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A Constrained Multi-objective Online Operation Optimization Method of
Collaborative Distillation and Heat Exchanger Network

GAO Kai-Lai! DING Jin-Liang!

Abstract To solve low separation precision and high energy-consuming caused by lacking of collaborative operation
optimization between atmospheric distillation unit and heat exchanger network, this paper presents a constrained multi-
objective online collaborative operation optimization method based on surrogates model. To solve the problems of time-
consuming and constraints in operating parameters collaborative optimization of distillation unit and heat exchanger
network, the Kriging surrogate models are built to approximate each objective function and constraint, a classification
surrogate model based on random undersampling and Adaboost is presented to solve the class imbalance of convergence
prediction problem. A model management method of surrogate models based on multi-stage adaptive constraint handling
is proposed. The method uses the maximization expected improvement and probability of feasibility criterion updating
mechanism based on the reference vector activation state to balance the diversity and feasibility of the population at the
early stage of evolution. The convergence rate is accelerated by using lower confidence bound criterion update mechanism
dominating the reference point. By constantly interacting with the mechanism model to online update the surrogate
model, the online operation optimization is realized. The efficiency of the proposed algorithm is validated by the results
of benchmark functions and simulation example.
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Fig.1 Flowchart of atmospheric distillation system
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Fig.2 Diagram of the proposed algorithm
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Fig.3 Collaborative operation optimization framework of atmospheric distillation column and heat exchanger network

3.2 RUSBoost {185l

R 2 R R 2R A eSS N ) i — A A
() 2 T AP 43 2 100 8, LA ) 24 330 ) ) A A A
TR R P AE A LA B O, M AR AR GE i) 43 4R
TR 26 BRI A EURR P, A SOR H BEBL SR A
## (Random undersampling, RUS) > 5441 £
FEASE. Gl OB AEAR A oA, BRI AN
i B, SR Adaboost £ 5 > 7 R4 fE Y
Bdm S 4 2R, RUSBoost (Random under-
sampling boosting)"! f) FL{A K # AL BAE A 1
. Z R EEEACA: 1) SR ALK R
RIS YN GEREA AT AL B, PR DB R A
BN WAE 73 &~ s N S B O T 6 SN
WG ARBER T A 2) WP R 2%
1) 55 73 S 25 LI 5 1R R TR B g MR A AL, A
SRAEATII A, D FRARHAE AAE; ez, ansR T
DA 58, I IZAEAA R, AR YR R UIZR

E% 1. RUSBoost RIBFEAIHFE L

5@)\ UH%?&TE% (CCl, yl)’ ) (mma ym)v %%’J

Y| =2, ERKET.

S B H (2) = argmax,cy Yop, he(@,y)-

log a%
1) WAL GRREAAUE, Dy (i) = =
2)fort=1,2,---,T do
3)  BEHLICRAEXS I 4G ISR g5t AR e T 2580
TALRE, - S AR S, s fiich DY
4) P850 Ean o R AT N 2, d A2

FEA S, FIRUA D,/

5) HiHRIEEE A X XY — [0,1]

6) FETHEA S FrAE D, tHEPUR REUE:
Et = D i)y De(8) (L=hu(zi, yi) + (5, y))
7) BUHTAUHE: oo = 5t/(1 - 5t)

8)  WRFEA N

Dt+1(i) - Dt(Z) . at%(1+ht(zi¢yi)*ht(:Ei,y:y?éyi))

9)  H—1k:

D1 (8) < Diyi(i)/ Zs, Zy = 32 Diya (i)

10) end for

4 SCLGIGIE

R SCRE A 1 0 R 5 5 s 2 TR S5 4 0
2R AL ATy T, SR PR A AU 2
G [ S ARAE (RK-CRVEA) fTERE.

4.1 FRENR RS

AR CF 5 91 24 S A A o 0 3L ) A
Fii) CF1~ CF5 AT 550 X T CF &5 1
A, BB 2, RS EAEIE YN 10. 1%
LA T By A T 5 1 AN R AR PR Y 2 SR
A, QAT AT IRANIESE . AHLN, W AT AR DS, 4R A
e i T ol A7 R4 He k. 4% CRVEAN fi EI-
PoF IS {5t H S SR B IEAS SO v A k.
1, CRVEA B3 S REECAY, fRfb i fe bR
I ESE R BOEAE A B PEBE. 5995 EL-PoF 2T
Kriging ACHEB A RILALINE, RN BRALITE
AR i A LA A0 vl AR 25 o DO AR 5 5 ) QAR R B L
(B SHEDP S SUS
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1) RK-CRVEA fiI CRVEA ¥l S50k & 4
Mg n. = 20, L XMEH p. = 1, #=H SR
B E RS o = 2, % mE HE MR
fr = 0.1, FEER/INE R 50, 27 ) &N A 49.

2) RK-CRVEA #il EI-PoF A S50 -
WA WGAEASREEECH K = 11n — 1, H n Shyik
KA EYENE, IR AR R A A 105.

3) RK-CRVEA %%k &: CRVEA Xf{CHAH
R A KRB AR B R 20, k-means F375 AR
BH 5.

