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HAAHE Fke A2 WS o4k 223 1991 d Fletcher S[2]&
Vaselenak 5[8]9 %z % Fs8E A7 2 AT WA A
e 2 Aoz g™ £ Jdge udEd A o
TRHAGOEA O FL& 4H4E IdAY 1993 W Lee & &
FHG e AEAHA HAY 0 HY AGYPS ol 43 pud
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71 712 e AR =g WA w2 FrbEE= Fxo zgom
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Stage 1 Stage 2(in-sequence mode)

<ad 2.1 09 A BAE AR Y T8>
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Stage 1 Stage 2
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e Az

A 0.5 1

B 1 0.5
A E ar] A&

A v V/2

B V2 \Y
v \ \%

720 FFL ¥ 210 vdehd dHolg BAHRE AFE AS ok
AWA GAdAE LBS 7t FHA A gAML LCT 7t A4
2 gtk AE B ANAE w2 AWAd LCT 7} i A o]
LBS 7} oo ¢ % gtk zt gAv FARAY FAE =g F
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(a) case l(existing plant) (b) case 2 (¢) case 3
{d) case 4
(e) case 5 () case 6

<a9g 22 JAE Y% Mz dtE>

71EY A % ANNg AL Ax dAEd dEM EMHEA o
® 229 #ol AT + U

<% 22 A W Az AL

Operation Cycle times Batch sizes Rates(kg/hr
Case P Stage Stage Limit Stage Limit (_LB)S/LC
1 2 1 2 (LCT) 1 2 (LBS) T)
1 A - - 0.5 1 1 1 2 1 1
B - - 1 0.5 1 2 1 1
2 A P - 0.5 1 1 2 2 2
B S - 0.5 0.5 0.5 2 1 1
3 A - S 0.5 2/3 2/3 1 2 1 32
B - P 1 0.5 1 2 312 372 372
4 A - S 0.5 0.5 0.5 1 2 1 2
B - P 1 0.5 1 2 2 2 2
5 A P S 0.5 2/3 2/3 2 2 2 3
B S P 0.5 0.5 0.5 2 3/2 372 3
6 A P S 0.5 0.5 0.5 2 2 2 4
B S P 0.5 0.5 0.5 2 2 2 4
7 A P S 0.5 1/3 0.5 3 2 2 4
B S P 173 0.5 0.5 2 2 2 4
VPE BHOZ 295 A8 S oJF0E ZATL USE A0

=7F 1 9 ¥k Case 6 & A3
A F7HAE 7 dd o] A
F7te W, o] 2Hdue FA
A "Wl Ax AA(unit batch

Case 1 & 7]&9 +H2
3ME =N BN £
j @Al 7L 279 *‘3635& €
314 Al Zh(unit cycle time)™ 4

size)?] HgE o3 A3 Fo

qu
—‘—ao_é
P2

i
pEasy

BN =-= J]-)-

2




( unit cycletime of existing units
number of existing units + number of adding units
2.1)

volume of existing units +volume of adding units )

(unit cycle time) ) jthstage

jthstage =

(unitbatCh Size) jth stage :( . N . jth stage
s size factor of existing units Jhsig
(2.2)
MEA 7" 2 HH A9 d9 T4 ol&sd Wid
Fzx HA A AR AAFL & 5 Aok gPHoes FHEH
ZRANAE AAFS FIgE e EF #0@ F flenz ZAFo
Bl 75 o oldtz AArE "aA thge A xo] AG
nB, <0, i=1,..,N (2.3)
A7A i AE AT FWe o AMEFY Hu wu teFd
swrg ZAY e Fgg o
AH ATL AMe=d deygs AR FY AFd A} H 2o
A7 gotol st A G 2AL Sy Zol ey
N
ZniTLi_H (2.4)

2o RN e uA Hfol: ¢ E HE AFolth 2 AFELS
Totxd P& ol FJL b} Fof HEhdth

N
> pnB, (2.6)
i=1

AN pe AE i 9 Bujstolth 2R, FAFFE (2.6) HolA
2.5 A< M &5 o)gg AUz & Aok ol Asd deH

L_L._

Ze uAyg AFRel €.

.x..
o(l

N M
Z - Z(K}. +c, V) (2.7)

i=1 j=1
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Aok z 7 n.B. <0, i=1..,N

N

dYnT,<H

i=l

sy sy j=ln M

B;,n; =20 i=1,..,N

A71M B, Ty ol W A FFHA BHo o M=ze Az

Weks wigoz oA AAE @.n9 (22)4& o]&3l9 Aitddh
ged dAg T dolMd dWd AIHY PHAL wgoz @
HIAY Aol disiy dwed. B 23 & HA fx dAE d
gl o] & o o}

<E 23 AA ME AdAE 93 dolg>

(@) 7] AA
3374 .
A Mixer Reactor
-
A 2 1
B 1.5 2.25
by 33 ANz
FFTA .
A E Mixer Reactor
-
A
B 5 3
(¢) AAHE= A F £
A E 99 "o 59 A F9
A 1.0 1,200,000
B 2.0 1,000,000
(d) ol tHt dlo]E
FFTFA .

