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1.2.5 7O ATLEHERE. FREHOHN
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ARG AR HZ OV 27 TREHME O wE R ERIEZERIND Z LB3ZW,
DD, ZOXIRTITAET 4%, BT Iab—3 3 2K - TERAIC
BEtd 5 TERY I 2 b—3a VBT UEFIE] 28R L, ZOFMAMEICONTE
BRICU N T 2T o BB 7T o ZDHITRY, 2OV Ialb—a 7 VEHE
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sk, BIROT o AMEOEHCEY VI a2l — a VETF A THADPKNETH
B, VAN TR EFHEFHIEY VR RREVWE FHISATH, TOUV AT D
ERIFHENEETH 2HHICE > T, CThE THERERTE RN vt R
KGO, FEFUERED THDL L ERT I ENTEE,

AAEFIEE, FAHOY TAZ A DB R 2 L—v 3 VAT A ThH MIRROR
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efficiency) @ X 5 72MERE/NT A —H 7 B A RAE LTH Y B et A2 I
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W, VR OB RWEEERDOEE - ERFMGR DI 2L —a VEFRRICL
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T—27) IZBWTHINERESE LTEHT L2 EDNAHTH L, FEEIX. £ORED
M K> CHIE T2 7 vt 2l & OHEEM OIS FFARANIC 2 5 K 5 BT
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E6E IS4 7ML EBL THRIARLEXET AN IaL—2 3 VET
VOB TlX, BERELFAULHDIEE T OB AD Y RN THROT 0w ADRELE
BRI AZFEICIY 115, ZORLEBBEICE L C, LREE Ve 227 (7
L— AT —7)D—EROEBHREICR LT, 7 a ABINZET O K 0 B 72 8 EAb A
R IO, BT 2 L— 3 VBT IVOBIFE TRG L Z O E A R i
WICFHE Lic, ZOFTIVBEIELAIREL, TOHAECOWTHAT 2, Z o)
MET NI alb—arDT 77487 41%, VAT R ETHVIEIND TR

T AREARRFOBMNIIC U TRERT T —F (flfHL— 7 EELHIH T A —2

17



i
—
il
E:Dy

AR HIRERRE A X DRSS, EIERMR R AR L) ICBEE LT, etk
AZEOBIRGE OHWA B 2295 L THERER 7 n v AET7 L0~ TH
5T EERT,

B7E &R Tl AETHRONTERRZ £ L O, fma il ~5,

18



Rl
—
il
EJ\{;
i

BoE:
BEfEMEFZE & FEF RO A E

E3E: e FJ0R EFNE
ERIOERETILOMEF

!

To-Be Business Process Model
for
Preliminary Process Design

————

\ HHE e =n=y,
HaE JOCREEEEE N | DR DUF YT AR SRR
O FRIED OO IL —4 N g EEE D EK -
D! _Dﬁﬂ \\ N \ﬁ
fr —ooEee- R ~

i Framework to System;ﬁzg Technologies i axat Il S

i for S ! Dynamic Simulation

l imi ign™ ~ : del

I . | Wi y

Tt _? * %
BoE: FHOFL—ACLE MR == !
Ot EEGRETESIO RO HBEEE T /

= N O LB i

f

/ B6E: S (L EBLT B ERIESIET 2

M -zl —2aEFILDRRE kX

E
&5

Fig.1.4 The purpose of the research and the structure of this thesis

19



1 E iR

VeSS

1-1 FHHEOE R

‘ 111 {EPEEOEKE EE LT HICLEHE

112 YAV IHILLETO R TEELD —REERR

| 113 UL FEILL B Y0t FEE LD K e boRIgE

| 114 UL IO A TEE LAEAD 26D il

i | 115 UL TRICLATO R OEM
i i EhEE B O F S

1.2 RO HE

1.2.1 PSSR 2L EEIO A ETILOER

122 HEAFIOTAEE
FRETFEFEIOER
EFI

1.2.3 7Ot BAFEETEH
TEF b7z thi) 2275
JOEAEF I

124 FOEITFEE{CLRIEE
AR EF R EO BF R

| 126 BEzal —2aEFIL
1 L= 5£RAR - £ 2 RIRARR R

125 ZOtRAFEELRIRE
B RIERO BELT

F2EF BEED TS

X

21 BEiF@ K

211 EXfEOHEHEEO L —LT =0

SiEaeiin bt S e R e

[
=
w

ERIOEREFILOFZITHEFFTL—F

’ ~
=
o

| 214 FELSAIHAOILICEITE TOER BRI EEIO TR 7L OERIES

215 EEE-Zal—igeDETIL
TEFiE

23 FED &

‘ 22 AEFFD HH

221 FHINEEDIL —LT—2

222 EFIOEAETILMARRZE

223 EFEIOVTPAEFILDFIFHFoFF -}

224 FIRSATHFADIIC

Bita&70t 2 E48st
EFEIOEAETILO
TEEEE D ST

225 EEF zale—avDETILE
FEHE

BIE §

[s[d
ail
=

3.1 EHIEEED FO0 A EAESET

3.2 ERIESED O R BT
O BiZsTiE

3.3 EEO B —T 1Y

3.4 70t 2 HIEID #iger § 54
— 5@ 55T

3.5 FEEEFITCHIEIL — T HRE

3.6 EEEVa— 2 F AT
LB SRR

3.7 Bk & E R 0k
O ER

3.8 702 BHEFESTORF—
218

39 EFO XD

41703 BEEEREtO iz hD
it ER HED R E

42 EREELOIOEEE
SRET MizehD HIE- EE
- 1EERD 1R 1

43 EFEEDIOER EF
ERETOI- D FIT R HED
b3

4.4 B EE(LEEEIELIEE
HiBED IO R B AiREt

4.5 ARt ET T Ein
[l hEE s ol = L Wy
EREEOCIOER B
oRo

4.6 LCED o ehD B FE-
B4R O T D FiRE
=T L B zal—
LT LB

47 FED IO

6.1 BIFE-2al — a3 EF ILIEFiE
BRI CL B IRERT

6.1.1 O3 FEELD REFT
BLUHER

510 FROIORI TR
T ERIRET =15

5.2 JOTERFEEILRIRE
FAFH R FED AR HT

5.3 JOTAREEILRIRE,
BFERIEERO BFET

5.4 FEDF e

6.1.2 O 222 BhE BN e 2ol
=3 EFIVICLBHER
6.1.2.1 BIEIET IL{bD HH
6.1.2.2 FEFIFEWHE—FO FHIET 1L
6.1.2.3 FEEIIEEREhEEEOFA ST B hET
EF 1k
6.1.3 JOTRFEEILRIRED §RRHE
DEFIZOERA S 2al —avlcdsd
BESET
6.1.3.1 FEEIFEHIENL —FD TS0 BFE
6.1.3.2 HFEBREIL —FHLTFIS4—4
EEICL D IEEER

6.2 7O BEFFRFT I CHITAUETD

I
=| 6.3 RED L -th

E3%W HENFTORRER
At EFE IO ET IILOHRE

FAE Oz EAGREHEHD £
FALD DO ERIOEZAET I
T

HB5E FHOLL—RITLBRE
HU-ERIOEAETILOH#
REE A 5EEE

N | mem o010 LEBUT iR
W | tEEET e zaL s o EF L
N | DFF

Fig.1.5

The structure of this thesis




Rl
—
i
EJ\{;
i

SEXR (F1E)

Fuchino, T., K. Takeda, Y. Shimada and A. Aoyama; “Business Process Model
Based Incident Investigation for Process Safety Leading Metrics,” Journal of
Chemical Engineering of Japan, 48, 626-633 (2015a)

Fuchino, T., Y. Shimada, T. Kitajima, K. Takeda and M. Miyazawa; “Framework
to Manage Engineering Technology for Plant Maintenance,” Journal of
Chemical Engineering of Japan, 48, 662-669 (2015b)

National Institute of Standards and Technology (NIST); Integration Definition
for Function Modeling (IDEFO0), Federal Information, Processing Standards
Publication 183, http://www.itl.nist.gov/fipspubs/idef02.doc, = National
Institute of Standards and Technology, Gaithersburg, U.S.A. (1993)

Yamada, A., J. Takagaki, H. Matsumoto, T. Kawamura and K. Yokoyama;
“OS8-11: Application of mirror modeling method for control of unstable
behavior in a distillation process,” The 5th World Conference on the Safety of
Oil and Gas Industries (WCOGI), Okayama, Japan, June 10 (2014)

Yamada, A., H. Matsumoto, J. Takagaki, T. Kawamura and K. Yokoyama :
“Application of Mirror Model for Dynamic Behavior of Tray Efficiency to
Revise Control Loops in Distillation Systems,” Journal of Chemical

Engineering of Japan, 48 (8), pp.690-697 (2015)

21


http://www.itl.nist.gov/fipspubs/idef02.doc




28
BEEDZE E AR D &
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2.1 BREDHE
2.1.1 BEORMNEEDIL—LT—Y

1.1.1 TR L DI, T ARFHBEFEN T T N T A TH A 7 VO TRE
LD BTN L oRTaneRA T T 0 b (OEGEITVTIN) OUEE
YR T EMETI, AV T AT ar AEEE 7T o REREF (O E2iTn
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fi & ISR T LTV % (Ganguly and Saraf, 1993) 72 EDRHEN H 5,
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FRICBLE 2N E & 70 2 GRS BRER R ORERR 72 BRI ERR G b B o0 7o 7'
T A ARRFDOERE T 0 ROV THIE S b DT,
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(Kawai et al, 2014), (2) %4 - fH - AEMEORERHEAICE ST fE L
Hitia — b U= A EE AR E L9  (Kitajima et al, 2014), (3) EIK b,
BUEDSE - EFEMEOIKRIISED 2D D AT — 7 R H—DRE %
EHRT D TFLEOEBET NVERE L% (Sugiyama and Schmidt, 2014) .
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T a ZAERFFHI BN T, TASIS £7 /0] 2X—RCEFETRERAET NV E
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HRE BB 2T (K v 22T (ZL—0U—7) NREES
T % (Fuchino et al, 2015b), L LA h, I 2 ClIaknfraeIcBd 2 %%
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¥ > b & 7 (Startup / Shutdown) ], [EEHKAE (Abnormal Situation) |, &
IREE (Emergency Situation)] %65 E 725,