4) Lk A B R BT ECH 300 K.
4.1.2 THNIERR

A SCOR A e AR (Inverse generation dis-
tance, IGD)22) 4545 3 DAk BT 42 5035 19 Uz S0 A
oA PE. BRI IGD {Hlk/)N, RIIZEE RS W
Pareto VR TH 5 H LRI HITAA BEBGS. IGD & X

LU ,
> dis(z, Q)

Hrp, P 2 ESE Pareto BT LY SIS
%R, Q RESKRS B Wil Pareto L fR4E,
dis(x, ) FKnFH I Pareto B W H AT &L« F] T2
Pareto S L4 Q 1 TA AR 1 B/ MR FG I 5.
4.1.3 ZLWERKRSH

St A R A RK-CRVEA. EI-PoF #l
CRVEA = B i54T 20 W EAT SL 58 0F
78, MEREVEM 4RSS IGD mGE T (E AN 22 5% 1 fr
. B> FRR LR IGD AR X B, B
HE T B S8R A A RIS E RN 2 ke, MR 1 7T
PAE H, RK-CRVEA FlI EI-PoF 1) IGD {EAH%} %
N, i R PR R YA SR Y e S0 A A B A 2R A
IIRAC B YR Ry ), IS BE a1 1 A SR
FEOHT A PR AL, AT KR Uk B S R BTG TR W] AS- 3
o s ifiE. A3 RK-CRVEA SRS
IGD F8FRfE 2 Ee /MY, FA SO 5L A5 81 1Y B
Bz Pareto BELSCHIVTAI, FriflsR st
1B e e i R/ R s =

PA CF1 MR ECh B, B 4 b =Fh BRI A5 1)
Pareto gt 534, M HR ] DA B, AH [R] o6 £ P4l
WHCE, T CRVEA Hvb T S i A2 A A AL Y
WA R, HEERISA RN B E 5L Pareto BV
A4 T EI-PoF fEREAMEALIE R R, Wik
H 5 R BB/ N 2 3R 3 (R B8/ N AN A Sy AR B
BIRHEFREAR, 28 TR E xR, S8
S AME DASR B — 26 05 T o] 7 A R SRR A, sk
2T RK-CRVEA. ZA~ 3 irie &y RK-CRVEA 3£

(20)

PRI IR AR AT SN 2], YCBESEF, R SR
Pareto BT, JHNFET IR WETSH RN Z
B 8 B 2 AL B A BRSSO A T R]
P SA AT RIS S, PRI T PR ZARE,
PR AT ] A (R I B 4 Ry A DR

# 1 IGD 5bR s

Table 1  The comparison result of IGD

IRENEER 5 RK-CRVEA EI-PoF RVEA

CF1
CF2
CF3

0.0169 (0.0016)
0.0131 (0.0032)
0.1322 (0.0128)

0.0231 (0.0027)
0.0305 (0.0102)
0.3909 (0.0764)

0.0338 (0.0021)
0.0473 (0.0095)
0.4351 (0.0856

CF4  0.0382 (0.0290)
CF5  0.1754 (0.0457)

0.1445 (0.0325)

)
0.1622 (0.0413)
0.3517 (0.0824) )

0.7395 (0.0881

5

4 EI-PoF

RK-CRVEA
4 ® CRVEA
3
o
°
2 °
® o
1 ¢ ¢ ] \.
¢ ¢
¢ o
0 1 1 1 1 ‘_
0 02 0.4 0.6 0.8 1

A

K4 =FEIERHE Pareto fifdk
Fig.4 The Pareto front solved by three algorithms

4.2 BEZRBESRAMEDERIEMLEE

AR M ASPEN HYSYS JifR sl R F g 57
R R B B, R BT RO R
Je B AT B AR R ST e B 2% B e B, I e S
MATLAB 5 HYSYS # [1 T 2HAS, fRIUEM N5 B
HUTR] A S T, A TS EAE MATLAB o B 3290
SRR R IE 07 B A B
421 SIS

TE T HE 28 1R 8 5 S P 285 ] 45 A E OIS Ak S 36
LTS AR AS RNk 153, Hir,
WS A AR 124, RIS IANECH 29. AL
PRAR TR A OB Bl 400 IR, & ph s A B i BUE
TEFEBEE L 2. YB3 Frs. AR
PR 47 TBP 95 % i 3 X JE) T PR (E
L3R 4. HAASHE Y 5 iR EN o ok £ S e 2
Bst E AR
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Table 2  The range limit of decision variables

hd=s A5 b XA TR B PR
1 Foroa—1, AR bbl/h 430 600 450
2 Fproa—2, HEHE bbl/h 315.5 500 351.5
3 Fproa—s, &M bbl/h 550.1 802.1 789
4 Forod—a, TEEHFRE bbl/h 180.5 387.5 200
5 Fotm—1, WIRARRIEAE kg/h 3000 4000 3400
6 Fotm—2, FHHRIEERKRTAR kg/h 1000 2000 1350
7 Fopm—3, 8RB HEIEAR kg/h 1000 2000 1150
8 Fpa_1, WTUEI R bbl/h 1883 2483 2000
9 Fpa_z, H— P m i bbl/h 950 1550 1258
10 Fpa—s, %3 mI i bbl/h 950 1550 1258
11 Qpa—1, WIHEIR B G MW 10 20 12.5
12 Qpa—2, W— PRI G T MW 6 16 10.8
13 Qpa-3z, ¥ PRIRRNR G MW 6 16 10.8
14 Ty, HHp e °C 330 370 350