Mixer Reactor
o o] €]
vl & AF 32.54 32.24
H & A £ 1 1
A Ay 30,560 30,560
N }'Id 1 1
V].‘”d 4,000 3,000
N;““ 2 2
ijm , le'kl’lm 0 0
ViV 4,000 3,000

dAE = AR 27F 1,200,000 I 1,000,000 28 =7 AL JIE
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FHe Ao 4% sHo=D
AEA B AzT AANE 2AsE BAY AweA "o
ol ANE 3 4

ojtjol Folx o
W wAe A
AE ALY e 2 A
E 23 9 J1F THL PAdu® E 24 7 Zol AW

GANNE AE A & AT " AAF Aol HIn AF
Aag me 29 Azt dig Aol deln o

<# 24 71& 3R BA ZA>

A A
o Mixer Reactor
A F
A z4 AT 4 LCT, 6
38 37) LBS, 2000(= 4000/2) 3000(= 3000/1)
B zg AN LCT, 5 3
38 A7) 2667(= 4000/1.5) LBS, 1333(= 3000/2.25)

Boe FHA A gAdAE AF A & ALY g = AR

Atk 2¥eE HAH 7 AL gAY At =S
A28 MEA F7H8 , A A dAle FXE AFA
z7bsiA Aeke Qo W, ad3 Xz A, FAA Y
g 2% AEA FAS Friste wgol A& F Y 2HEER,
olglat Mz Were Edz FEE A9 HH Ao AU ol&s
a7l YA Z1E9 FH g vAF A 1 % AN 8
AYY 23,45 Eolnd ¥ 259 2L 24E deoh FHA A3
Agwe Azel ol AWMA A DA <1358 L7 M2 FAE
= PAT mE AATFS FA7E FALE B & AAT e
AFS GZ:A 7= ojaoz zgskd <3,125,200°9) A3 HU
ol &< JIAE FHOoZ WA "

==
Y
ok
2
flo
pE
2
)
oz

e

e >
Q2 gy

<¥ 25 AA Az A dg A3>

NL New units Operation )
i Profit
P Stage Size A B
(existing) - - - 2,750,000
2 1 1358 P S 3,125,200
3 2 1395 S P 3,124,500
1 1545 p S
4 3,041,600
2 1554 S P
VPE E408 2991 ASS sE oFeR 2YGHR AEE ATF
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1€ FFoZ QAT AL 92,750,000 o]&ut Ay w o
MEA ZFAE F7hslH =ddtE Aol 4 0]dIL & F9rh a9y
232 Nz #HES Hz2F H4 Az FAEE Jeua g

Mixer, 4000 L Reactor, 3000 L

MEA F7HE Mixer, 1358 L

(b) MxFo FA=

<y 23 HA )

B
ok
ox
t
A

2.2 ThX 324 39 2F ME M

A7 oA A set AFS F A o]y thAE
st gle ZIgelM tor iz FFaor @ 43

d T}
ARAAY 71& F8AY 267 F718 A4S 2" B 3o #HA
Nz AAE AT 2dL AAF oels gx9 B e 7n

7199 4 Az FAdMe =2Hd5z AA sjdg By o9 zZ

TN AFA FotE = FAY v &3 FHHE M Aoz =3 NEA

Mzd 33 WX, Nz A =37 2 2 FdH), 7 A

EvgaziAe] M2 4w, ada AR A 3

AR BAE Mdar] dalA =g A5 64y A

#H 8= GAMS/DICOPT+++2 Talzch Aotg A
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Hg dAg B AHEH
A7INE MEA FFHE & =viFust 4P A¢ zaga 71E =
ool £zt 2718 A Al Az EA disiA & F[8lol AL
=g A4 uHdy 2dg ol&std oA IwA TH HH A=
Ao {43t

o] =2e thg ol FAHAA Juk WA, dAF LA T
HA Mz g FA Ao 2 gAY R4 T4 HAH A 4
& Z(superstructure) & AW a3 ol EAS HHAE T8 At
a3 A4 vy AP dsl AAE AFEoh o2l AT Y

EEAE 295l s oA EAsel HAgstm 1 Azl HaiA
wo) g,

&

A guA FF] Az A= AEA IS ¥ wu Fuvt
DAPAY 71E Svf FaoNe Favt F7He B4, am #v 7HA
BE Zo golo] TANS w s|EY A FHo= AR A
olUd Mze FAEZ F7HsA Told F8E AsEA an o=
FRA dupzigk kg AabsM o= = Fa;E £E4E AT
ARSE FAolth gAY JEA FF HAH Nz EAE &7 A8
Folxe g3 HAA Az 2dg M ARG F UAe F

Aesha et 2ok

FolA & HolH

- AtEof st AFS

- 37) AHAE AF 99 S A8 ded FA A7)