MEHEERD 7' 1 & Z ARG BB RB WU B ORI L —T 1 7,
HIBEROWEE & /X T A —ZBDIRIEN, FERDOT T o | EER T OEBLIMELL
B L CIEMRICIThN D, B, 20BN, TH#EL—7 RN S
PFDJ 73, EWiEls CEEREIC X 28k 7 vt 2A08EER) REFOZDIER S
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B, L LZens, 2o [EeEizo 7ot A HEARRE ) 0¥ 7ot R zHo0n

TIX, T E TEEMICHFZEE STV ho T2,

2.1.3 EBEITOERETIDTITAETATYTL—F
AEITHE, AL THEA LB OEE T o AET VDT VT 4 T 4T
7'L— bk (%, 2015 ; Fuchino et al, 2015a) {22\ TR HIZR~ 5, AR L7z
IDEFO I, ¥B 7 nt A L ¥EE T ne RO RN EERTRAET Y V7558
Thh, EERFFMELT 1) ANE#HR%Z 3 2057 3 J —Input, Control,
Mechanism) ([Z8E L CTET /ML TH L, 2) —DDT 7T 4 BT 1%, #HHEK
DYT T I T4 ETAIRATE, B/ n b AOREMEERBTE52LT
bbb, BTV ADT I T A ETADYT « T 7T 4 T 4 ~DER% Node
Tree 2. (Horizontal % 1 ) TFKHL L. Node Tree (X, 77 7 4 T 4 DIHN
B TR S L, EHEROBBMERAE LR 5720 ivbhd, IDEFO
I ZDEI R~ T A v I ALV H I APBESNTODLR, £TVH
K& EDLIELMTRAEE ITKFEL TV D, 207D, —MERET VA
TR L 22 D70, 2o V=T ) U THINOREAEBR LT 7T 4T 47
YT IR INTNWD), TOT VT AT 4T T =M B XA TD
7 277 4 ¥7 « [Manage]. [Plan], [DoJ, [ Evaluate] ¥ & (' [Provide Resources |
MO SND, ZNDHDRAID 4 51F, £ i PDCA 1 7 /v d [Action],
Plan). DoJ. [Check] &L T\5, H&ED 1o1F, MG, ki LU0
ikttt TH 2,

Figure 2.1 |77 [¥B I atv A7 —%FF )] LEENLT VT4 BT 47
» 7L — 1k (Fuchino et al, 2015a) IZBWTIL, U TFTDO X 5> REHEDT 7T 4

BT 4 BHESN TV A,
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Manage] 77 7 4 €7 4 7% (1) Directives ({5/7) * 3 XL U¥(2) Output’' %,
B _EALD [Parent Activity | 755 FHLY . “(3) Directives (F§7%) *& FHLOD
“Plan,” “Do” B LW “Evaluate” 777 4 ©7 4 IZH T 5, 26D T7 77 4
BT 41X, Z® (3) Directives ($§7%) "l LR TT 7T 4 7720, ‘@
Certified Output GKFRINTHI) T 4 Z FOT 7 ©F7 4 ~H T 5,

[Provide Resources] (2 & > T ITHLSHH7-44) Certified Output (KFE S 7=
Hi) 2 fE#iE. & 512, [Manage] -~ ‘(5) Information for Management (%2
D= DIEH) L LT rES L5, [Manage] (%, [Plan|, Do L O Evaluate |
DOfER A L, [Parent Activity] ~~(6) Certified Output KR Zi7=Hi 7)) °
7135, — )T, Provide Resources] 1%, [Parent Activity] 7°5 (7)
Engineering Standards (FE&#4E)’ XL (8) Information, Resources (1%
W&/ ETEY . FH % IManage]. [Plan], Do) 3 X O [Evaluate]
~JEd, Plan] , Do) BX O lEvaluate] T &30 b T TR H-7-84
Zi# 5L (9 Change Request (ZHEK) * & %1 i%(10) Information,
Resources and Engineering Standards Provision Request ([ « &R « FEF I
YeDHEMPEZ HER) "% [Provide Resources| % i#%H L CT‘5) Information for
Management’ & L C [Manage] ~{H/7 9%, [Manage| |, Parent Activity|
~NINGOER (11), (12) ZBELTHEY, INHD, 777 4 BT 4 DEHE
ZANT, EMEICENT 22 Lk D,

(%% ~& (TO-BE)¥H 7 1t AET /L] IZOWTL, RIfREEBITIB W TH
FENni=T 7 r—FFikle & (Fuchino, 2015b; (LTSRS, 2012) 73
oo, ik, [EGERREORERG & MEBRRIRGT O 2B&OT 7'n—F
DE AL PDCA H 4 7 /L (Plan-Do-Check-Action) #3570 [7 77 ¢
BT 4T TV —=FDOEAN] 06725, BUR (ASIS) Z2E7 MbLiztk, €D
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Information, Kesources and
Enginearing Standards

Prowision Reguest (12)

L

Progress

o Output from Activities
in the Parent Diagram (1)
»  [irective from Parent Diagram (2)

Change Request (for Directives) {11}
Cernfied Output ()

Certilied Output
{fromm Previouws Activities)

Dirgetrves

N

Engineering
Standards

Parent
Activity

Axyz

= [nformation
»  Resources

T

= [nformation, Resources and
Enginesring Standards
Provision Request

= Change Request (for Directives)

= Certified Outpul

= Progress

+  Certified Output (4)
+ Chanpe Request (for Directives) (9)
& Information, Resources and

Engineering Standards
Provision Request (10)

* Enzgineering Standards (7)
# Information, Resources ()

Information,

Starlards

¢ Change Reguest (for Directives) (9)

¢ [Information, Resources and
Engineering Standards
Provision Request (10}

* Progress
£ ""‘#E;;aeering
Directives (3) Certified Output Certified Cutput \ | Srandards
K i [ x
ra |
r L 4 N L 4 b h A /
Plan Do Evaluate
Axvrl Axveld \ Axved
* L) L
k1
Inf: ian for b :
nformation for Management  «  Certified Output (4) o
as follows (5] »  Change Request {for Directives){9) o Certified Output (4)
S * Information, Resowrees and - erified Output (4)
. Tl qu;.a. - and ]_"ng'l_m?':"np% S'A"du'r“” o Change Request (for Directives)(¥)
nformation, Resources an ravision Request (107 o Information, Resources and
Enginesting Standards * Progress Engincering Standards s Progress
Provision Request Provision Request (10)
= Progress

s Progress

Fig. 2.1 Template for generalized business process model (Fuchino et al. 2015a)

RIS 2R 2 L )TNV 2N ETDHZ LIk > T TO-BE 5 V%2151 5
FHiEL B DM, Bz TO-BE 7 /VAEET 5 HFIENHERNTHD, Z0 TO-BE
EFLBYICEBNMTOANE., NI TIAREOREENEX AR NI T THY .

EE TR IANEETCWZLT 5L . TO-BEEF /L ERAEL,. 774205 TO-BE

EFTNE L= AL TEBED EOFMCHBEARD L0 ERNT 2 2 LN TE S,
ZOPEDE 2 T, AR TIE T 0¥ 2R AR EBIISH LT,
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2.1.4 TSUMSATHAINLIZEITHTOERERFEFEHTO
TRETILOMEBIEE

1.24 BLOR 125 I8V T, 57 0k AT T L OMESCLEMERRZ B
EL7e, Tue ARNLEMMED b —22 KD RIFROIFIR O, MRk
B DA OREEZ DWW TR Rz, 2072912, 2.1.3 THRREFEDOT 77 4 &
T4 T T = MIESW, T b TA T HA 7L (LCE) &kD¥EE T n
TAETANBELRDLB, ZOTTF AR TOT o AREARESE 0k 2T
TNOALESITIZHOWT, BfEDET /L (Fuchino et al. 2015a) % MWV TLLFIZHL
B3 % (Figure 2.2).

ARETHE, ZhETHRESNZETAO—HEZR LTS, LCEIXFEIZ 45D
V=T VTR, bbb, ILCE FHENE, [T'rEX 7T M

[HER% ) B RO [P TSN D, Z 2Tl BEFEOBIR S ¥H5HRE (7
7T 4 BT 4) OREEREE R HRICHEE T 5 729 Node Tree % AW TS
%o LT 77 4 7 4 THDH [AO: Perform LCE (LCE %3473 %) 1%,
TODYT T IT 4T 4, T [Al: Manage LCE (LCE Z&#43%) .

A2: Plan Performing LCE (LCE D&} % 37T %)), [A3: Perform Process and
Plant Design (Fm& X - 77 hO&FH&2 4 %) 1. TA4: Construct Plant (7
7 v b EEFT ) ). [A5: Perform Production (ZEFE95) | 35 X O [AT: Provide
Resource for Performing LCE (LCE D 7= @ iHE « &R - R A2 RUT D) | ~
JEBE X415 (Node-AO), Z Z T. [A6: Evaluate LCE performance (LCE ®D3Z
Ty 2) ) TEKL TS,

TATHA I N V=T V7o at R« 7Z 2 MIHOWT, Figure 1.1
TRLEE DT, T v AERG, 7o ARG, 7n b ARG

M THiD DT, TA3: Perform Process and Plant Design (m& X « 77 |
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ELEFEITT D) X, T - T 7T 4 B+ [A31: Manage Performing Process
and Plant Design (7'rtE X -7 7 FaxEH2E# 3 %) |, TA32: Plan and Design
Overall Operational Design Philosophy (£ f&iE#AR 51 EARZ 5l LExEH75) 1.

