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Abstract

This paper introduces the research background of inherent safety technology in chemical process,
introduces the concept of inherent safety of chemical process and the main design principles of
inherent safety technology, summarizes the research progress of five types of inherent safety in-
dex evaluation methods and the optimization design of heat exchanger network of inherent safety,
and points out the advantages and disadvantages of each inherent safety index evaluation method.
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This paper focuses on the application of inherently safe design principle in chemical production
practice, that is, the optimization design of inherently safe heat exchanger network. At the same
time, it is pointed out that the integration of inherent safety principle and heat exchanger network
and the establishment of mathematical model for solving the synchronous optimization of inhe-
rently safe heat exchanger network are the key points of this technology, which can be used as the
research direction in the future.

Keywords

Chemical Process, Inherent Safety, Index Evaluation Method, Optimization of Heat Exchanger
Network

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/
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T H e R, NREIAE R U REME 7ERITI. (A2, SRFHRMBR BN
AT R Ak 7 H K #kik . 1k it F44:(CPS, Chemical Process Safety)VE~— T % K8, &
s A T H M BT B N TR DI RE 2t —Ma k2 A 2 i 4
AR[L]e EHEAR R T FE R A M —TER 2R, /2 T T MO A oA S s o AR AR 2 A ik
TR TR n A BN R B E, B SR AR R TOLRIRE /). R F AR T 2 A B 4
RXFBARE S TR 2K, Bib &S g, (REE 224 K A BN E 2],

b T FRAR R 2 A A BT 5 4% BB v I 2 AR AR X I AE TR Sk VA RO AR o P ) F s . 76 8 J A st
BB, ARGl R RO R i B R AR, HOREN R, SR GRS A AR 2 A5 R
IS (151 20173 20 R A 8 1400 2 ) Sk A2 1) S o 5 1 73 T SR Y I i )97 DA R At 2 4 SRS, SRk s
A T FR AR 22 A A BT E BT B BB ™= AR S B 1 D5 22 RN T3 007 S R A N\ vk b, R A o 2 A e
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2. I ZEARRELEIHEM

20 g h iy, BEE AR RIE R R, SR TR MR R L, & ERE B R T R
KGR TR, PR T AR A S . JEE % 4L 5K Trevor Kletz T 1977 45 ¢ 4 AL Tk R 1
AR Jfi 22 4= (Inherent safety) B [4]. W14, A6 T3k FE A 22 4 1 48 R G 22 B4 2 EURMC B A 2 ol 25
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Figure 1. Fish bone diagram of inherent safety principle
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3. NI EBRARREIBEITIN T ZESTE

X T2 FE AR i 2 A AR A R B AR EE 507 1), BTSN R T 2 R A 22 A4k i F
BRI TE[T]e HREBATR 2 AR EOT LR AL TTRLEH A A UL F2K

1) FEMTEARRZ VAR rTE L, AR AT 1 iR e bR TR i 2 2K

R IT R B8 BOR SRy J7 1/ Edwards A1 Lawrence [8]F 1993 4E#2 Hi (A 5t 22 4 Ji AL 45 $i%:
(Prototype Index for Inherent Safety, PIIS), %7732 Za4E: (b2EYMHREN T 20 2 febs, s E24
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e, BN EE TEARRE. KR RERR . ZENR AR EEERT R, A
RESRTF PRGNS ARME BB AT DME A SRR REBEMNERIIBERZR, PR 00015 AR T 5
I F TR A 22 A5 Eid (Inherent Safety Index, ISI1)/2 Heikkila [9]F 1996 4E42H, 1% EEA R % 4R
1 ¥5 %1% (Prototype Index for Inherent Safety, PHS) )5l E3 K T FabsyEFEl, B YOK AR 22 4 Fa br b FH T
TE® . ZInER SR EBrERRERS, WS, LDOESRMAREED . B 3T
e R MRS, THEER, JERIAHG, AR R A R 2. 2002 4F, Palaniappan S5t
DA B AR AR e AP P B X TR AN B R 1R, R T i-safe Fa i, 580 T 5 MR TR,
I3 9N G [ Ak 48 bR (Hazardous Chemical Index, HCI). f& [ Jz 345 ¥ (Hazardous Reaction Index, HRI). %
b2 F5 5 (Total Chemical Index, TCI). f¥f1b2=484x(Worst Chemical Index, WCI). 3k [ v F8 b (Worst
Reaction Index, WRI), % PUS FISI PIFEFR VPN 70 80T o0 By, ik B DA B BFb e dR ot Fodb AT 22 4
P10,