- ZF AR oo ZH AFS AR AzE

- w9 AFE e 7HE 2 FEEE

- 7 mef gAY AlEF 8

- 718 Y WA, ZFA 27

SAEA FME £ e AN Al o 2 32719 o, Ha we

- ANZL AF 93 AAFSE(limiting batch size), 39 T (number of batches)
2 Ak U3] 3d Al ZH(limiting cycle time)

-z 3R AE AN dyg & o| AFo] o= FFAAM duirts
AAbE =Lkl digk 2 A

-zt 3ANA Zt T FnR FEF AA
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2.2.2. &7 Z(superstructure)

A7l dAF FEA FF9 HH Az 2de A 5ol zetg
%'_IL—%E 01%5}_7 UAH7L. ©] Z2FFAME AF7AY AFA
Ne gAY 29 PHAE FEHL ol wn FS Az
T AU T (in-phase) =4S FA7F FItE A At U

g4 AAAEE FAATIE 29 FHold. F4do=
< “IF(group)’oE  AHYstm o]ozm  FHHE
€ aFd F8AM el ol &7z dt
5

Ao mARAE A3 folde Adaes At @ folue
A% AFS Bold vt ool AFA FHE A} Fam
Ao Aodth A U3 AAF tg Ao
" ‘

dEstgict. A7) A &7k 2
Grossmann[]]o] A2kt Outer-approximation(OA) e FEo 2 @& Fou)
F< H&3t7] Aol A (global) HASME F317] A3NA convex
9= 218 wpRofol @tk o741 Vaselensk S(8]0] A obefel
MZLE WFEL o] &3 A5 ATHCZ nonconvex HENE convex HERR

HEg

gl

AgHeoz, qgd e 2 Ay vy RdE Heldo EAgS
AA oMo 5+ B35 713 A5 52 Qs nonconvexity:

Vaselenak T [8]°] A%t piecewise linear approximation HHHol| 2] s]x]

A=

224, & oA

B HolAe dellA At T3 A vy mdo a84A48 THE]
AsA A9 dAE OE Aotk AWMA dAe 7€ =0 FnE9
F871 F71e Agola FHA dAe FFsold Mze =v Favt
AZRE W 25 Az A48 92

A& dA 1

ol dAle FHY FHF AEFEL A Jde FAY FFE A
71l A o A e AA FHY = Fad AESE FIFdE
71E9 AL AAAdA 7 = FaorMe Hd sbe ool a7t Fo4E
gl dg Az Aot T FFL FAY A @ARZ o] FolA
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glom ztzt MYy Al7|7F ©E7] mEd Fx9 F/H R FTAH UL
234 Edu g AEES AMED Aok E 268 oA 1o
golelolm 1¥ 24 oA 19 dig FF THAE 2 A4 AFY A=
e g Jebda ok

RM 1 RM 3

> Final Product A

RM2 —p

RM 1 RM S '

RM 2 Final Product B

RM4

<71 2.4 Plant configuration and production recipe of p

<¥ 2.6 Data for example 1>

(a) size factor

lant I and 11 in example 1>

Plant 1 Plant II
Stage | Stage 2 Stage 1 Stage 2
A 20 1.0 22 1.1
B 1.5 225 1.6 24
(b) processing times
Plant 1 Plant II
Stage 1 Stage 2 Stage 1 Stage 2
A 4.0 6.0 42 6.5
B 5.0 3.0 5.4 4.0
(¢) existing equipment sizes
Plant I Plant II
Stage 1 2000 2500
Stage 2 1500 2000
(d) new product demand at each warehouse
A B
1 237,000 108,000
2 304,000 117,000
3 164,000 112,000
4 342,000 132,000
5 196,000 109,000
6 165,000 124,000
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(e) shipping cost

1 2 3 4 5 6
1 0.05 0.03 0.04 0.06 0.08 0.1
I 0.09 0.08 0.06 0.05 0.03 0.04
(f) cost data
Cost coefficient, o
Plant I Plant I
35.24 34.90
2 30.50 29.80
Fixed cost, y;
Plant I Plant II
1 45,050 46,000
2 42,500 43,200
Net profit, $/kg
A 0.7
B 0.8

o] A AAEI JE FHY AFL Ao A A e g
v Fug olFHed FF 42v FEE B4 2 74 EojF a9
Hd 7t Bl F27F 69 %A 125 %A F7HEtha §oh o 7] A
FH& Az EA7 2RI V&Y Hd A FMEFHeR AFLS 4 T
Fad] FFE AJA ofdH AMEL FAE FEldAM FlE e
HEE AL FEstE Zol oldAAE ddslof ok Aol AA G
3 AF uAdy 2dS IBM RS/6000 A AE | MHdA  GAMS
DICOPT+++& o]&3leqd FEAE FEJ. o FA= =7 **‘5}011*1
Egdast =gAed A o2 AATLEZHN AF zxo] 1017