[A33: Develop Conceptual Process Design (7'v & AM&FREH21T9) ). [A34:
Develop Preliminary Process Design (7' v & A ARG G217 5) ), [A35:
Develop Preliminary Plant Design (7°7 > F ARG 21T 9) 1. [TA36: Develop
Final Process Design (7' 7 & Z5E#iE%E 217 9)). [A37: Develop Final Plant
Design (77 > FaEfliExEt 217 9)) B XY TA39: Provide Resources for
Performing Process and Plant Design (7’m& 2 « 77 FREHI LB FLYE -
EI - FRARMT ) ITERAShD,

X 512, TA34: Develop PPD (Preliminary Process Design) (7' 7 & & JLAGR G
Z179)) 1%, 7 - 7277 4 ©7 4 [A341: Manage Developing Preliminary
Process Design (7' 1 A ARG 2 & # 9 5)]. [A342: Plan and Design
Operational Design Concept GE#iia%FH AR 2 Gl LEXEHT %)), [A3438:
Develop PPD for SS (Steady State) Operations (& & &z 7 vt 2 HAGR G %
179) 1. TA344: Develop PPD for S/'Uand S/D (A¥— T v 7L v b D
YOt ARG A1TH) 1. TA345: Develop PPD for Abnormal Situations

(BEAREO T v ZAFEARFKE 51T 9) . [A346: Develop PPD for Emergency
Situation (BRAEURBED 7' 1t RFLAKEF 24T 9) ). [A347: Evaluate Integrity of
PPD (7' & & A ARG OREEMEZ LT )] ¥ LT [A348: Provide Resources
for Developing PPD (7' 1 & 2 FEARFFHI M B 0 FEYE - EJR - THHMZ I 2) |
12, Node-A34 RIZEHINS,

—J5. EPEERIT. EIT EEOETES] & IRMOmReFESE] & L TER

i, [A5: Perform Production] X, 7 + 7277 4 ©7 « [A51: Manage
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Production (AFEZEHT )|, [A52: Make Production Plan (A£G % 37 T
%) 1. ['A53: Execute Production (4EpE%A FEAITT 25) . [Ab4: Perform
Maintenance (Bfifr4% 9 %) | 35 L U A56: Provide Resources for Production
and Maintenance (EPEICBEZRELUE « FI - FRAREET D)) ICBASND
(Node-A5), ZZ T, lTA53) TOREEDOH T «+ 7277 4 €7 ¢ (Shimada et
al.,2009) 22\ T, ARIFFEOFHNZEY EIF 7o TRFITR LT,
F72 & 512, TAT: Provide Resources for Performing LCE (LCE D728 DX
WG - AR 5) ) T T e T 41k Trk R TT s MERERCARE
R ETCOREREZT D, ELTCEFT VT 4 T 4T AT TAO: Perform LCE
(LCE #E1772)] IZOWThO¥EKE Tt 22T/ EE U L 5 RS2 o
NEThD, LIen>T, AT 7774 ET 4 BRERASND /—FY U —0
—H &7 B, Node-A7 I, Node-AO |Zxtii L=tz Fi>, 3726, [AT)
X, 7 - 7277 47 4+ [A71: Manage Supporting Resources for LCE
Provision (LCE 7= DHEHE - F - fFROBHEZEH T 5) 1. TA72: Plan
Resource Provision for LCE (LCE 7= & @ 5% - & - F M Ot 2 i3 2) .
[A73: Provide Resources for Process and Plant Design (7ut & -« 77 M
DT OHAE - E - FWARIM T 5) 1. TAT4: Provide Resources for
Construction (77 » MNER D= DI - EF - FHREZEMT D) 1. TAT5:
Provide Resources for Production (ZEFED 728 DO FEHE - EJF - [HW A 1R 5) )
F L O TATT: Provide Resources for Resource Provision Support (&JF#ZME
DO DFAE - G - R 2R D) ) IS D, 22T, [AT6: Evaluate
Consistency between Resources for each Engineering Stage (£—> =71
7 BBEDORYE - G - IFREOEGMEL T T 25 1TEIEL TV,

9.24 2B VWTIE. ZOXEE SO AET BT, AR CH-ICBIRT
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AQ:
Perform LCE
(Lifecycle

Engineering)

Al A2 A3 A4l A5 AT

Manage LCE Plan Performing Perform Process Construct Perform Provide Resources
LCE and Plant Design Plant Production for Performing
LCE
Node-A0 | [

[ T ) ‘ | ! ! !

A3l A32 A33: A4 A35: Aj36: A3T: A39:
Manage Performing Plan and Design Develop Develop Preliminary Develop Develop Final Develop Final Provide Resources for
Process and Plant Overall Operational Conceptual Process Design (PPD) Preliminary Plant Process Design Plant Design Performing Process
Design Philosophy Process Design Design and Plant Design

Node A3 ¢ l l 1 l ‘
Ad4T Ad4X: A34E EGEES A4S AJde: AJ4E:
Manage Developing Plan and Design Develop PPD for Develop PPD for Develop PPD for Develop PPD for Provide Resources
Preliminary Process Operational Design Steady State 8/U and 8/D Abnormal Emergency for Developing
Deszign Concept Operations Situations Situations FFD
Node-A34
A51: A52: A53: AB4: A56:
Manage Production Make Production Execute Production Maintain Plant Provide Resources for
Plan Production and
Maintenance
1
Node-Ab Activities
(Bhimada et al
2009)
v v ! v ] i
ATl AT AT3 ATE ATS: AT
Manage Supporting Plan Resource Provide Resources Provide Provide Provide Resources for
Resources for LCE Provision for LCE for Process and Resources for Resources for Resource Provision
Provision Plant Design Construction Production Support
Node AT

Fig. 2.2 Part of BPM Performing LCE (Previous study) (Fuchino et al. 20152)
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DT T 4 ET 4 ODAESIT OFIAC, Z ORFIEOFFORERE 2 MR 9 5 T2 D i
XA RL—Z2DORITHEITO

2.1.5 B IaAL—YarvOETIVY

7'a AL EAL O IR ZEH O LB ORI OV T 1L1.1~1.1.5 Tk~
72, BT, ZOFRREERLREEZ BN E Lz 7 vt 2 ARG RILDO 7=
ICEIS R 2 L—va VETUEFIEEBF L. IR E T T2 ER OB O
T 1.2.6 Tili~7z, AKHi2.1.56 Tld, BEHEOBEEIIZ OV TIN5,

Y 22— a DO ORE T o AT VT ki, DEfEET L
(Gould, 1969; Luyben, 1974)] & T#EiHT T /L (Peng et al, 2003; Bonilla et al.,
2012)] (Z3¥HT 5 Z &N TE D, Pescarini H (1996) 1%, ZABEDOREDIET
RBUZHONT 3 DD —ADHIRZIT> T\ D, FEERET L& BEIROMA
B2 HEN, HERET VL LTS TEANTHL EREL T D,
L L2RR D, BERE AW EHETET VOB I 2 L— g U ~O@ I
DONT, MERAREEORSRITE LT 2B L T—ETIER, —KIZ LA LD
Tut ZRREITIKET D LR EN T (Gould, 1969) BV, 7k ARIENKE <
AT BHE Bk e —E LR LY S ab—y g VHEICREEZET S,
ZOXHT, PEET VARV ARBEO LY EMAENY I 2 L— 3 0l

. BONRORZERBIRBENPAFIR Th 5, BHLIE (2000) . /A 7y h X
=V DNy FEE Y AT KTBWT, B O 7 1 7 7 A VO ERIE & HEE
EDOENTR/INII2 D £ 5 BEIZOWT, EHITE RV & Bk OHEE %
BT LTV FIEEHRE L TW5, 77, ERRICIT. KiEEEfRRR &
AR ORISR D | A B COMREINR & Bh R4 RS 5517 ik b
EonTns (B, K, 2008), LoxL7eads, Eif L7z MIRROR PLANT o
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BETEDOA =T NN LA ThHD) ZREBEOEHNT I 2 —a ZEL
T, BBEOHEECMZR EOZEBNE CIIMEBEREOLE b EH T, &
B —E & LI 7 0, BB ORI & BAR OB (RPARDNIAR
) ORZE->TyIalb—va T BICiERETES,

ZOXIIT, BRROBEHEET VOWAICLY, BT I — s
Y OREEDON ERHIFRFTE D, EBERESESE (column efficiency) X, &
W, 2050 IROREEE, B, RE IR -PHEHURE e & D2 OIRFECHAIT K
3 20, BENKIEIRE, ML A DX A TOMEIKFET 5 2 En@liEIh T
VY% (Chaiyavech and Winkle, 1961; #Ef, 1988), i £ T, BRIV TD
% < OHEE LT, —MAVICRERAY 7L & Bl NIEIC S THRE S TEH
D (Lewis, 1936; O’Connell, 1946; Wanket and Hubert, 1979; Kister, 1992), =
NoDOWEFIEOBHN Y I a2 —varyETAL~OBEARFIE SN TND
(Kooijmann and Taylor, 1995; Mahdipoor et al., 2007, 2008),

