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Abstract : In most plant layout optimization researches, MILP(Mixed Integer Linear
Programming) problems, in which the objective function includes the costs of pipelines
connecting process equipment and cost associated with safety issues, have been
employed. Based on these MILP problems, various optimization solvers have been applied

to investigate the optimal solutions. To consider safety issues on the objective function
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of MILP problems together, the accurate information about the impact and the frequency
of potential accidents in a plant should be required to evaluate the safety issues. However,
it is really impossible to obtain accurate information about potential accidents and this

limitation may reduce the reliability of a plant layout problem. Moreover, in real industries
such as plant engineering companies, the plant layout is previously fixed and the
considerations of various safety instruments and systems have been performed to
guarantee the plant safety. To reflect these situations, the two step optimization problems
have been designed in this study. The first MILP model aims to minimize the costs of
pipelines and the land size as complying sufficient spaces for the maintenance and safety.
After the plant layout is determined by the first MILP model, the optimal locations of blast
walls have been investigated to maximize the mitigation impacts of blast walls. The
particle swarm optimization technique, which is one of the representative sampling
approaches, is employed throughout the consideration of the characteristics of MILP
models in this study. The ethylene oxide plant is tested to verify the efficacy of the

proposed model.

Copyright@2020 by The Korean Society
of Safety All right reserved.

TR v BAAT UL e, 712 S
AE ol2folw 71 W g AR A3 e
=

SHE o] &ds] o]F

45 ir

oY oX
S

19 o

Key Words : plant layout optimization, particle swarm optimization, mixed integer linear
programming, ethylene oxide plant

et A4, =, w= dAr
Cholls ofwet FEi= vhafet 548 dHlE wiAEA|
s

i)
ox
ol

[
s
ol
ol
=
o
Sl
2
fr
)
Sl
iy
ro
N

~

ik el g
2 g of2le EAolu, A FHO) EAu]
of 2 FFE HXE & ad F el

]



FZol B2 AAE Y A 2AIE F U =
e e Hoelr] Sia) cheret Sst mago] )
< & MILP(Mixed Integer Linear Programming) 24| &
ol-gsto] AE sk kY. UnkH el MILP &
Ao A= 74 - B F3E 3] IF 2a olA4 A=, <t

E, B ol sfolx Zojuwt oket gk
PeE 04T v O AEste] T @ o) B4

al
Arksto] 2G|
Castell 5(1998)"-2- ¢Hd €% Mond IndexS =93}
of fFAYaE|Ee R wix|e HAoE HAsk=E WY
29 7)aslgict. Patisiatzis 5(2004))-2 3hA)] 9 =9}
A5 AHE3H7] f1sll Dow IndexE =fsto] Hij%| €]
A2 st Han 52013)% 2ke) 24
e B Aeg FEeo] Z3st, who|z 43
dolE 2asshHA AgAte HEES AR sk
ATE TSR E3 49 vhefRt b A
27 9 =S 2ste] PSOE o83t 4=
23] o] oA L Qe
SA AET AES HAE |
A & B, WERAE Edshs BF Al
He AL A4 ¥ 5o] EE 0] kil
o] s} gAS Fof dolzol A
ShHA AR QIS A A2

B3kt

S
N

gk 1Q.

A3 BdE 89S ot KR 23S
< =AU vetulE7E SARITL dlE S0,
off FAA QD AFALE o]-§-3to] 228} ujAE 3}
A7 B2 TR ARZE BAsE ek ARl i
7F oil-§- Thesht, ARALE] qfiLof whE ARSL WA BHE
T ogERinh =3 AA AL A BES =S
HsA= AA AL GlolHE o83kl 1 g
sfof ARk AA| Abile il EEA EAs] Wi
of gt FAAE ¥e A /b5t wEhA,