F7F 817) gz olat Wizl 20709 EAR degAzion sgs
Tah=u 16 sec7t AT HAH AxE B 279 Zo] FF 19 FHA
A gA 1000 19 Aﬂi% A7t FAHND AE A QA=
ojdo g AF B AMAdE ez ZUHY ol rigdo] dE Azk
ol & $2.2223%x10° o]t}
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i
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<3t 2.7 Optimal retrofit design for example 1>

Plant I Plant I1
Stage 1 Stage 2 Stage 1 Stage 2
A - 1000 L(out-of-phase) - -
B - 1000 L(in-phase) - -

HE oA 2
dal 25 AN HAE AEFL A J=
Z1golA AEA FFsor & ol Furt AAL o AE lE £4

4
S =
o
ol
o)
o
N
)
2
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gt A, B, C A A AEFS vzl A BAE ARA st
g T4 1, 1t 71E A5 2o o) Fad AFE TH AsA
M AE 2o ok o FH L UM ZE Al de 7 TH
N2e To) 210 AFS FIFL ALL A Aok A71A, 71E At
=802 7l%e HUFL THY AAA, AEA FAE FsAM T
2o M2 To) Fao Hd sbs Fod A AES FIFE AAA,
NEA FAE 27he A9 o= B o= A Gl MFA FAE
2718 AR, agm A2 HAH P R Bulg BAHF s HA
Mz EAL A Eo.

<¥ 2.8 Data for example 2>

(a) size factor

Plant 1 Plant II
Stage 1 Stage 2 Stage 3 Stage 4 Stage 1 Stage 2 Stage 3 Stage 4
A 23 32 43 31 2.1 31 42 3.1
B 24 3.7 39 3.0 23 36 37 3.0
C 33 4.1 2.8 3.0 3.2 4.1 2.6 3.0
(b) processing times
Plant 1 Plant I
Stage 1 Stage 2 Stage 3 Stage 4 Stage 1 Stage 2 Stage 3 Stage 4
A 8 3 4 2 7 3 4 3
B 8 3 4 3 7 3 4 3
C 3 4 2 4 3 4 2 4
(c) existing equipment sizes
Plant I Plant II
Stage 1 2500 2000
Stage 2 3000 2500
Stage 3 3000 2500
Stage 4 2500 2000
(d) new product demand at each warehouse
A B C
1 88964 87436 48964
2 85964 85436 48787
3 88964 77436 47123
4 78964 87436 49102
5 79964 75436 48220
6 76964 82436 45660
7 78964 81436 47320
8 77964 76554 48235
9 58450 64440 37880
10 59550 62220 37770

Q-20




(¢) shipping cost

1 2 3 4 5 6 7 8 9 10
1 0.010 0.011 0.012 0.012 0.014 0.016 0.019 0.020 0.016 0.017
II 0.020 0.019 0.010 0.015 0.012 0.011 0.010 0.010 0.016 0.017
(f) cost data
Cost coefficient, oy
Plant Plant I
Stage 1 3254 3224
Stage 2 3420 34.00
Stage 3 35.24 35.14
Stage 4 30.20 30.00
Fixed cost, v;
Plant I Plant II
Stage | 30560 30260
Stage 2 32750 32350
Stage 3 35250 35050
Stage 4 30200 30100
Net profit, $/kg
A 034
B 0.36
C 0.34

# 282 A 20 dig dolHE Y Yo 3y 25= da 29

3 74

RM1
RM2 —pp|

RM4 —p
RMSS

RM6 —Pp
RM7 —p
RMS§ —p

RM3

RM3

T

TR

R 7 AF e Az $EE Yo g

Final Product A

Final Product B

TR

}——} Final Product C

<219 2.5 Plant configuration and production recipe of plant I and II in example 2>

Al 2 £ 27 FA%E ¥ 0 g
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AAgozH At zAol 2607, A% WFIE 1977 1@l of
7} 567190 2R wEglon IBM RS6000 93 zeloldolM dE
Zale Alzko] 92 sec7t AFTH HAAE T % ne AUA A
Aol 1846, 1951 18] AXNZ AFA F7rshs Aolx 7iglel d I
olo]e § 492,670 olth. T 29¢k Zol FF 19 AAA A dAd
=718 A2 FAE AE A, co AMAE o zHde= AF BY
AN E TAoR =HET

2 N\O £

<X 2.9 Optimal retrofit design for example 2>

Plant 1 Plant [
Stage 1 Stage 2 Stage 3 Stage 4 Stage 1 Stage 2 Stage 3 Stage 4'
A S, 1846 L - - - S,1951L - -
B S, 1846 L - - - S,1951L - - -
§) P”, 1846 L - - - S,1951L - - -

'S means out-of-phase operation and ~'P

Mo
o
Wr‘
k
fn
2
o

23 19 ASelx WA A A Fh8 A2
A, B,C9 AAtd §Roz zgdo.