— 5T, FROARBEET N, BEIRET IOV TOEBRN T 0 AT VI
K0y Iab—va BB RBELRDIN, BHORyr—v Y7 by
=T PN ORI ATWD, B Ial—3a BT A ENRNy S —U 0L
lov A7 5T % MIRROR PLANT (X, B 725 —FUEET L (WEHET L)
A=A LEBEHAOY T AZ A LOBHY I 2L —2a Y VAT ATHY | H
WO X ITHERER (R BLO (R FATIab—va UL, =
b (BR) BB Z v F ChRaEE1To72H D TH 5 (Ohtani et al, 2005; Seki
et al, 2008), ¥ 2l — a3V AT ATEIC 3 ODET L THRI N TN D,
Figure 2.3 (2757, X 7 —%7 /L(Mirror Model) . [[&EE 7 /L (Identification
Model) | 3 L [i#HTE7 /L (Analysis Model)] T# %, MIRRORPLANT (%, [
7 v FNESOEARR R AL 25 I —ETAEHWT, U T AZA LITE
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Perfomance Virtual Visualization L Plant
Analysis inside Plant Optimization  pi5on0sis
Estimate Estimate Steady Transient

Performance Unmeasurable State State

Parameters Values Estimation || Prediction

7'y 7 ) 3 E
~ *—— Revised P <

Identification [Parameters| . Parameters Analysis
ﬁ
Model Model Model
. - \_ Y, \_ v
measured measured
data data

| |

[ Plant ]

Fig. 2.3 Structure of the MIRROR PLANT system

RIRTATREZR 7 e ZAER0/ ST A — & 2 HEE TReZe, M OMREZ Ff > Td, (1A
EETN] X IR T7—ET V] ERUEERTmEAETLEHNTEY, £0
JICHTT mER - ST by =7 T2 ARV —ZIZEEORE T
ZLINTED, SHIT RITET V] 1E, EEIRETHSCEERE TR OIS I
LT, ek A b, 77 MERERFORFEZM 2 Lifibnd, ZhE
T. MIRROR PLANT |ZRXVF A7 — )LD A X KR LZSKE S AT LIS E
(Nakaya and Li, 2013), £7°7 > h~O@H 7T\ 5,

LINLARR S, REBEOBERICONVTIE, —EO#HY I 21— 31028
WTHEERENEN—EHEE L TER I TV,
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2.2 AMEDTE
221 BIEEOIL—LT—7

2. 1.1 1BV T HIFEBO 7 L — AT — 7 2B D BEE OISOV Tl L
oo ABETIE, T4 T7HA T NMIBILEBEOHT, TR EARGFOHLNE
(W7 AET T TR —F 5, T2 TAHY )L (Grassroots N— R ¢
Zlr) ORGTOHBIRET VAN TRl AR E LcBRGh, WRRER LU
in ORISR . 77 v MBS Y vt G E L ERT 5 7 e
ARG HEB L LT 17w ARG (TERZ Y Tle, RIS Bl LA 2 E
7 m e A EEEEOJRR ORE LR T DS D 2 BN E LTRET 5,

I BT, e ARG EBN O G & LT, Figure 1.2 T/RLTZ K
20z, %, [EHREER (Steady State (SS) Operations)| Dffi, [A ¥ — F7 v
TRLY ¥ v h# w(Startup / Shutdown) |, [# 5 RAE (Abnormal Situation) |,
rEx2ikie (Emergency Situation)| 3% & 72203, AW CTldf b EWVVARE
EER 2 5 o TEHZ AR L 3 5@is] (LLT, DEF#EER] &v)) 7720
B, EHEIEO 7 ot ARG (PPD for SS Operations) (284 %4 T5,
AREEBILT v ARG OT TS, Kb RIMICE 587 vt 20O E FiEiR
Xl U, WWE - EFEBOHERZ OO OREIRBIESRM 215 2 iEikET &
HEHEIE D/RT A —F ZRET DRRNORBEE LR D,

2.2.2 EXIOELRETIVHELE

2.1.312BWVWT, EE V0t X7 VOB HIECHET 5, BIEOHFEIZ DN T
M Lz, AAFZECIE, 7' AEAREHIBWC, THONEEE T nEAET
V] BEO HNEERET 272D0¥EE T rEXAET LV (FL—LTU—2)] O

WEICOWTIDEFO 7 7 7 €7 0 £7 U v 7 FEEZ MWD, IDEFO 134K~
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rERLEET o ABOERENEERTRET Y VIV SETH DL, ZORA
HEIZOWTIE 1.2.1 TR LIS, ZOETAOROMHEEE ) & TPDCA
TV =T VT A IO DRIZE D,

T ARERRFEGE TR AET VL, ROAT v FIZL VBRI LTz, &A)
I T _R&ET o RAEAHHESE T mRXET V] %, IDEFOT 277 4 BT 4
ETNAEACVTHEET S, ZFBIC, 72 AERERICESHNTEKRLEZT 1
BEARGHER (7o ARFEH ° (7 VT4 T 2%M0]) 2E0K
(BT AOEINRRZ, 20 [HH& T ut KRR EE T nt A€
T B, EOHEMERILOFRIZIE U Tl - 5T 2B 0EBKEL S 2
2o “EBIC, FIREEEZERT D700 (7ot 2 AR RILDO -0
DEHBETuEAET N (TL—LU—7)] ZWFET5H, 22T, [HoH &7 n
TARERKFEE T v RET V) O - S LT n e AREHERE X —
AN, 7 m e ZAEARRGEHET ) & L TIRRIEDMTON D, &&IC, WO
R RAETNE, BEEOR FMIETH S A0 LCE % 34173 % (Perform LCE
(Lifecycle Engineering))] 77 7 4 B 7 ¢ FICE#EEME, BEMEEZRO X OBLE L
THET 2.

B L7 X 512, T o"E T ARARGES T nkAET V) L [Tt
Z AR R RO DOEE T ZET L (7 L—AT—7) | [ JHEIE
AWER O 20N O EERE T R A FET 570 d oS T D Z L o3,
Tut AERFRFCLE > THOTEETH 5,

— MR RBLEZ W OENCH T D & %BRET [EELED || fiE < [EEE
o> CTHWMT 51, E7203, BE CHEEOUER R o DRELME, BEGEGHE1E
D], HiFET DBET D), IHIT, BH TRETEEBELEED T Iy Ok
DIFRE BB DD WITRAE L) ATETIY Iy FE2RET D) R EOHEAR
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Red, Thbb, EEZHE-> CTERRETIABLN, BOEELED L
ERIC20, BHOOEBIEERLS RO NBLENL Th D, ML LI2EIR R
DEFTBERET IV (T L—LTU—7) PHEEINRWIGE, W AED R
i N OHIWTHEEDIRE, FrE DRFTE DHFIZITICEE LV DD 5 BALD
VARAZIZHENRDZ LIt b,

KU ERIICIE, e AEAKRFHTIB W T, HAF A% (Technological
standards) 3 X OV 7 1t A KA (Business process standards) 72> Sk &
N5 7 av 2 HERHEE ORI (Engineering standards) ([ZBI L T, & DE
TNhHDHWNIEETRERAET L (ZL—AU—7) [ZBWTIX, [HoH&7
TAREARRGHEG T m A I LT TELRETEBNIC, Vet A ARG
BREPEEINL, SHICT =y 7 SWEGHELHMESh, —F TRIEDET VL
ICBWTIE, 77T 4 EF 0137 0% KRG EBIEAEC LN - TEITS
N5z Eilnesd,

223 FEITOERETIDFTITAETATYTL—F
21.3ICBVWC, EET v AETADT VT AT 4T T L— MIBET S,
BEAE DRFFEI DV TR Lo, ABFZE T, £ IRUNCERE, [ 5<% (TO-BE)
Tt AERRFEE T RET V] OBEEIT o, MEIZHIZD . LIAT,
FIFREEBICBWTHRR ENT Y a—F 1572 & (Fuchino, 2015b) #&%
IZL7e (2.1.3 2/), (B 7 0B AETVOFEMIL, 3, 4 ECHIAT L, i,
R REES 7 0 AT T NVERICRIT 5 FE (LR TEARAeNS, 2012) %
B E 2 ASISET MIEEET | HETO-BEET LV AHBETHZ Lic L= (2.1.3

ZM),

I 6z, P A IEAREEPPD) DA RILIZHONWT, HEIREEE otk
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Az N—= A L, —RICET G D, RTOFEERT 77 4 €T 4

RS T T a—F R LT VT BT 4TS L— R E AN

2.2.4 TSUMSATHAINIZEITHTOERERFEFEHTO
TRAETILOHERG DR

214 1ZBWC, T T2 FIA THA I NMIEIT LT ne AEARRFEE T n
AET VAT D BEEDORFIEIC DWW TR 2 HH L7z, 7 v & 2 AR EHPPD)
DEF T 1 ADOREIED, E W IR N2 EARE ORI LB RE 2 85 > T
WD DER T D T2d . BHEDET /MK L TRZEMMED h L— A2 X5 T
Batz T -7,

Figure 2.4 TR L7 ¥EB 7 & A€ 7 /W2, Figure 2.2 OFEFEO¥EE 7 v &
AETIIINZ, AEBE% T 5. [A343: Develop PPD for SS (Steady State)
Operations (EFIFEIO 7 0¥ ALAREKFZITO) ) LTFOVT7 - 77757 487
+ . TA73: Provide Resources for Process and Plant Design (Zmrt X « 75
FREFOTZDDOFEHE - G - G MRz RS 2) ) LTFTOY 7 - 7774087 4B &
' TA77: Provide Resources for Resource Provision Support (&JRIEMAHE D 7=
HOFHE < G - AFRERMET D)) LTFOVT - 77T 4 BT 41OV THFTENRL
BEOHRZR L (BHEETAVERTHY . @O Node Tree 21 L72),