3. R A TR ks

Table 3  Prices of crude oil, distillation product and utilities

2R M Peruage KBS Potm BN Pruer  WHOK Pew A Fproa—1 Bl Fproa—2 5 Fproa—s  HSEM Fproa—a

i3 79.6 0.0055 0.017 4.74 x 10~3 103.5 92.7 99 96.6
BALT $/bbl $/kg $/MJ $/MJ $/bbl $/bbl $/bbl $/bbl
&4 7 TBP 95 % HUEEH (°C) FERUAS, WA H AR A R T 570/ B4R (MS/y).

Table 4  The value range of product TBP 95% (°C) MEHT PLE H, 553 EL-PoF fil CRVEA i,
‘ , ‘ RK-CRVEA SAFr gL e n 4, B

7 Al 7951 M T95, Fasieih T95; HAei 7954 .
e e Parcto fRARHI SR A I 6T L5

e 1 - e - vE. W] RK-CRVEA 53 ioh £t BER A f i
%, 1A IR R AT, AT DA 8 2

4.2.2 TENIEFRR Fnl A7 K, H A B IS
T o PR 0 5 A 2 5 4 A Geit =ASRINTIEAT 5 U HV PERESR AR

UL, JE92) Pareto RITHASL, Tkt IGD ML SASHIEM TV IS (IRHLIBUIL A B
HERAE SR MV b, BURASFRRR B (Hyper- 2O 6 Pin St AT DM AT i, PESEk
volume, HV)E3 fih Bk ip i, HV kst RECCRVEA Y HV (i CHETHgetR, b LT

FIEHERE LT HV 2 L F: BR AV 1 R T D BRI AR, T A
- N 1| HEAFIR HV BEFXTRN.

HY = A [ [Jv (21) 7 e AT O SRS S R A A 2R, %

bt ST DA A [ A 4 X 2 0BRGP s

BRI KRR, AR R R R R
Ao, § FRFHR R, v FFBHEA 5200t M AIEEE, el 4 e R ] RK-CRVEA

S (ARSI R . PR AL O RERE. A AT DA, 5 PR R

42.3 FERERSHH DAL SR 5 v K S R B 4 AR T 2.75 MW
A KA RK-CRVEA . CRVEA #i1 EI-PoF = 1 3.32 MW.

R O 95 2 U508 15 A0 24 [ B A A J 5 A A R LIRS R, BT A

AT KA, P 5 =R ER RS RO LB PEAG A B R 9L 5k (RK-CRVEA) FIE T HLELEL
A A . R BB AR AR g el as, PR EE BURIZRILILIE (CRVEA) BB AL R, S5
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THUEA AT L, FCHEAE R B i oA 7 VR A
RO AR 1 I 25 TR RE A RERE A, P2 1
F & 7™ feh el i

5 MEYIPEPE SRR N IS5 R LA
Table 5 The comparison results under the same

mechanism model evaluation times

R
49.21
41.01
1.12
18.51

PUERARAL IR ik
48.20 (—2.0%) 45.12 (—8.3%)
39.23 (—4.4%) 36.52 (—10.9%)
0.96 (—14.2%) 0.85 (—24.0%)

19.33 (4.3%)  19.92 (7.5%)

BRI AR (MW)
BBUKINFEE (MW)
fiEkeA (M$/y)
s (M$/y)

5 Z5ip

705 TR 20 5 0 A IR0 2% [ 4B A A0 A B R — A
ST B SR AR I . R IX — ), A
SCHR 7 R AR AL ) 78 1B -5 A b ] PO AR G 4
VEDuAL J7 3. 7857 RUSBoost 4324 4 FAR R 5T B
F 855 BRSSO oR, DI A a A v e o 8 P e
F%E RUSBoost 7 JER R ER A S RIREA, A
i A R AN W b o) AT BT I R . Bl T
TZH RN Z Y B B Y 2R B AT B IR
MRAEAE A A P 2 2% 1) A O R, il 3d B
P ATAT R L WSS 2 AR R R e A AR AR Y B
HREAR. BB L A R A 1l AT
SARATREE, PRIE TRV 2 R, AP
A AT R AT Y [ B 4R B 4 Ry R DA, T DA A A
PR AT /N AN IR SR LR A AR ). _Fsdh Oy vk 52
BT AR LR A LA TR A A Wit B A I AR AR,
(AR PR A PR A T T SR IS O LA, i
A0 1 o A 7 s 2% T 5 A 0 245 [ AR 0 A
SRR, SEIR AT SRR WA SRR B R R b
S TR R R GV AR R, 52 br b A
3k 7 R AT AR R R T S AU B SR 2SR AR
PTIER, AR SRR T3 ] VAR RO 28 1R L, A
A FRUCHI R EPPAS T, PO 4R 2 S I A
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