ot

fad

HO
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e OEFT 2% A AAd APsges RAoldevhFart AHA
ks A L AlEY AL Sl dEEHT QY] i Bo wEA g2
AFozol ik Ago] M5 FAHol AR A HAGhole 8FE
BEA 7)1 7] HEA SR 3L FA Ede wj#@ds HAA HAx
olejgt wiTHE 3IFEA FHY dHd FHI FAEE FAAFn
58 Ao AWM FUE A8 9‘4‘“‘ 30 Hgd" HAEH Al
71eg 2o APA wEx ot old ZAEY Aoz 90 dulol
SojobA Fuig FA dig #AL 0431 oA FE5A YeElvdn
Adcholgd #AL AAYG 2AZY FEoH14,68]9 Aog AXA
71€[2,3,7,9] o did Eofz vE & ded oIt AFEY FAAE
JEoINa Holo wF} FFo] Fulm FHA FAEL X1 ATl
st gl

Folg 349 M & 5L EZo] @S FA & FAA g2
FAR olFst= Aol ofyel 3] AibEE(batch)yE HS & 7|(vessehE
ALEZA olF A2"Eg ol &t tg AL QAR oFAYE Aotk
olgfgt Mde Y3 AAFE FL &U|E 7IAE A7t zhzhe] YA
gAY Aert 7bsd XS H(station)oleh AAzZbEtH R A ols €t
olg gt FAHAA AFH= Fobe duv] HAY dARAM o3 FAHY
AAlet 2AEY A YA olF Jhsd 8U1E UE A dA=E
AgstA FAole HXAA Jiedk dg ©AY Aol rted
H(station)Z} olFHolL £7]E wioly WMy For dZAH oH
24 S A st Q4 (element)”?| &0 #3 A

AL Foly HUE, k5 & Fo] Mo] fE ]w«] A a9

Nl

o HE
Y FlAE wgol B A A vuel AN YAEY A2
A9as Fo@ Axtolth Tuj@ AL JEY IwH @A
FHNA AHol AR ABE o}d F glo} ML ¥ F Um
go] SHEA A/ #eoE AE W BIY 0¥ 52 o
AF Ae A 2D FLL ANFL ANT ° A& HE2A
Faol vlsl AR 48 2L 5 U ool Fustel FAo RAPE
2% Aozt MHo] zolt Aol Fx vE 2d F ook
=9 PulE 34 H¥Y T4 wHeln AY W =% oL
SRY 5 JE ABHe EUE AAGt A8 3R AAA PR
A44 FHL AF, AL a3 Ao Huzie) 4L ook nE E
313 2o E 31 o4 Pulm o) U@ BAL 29 Tujw 3R
84 337 954 4 FHE BT 2% FHolS: 22 U
P -

Manufactunng)olb} FA(Factory Automation)® Yopztcpal B o 3]&2)
39 Fuj@ste 2 AA xzlo] @ Aol olg Fo] FHEA FAHY
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<% 3.1 sete Ao wla>

Batch Process .
- . Continuous
Manual | Computerized | Pipeless
Product
Number Middle Large As required Small
Composition As required As required As required Same Type
Life Cycle Can be short Can be short Can be short Must be long
Contamination Less Less Less Large
Order in unit operation Somewhat fixed Somewhat fixed As required Fixed
Production
Labor production efficiency Not so good Somewhat good Somewhat good Good
Productivity Not so good Good Good Good
Equipment-Facility
Equipment capability Ca_n respondlto Ca'n respond‘to Cafl respond'to Constant
varied operation varied operation varied operation
Connection between units Somewhat fixed Somewhat fixed As required Fixed

7 gEAQ gz dro on Fdg AFA At FFAAME T
zRoze HADL 23] 50%d =FH FT2e 200%9 WNF T
P
T

HES Ba A9 Bt geid 2
o 7)ze) RO U@ Fage A

una goh $A 24 FANE 24 3H
@50l HEHolAL Y A2 AL 3 Fejolth A¥A s
FAe 72 ARdNe) 2PN B 2L AN Adow 23 2%
2 zEstu Q7] gEd A%H 58] ohd NEF wE 58 29
542 A agr] gEd A% 389 54 2E ve L ArE
AASAE 29 B4 TAY F Yok ozl Ru@ FH =99
g 2 olfE oF W@ 2 AT HEA v 2o A8H
zqsirlel Be BHeld A 23 Q) WEoly melit S AE ¥
e 22 49 g4, WA, FEANY T4 5 FEF
ARel gold, Adoz wAs: sy B o ZudAN W@ 3

Pgxe= Agugoixz] AFs.

oyig TAL olggo] B W EIY BA FE5S VIS IEA
TANAM g 2 #FEZz zsd A& AGV(Automated Guided
vehicles)Z& MV(Mobile vessel) F3 ol o3l zd=H= Aol M= e
Aolth, = Fuj@ TAolg s stod Bt AolA wigo] M3 AAH=
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Aol obujet 3¥ HNE Aol B4 Fhole] 7t AojA AR
% A sl EAe olF WBEE 2