[A34: Develop Preliminary Process Design (7' 7 & A FoARZGH 217 9)) %
777487 0 &L, BRICHESNIZESE v 22T VOB ENT, 7
FURNTATHIA T NDORTOT 0k AIARRGEBET LV OBREL R T 57
. EFRMBICED hL—2%4TH, 22T T I3EBKRE (T2 7487 1)
#xT, 1V,2,8): - 1F KWPOT 7T 4T 4 I LEESERL, L
— ZADFATIAFF OB ZFR L TWD,
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(1) REBIZOT 77 4 87 4 CHEE R T n v ZAORES (I EF i
DARLEE) OffR (REAIRE O, RNEAMRO G RER, RO FET)
D=, (2) TA53: Execute Production (L% F4T9 %)), (3) [A56: Provide
Resources for Production and Maintenance (“£7 & Z%fififR4 D70 DIHAE - &
Ui - B ARt %)) Z8HB LT (4 TA51: Manage Production (4 7€ % & 21
%) ] ~Information, Resources and Engineering Standards Provision
Request (1F# - & - EHEEORMAZR) * 2T 5,

[AS111X.Bl7 77 4« €7 « (5)[A5: Perform Production (4£PE% 173 %)
(CHEA Y (REA DR, ZOffkR) REEERkE o5, TA5) 137 rE
A ARG OB D BT BN e A Bk~ 5 72, (6) TAT: Provide Resources
for Performing LCE (LCE D7z D JHE - &5 - fHRA4RUES D)1 BRLO (D

[A77: Provide Resources for Resource Provision Support (&iFIZHt LD 7=
DRAE - GFYF - EWAIRMET D)) Zf&H LT, (8) [AT73: Provide Resources for
Process and Plant Design (ZFm& % « 75 Mkt D720 O HYE « B - 15 H
ERUET D) I~ T T T R LT T v MMEDOTERE 1T %,

BT TAT3) 1%, 77 v MEEZ BB LI~ 7t A ARG O R EN AR
D=, AFFERTRELZ (9 V7 - 77747 4 GEEHETOERRIL)
T NMREOERAE 1T 5, F70E, TATT) 13, HEIS U T, HiERT
1 AZE T v ZARHEOIEDO oD, AU AFFETHRE L, 71 794
srcffbEsnsd QD) 7 - 777487 @Il —ra )] ~F
7V MNMEDIERAE )T D, ZoRE, (10) TA343) DT 7T 4T 4 Th
V. ABFFETHRRE LIz, [ 7ot ZEARFOFEMT 774 67 4] nb 7 rEX
BEHER GREFSLMERZ VT 4 WA T mt R - (AT 5 7 Sl (I

41



Yiraxd

EE

2 &

REREDWIFE & ABFFED T5

Fig. 2.4 Part of BPM Performing LCE (This study)
( Modified the original model (Fuchino et al. 2015a) )
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WRRIEITENET D) LA bR R a1, 7 r i ARESDORRK B LT
TR R 2 FANT AR E L LT85, 7o ARG O M AR L ORE R
& LU THA AR (12) TAT3) 1TikT, HIFEREZ TAT3) 726, (13) TATT],
(14) TA71] Z#m LT, (15) TAT] ~HHT 2

F VDT NOHE D DL N T OGN, TAT) 725(16) TAl: LCE
ZERT 5. (17) TA3] ,(18) TA39) Z#km LT, (19) TA34) ~HhInhb,
S DICHEATHEAED TA34) O 777 4 7 1, (20) TA343) ~, F7-Hifiik
H 170 AR HAOIRR I X OMRRRGEAM ] (3, FF7R 7 v & ARG 21T
9 QD & FT77T74 8T 11 IZEDBND, TavRAEREFOKMEDOX
TIT 4 ET 4D RRRGEA D SRR ERIRE S, ERUERn T e
T ABARGTORE R, (22) TA343) [TRELD,

Ta AFERFEEORERIT TA343) 7°5(23) [A348) ,(24) [A341) , (25)
[A34] ,(26) TA39) ,(27) TA31) BLV (28) TA3) A#fXH LT (29 [AT) ~
EOIVRESND. TR AERRE CTOMEEL =T, FraxEiT) A7
DOFEMEEAEITERRIC TAT) 7225(30) TA1 : Manage LCE|. (31) TA4: Construct
(77 F&E#T D), (32) [A5: Perform Production (EpE9T %)) DX H 7%
BEBTUCADT 7T 4 ©F 4~ BB B D VITHAE 75 % F288 LREER D 1%
ANEHADYGE SNTEIRZ1T ) DI S 5,

LLED &5 IET, &5 EIZE W TEROEFELRO RN ERED N L—2A

BT, AR RIS 2 %7 0 b R T L OREYE OMSEE B & et 5
225 ML IAL—L a3 DETIVIEFERHR

215 ICBWVWTC B I 2L —a vy OFF Y BT A EOHIRIC OV

TS 220k~ 72, ARWFFEIZI Tk, MIRROR PLANT % VN CRA%S L 728y
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E-1
Condenser

Reflux

F-1
I:'i: 1O\ J Receiver

Distillate

e

< <
] :\hz_/’ \YI\ Injection steam for reboiling

Fig. 2.5 A distillation column with unallowable fluctuation applied mirror
modeling method

Lalb—varOIHFE, T20bIT7—E7 VI FEEZER LT, FHMIX

6w Tk~ %, Z 2 Tld, MIRROR PLANT 0@ = L— 3 v 5k

bHHTT L MFET D, B0 LS04 2 —F AR HAIFTEY, o014

B —F BB (Tray) Th 278888 (Figure 2.5) OBEIRERIEOKFHIISH L

o TDT 72 MIY N T EATo 2%, BREDOFE LWEMZENC L 5L E

PE & FIRITEDORE 22 Tz, IBEOEBENT, BT/ X—2z HANZEEIT S
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NI2T T 2 b OBMEIEE 8 2 WITHERRFORNEO SIC LV ECTWD & F
Z DL, BEMITHIEINTZ 2o T, T AT =2 DT L~ T, il
— 7 OUETIZ K D HEHE OSBRI S22y, B B o b AR Z E v
OEBIZEY | EEICHEL— T ORET 24T I IR E LDV AT R oTlz, £
2T, HIEMESEOTREMEICOWT, R T —ET U U ZIESWEBI Y I 2
—va YFREICIVYETT 5 2 & MEt L7z (Yamada et al, 2014, 2015),
AAERBED T vt 2TBWT, FIEDBEDOZRIRE D FEHEDK /YT — 2 &
N=R2L LT (FrITA U THRGIMETE 2B R ETIIERN) IT7—F7
U ZEOMAICL Y, EHETET VOKBEORENENROHTEIC, ThEh
BB DRI O 2125 Uiz, ABFSED AR9IE, ZOE 8L OB 72 5 I
EEBOEIY I =2 L—r g 2L - T, BASEROBNRIRE T —Z ICTHE %
R BENERO 2L LTRYATER I NS, % %)% (vaporization

efficiency) O 7EERTZ EI2H D,

efs; = yi/y* (2.1)
BIDFEERNIZBHEOE L LT, EEOERRED 2 >OEFHIREOT — %
e, FENORET 7T 7 A Vi ERECHEE T 5 51k E U CABNEEZRED
B L L CEBT L HEMIFEES TS (Baumann, 2001) (2 2 TiX, Z&%%h
FIEESRZ 5 O CEZ LTV D 72 OKURIRG Y O FEEHE & FEBARMED 53
HES TV, LR b, EFREBET VICL2HETH YD . BIYRILE
FHT =2 NOERET ML > THEBZEG L HIETRNI L 2 b EME R E)
HIZEEN~OBHAMEICZ L <. ARFEO BRITITE TSR ATRE Th o 72,

AIFFED, FERIFEDOHRECDONWT, BRI RORFZENE L Z 0 S B
2b—Ya & K77 FOHEESEORFNIEM T 5 Z LI X ViR 5,
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KWFZED S B\ EE ARSI, 1.2.3 T2 7 o 2R ARG HAERLTH
%, ZOWRIEIX, Grassroots ZETeA ) VS NR— 2D T 1k ARG O
T, UNCTEREANE L v A\ERGH RGNS KL ONEER F o ERF
RICKOVMELE END, TrERAWR - SUED T2 IV E TREBRD Kb~ D%
B2 Y A Y B AT, HT RO THOFMEICES LT FrCEMI 2 E
TG L ERNRNT A =2 PNEEIZRY . E5I2, RO OF TR~
TR BN T e 2B REBLL, BT L, RUEEORE - SIREHET D
TeOIITERET Vo I LD, £, TOETLICLDL Y I 2 b—Y
a UTER L RICHE S WRBOBROLEN G, Fil- el EN TSN D
ZEiTh s,

D) REA, REEBSPEXT-HE, O L5 TR (M) Lo TEDRE
£ TUET L2D0D
A OYE - SR, AZH, GBI, HIER
- JEHR - IOV T
FEL—T DT Y TR
HE T X — 2 I
HIEE (Rt OFE, BEROEE
HlKDEER DA
2) Gxon-BH, BETIE, EBOF o 2258, His FOoRKEETYI

L—ya UTHETER VO
3) T DETILTFIEL TOZ O, RECHBERIZED L S b D2
7o AIEARREGEE e EO¥EB T v APICBE T U U Rk A EGRE
LTROZ LT R Y, HiliiEEA A b, EbsE5Z LT, BAMEHERRL.,
e ORI 2 BIRE A DO EBUCEHRR T E 5,
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2.3 KEDFE LN

