by mathematical
programming approach based on stage-wise superstructure representation. A design strategy was proposed
after analyzing all the parameters connecting mass exchanger networks (MEN) with heat exchanger
networks (HEN). Those parameters were discretized and then combined to obtain multiple options. In
each option, a step-wise method was used. First, MEN was synthesized, targeting minimum total annual
cost (TAC) of MEN by the superstructure-based approach. Second, the HEN whose data were obtained
from the MEN in the first step was synthesized by solving modified HEN non-linear programming (NLP)
based on HEN stage-wise superstructure. Then the TACs of two networks were summed up to obtain
minimum TAC of the whole network in each option. Finally the TACs of all options were compared and the
option with the lowest TAC of heat integrated mass exchanger network was chosen as the best one. Two

examples were examined to demonstrate the feasibility and effectiveness of the method.
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Fig. 1 Stage-wise superstructure for MEN
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Table 1 Streams data for example 1
R; Gi/kges! Y3 Y S; Lim/kges™! X3 X,
Ry 104 8.83X10 ¢ 5.00X 106 S 40 0. 07557 <0.115
R 442 7.00X10* 5.00X 106 S, ©o 1.0X10°°¢ <1.0X107°
Ss oo 0. 001 <0.01
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Table 2 Thermal data for streams in example 1

Stream  T*/K T'/K T!/K T'K C
Jk] + kgl e K1
R, 298 298 288 313 1. 00
R, 298 298 288 313 1. 00
S, 368 368 297 368 2.50
S, 313 — 298 313 2. 40
Ss 310 — 280 330 2. 40
HU 153 152 - — -
Cu, 288 298
Cu, 278 283 — — —

HRSP- 5 B omy SR B E T, B %
AN

S, om = (5.86807 X 1075) X 10% 00T, (5
S, :my, = 1.1907T, — 332 (6)
Sy emy = (9. 386 X 10710) X 10" 021575 %

IR SCIR 2R & 7 ik, &AL Bl v oy
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Table 3 Optimal total annual cost for example 1

Option T, /K T /K Li/kges™ !  saf™  Ly/kges ! sa™ & Plate HEN ATAC of
AOC ACC TAC number AOC ACC TAC combined networks
1 368 298 10.1 0.1136 2. 88 0.0067 89.1 150.2 239.3 33 2.5 8.7 11.2 250.5
2 368 298 20.0 0.0948 2.70 0.0065 83.5 150.2 233.7 33 2.3 8.6 10.9 244. 6
3 368 298 30.0 0. 0885 2. 80 0.0065 86.8 141.1 227.8 31 2.4 8.6 11.0 238.8
4 368 298 40. 0 0.0853 2.85 0.0060 88.3 136.6 224.9 30 2.4 8.7 11.1 236.0
) 368 295 40.0 0.0853 2.57 0.0070 79.4 136.6 216.0 30 2.8 9.3 12.1 228.1
6 368 290 40. 0 0.0853 2.10 0.0076 64.9 122.9 187.8 27 3.1 9.9 13.0 200. 8
7 368 285 40. 0 0. 0852 1. 84 0.0090 56.9 113.8 170.4 25 3.3 10.9 14.2 184. 6
8 368 280 40. 0 0.0853 1.71 0.0091 53.1 104.7 157.8 23 3.7 13.7 17.4 175.2
9 355 280 40.0 0. 0853 1. 38 0.0081 42.7 100.1 142.7 22 73.6 93.1 166.7 309. 4
10 355 280 10.1 0. 1140 1. 34 0.0088 41.4 118.4 159.8 26 23.8 47.9 T71.7 231.5
11 340 280 40.0 0. 0855 1. 09 0.0086 33.9 95.6 129.5 21 99.4 136.4 235.8 365. 3
12 340 280 10.1 0.1144 1. 15 0.0069 35.6 109.3 144.9 24 30.7 60.3 91.0 235.9
13 325 280 40. 0 0. 0855 0. 88 0.0048 27.4 86.5 113.9 19 118.8 169.5 288.3 402. 2
14 325 280 10. 1 0.1147 0. 98 0.0047 30.3 95.6 125.9 21 36.0 69.6 105.6 231.5
15 310 280 40. 0 0. 0856 0. 48 0.0033 14.7 77.4 92.1 17 132.9 179.6 312.5 404. 6
16 310 280 10. 1 0.1148 0.77 0.0050 23.9 86.5 110.4 19 39.6 77.5 117.1 227.5
17 297 280 40. 0 0. 0857 0 — 0 59.2 59.2 13 143.1 226.7 369.7 429.0
18 297 280 10.1 0.1150 0 0 72.8 72.8 16 41.7 78.4 120.1 192.9
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Table 4 Results comparison for example 1 with reference [11]
MEN Plate HEN TAC of
Option T /K T;/K Li/kge+s ' saf™ Li/kges ! say" i combined
AOC ACC TAC Mmber AOC ACC TAC | ioorke
option 8 368 280 40. 0 0. 0853 1.71 0.0091 53.1 104.7 157.8 23 13.7 3.7 17.4 175. 2
(in this paper)
option 1b 368 280 10.1 0. 1150 1. 29 0.0100 40.1 163.8 203.9 36 2.8 10.4 13.2 217.1
(in reference)
option 18 297 280 10.1 0.1150 0 — 0 72.8 72.8 16 41.7 78.4 120.1 192.9
(in this paper)
option 2 297 280 10.1 0.1150 0 — 0 72.8 72.8 16 38.9 85.6 124.5 197. 3
(in reference)
flow rate /kg-s™ 4.2 XH=
g1 ) K - N
l04 R, 0.000883 0’08184kgs 0.000033 0'0%2\9”"5 " 0.000005 A e S — Bl BRI T MEN R4 2
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Fig. 2 Resulting structure for option 8 in examplel
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Table 5 Extra streams data for example 2