L
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o}
=

HLJRFE

o

2 ol2ojxn Fz 8ol Ao} Muld o
o)
=

wAel HEa FRAE

o
L oof rir ol

FAAE DAE7] el wkg el o 7kA] AlEe Y87 E017)

B, As}Al(additives)7t Soi7te wi®, agln AlHo] "o s

zZyzkol wrg7)o) FEAoZ Auso] o2 7bR wjde] EHibsHA &

At oy EHFHoz dujddel Aojalze dFHov #Het

g0l Ao oy ¥gle] Hrlw ot a2y Fuid IS 7
Atz FHaghe wig MAZE 7hsstd old 3w

o) AL @A o olF HEE W2

==
o)
o2

Aze R BAL 2 580 W@ el s A
AES) A A7 Al oldl FoiX7] WEe] muh chp

gH Ao
ko @ ool wEA Hh HF 4EF AN Hsta AR
ol= H/HAZF ta dEAY, AFY EF @7t e FE UEF
Aarel] Zghg Fubo] glvh 2y el 3L 2E o)F &ML
T Anlel g8 A" A ¥x 1 BF A7 Wi
+5 A (flexible)d F UOo.m 2 H|Sg AuloA BAEHE AFolAT At
=Mz g8, 2 98, HAE g8 el Ad & old uEF
kol JhsalAl Ha, ez By ggd /Y JAZG ou9

GEE 2% 2ol AhsshAl =,
BT A4 A FAE AT FHomd BEE SA T3 AS
Agolth. ae} Aze DB st 2
w9 % 29 AR, 2 BA 49 A ¥l
O 2y Azke WslEo]l amz Ak AF 2 ZdAEstd Auke
GAe 9AFE ok oad TAY 94 PHY 3RS 4w da
g g I “H'f"ﬂ A 299 AE
B 340l mgEojof & AHolth
71&0 3B FAY old TAHL Tl I DEUS WY ol
a9 31 & S8 Anud agdess 4o AY dedE woR ¢
F Aok Fald FAL Assd U AF (AGV, Automated Guided
vehicle)o] HAY AE Aoy I Yo Y3 WAFE F& &7 HolA
e AAGAT 7bsd 9o olFuth AGV & AFS Aitel BT
Anl7t Ho] UE H(station) 2 B 7FA AAAZF B HEEES AR Z
B & 9 (discharging station)ol A HZFAFo] wiEHT W L7 AAHFH
A Y8 FFY(feeding  station) o2 JHA Bd a¥EE X%
FxjAbolo] wi#oly 95 A% @Ayt Hagd "o dd9d 98

G 7hEHolal

_,,
o
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o
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>
)
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32 9 Al 7px7E GubA ot @ de] wiA et
o 9= FHY dudAd FaFd dF

4%ﬂq.z%
el e A Aol
BRaA T el =9

(b) Pipeless Batch Process

<21¥ 3.1 Comparison conventional batch process with pipeless batch process>

ot ot ot

(a) Herringbone (b) Circular
EE=Es=s)
(c) Linear

<21 ¢ 3.2 Examples of pipeless batch process layouts>

¥h-2- 9 (reacting station), Tt 7H<]

L

% 33 & 3 Y FEFEH T AN A
=59 (distilling station), W& %, 221 F A th7)H(waiting station)Z}
o]

2719 A& A(storage yard)E 7 Lkl 947 wixo Fuj# FAolth

l‘éi
2
o
T,
2




ol &< oA el A5 A s &r] 2En A AGY & A3
At B71& olFA7IE WHeRE &7de F8ol glo] AG =
olEA7IE WHI &7 AA] olF Jbed FHo] d' Aol Atk

Feeding Station Reacting Station |
Clesning Station [Reacting Station 2!
O

Wating Station |

Distilling Station
Waiting Station 2 _ [ Ei::..n. s
.

e (00

D : Vessel on AGY

Jult
T

Storage Yard of Vessels

<Z1¥ 3.3 Typical layout of circular pipeless batch process>

3.32 A (element)7|&

TR Mart FAHL T A gl MY wﬁ 4 7ed
8 A(element) 7]&olty. &7]7F AGV o 23] Hddle doz ¢& uw
4719 99 nAA A HAuE dAAA F= AL 11]1‘1‘-4 Aol FFg

F AEE FQsith ol o] LU]E 7 HoA AP FA
AAA 717l HdlAe AEs WiF AZAZL (automatic pipe  connector)”}
g g gt}

a9 34 & o2 TR/ T A2 WHE BoFa ok skdAd Y she
AEE dFe 3HdAE 19 34 9 (e)9F 22 ddo] Hasly wgr
A0l digk 28" AAL b)Y T2 FFHIF Foog (9 L dFL
TEE OFcs 30 Agsta (o YUY sixd HGEn ()=
Zamtgt Qo] Nojx #TAQE Eolu FVNE YRt Y dZd
Aty Zzte] 848 ddE T 22 Jied ¥4 A8 Felw
*24«1 A4S erl A £ Jo} o 94 7]%-3— %j—ﬂﬂﬂ A ol A
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W oohe A ZbA ulgel dde A bd eHdl o BHelh