BEEDTHR
TORREFRRHFEHIOER

TRERYNCTOBEOHSICE L TIE, Vet A7 e —B L OSEEOBN,
BHEIZEDAA D« 2RV X —H/MUREC, ZEILD T2 D OFIEIEL E 7R &
FLThHhDH, ZNET, 7TV T A TV A 7 VBIEROERNE, U AR T e
D7 rEABRIFEGT [T o ARG EE T a2 ) IZOWT, HIFER
DIRFID STV,

T R TA T A NOEAMEHICET B EOMIEL LT, e A&
A, e RREE, AEBLIOENL ORI, RICETIEE 'R
EF AN IDEFO ZHWT 77 4 €7 4 BTV THEEMTONTWNDA, I'r
T AFEARFF ORFICEFEIRIC OV TUIBEE I L TR, SHIC, Zhbix[d
LHREFEFE T EAET IV LD THEMEAREOEFE Tt AET L (7 L—
LT —=7) ] ERAREICKFI SN TELT, 2O 0OET ML EHET v A K
AR OER T o AT MHEHATE 220,

T, BE T o AETETEEDT-D, IDEFO 2X— 2 L Lz [3EEBHEEE DR
JERxEr) & TEREAIERGEH) O 2O T Fu—F0E AL, PDCA ¥4 7L
(Plan-Do-Check-Action) # #9570 [T 77 4T 477 L— 1] 2B
FEINTND,

TOEREXBHEB IO RADOBEOREEEDOHE

bl X H iz, EFIRED 7 o AEARRGFESL 0 AT V] OFT A

KLZDLDBIERITONTE LT, £ 1B IO 7ot A EAKRGEE 7 0
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T ZAETIL] AZOWNT Y, RO T a A T 7L (ERIEIEORELE

t) OFEHZ L —RAF 5 T LIERMET S TW7R0,

B saL—>avETIVY

IWFETa v ADBEHY I 21— g VETIAEZEETH200ORE 7 0t AT
TA—NAL, BEOBEEIFICOWTHE L, BN Ial—ra oz
DEE T 22T /I, DEEERET V) & THERETT V) BT 5
TEMNTE LN, AEEOFBOIFMRIUCOWT DT T L+ BT
Tl TRERET V) LU LTS CTEMMNTHL LGS T D, B
EPRREERCTHDLWETH 503, BRNELZBICE S 2 RFHIRE ST
7o Ay RAF LDy F Tt RATONT, F T A HRRSHT & 3HE
EA =BT 5 KD ICEBREAMERD 2 HIEC, o, EABOHH Y I 2L
—a O, BEBEZIER —E THRE SN D0, RUREEALREE & PR O
BIGRMN D FBCCOMRR & BN & BRI 2SN T IENE b Tind
0. BHELRBIRZEN G RO/ TR T o T,

AHARDA &

TOERERFHEHTOER

AWZETIE, T b ITATHA 7Mbbz, VAR TREDT rnt AHF#
FrO¥BE T o A LB AN ThHRETn b AREARRFHEE T vt RET
MBI, FhEBRETALLETE [T o A EARGFHMERIEO DD
BT OB AT (T L—LT—7)] D2OD¥EKET 0t AET VOMBELEITH
Tl e, BT B RAET VONEDOFEMIZOWTIL, 3EIB L4 BTk

R, AMWFRDOT Fa—F L LT, Frt AERHEF S 7 0 AEED DI,
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IDEFO 2 R_X—R L LI [ 777487 477 L — hDEAN] Z1ToT-, ThIZ
LV, WEHETaERCONT, BAERERRELZEEL T, Hlo#EThHD
DITHELCHESE L, 7z, BRI RN E B O - O BB MG % © > 72 PDCA HA
INEBWR LT VT A ET AL T L—LU—0 LT HZ LI LTz,

TAEREXRRHERE IO RDOEEDOBIEMEDORERR

HOHRAT v AD VAR THOTaY ADORZEE] SHFESn 5
A ML —RAFT25Z L1280, RFFETHRIE LI THDHE 7 mt ARG
Bt ZET V] BIOY 170 ZEARRGHEAMN AR D DR 7 n ' X%
TN (T L—LT—7) ] OEEOHERZIT O, FEHERLIZWERE T nt XET
JTHEDIRWIBEDEMA TIX. [ 7 1t 2O REECRIE] R L o722 L,
Z D%, MEET BB RAET M- T EAEITH 2 & CRIMEDRR TX 722
LAaAR L, AR LIS 7 ot 2T L ORBEN LB HERE AT - LT
DT L aMERT D,

ZO [ Fav 2AOREENRE] O —22BWT, FRR¥E T ntRAET
V(T —LU—7) O—OEBHERRICK LTt RBRYEE O LV 2R
EEANERSNTEY, F1ETHESZ, BT Ial—2a BT ABLD
= D FF R O B O MLEVE S HERT D,

BRI IaL—YavETIVY

AWFZETRG & LI RRBEO 7 0t 2B\ T, FIED B O EKIRE O L
DRERFNFT —F % _R—RL LT, I7—FF Y L/ EOBEMAIC LY, EHEET
NOFEr D & OREMBNROMEEIC, TENFBEORKIRE OB 2 HRET

Do AWFIEO B, ZARERE OBE 2 BN EBS O I 2 L —a Ul
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L oT, BETFT—ZITHBEZF-EEBERD—> L LTI HE (vaporization
efficiency) DA HIEEZRTZ LIZH D, S HIT, BEFIEOHHMHMEIZ SN T,
RENBOWLEOEACZE BN I 2L —a vk, EES T2 oOffErEsE
ORFHIEAT 5 Z LI X ViEiwmT 5.

ZOIT—=FT V71, Trt AOBMERBINEB 2 ERLT 2 ET VA
KTLHFETHY ., —RITT v ARGHRIN 72 & OERRI A TR SEET 5140
HENLESITDHHEDTH D,
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F3E HOIREI T AREARFER 0 AET VOB

HAFEF (PPD for SS Operarions) Tk, 77 > hiilis & AR LHIHES 27 A
B LI-7 vt AgGE LOMEZ MR T 5 2 L2k > T, REIMICEY T
T EFIRE A MR LZEMICEIR T 2 2 &8, T e B ALRTE ) EFTH L,
"iimE, WiEa R b ARV EBAMOENDRICEETH D,

2.1.2 Tk 7= X H |2, EHEEIRO 7 1 2 EARFFHI BT, DFEFHR
V=T 4 07 (IO A TRLE D), flEIROMEE L T A—2FHD
BEN, VIalb—ra Al ne ALKMOEMRITIC LY, EEOTZ

I L TOEBCHMLE S E B L CIEMEICAThR D, ABFFE T, Figure 2.1
Bk &[RRI PDCA YA 2V E ST 75 45 470 FL— FE_—
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Ve
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7y a R T . WDT 7T 4 BT 4T AT, EFEIRO T 77 2 ARG
DEEG T 1Y AL - G LSRG EBCI VT 4 INVTa A5 2 F
Loz =212, PDCA YA 7 /UFROFAT, FMIC L > TT v R ARG
D 2% K ¥ (Engineering Standards) @ PN @ £ 7 £ % (Technological
Standards) 23l S 4L, RIRFCHEMDNER (LI D, 2 OHANEERET 2.2
THRRI=HDHREEF T RCB T LT /T4 8T 45V AR— T2, L
&R ABRGHIBN T, MHOEE T 2t AR EWZEREMEZ2 - Tt
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AU — 7 BN T B ZFHEB e 22T L LERL (EREES 5T PDCA
YA TNADNOHEREIIND) 77T AT A EEHTHOMERZERL TS,

[AT: Provide Resources for Performing LCE (77> h T4 7% A 7 VEST
DIZDOEPR - 1 - EHEZRMT D)) oLV RVWBEEOFT 7T 487 «
(Child Activity) Z #4245 MR LK T 7T 4 €T 4 ZLL FIZRT, £ LT,
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41 T REXRFZFTDI-HOEE - B - [FHROIRMH

Figure 4.1 1%, TA7] 777 4 ET 4 IZOWTCEBEND /) — KV U —0E%
L CHY, INode-A7] , [Node-A73) 3L Node-A734] I, Figure 2.2
(p.33) 1T TFNLH Node-AOJ , Node A-3] B XU Node-A34] (Fuchino
et al. 2015a; {AI%F, 2015; {L 2 TR LS, 2012) LITITHEOMIEZ R -

TWBZENSND, AW TIE, [A734: Provide Resources for Preliminary
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Process Design (7' 1 & A FAREHFF OO OGN - 1HH - FUELZRMT D)) &hh
H&F 5 Node-AT3) EDT 77 ¢ ©F 4 £/, TA7343: Provide Resources of
PPD for steady state (SS) Operations (& #EHIZD 7' 1 & A ARG O DDE
Wi R - HEZ RS 2)) 2450 L35 Node-A734) LT 77 4 BT 1,
5612, Node-A77) LT 77 4 BT 4 B LT,
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Fig. 4.1 Provide resources for providing LCE
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4.2 EEEED TOCRERFHD-HDOEE - BR -
TR DIt

Figure 4.2 (%, [A7343: Provide Resources of PPD for steady state (SS)
Operations GE#IEIRD 7' 1 & A ARG O 72D OEPR - 1EH - FHEZ IR D)
TIT4ETANPBERTS— KV U —0HS%77, #id section Tib~7z
I, 7T e ARG EROILET, E¥ T ot AU (Business Process
Standards) & Hiffik#E (Technological Standards) @ 2 DT 5 Z LR T
=, TA7343:] 1%, Figure 4.2 2" 9, 6 2O7 77 4 7 1 [A73431: Manage
Resources of PPD for SS Operations (GE & EHRD 7' 1 XA ARG D2 HDE
PR 5 - FEEAE RS 5) |, TA73432: Plan to Categorized Resources Required
of PPD for SS Operations (EHEiD 7' 1 A AR CTER SN 2GR - 1F
W EMEDOSFEAFHM T %) ). [A73433: Provide Business Process Standards of
PPD for SS Operations (EFEZD 7 01 A ARG OEK 7 0+ A LA 47
fit9-%) |, TA73434: Provide Technological Standards of PPD for SS Operations