& AF-SolA AAIRE ARl Y

T2 Qs A BEe 2 Aoy

fr = &2 ¢S b o

rm

3 AR A s A9 A wjsjE okt
afstzrtol that AUs maPol ARXE W
Sk whebd, BAso] ohn B He-S
Sk Ae BeHAUT 2olo] Y] whie] wj$- of

QA A4 TRAES Aun
w598 BEte] THY
REEE L
creRet Qb

AoMe FA {4, Hapo dagt
o] oA E Akt or dAstaL,
© vtolzo] Bl§} Fx)9] BlE9| o=
d7g3to] MILP £A4|2 F4d8kal, 1 8=
574 w9 2HetE aYstaat
AoAs FEARL RAYS Sl 7 34
Hu] F SRl BES wjxe] HHTE
st F ol =% Audel Hxsh el PSO
(Particle Swarm Optimization)2 ©|-&3to] Z|A3)E
AT

2o A 34 WA 2A19] ek mEls Akl
3ol M= R e v A] HA3LE 917t HAES A
ShQlch 4ol s 2 Aol ARgEE A3} 7]l
PSO°| 3l 7]&skoitt. 1e]al 57%o| A= Ethylene
Oxide(EO) 5785 ©]83to] & Aol A Albet 245}
HES o] gsto] =Eet 22e) ks drgstaat gtk

1

fu

2. ojo| = HIE= 0|32 x| Z={s} 2xl He

SWE A x| HHek ZAE &) fsiM= A
Aol Auvje] 7ol m7], v]g, T4 ZE%(Process
Flow Diagram), A14]% o] 272 5 7} Aduje} paisl
T2 Ao o]go] shgafor A 24l A 274E
£ 71849 A5 Patisiatzis 5(2004)7] ]34 7
W Alg 7o R JiAE Aoln, oA gt A
Bleh HE JEo| o]Fo] Theslof AR 4= Q=
Aolet. L thg 20| FHE HiA] EAlekE ¥
Aot

Al Ao R o] oA Qa1 dule] 7tEet
A 25 I v
off wet Adu|7} gjdghe] wet 7hRe} A2 o
A 4 ool AR shmet Aze) Pol
Aol wret A

o] Zo| the A4, e
o}
=

J. Korean Soc. Saf., Vol. 35, No. 1, 2020



I, =a,0,+b,(1—0) Vi (1

d,=a,+b,—1, Vi

0 A 19 G A= of
Parameter)o| o, A%]9] U 7hzzo} A=
7} 742 0, Al 5,018, 00 0 o

e o % W v Qo] 1.9k yE W A
2

H4~(Bin
F 2o

el
o] d.

1

(

(E ol )
o

ju s}
E=NN

|

i)

N
-

SHE FAo|A Zzhe] dvjs A2 gdAAe ¢
o, 2 A - B 33 o Adveke] b
3}

_\:‘_l‘
1,
re
i
o
ot
A
ACH
Ll
J |
e
:9:14:
)
St
R
B
Jo
N,
o’
s

7
LHS B2 was) | 1) AE Aok ate.
ol AAsH= AL ofdlel 2k

ifC,;=0,8,=1
i otherwise, S;; =0 @

Oy Ave] 4 - B 3 olAAYE Az
W grolnt of grol WLelAl S<elAlo] we}
o2 ojximsel 5,0 grol AL o % ol
7] FollA ° 2 A=E A s, & Ay
7 AAA R sk Aoy A2 ot
of o] Fofd = Utk

I+1;
i) = | S (B ES) < (1-8)+m < S| (3)

oy = & +dj+(ESv +ES)x (1-8,)+mx 5,
1 J 2 4 J ). v

for Vi=1,--,N—1, Vj=i+1,--,N

Ade] ZF A2 dagt F upo|ze] olE Axlet
o

AE z,y,013L, Are] T4 &l

um
e
[0d
04
10
nx
i=d
=
Rl
bir
12
o
2
1]
5
e
-1

7} z; 01, = AR, ie} j7t AAs|of & F mho|xL
o) o] T thee] 4L B3 Ak & ek
XU:|J:,;—JCJ-|7Y,,-j:|y7¢—yj|,Z,-j:|zj—zj| ®