AN,

{a) slecve type (b) lever-tock type () fasten-flange type
(d) inflation scal type {e) leakproof type

<719 3.4 Various types of pipe connectors>
o« 8719 ¥
nlebs dol 87]12 $4stE WS ontrack # off-track 9 F7HA) 7F
Qlth. Offtrack & AAHoz A2ee] F54 BHAAN o sk on-
4%

track £71% M3(linear)y T YF(circular) EF 95 FHUT Ay

eae 7 oo AH Aolst HolAAT AFZE WAL A2E S
Aol Aok, A mE, 4 R FRAA Adse s AF EAol

ko] wel dA oo

o 27]9] 9] A A} o](positioning control)
277t 9oz o|5g uw &7t 2AH7] Aol HFA AA FAHF
stk YA Aol vl 53 Ado o] W EVHEAT 84 7)ol
o v AHA

7 4o 98 2A3 fdgEe] Y agn SAFS] UES A3 A
oS5t 719 AP Aul Abojd] i@ ABE At FAS
ok W@ oto] 3EE HA ¢Y, &5, aen A4 o

s AR R F2E 7R gl o

o A8 A4
W7 (agitator)t A AEZ FA 59 =88 sy AL FFEE
Y 0155}‘“ %7101] HHHE]E "47‘]5}"5’ %




7EA 1 AA o Mo gt o]t Ao Aso] HAEL YA optical serial
transmission ©|} wireless transmission 5 ©] 2221t}

e 374 #37| (management) A2

AA 49 #EE Y A" vHgd AEEd I3F M A
AA7F Hojob g} Aoyt HA FA HA EAAHOA U7 wol
DCS(distributed control system)”7} 2 & %] o 2 of 3t}

a9 35 & Fulg A wErE 211013}% Alade] NEFEE B
Fi Ao HA AL FYsE AFEHe AIzHolMolm oA}
AZE Ao A2 ¥hg7] 9 ‘@ﬂ’k ol EH 3d sE&
AolstA Aok A7A o] AEE Aol A2 U)o A=
A Adel A4 Fo] T4 7leo] "ok

<71¥ 3.5 Example of pipeless batch process control system>
3.4 HE A

Fulg 3R AA A AL AtEle B I3 Hol g oiri:
anAta FL Boll A YA EFE FHsol stE Yo7 BTt EX9
EE&A AMEY FWolA B Ao ol AT JAH=I MY wE F
UATHL 2o, dREo= A ok 10 oA/ Fejg FFo] A
ZHANAN E&HD Jdu 1 HALEH YL Mitsui Toatsu 33t 3}A}2
AEA A T4 (191 @ ¥ ¥R g% A, AF A,

AE 2 g FHol ga AA uEA B FAL A A7 o)
H3h0z A4 Uk 2% 3 2 AAE adsnd @

341 AFA Az FA(7]
UE Chiba ol A%+ Mitsui Toatsu Chemical Inc. = H=x9 Fulzt
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42 1991 @ 6 Yol Yo °oF 100 AF AF HAAE AL
5000 B9 FRZ sk Uk ojFe] 8k Hxe e ¥4
Fedol 9 AZEYOIE Milox i WHsL glov ool Fuid
TR BEoR AEHI ot o ik 719 A A Y=
Basta Qed, oF 50% =% A@d F 200% BIE TS
71%sn Qoh 8L Aol 25m, Wol 15sm 9 3 A g = AU
e U3 2 A Zu e FFeE A FAH HiH TE A
ol os) A Ax ek sHF 1 3 obFel 1 A 2HAUAR
el kA AES @& F MY £33 F& £8 3ES BREHC WL
T 248 AMAE, ZE Hatonel Ao Z AFel zdHE At
AREF 22 % Aol

gt 714 AR Fol 2ole 8K TR TS FAUA 2o
old B EHY $EHE AT W A AFoME 1= FE A
(quality contro)Z B2 Atk FBH FAHLS T4 7HX9 95 223
A1 werle Yu tdn e FA HF AFS U0 W
A 2 AAE BUsAR 98 EZoY AFY FUt goerg wiHe