(EHIBERD 7 1 A ARG OFAT R UEZ 249 %) | TA73435: Evaluate
Integrity between Business Process Standards and Technological Standards

CGEB 7 m b A SLHE L i EAE L O OBRAEMEZFHET 5) ) 3KV TA73436:
Provide System to Support Resources of PPD for SS Operations (&% &z 7
1 ZFEARGT OGN - EH - BEESETHI5R (VAT L) 2REMET )] I
BB TZ 2,

¥B T ARME L ENEEIX, 77T 0 €7 ¢ [AT3432) , TA73433) B &
O TA73434) IZRBWT, EFEIRO 7 17 & 2 ARG OB IRERICIE SO THHE
SRS D,
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Fig. 4.2 Provide resources of PPD for SS Operations
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4.3 TEREEOD TO L RERBRITD-OOEMELED
i
— 5, Figure 4.3 |23V T [A73434: Provide Technology Standard of PPD
for SS Operations (&7 IEHED 7 1 & 2 SRR OF L2+ 2) ) 77
TAET A MOEMT S — KU —0gEmrd, HIFEEREEO Bz o0
T 2220 6D, —DIINENRERELIT) 2 & — RN 72y b
(L& F OG> 27 L7 EDREEEFE) OEHET L2 L Th D,
L7z o> T, 7277 487+ [A73434: Provide Technological Standard of PPD
for SS Operations (&7 IEHED 7 1 & 2 SRR G OFAFEAEZ AT 2) | 1%,
6 >2DFT 7T 4T HICEBATE S, 77205, [A734341: Manage
Technological Standards of PPD for SS Operations (&% i&EiizD 7 1t A HAFK
ORI ENEAEH T 5) |, [A734342: Decide Managing Unit for Classifying
Technological Standard (i EMED B OE R FELZRET D) |,
[A734343: Prepare Technological Standards of PPD for SS Operations to
Perform Effective Operations (GhFHEAIERR 0D 72 8 O E FIEER D 7' 1 & 2 ARG
DM FEREZEEAF T %) |, [A734344: Prepare Technological Standards of PPD
for SS Operations to Make Asset Management Effective (%R 7 &~ Mg
O DEFERD 7 1t A EARRFTOXMEAEL T 2) ). [A734345:
Evaluate Discrepancy between Technological standards and Actual ones of
PPD for SS Operations (E#HIEIzD 7' 11 & A FLAGR G O F T FEUE & S5 ] FL
EDORBIOAR—EZFMT 5) | 8L TA734346: Provide Resources for Making
Technological Standards of PPD for SS Operations (&% &z 7' 1t 2 HA

AT OB EIEIERL DO T2 D OE PR - 15 - FEEZRMET D)) TH D,
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Fig. 4.3 Prepare technological standards of PPD for SS Operations
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4.4 BEDERLZEMNE LEEBEGEO O ERER
EXE
X HIZ, REEEZITO HiEmeE LT2o007 774 T4 BB, —DiF
Tuv AEER Yy 7 OFRRETH Y, MGET R ARG Y vy 7 LT T b
HiRw 2y 7 BOBROERILTH D,
Lo T, 7277487 1 [A734343: Prepare Technological Standards of
PPD for SS Operations to Perform Effective Operation (Zh=RAJEHRD 7= DE
WIERR D 7 0 ARG OHANFEHEZ BT 5) | 1d. Figure 4.3 (2”7 L 91
[A7343431: Manage Preparing Technological Standards of PPD for SS
Operations to Perform Effective Operations (Zh=RAJEHL D 725D D & F 1E#z D 7
7 AR OE AT RO F 2 E T 5H) ). [A7343432: Systematize
Process Design Logic of PPD for SS Operations (&7 iEHxD 7 1 & A FEARGR G
D7 ut ARG Yy 7 2RI 5)). [A7343433: Formalize the Relation
between Process Design Logic and Plant Operation Logic of PPD for SS
Operations (EFEIZO 7 1 AEARFHO T mE ARG vy 7 LT T ME
firr Yy 7 LR EERT D)), [A7343434: Evaluate Preparing
Technological Standards of PPD for SS Operations (& i iz D 7 1 & A FEAFR
O IEAE DT # TN T %))} LY [A7343435: Provide Resources for
Preparing Technological Standards of PPD for SS Operations to Perform
Effective Operations (GhERAIEHL D 7= 6 O 1E F TEHE D 7' 1 2 A FEARG GO H AT 3

WEORFO D DIEYE - GIF - HRLRMET ) ERMSND,
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FHiEfwmE LT2o00T7 77 4 ©F 4, —DIXEMERIRREHEE 2 O 7o RO R 52
Dl | b ) —DIFEBRMIRGT T A —F AW REFRRORMETH 5,

L7223 7T, Figure 4.4 I~ 9 X 912, 7277 4 €7 1 [A7343433: Formalize
the Relation between Process Design Logic and Plant Operation Logic of PPD
for SS Operations (EHIEIZD 7 0¥ AFEARRFHORFF Y v 7 & 7T MiEilx
0y 7 OMREERILT 2) 1, 5207 7T 4 ©F 1§72 [A73434331:
Manage Providing Solutions for Critical Deviation between Design Data and
Plant Data (&it7 —% & 77 M7 —Z BOBEKZRTEHEIZ DOV T OFERE O
it 2 &3 5) |, TA73434332: Provide Alternative Solutions using Qualitative
Design Structure GEMERI 723 EIHEE 2 AW TR 21t 3 %) | [A73434333:
Provide Alternative Solutions using Quantitative Design Parameters (& &)
REFNTA=22 N RBERELRUET 5) ). [A73434334: Evaluate
Integrity of Solutions for Critical Deviation between Design Data and Plant
Data (&Ft7T —# &L 77 v b7 —ZHOERRTEHEIZ OV TORRKOREE M %
%) ) d5 KO TA73434335: Provide Resources for Solutions for Critical
Deviation between Design Data and Plant Data (GXit7—% & 77> b7 —%
[F D E R 7R TEREZ DU T ORI DGR - 1F - FHEZ R AT 2) J IR S D,

& 512, Relative Gain Array (RGA) ® X 9 7RG E %2 8 L - A5 008
KBRS, EMERIZRERE T A — & W RBMR R 2 143 5 72 OISR 1E

Ihbd, Linio T, Figure 4.4 1ZR-T K 91C, 777 1 €7 1 [A73434333:
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Provide Alternative Solutions using Quantitative Design Parameters (& &)
RREINT A—Z W RBERERMT D) 11X, & H12TA734343331: Manage
Providing Alternative Solutions using Quantitative Design Parameters (€&
7RG NT A= 2T RBERORMELZEH T 5) ). [ A734343332:
Systematize Phenomenal Cause-Effect Relationship Considered Control
Structures like RGA (RGA 7¢ & Ol 2 & & L 72 B ORIR R A R b
9 %)) XU TA734343335: Provide Resources for Alternative Solutions using
Quantitative Design Parameters (E&EREXFH/NT A —% & W ROE
P G - ERRMT D)) o7 7T 4 BT 4TRSS, 20/ — FiZkWn
T, TA734343333] DL O RMLDT 7T 4 ©F 4 MHET D0EME L TV D,

46 LCE Qfz=bDE¥E - ER - FHRIZHEDT-HDER
FRETSHS- BN I aAL—L a3 vETILERELRE
[ ot ZAEARHES) ORBT T b, REERYWEEZTHR 720, #
VRN BIREIE CIBE 2SI CTLE LD Y 27 OFEWGE L, ko7
B AFEIAEERELSEFT LU T (LT 4 v ) OBEICBO T,
A - BEEREHAEEZO Y R TRFHM O, 7' rt AEB OBUREEZ 5 0
BB ERBLZERIND ZLNZ W, I, WRT T IR TA B —n
L7mbRABAINETT U M THIVUX, 7 AL T o ARG O
BRb <, MEOT BB ARGHIBIT 27 —AAZT 1 OFPHGROND Z &8
%<, FMEFEROKLEINT LA AR LTS LEbh, RBS bE R
EEALPER SN D (ff, 2016),
FEROLI RBEMIC LT, BT av A0 X9 RIERBHEORW T 1E R

BWTIE, HFHETAVTEAL D THD Z LD3%\V, Figure 4.4 © [A7343433:
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Formalize the Relation between Process Design Logic and Plant Operation
Logic of PPD for SS Operations (& ##HHzD 7' 1 & ARG ORGIr > 7 &
7T v hEEw Yy 7 OBRE EAILT %)) BE T TNode- A7343433) 5L

Node- A73434333] \Z/FHEST D XDFT 7T 4 ET 4 12T TIIARFED L2 D,

ZDD, ZO XD BRERITHIS L, BT I 2 L—3 3 LI Ko TR

FIT94DH7 77T 47 4 [AT73: Prepare Dynamic Model (Bh1)E 7 /L % ¥4
T 5) ) BeE L 72 5(Figure 4.1 &), — M2 ORIIC, [ CIEREET L
D7 1 AN DU TIRREE T 4 FElt U Tl sefh 2 R ed 72 | B I 2 L—
9 BT ARERON—RL LY, SHICEHNY I 2 b—1 a3 BT O
EEEZD 3572012, TAT72: Prepare Static Model (§/)€7 /L &2 %4 5) |
PEETR D, MU a5 LT TAT72) &, TAT73) &IFELOEAET
WENRTA=ZTRHEREN TS L, HIITSC T — AV AZEN T MT X
THEFTH D, TATT3] IZBIL T, B I 2 b— g VBT MEEEDO —HIC
DWT, 6FE TR,