Tij:Xij"' Yij"'Zij

for Vi=1,---,N—1, Vj=i+1,---,N

A= 7S A EA T ool o] H
To| T H|g, T8]T Bx| v oz A3
P, 2A3kpo| A 9] Zo| o mlo]x jAL ca,,
A WgFol {4 olFHE2 OV, 5
olH| g CH oty L THeH A

. 3
“*(Decision Variable):= =] g+ 7o)l 37} (O, =;, v,)
o wheba] 9] ArE Mol AdH] 9)3]eF
¥ AW 3N ERL BA] H[ES AR
= A9 34 viAE FASfof st Ut H
A1O] WA (X X Vi) = AR RHe} webs] &
Aol Mae AA2 Jie7E Mol 3N+20]

ox,

Min|3333(CC, < T+ CV,;x Z,+ CH, (6)

RG]
(X;+Y,) +pla,y)) +LX X, X Y,

max

3. TNT &2 2= 0|25t

Ee Mol IHE SXES A

2 AtolMe 78 A Woll AH =e 7
Zo] VCE(Vapor Cloud Explosion)2 WA 71Tk
g5tk VCE= 7HA 7ka7t 5719F &3tstod
= AT 5 2Bkl oJste] el S WIt
t}. BLEVE(Boiling Liquid Expanding Vapor Explosion)
Heh ZarE o] Hou|, Gk ofUix|e] of 20t 2
shz ALY, chopet el $71 Bubne
15 whyeks Thete] s TNT Zukat ulmste] 7
AR % 9SSRI,

o I BAS S dEAY mUms
TNO multi-energy H 23} TNT T3 Zdlo] Qi) dut
Aog wo 1zl7} TNO multi-energy HEo| TNT
g malnc o gskitin FHeE wb ook,

e
NN ox

=1
=
A

9 ofn R

27



A=

SHANE INT @ 2d= 7 A7t 4= vishy
TNO multi-energy X&lo| H|3] 7tdtstal, &A-83817] 4
& o] o, Eah,  AolA Hgaop T wul
o] BF 71E Aol INT &= o] Zagt vt
ujelEo] oju] el vpiyh glemw H =wolie
TINT &&F el 283}9ch

Ao M= olelgt ZAE v s TNT HEs
oj-gsll 2 AulofA FEAL; W w WAYs=
b Antstaral gk INT @ Hdlofa= WA
7t Y] = ofe A= o]8ste] TNTY &
Foz Hekith

1_.

Winr =

‘?‘1 5_}01]/\1 WTNT“E‘TN /E;.]'%]' (kg)O]D:] 77"%

2y
88, M2 7t =49 A (kg), E= 7}04 =4
Ol ALE (kcal/kg), Ep= TNTS H4E (1000

keal/kg)olck. T A (HE ol g5te] Akt
ok o714 re B A Aol A "ol AA
BAAelolw, o] AelE B Aelz WSk Fof 3}
ohe AT,

r

Z=——
( I/I/YT]VT)I/3

)

P(2Z) [kPa]=exp(0.2518(log2)? —

2.0225(log2)+5.8095)

2 Ao A Rz AE ol WEE e
Ax|o] m2 aatg Hrishe Ao| 7P $a% 54
olck. VCE7} ¥hAyste] ieto] xUr off, ZHete] e
£ WEH O] AX ojiol| kS WA ok wrEE o
kst Fatol et w2 A7 AT £ AeAE
Li Vo] e A+ Ans o83yt o] A+ 4
JMWL g8 %L“ o] A9 H A 20% o]
L glolsl 4= ity E3t 20 kPa O]
&l ﬂr‘“Ol ‘ﬂ“”o} A9, 2ER o]|RojA I2E

o

HYEAY gyEs Aoz dHA Uop?.
H Lol A= 20 kPao]3te] J_} oLo 91 E| 2jekat

Fl

& Q= AR ulso|z HEWS VCE 4 7FsA
o] Sl 8 4] Fvio] AR 2ol AT
§A - B4E Q) wagk Aeql B5uE Holrl 9]