2) LEEH BT AR B RGN 57 TAR RIS, $h AT 22 4 PPN P & A VE L

R AN A A A A T 22 453, O T R T AR B A e e, I ST R A 5 R HSE
SV 7%, o Koller S5 [11132 H T 4B H R824 (@R IREEIFR LN 77 V2 (Environment, Health,
Safety Index, EHS). ZAVEIEERZ . RGNS S EBE = R L AP A s . &5
TRBR AU A 785 7RSS NP R AR F AR AR S UE PTRE S B0 P E) AR . 2011 4, 3%
[y T R E AR o 22 A A0 5 P Ak T R A A i LB R R, 7 INSIDE T H , FF&Z T INSET T A4
[12]. % TEFEMML AR —RETRED AR T MER, THEAETAH. 2 TAMAPE
T d, fERE. RS FHERIHN B, BB E AT . FrRL, RO I 2ERVER I R B N A S bR
TE VAN 77 2R FE 2 LRI 7 1)

3) N T RN AR 2 AR EOT N 7 ik NI TS I BIG T AE =, B v B AR B R

AR 2 AARHOTAN 1) o — A~ H B R AR T 2 A PPN AR R S N IS AR TR B 9T . Leong
AT Shariff 2 [13]42 H A 2 2 F5 0B (Inherent Safety Index Module, 1ISIM). 28 & 76 4k TR AR HL4%
P HYSYS H8E A it 22 FR HURAY ISIM . IRET PHNEEHL . 8 N HYSYS AU SGE A5 2, IR
H BT AR I 22 47K RO AR B AT BRI AT S T A IR B T A 5P, Leong
14142 KIS FEER 12 4857 (Process stream index, PSIVKHRLE LR SIBE FIRIEZE, W& MZEERTN 5
BRI BRI BRIE K, ZITEII SR SR A 5 5 T I R IR AR e B R IR AR . A, $EiZTT
PRI TR HYSYS o, FEAL T PRI 16 36 A T 22 4= i) FR 42 . Shariff £5[15]
P& H LRI A FE 2k (Process Stream Index, PSI), Mk ZEIRVERE S M, PR DIRFE AN HYSYS
TR A BT T B AR T 22 A KT, AT L 28 gk D R S S P K-

DA b P B AR o 22 A1 BT J7 v AR RS 3 1) T2 2 b T R I AR o 22 4 | Sl g R
KB HEZR AT VA, AR SO TR . BT R5r. MBI, AR 2 BOT O AR
Htb TEAHER T E MO AR TAE SR, ik T I R AR A Bt 2 B ) 7 2,
DR, 2 AR 22 A AR 8 e AR P 2 — AN EE R O E 2 7 1)

4) T A 2 A TR BT X TR 4 AUBCE 23 BC A& B0, 32 T a4 22 A 4R BT

Gentile %5[16]ic HBLRIEZ BRI, TRAN T A2 AT EBUE(ISI)Tabr MR A6 21, 52 HBHIE 4
A 22 4245 807 (Fuzzy Based Inherent Safety Index, Fuzzy Based ISI). HORIIE 4 R4 3T if-then A, ¥
KR Z AR, “RHR” PRESARERN, 8IS E R R S, TR E HRE R AT 22 4
fR¥{H . B4, 2008 4F, Srinivasan SF[17]#2H T A G R PE4E %% (Inherent Benign-ness Indicator, IBI),
R gt 2 R R Ie B AR AR, 38 F Ry 43 i (Principal Component Analysis, PCA)
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IITE IR, RSP RERS, ZERNR AR RIS e BTN R R R 4
VLGB AL DA E SO AR 2 4R HOTVE, I8 BT B AR & B RRYE . X SR HOTEAN
IR VPN Y 43 B AN X B AT IR AE 0, 27 AR AR 1 ] R