‘ . o Stream FC,/kW « K ! Ts/K T/K h/kWem 2+« K!
%% (i@(*g/ﬂﬁ$ 2) 1E§ 112%9 WED{%EE*H H, 10. 0 448 318 0.2
IR TR T ORI J7 58 18 FISCHR 7 %6 2) H. 40.0 398 338 0.2
— _ v N C 20.0 293 428 0.2
AW R HEN s S fesmiem e O om0 m -
" . 5 .
PR STk R A 2. 23 %%,
®6 ZHI_TACHELER
Table 6 Total annual cost for example 2
. TAC of MEN TAC of HEN TAC of combined networks
Option T /K T, /K Li/kge+s! Li/kg e+ s !
/$ eal! /$ eal! /$ ea?
1 368 280 40. 0 1.71 1. 578 X10° 1. 790X 10° 3.368X10°
2 355 280 10. 1 1. 34 1. 598X 10° 2.332X10° 3.930X10°
3 330 280 10.1 0. 98 1.294X10° 2.465X10° 3.759X10°
4 310 280 10.1 0.77 1.104 X 10° 2.707X10° 3.811X10°
5 297 280 10. 1 0 7. 28 X10" 2. 800X 10° 3.528X10°
6 290 280 10.1 0 5. 46X 10" 2.872X10° 3.418X10°
7 286 280 10. 1 0 5. 46X 10" 2.921X10° 3.467X10°
8 279 280 10.1 0 4.55X10" 3.101X10° 3.556X10°
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Table 7 Results comparison for example 2 with reference [11]

) TAC of MEN TAC of HEN TAC of combined networks
Option T/ /K T /K Li/kges ' s29" Liy/kges ' 523" B B B
/% ea! /% eat /% eat
in this paper 368 280 40.0 0. 0853 1.71 0.0091 1.578X10° 1.790X10° 3.368X10°
in reference 286 10. 1 0.1150 0 5.46X10* 2.954 X 10° 3.500X10°
FC,/kWK'! 300.4kW 328.8kW  158.3kW R X RE AR AR 2 HEN 8% J b AR S04 R
10.000 Hi 448K [ 3984K  51333.8Ke; | SISK 65% , KB LA SO R 4. 17 AR A J5UA
J05K %ggK3%K e M ER VLR R N B bR, ASREE I %)
3 ; . e s e S e e 1 . .
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Fig. 3 HEN structure for option 1 in example 2
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Fig. 4 Resulting structure for option 6 in example 2

BK, AFTEB S 5 A e B 2 e A 4 45, L)
LR E 4 R,

FTONASCHRS R S0 [11] a4 R0
P, & 1ML (1] PiEEFRET
(2% H1 350000 $ « a "Ik 3. 7700, SCHK HE i B
XS, MR EE 2 286 K 133 /& fkry MEN 2% ],

84 A AL Hit [] R S ¥ FE I O 10 min, 4 if it
BAHL CPU T Wde THECo . A A T 45 2 3 5 i 1]
HAEH CPU LR T8 By BEvk AR s, 2
B CPUHARH KM AR, B s U1 CPU
B2 N T AR, X R — 5 EYA R
[ 7817 2R, A SCER R 7 0l 5
5 S B 7 M S il 0 A5 SRS A — A AR RO fi
J 22 A~ AT [a] TS SR A 04 5 R, e A 2 4% 5T
AHLRIPERE . i R ARORAR I ], A M TR ER
P[] 7L

5 #

AR SO SR T 23 GO 45 4 JE AR B 0 AL A
L0 20 25 G PR I TR S I 45 [ A A AL
JBe 1) 1 Tt JBE AR i AR % ORI 4 O R O I R MEEN Al
HEN [5G 8, I RS B U AR 2
RIS, AR & T7 R h e R i MEN &5
s FREAT IR BN A R . BT TR A Y
e U . R B 2 A BERE SH], flid
ARG R RN X HEN #4544 80 SR T Bk
JE. dSr NLP Boe e B, i 7R MXMERE . JF 5
JIr it Y 535 P 3 R AT T R A A R S 4]
s AN TSR R 0 2k BE S AT 1) AR A 4T R A B
Fl e AEWIAS SO AT Z A R AT LSRR L 1Y
Zia L AR ST BT 58 o oA fe 28 [R) 2 1A 1 52 BT
T —E WY HE A