AZAo] ofF Esla Aol Mz Aol YEHo] oY

(w) Existing Plant

<19 36 7|1€ &E8H A= 3AHY 7l
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Base Oil
C-line ‘B/ICline C-lin
Bulk Additivess|  Feeding Cleanting Dlschugemg —
Pemix g | Station : Station Suation | ‘mam
{'ﬂovm} C-line traveser
C-line :
B-line traveser Dischargmg-—mb
o l I Station Pacllity
B-line B-line
Bulk Additiveses Fwding Dischargi " >
Premia faieg | Station Station "To Product Tanks
<219 3.7 Pipeless lubricant oil manufacturing process>
a4 36 9 (@ 20 7l 95 EBAY HI/AMEZ A3 o)W FFH
SUHE AV FHOIG 1Yo R BE wWBe AAL o}F S
¢ F Atk 29 36 o e 7IEY FAHS FulRd AQ dFH
FREO|Lh o] FHEES 4% AT Adez 49 Aol 19 370}
B s C o F 9 gass n 9n Addez T
rY(feeding)d, F7Hel 7Fg/mut o, & A9 MHA zdu A
B S (discharging) g 2.2 FA Ho] ot AlH 9L B 9 ¢, F A4k Flo)A
20

ar
o

o7 A Q)

4714 71& FAT Lol FAHe Aol

=
# 32 o 7129 3R Foj#EstE 3L 89 4, g FHo
T, AR £ aga Zk AeAe FxHl 37 8A8 B F3
k.
<X 32 Ez}v) vlu>
Existing process Pipeless process
No. of reactors 10 6
Charging equipment:10 Charging station:2
Heat & Cool equipment:10 Heat & Cool station:2
Discharging equipment:10 Discharging station:3
Spray nozzles:10 Cleaning station:1
No. of automatic valves | Charging:230 Charging:61
Discharging:50 Discharging:16
Total:280 Total:77
Increased factors 4 Reactors AGYV cost
203 Automatic valves Station cost
203 Signal software cost Equipment of optical
Piping cost Signal cost
1z} FAL ol A WIS o A o] AF Wy = go 4o

Q-31



Ao} A% ulg3 wig HBo
dhsl A e AL o >

o
=
e
oH

ARt © ol £t} ol
3 w4 29 = YA, AGV ¢

3

o] Mz ulg, di} Aolr|zhe] F3+ Al F(optical signal)F x| H|L-o] T
Z7bE o,
343 AF Ax TA[2)

AE Az TAY dREE &2 Ttk &Y FHEFoY AF
gFgel Y 2FE E AEY 9] g&
ol ¥otmtt zth olHd HEF ¥ e o= FAHEY 7
FRoA L] MFHol Fastiu FI o WA "dgHoin
agEg 7t ZAbole] wi# Aol dagly wkEy] Aol folgt
Fujg FAo] A& o

3.5 ¢o 7o ™I

gEZ a3 Mate]l Agsith a3y JEY IR 3L AMEY
A 8h(switchover) AlZtol A3 AF9 A H(recipe)o] #EHsIAE T
Hedo] ¥A Ealth. BH CIM, FA 28]3 FMS(Flexible Manufacturing
System)E Q73He= 3R FAH aFE Fui#E AL A HAO
gy olgg Fujg TALE Aol 1 x5S AP F s
uigdol]l 2 AWk 7)Eo] ofF URrslE A ot FApH|IL uisthE WA
Ak olgd EAE R TF AL aiv|ee] EHo= sjdd
& Jdotn 2ok Fuj# FFL § A AA Aol dEAAN 2HHR
o} oA o 7)ol AwtzRoz AZ dAd o] B EAHE ¢
th. AAAA ZF et T @ 23} (unit operation) 7]E°] EF
Mg FA 850 e AL o, T Fuid FAHAA
AsA z2dHE 259 "o WAL o 150°C, Skg/em® 9 FFEO
2o gtk dAZA Ful#E FAHA FEHA Az dE ©H =& S
moving vessel oA o]FojA = w9 e A @ K4, w3, €M,
Z% 9 stripping, extraction ¥ ¥, AEH L ¥A, AFH Az A
oo o}, HAZ, packing 5& olFojA A Esm Yt} F 339 FulH
FAAA FAZHHR v =z 2 a8x EI oy z2Fd A
28 el 9

o 1 ¥ ¥

>

=
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<3t 3.3 Units of batch operation>

Unit operation Necessary equipment Procgss .
standardization
Material feed Reactor vessel, feed vessel and material vessel 0
Temperature control Reactor vessel, coolant and heating media 0
Reaction Reactor vessel 0
Distillation Reactor vessel, heat exchanger 0
Steam stripping Reactor vessel, heat exchanger, vessel 0
Stationary separating Reactor vessel, storage vessel 0
Extracting Reactor vessel, storage vessel 0
Sampling Reactor vessel, sampling facility 0
Discharging Vessel 0
Washing Washing facility 0
Filtration Reactor vessel, filter X
Drying Dryer x
Pelletizing Vessel, pelletizer >
Packing Packing facility X
ayeg otd @ REol Ao Aol & FHolxn, RE IHEH B
342 Fupstalos oby 1 slge]l zRHol B ope} Ruj
geiel 34 HulolAe AAY AFsE A 23 AR ATE A%
Aol Fo glol AR FHY FujEge dig A7 vl hdol
g 2 3}
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