5) A TRl FE 4 dn I A R 2 4 5, #2078 AR 2 e fa B 7 ik

VBV e I PR IR BB B, G AN e AR S i FR SR B T VR IR R, @R ST
AFEA R 2 A R E RGME T . Khan [18]4& tH & UK A BT 2 448 407% (Integrated Inherent Safety Index,
12S1). ZIPVEEE A THRFR: SEFREAMIN A 2 4 R e bR, 3 i 48 Bk Bk 2 e VEvEAr
febro ZAERIM SR AR AW E NS 2 H . 2003 45, Gupta and Edwards [19]#& H T B,
FH—AN B AS i 2 428 kR (Inherent Safety Design Index, 1SDI)Z# R A [F] SN FE ) 22 41, XA
T2 NI TR G . S EE . FRMESE RS SE, R AR AR AT . ROV B
i ELHE AR A BRER R SA AT 2 SR KN

DA b5 B AT 22 AR BOT A 7 A T8 S AT £ S B ER A, BRI SR WO AR BN RT R SR 1 41K
AR RO A RIS, PO DI R AARIAELRNE, X TiEERRBHgE, REFEZMEE,
XEFS AR SRR E MEANTE AR A, X THe0E RS A ERAE 5, A BAR e YE AN R AR [H][20] . BRI, 7E
A TV THI Bt 75 228 FRE B A S A AR e M M ARAS B A i, T ANER I8 b FRARAL T 2 R ml R R A
HRER, $R A TR AR R 2 At KT

X T BUA BIX B A T 22 AR O T IE IR AAAE R B2 A R A, 3875 N5 I LA 22 4 4
VPN BRI T, SRJE R N LG A 8, A BRE IR FZ RS [21] . B, A AR 2 4
BHOPN T FAFERCR R R, BT AR 2 2 80P TAEH R ik T AR Bt i I B, 7Rtk
B B AR R ARAS B EUD IR IR0 de 28 (1) 22 A VPAN AR IE BRI, 1] B 51 L P4 45 R 1)
R HIR, AEBGRMEUANE, RPN FEWEZ B, &5, SRR EOTEn 7
EILT AR ARG B itz b, BARGe T B BOm i A P, (H SRR A B o 20 A 2
TR, RV 2 EAR R EERS MRS, X K S m S VP B HERA 1

4. KREEHBAMER LT

e W 2% (Heat Exchanger Network, HEN)IE & # 4 lid T Z W0 1 e =k 3R & ae i A B 2GR 0 H
(), fERBEFERIAM . AT 1B 45 T e 1T REA RIS 7 I R A 2 X [22]. 24k, Mgt T
VF 2 AN EEARAL I 75, FERMAME IR AR . SR, #AME IR IR B AR 1 22 e %
FEALEWEOE, BT LA %4 ()4 B 2 AR A B TR AT 0 B L[ 23] 0 HFA X 28 1 A ot 22 4 a2 45 A
FA A o B e R AR B [ 1) a8 1R Y B ek S T ) P B R, T AS A2 @ AR & o (1 R4
2 AR 25 4 R0 LA T [24]

b Tk FE (4 AR R 2 AR A B B SR e AT S e b & L HESE G TR () 1) A, 75 B pE R
[ B AN (8] 1 A UUAC[25]. Chan SE[26]14& i, @i PPA e 2 ) 265 b A I A R AR I 22 A 4R 4, A S0t 1)
iR K PR AT VR DT, >R FH P S DU 41 v AR S5 2 4 VT A ) AL JRE R oy A 52 22 4 DA R4 DT
Boo ZITIE R RS s FEAR RO o) BN R Bl s B AR A3 2% . Xia Liu ZE[27]H8 H, #2822 4
I LS S AT L M A AN AR IR S e o R P R A S T 7 M P SR AR VP A 4
FRAEBLES VU AR A A 2R 55 T T 1) XU, 5 SR S s TR AT 4 R B /N XU, - Zaiini 55 [28] A
Aspen HYSYS HHUbL TG R, REWASTR 2 IEM G Y i & BIES . BERRRE
Besz, ANATEESZ AT 28 BE AT A it . Pasha ZE[29]42 H R FH A i 2 4 5 B 1R VT AN 6 T8 R 46
W28 (A i 22 47K, TR e R AR I e g . A, W T NI GBS A R 22 & e BUE M IE A2
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ATHEAT TARBPEAR G, BURIE e SUHe B I R A B % 4R B0 RE B OIE S M . Bk, 1
Z ATAUAL BTE TR R 2 A et R 2410 A A O Bl B T2 L [30]