Aol AAFTHL 7PgSlATy. eI 20 kru ol4te]
shgfo] wER e Eaksls 49 Tiebo] 20% ot

28

b

.O|

xF=
OFI

1 715tk

A1 (9| A Adu] oA EAEH= HP, 2=
o] Ax|E 3t Alo]Q] SAF Aeloln Z = AH]
Arolo] Ae|Hh 1:1 71 Aalo| EHU} At
WEuo] 5] 9 =

=

2ol 20 kru s} How

T
o I

£

=:|
=

:!:’;
=

.Jl
e it i

P,ﬂ
Lorlr o

=

[
-

el zm AT7F oleka stk 4]

o|xl¥g=ol, Au] iFRe| WEo] HX|x|of §]
W 1, 28X o 09 S ZHA "t oyt v}
°]-§

83lo] HFZW Hz] o2 E 185k IS A

Mr &

[e)

|

.

[e)
=

ARtk

|

g

©)

3
WTNT,q WTNT,q

P, =exp(0.2518(logZ)* — 2.0225(l0g )+ 5.8095)

PHZz)=P(Z2),if Z < Z,
PYZ)=(1-02xa,)« P(Z),if B,=20,4 < Z,
PYZ)=0—q;) « P(Z),if P, <20, 2, < Z
VCE Z22 QI3h A8 AP v ojss Aulz}
2gR oFolA glona A (10F o83} 20 k7
ol4te] Fero] Aulo] ket s whujEct 7}
atglek. whof 3eko] 20 kru o]3H Wiz Fgte] 2

Aol wlaste] o] WAL st 4,5
Au] o] Fpdoln, HEAom Aul iold WA
VCEZ <Qlal] 4] gollA] Bashs £412 oo, o]tk of
Bo] Aol4 ek Au] o)A g7HH|e] BaE A S A
AR 3 4] )% ol g3) Au] gXHolq Teke A4k

5t co, & AP Hk

Zy=—t (10)
W]?")NTq
o, :Ap7 if P*(qu) > 20
P (Z,)
c0, = 5 XAy i PH(Z,) <20
D= Moot WS o AXE 4= gl FAM]
o FAE wefst] 91s) Thee] AL o83tk W
ool %] R WEue] Ge] Bulg siHo| pol

J. Korean Soc. Saf., Vol. 35, No. 1, 2020



I AdE] g BEsks o Bagh WEE o] AA Ha
7F wiold HA| WEH L] 7MALS 3, BX W, x a7t H
o} gZ el £} 7k Ho ojite] polH, HA|
HEe o] 7EAT 5] 2o (g, 5 AL Thefol A
A o] Aol B wod 0,0 HIEE 2
Cl=8

7|4, Wy quu®ll THEF weight parametero|w, =
Ao A= - 2 FH1 < 10%)9] AR 13}, o]
AFxAE futele 4 vl & HEE Falsto],
ZaRog ZA3F} 7|HE o]8slo] = B A
S o] AlokxAg WEIHAIE FEsklch

= v

(

¢

ZqBX W] X aq _ﬁ = Quail (11)

gwnll = Wyall X maX{O’ qwnll}

4 (12 VCE7L Hakshs 498 mejeh Bags
ZO Lz

oI, & Aol 3 52

—,—_9_ Hl:l]oﬂu]— HP_—T';tH Hj]% T

oA 7} 3%

mm{( i q#z qi)+9wall} (12)

for Vi=1,3,5,6
4. PSO(Particle Swarm Optimization)