5

s i M

A—HmR, o’



55 10 4]

RS . AE M A o P £ R Y o ik S He R 4%

. 2643 -

Cp— HHZE, Kl - kg« K
CU— WA TR A
W, $ e
B B . S o
FC,— #E W, kWK
G— BRI TR, kg s
HU— A HTRES
e FEHEAA R KW om 2 - K
L— BRI BRI kg » s

!
c

m—— T B

N— i B ai B8 A sl 4 A2 2 H
g— AT, kW

R—@E R ES

S— EmBRES

se—— BRI EE , kg Aefit o (kg WO
T— WBREE, K
AT —fLPAR2%, K
T — M Ak i 5 I I 0 1% o U
X—R WM& AW, kg 20 -
B A A A TE R — IR
kg 72t « (kg WM !
Y— @ W A A e, ke Jei - (kg WO !
y—— BN S U R,
kg Je it « (kg B !
4% T -1 5 R R A e 22
kg Ze it « (kg WO !

(kg WADO !

€

TR
[—HUfE TR
lim—# FRAE
out— i LI & W 1 4b 1 2 5
) 4 45 7 (H
t— HirE
HfE 1 B

S

u

TR

CU— KB AMTHE
F— fe P45 9% 1 18] %

HU—# 2 TR

(R0

J— R

i

k——2 %%
min e/ ME
u PR T
v PN
References

[1] Rudd D F.The synthesis of system designs ( [ ):
Elementary decomposition theory. AICRE J., 1969, 14.

(2]

[3]

[4]

[5]

[6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

343-349

El-Halwagi M M, Manousiouthakis V. Synthesis of mass
exchange networks. AICRE J., 1989, 35 (8). 1233-1244
Wang Y P,
Engineering Science, 1994, 49 (7); 981-1006

Smith R. Waste minimization. Chemical

Bagajewicz M, Rodera H, Savelski M. Energy efficient
water utilization systems in process plants. Comput.
Chem. Eng. , 2002, 26: 59-79

Leewongtanawit B, Jin-Kuk Kim. Synthesis and
optimisation of heat-integrated multiple-contaminant water
systems. Chemical Engineering and Processing, 2008, 47
670-694

Bogataj M, Bagajewicz M ]. Synthesis of non-isothermal
heat integrated water networks in chemical processes.
Computers and Chemical Engineering, 2008, 32. 3130-
3142

Du Jian, Meng Xiaogiong, Du Hongbin. Optimal design of
water utilization network with energy integration in process
industries. Chinese J. Chem. Eng. , 2004, 12 (2). 247-255
Dong Hong-Guang, Lin Chih-Yao, Chang Chuei-Tin.
Simultaneous optimization approach for integrated water-
heat-exchange networks. Chemical

Engineering Science, 2008, 63: 3664-3678
Srinivas B K, El-Halwagi M M. Synthesis of combined heat

allocation and

and reactive mass exchange networks. Chemical Engineering
Science, 1994, 49 (13). 2059-2074

Linnhoff B, Flower ] R.Synthesis of heat exchanger
network ( [ ): Systematic generation of energy optimal
network. AIChE J. , 1978, 24, 633-642

Isafiade A, Fraser D. Optimization of combined heat and
mass exchanger networks using pinch technology. Asia-
Pacific Journal of Chemical Engineering, 2007, 2.
554-565

Chen Cheng-Liang, Hung Ping-sung. Simultaneous synthesis of
mass exchange networks for waste minimization. Computers
and Chemical Engineering , 2005, 29. 1561-1576

Yee T F, Grossmann I E. Simultaneous optimization models
for heat integration ( [[ ): Heat exchanger network
synthesis. Computers and Chemical Engineering , 1990, 14.
1165-1184

Du Jian Cff#) . Gao Zhihui (F#E#E) . Chen Li (PR3,
Yao Pingjing (#k ¥ £ ). Mass exchange network design
using simultaneous optimization of composition differences.
Journal of Chemical Industry and Engineering (China)
(L L2, 2007, 58 (7). 1769-1775

Du Jian C#f f# ), Wang Hongwei ( F @t [ ), Meng
Xiaogiong (#/NE) . Li Ying (ZE3%), Du Hongbin (#LZL
#), Fan Xishan (#t %5 11), Yao Pingjing (Bk F 2.
Design of water utilization network with multiple
contaminants based on adaptive simulated annealing genetic
algorithm. Com puters and Applied Chemistry GFEHLS
Ffk22) . 2004, 21 (1. 128-133