PA_EATF U R HR S AR AR 5T 22 PP G5 SR B0 ALl AR 57 22 4 7RSSR PR 1t T A H g i it ke A1 A 45
NG, RERGA T L A HIINLE . XN TR SR B A T 2 2 R e R P
PL, AR5 22 4 S HA I B BT SR AP, RIS B =3 BRI B DLSRAT A 0 2 A e IR 280 2 —
ANEE W

FEREAT A 2 4 5 i RE et [P A S A 70 A s £ T B AR AR it 22 4 Jir U 5 i R e ik 2B AT B 1l
I, B AR R R PR T AR % 2 N . Jung SF[31TRF) X Ry 2 ARG, B
B AR, SRR VRl AR RS N B R, DATEBE I KRB E R /N o H AR B
e, SR BAERARNE IR (MINLP), 385 PG AR B, RO fE Rtk T fE e, sab,
Jung SE[B21WMHTTT 1A BEMER B AT R AL . A/ NG AR BB, JEAR T 2 S B =)
PAC 5 2O R B PR B B R T RO R RV S T AT e, SR EE B U B AR AT S8
R BT SR A S B SR A ARSI (MINLP),  SRAG 3 MR BRI Af
Diaz SF[33ELH B —FEH IR KREMHEIE KSH, FHRBRAETTR K URE R ZER I
T ER R SR A S o Vazquez-Roman S [3417ERIF S0 B3 M BRI B 4% S AT Sy B, B0 =5 k8 1
JRGE L R AR SRS E BEXS PR T R (520 . BEJS, Jung 45 [35]1E 224277 IHI [R]IN 5 18 1 B AR AL FIA 25
VERETROR 76 B 22 45 AT JR), TR ST R 28 S5 O TR 6 RE AR 2 R R RI AR (MINLP)

RIS S VP2 2738 ORI 1 T3 AR LR, 5 BRI S A o & g I 8 [ D AL R B A
Nemet 5 [3613H i Xt BN X IR I 28 BEAT INER AL, FEVP ORI . RS R KT, R
LAV IEE R e AR XL A RS XIS X e BL4s T 3 BUE S KON F bR ek 8, i 57 22 42 X
I8 V-l 1 488 P 255 10 A0 PO VR 45 B S AR MR R RIS R (MINILP),, - 9 5 et S g 07 A5 DA SRAS AR I 2 4 ) 45 A
M%%. Nemet %5[37] 2017 EAEHINM R LR A I FEA R 2 4, SR AA o & 42 15 22 B I 1 =5 jE AN R
BRI eI ORI R 20T e, XSS (0 mT BEE 2 T CU R0 (0 D S, XU ™ A 2 T
SE B RS T 53, DUYTER 1 DR I G B KO F bR B, @R & BE AR M E LRI (MINLP) . 1%
TSR s s AN[RIH AT RO [ B A4 RS FRARL A2 AN ™ 1 [38]0 AR % e S B FR LR A 1)y A
PP R SR RO A, RIS A P SR A KU, T 1 A IR RR R A XU BRAE
NLIRIIZFA. Nemet SF[39HE € & WS 7 A i I TRl R gi b, DABUR R B KON H b ek 4
FHCASE AL P i A I R £k AR ot 22 4 [ B (A TR B R BCIF 2R 1 R R (MINLP) o

BT TR R it B R AR SR, A A M R AL BT — SRR A I e, BT AR 2
SREZ BERG I% SRAEAESE R RAF R [40] o XT38 — ) U A P bR AR SR, — Il TR TR 207K
U/ Z BRI T DIOT SRR, — R MBS R R s S A B AT RORS HE SR AR s . 534108 Tt
P T R R MV A NI, 75 BEAE T RE A 2y bR FE R I 8 IO AR ot 22 4 1k

5. 45RiE

i EPTid, SRR A A % BRI 78 32 2 AR 2 4= B IR ATANE , - A J 2 2 Jir U 11 5
SERNM, AR ZERBOTN IR, AR VBT A % HE R AR S T T, AR %
E A B RACB AN Z AR TR R EEN A, R AR 22 SRS EHER. &G
JEREFEIUIR S AR Bk 4%, 132100 T 458

1) AR5 2 A B AR N P I AR [R5 21036 A2, 0 R A A Tl R 75 B0 I R A SR L B RN 255 PP
THEHATIRANRIBE T, TRy, A5 2 4 i 0 0 2 28 B R RE ANBOR T s Wi Ikl o B S ML it
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