4} 3golla] ek Bl Hagte 2 2
& ©Asl7] YallA] PSO(Particle Swarm Optimization)
P& AFgSHeTk ARR) At 7 e B
BRALS olgaio] nlEale] gho] 02 2T ASFEE
ulEsH AAuASo] A FS Basit) shAul, 2
A ol qlgel AW EAls, taR 2
A Ths A9 AokRAE TlopsiX| . aubAel 2
3} 7)) AMgo] BRselch wetal B Aol
S50l TS AMES) ShoRAE ARl 3
3l i) 715at PSO7]§S oLglsiT). PO Tl
el AW st 719 % ool ol FrolA=
Hgol Psehi, 24 wae] g} e e 24
o} 71"Hol wlsl #a1 Z7]gkell RIZFsIA| ¢37] wiel 4]
go) Zhstths g3o) Au?. 71& $Evt Jslgkd
2] 22t e ApE AR o] 7[HE AHER e
o, thefet AlfAoM = A A8 5= Ee 24l
shsick

SpAE, PSOZ Ege A@H s} 7ol Ao

BHR0kM B3| K|, M35 A1, 20201

B3l S| dH| HiR| Z[H3jo 245k AT

-8 AA1E F A7} Global solution®] o}y gl=
ojt}. o] &3] feliM= B Aits S 2o
3} Global solutiono] 73t & =M s|o} 3t}

PSOE= ¥l 55 w39 F5UaS HARSH WHo]
o, Z} A H7) Tterationtfoy 1 YR &} S=71 713
T2 o9 AEE viFoR {do|Este] 22 3
wuigFo 2 o|FstA ) 18], Iteration®] 347} #
daes g 24 1_*—4 Z23r2 A9 2 £=HH
Fr} PSO Ua12]&2 Schwaab 579 15 13}
A F

5. Al &+

5.1 Ethylene Oxide &X

Ethylene Oxide(EO)= 3FeHAIR] ol A ARRE]= = Q3
Y= 3 o]t Diethylene glycol 2 Triethylene glycol
3} 722 Ethylene glycols T4 9] A& A&, Fzolo]
L} 3352 A71H=2] Bthylene glycol ethers] & o]t}
Z7|= BokAslo] Zukd o g HaldE ¢dAo] =om,
A 5718 2 giato] e HEAR Bhojo,
Ethylene Oxider= &1l £ S}of| EthyleneS AFSIA]AH
AdojZch 443t Ethylene2 NFPA(National Fire
Protection Agency)T-dollA 713 &3t 24 = slyz
wRaka glon’, wrgaol js: o, shlk,

Table 1. Facilities information of EO planta)
Width(a;) Depth(b;) Height(z;

) Connection

Number  Equipment [m] [m] [m]
1 Reactor 522 522 2.61 (1,2)
2 Heat Exchanger  11.42 11.42 5.71 2,3)
3 EO Absorber 7.68 7.68 3.84 34
4 Heat Exchanger 8.48 8.48 424 4,5)
5 CO;, Absorber 7.68 7.68 3.84 5,1, (5,6)
6 Flash drum 2.6 2.6 1.3 6,7)
7 Pump 24 24 12 (7,5)

Table 2, The information of connection and flow cost between
facilities”

Connection CCii($/m) CH($/m) CVi($/m)
(1.2) 200 400 4000
23) 200 400 4000
34 200 300 3000
4.,5) 200 300 3000
G.1) 200 100 1000
(5,6) 200 200 2000
6,7 200 150 1500
7.5) 200 150 500
29
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Fig. 1. Process flow diagram of ethylene oxide plante’)_
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Table 3. The optimal locations of facilities

Number Equipment x[m] y[m]
1 Reactor 20.05 6.65
2 Heat exchanger 8.37 8.93
3 EO Absorber 8.98 2244
4 Heat exchanger 21.67 27.35
5 CO, Absorber 21.78 15.96
6 Flash drum 27.26 2.68
7 Pump 27.11 8.01
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Fig. 2. The optimal layout of ethylene oxide plant,
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