Iblz, ZOWM7T 7747 41X, TAT7 : Provide resources for Resource
Provision Support (LCE D7= DHEHE « EF - [HFRO T2 D DB & #2HET D) )
EWolo, LCE & A7 — [TA73: Provide resources for Process and Plant
Design (RKEFDO72H DY « E - FWMOTOOEPR 2 RZMT D) 1. TAT4:
Provide resources for Construction (&% D72 DILAE « EIi - [FWD =D DE
V29 %) 1 8L O TAT5: Provide resources for Production (ZEFED 7= D
FLUE W - RO OOER AT 5) | LI L, oOF AT —U T
WIZFHATELDT 77487 4D FIZH D,

LMo T, EBIZTAT3 7277 4 B 4 F® [A734: Provide Resources for

Preliminary Process Design (7' &2 A ARG O 72D OGP - fH# - HLUEL 4R
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H92)) 2 Ta T AMERGH O T e AFEHIEGH) IRV T
HIWET NV ELTHEHI ZLNTED (TI7 T4 8T 4 ET/VITER), LCE ©
FEBNFARR, kA 22 BT A1 K D Bl ORIt (kI RE < JERT 5 &
FFEihvd,

—J5. ARG TIE TA7343: Provide Resources of PPD for steady state (SS)
Operations (GEFFIEHRD 7 1t ARG OO OGP - 1FH - FKHEL 2T
D) WCBITDT 7T 4T 4 BERE LR, FrC By Iab—va v E
TV DWW TR, Figure 4.1 1231F %5, [A7344: Provide Resources of PPD for
S/U,S/ID (RZ— K 7 v/ vxv MU OTat AERERFFOTZDHDEJR -
T - FEUEA (LT 5) ). TA7345: Provide Resources of PPD for Abnormal
Situation (BHFIRAED 7' 1 & A EARRF O 7o O OGP - 15 - EEL LT D))
x> [A7346: Provide Resources of PPD for Emergency Situation (BZ2URIED
T AEAREG OO OGP - G - BELRMT D)) 0T 7T 48T 1 &
OEEICBNTHAMICTEN SN D,

4.7 KEDFE EH

3BT, e A EARRFOEFERICESRZY T [HoH &
(TO-BE) mt A AR EG T 0 AET L] BRI N-OT, Z0OEEHKE
REOERICHS Ehh - 5 LRF AR )V T AN T a2 MR L%
L LT, ERERICBITS [ 7ot R AR ORRIbE TS, THifFo
Rz 510 OB L R B ¥EE T o RAET L (FL—LT—0) ZHERLE,
CO¥BE TRV RAET AL, TV T 4T 4T V7 Tk IDEFO &2 X— A

2, EBHEBE DR ET & RN RE 07 P a—F L PDCA VA 7 )V ZAERk4
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DT IVTAET 4T T L —MEANI L THE L, 20 (7ot R HEARkE
Bt KRR bD—EOEE T Y 2ADT 7T 4 T 4 TT /W L o THAEAER
ERREND 0, T RET 0w RAERRFELE] OT 77 4 €7 4 ET VL I1EH
FEICTBES N7 MEE THEFE L. Z OHGIEHEIC Ko C 77 e & R ARG
BV TEBRI 2 DA ER 70 HIW . BREIRENTZ 5 K O IChUE L7, BEEOHF
ROEHETuv AT ATIX, 2B 02 AET NV EHNOERILET LV E MK
KB SN T LT HEEEAT 2 2 LN TERP o TRERH o7,

Mz T, Al 7 ut 2588 L0 ORESM & OBROE LA R EE 2 5H
BADIRRNER SN D r— AR T I aLb—va rE 70 & T
Vial—varETN T LIT 7T o v T 4 R LT, ZhiE, &G
HHEERELSEZ DT BB AFHE R ET, BRICKHT DY AT BEWTr—RIZ
OB L D, ZOT7 77 48T 41, 7o AEARRGHIBNTH, EHE
BA7ET T, AX—RT w70V v v N U UEYE BERIE, BREREORT
McbIATHEBETAMEL > T, TNENOmMA, EEN LA T
T OMEE, AR > TN D, SHIT, T AEARRGET TR, Tt
AEEREE, TR AEMREI B LT T v NERBREOXE, ETVIEET S
ZLENTE D, SLICEIOMEET, RESCRMRE¥ESERLE LCE 27—
AR TG ARG & fe o TV D,
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Fig. 5.11 Simulation results for fluctuation of vapor temperatures in the case

of switching control loops
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ZOX T, FHDORL—RIZE ST, AMFECTHE LIZEGE v AT VR, 7
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SA4T79A4 9 )L%E L THEMMMARRIEEZXIE
THREHMSaAL—a3 VETILORE

6.1 B IaL—YarETIVIEFERRARICELS
EikEEP S

AEHTIZ, SRNETHBHALTE 7 VAR THROT o ARLEORE] %
RRT HHEIT, B I 2L —2a v ETAEEDL D 2B THSET 512
E S TZDOFEMCHOW AT % (Yamada et al,, 2014, 2015),

6.1.1 TAOERAFRELDREENS L UHER
SRDOFRE T 0t BN T RBE~D 7 ¢ — FEBHT RS A (R#& L) |
Ry A X VR oGRS B (BIEW) . iy A X0 BIRWEE R AR OMEDO R
ik L ORIy A & sy B O OB R ZFFOMEDO A bR S D, 7
A — FACEIZABEE O T 0 MBS ) ([2H 0 By A DSEfiE TH D450
A B v F(Side Cut or Side Draw) 2 + U — & (JEFH) & LT omkE (-
Py OFHWRESY) DO T 5, £12. B B ONRIRE O IE, BIEN DI
i (Waste or Bottom) (i) 4%, Fiz, HETEEH D HLEAUME O By A
W (Distillate) (f&fH) & L C—EFRETHHL T\ 5,

DDA X —F L Figure 6.1 (2T L o2, (PRY AL T —
(Inter-Reboiler or Side Reboiler) O & 5B L V) Ly A HHAIFEHEY
(Structured Packing) T, TF43723/3L7 k L A (Valve Tray) CHip S5, il
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HELE OB, AR TIX, THlfE/L—7 A (Control Loops A)J & MRS
N — T Z R ORRBIERIE S AT LA THY . RO K H 7 3 DOl — 7 THERK
STV,

1) 1 ZBADOH A — FHIEL—F1Z 2 DD 7 4 — K8y 7 HIPID HIE) /L —
TINBHERR SN D, 1RSI — (R Yy — - =) JE, ARIRECKD)
ZHIEE, 2 WEKIEAL—T (A F— - b—7) 13V A Fh v MEEHIE
LD, A Ry FO ERIENPES L CHEE S NIHEEIZRD LD
(R EE —EICHERFTE DL D). AT —FRHE LT, Ak, ¥4
KA M ORSy B ORAL & FABID L WBHEEE O ARSI E 2 Hl# & L Ll
M H_RETHDD UMK, 2016) | (5 B BSED 726 Z OAEB & A F8 5y
O A KAy SOMER, REREOE (F¥50) 20 OB & T
WHEER B ST,

2) 2F/BHDOH A — Rl —T 2 2D 7 4 — KX 7 HIIEIPID #H4#H) 1 —
TINORER SN D, 1 RV — 7 1%, 38 R T Ak I, 2 GA]
B— ISR R (B ORI R, PEERE S KB L THREATND, )
e 5,

3) 3 FRITWEHED T 1 — Ry ZHIEPID L —FL72s, BHEOY—F
YA T A EORMBENBIRLD U AR A T —Tide < | EHEICRRBEEEIERIC
74— R4 25 AF—2L (Injection steam) Dt % HlHE LT 5,

(X1 ARZEEEIZBNT, BOREILX, NoA EOT 77 472 7 E2RILHIRD

Hi ke (EE S TRED) o8 em EHZEMORKIREAZFHIIL TV 5

TE R X RO B I VR 2R U, IR ORE L1 2ER%ETH Y |

FRRERFICLVAB LR RD LRENMETL TR LTS TS &

Bbid, )
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Reflux
| —
B F-1
,_,/’ig\: JReceiver
e b N

Distillate

=

.-_‘\
BTy, \/\ Injection steam for reboiling

Fig.6.1 A distillation process with conventional control loops
(Control loops A)
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ARIEHEEDOARKIE ZLEICHIE T 5 Z L1k, VAR 7L L TR X —3h%
WEOTODEASINTHH Y KA T —DFEDOTZDRETH o7, TDD, %
Bz 5 EHRAKVE RS K OVFRRIREIT, b U A PERERRIX (BR#hAS T BRI T &
HEHmAS bR KU CHiDIVTERRIR) 12 L o TEREF SV R E B EREI N CHefE
ENTNDDIZH A0 57 Figure 6.2 (a), () 12777 & 9 (ZEEIGE O AR
FEIXEIZEMIICZB L T, 22T, FEROAKIREIZ OV T Figure 6.1 @
Ftes ¥ 74 & Figure 6.2 (a), (b) & Oxfbizis W, TI-6 14 T6, TI-5 I& T5, TI-4
L T4 12X LTV D,

AW TIX, ZOERBEO RN ER T 5 N2 EBSL % Table 6.1 (ZR”7
U1lH, UlL, U2H BX W U2L @ 4 SO —F 2458 Lz, 2%, Figure
6.2 A ONLERRIREDLET LT 7 AL —vaitt o> T [FFATE
72\ WA B (Unallowable fluctuation) | (U2?) & 735 L, —F Figure 6.2(a) D& i3,

[FrCcx 548 (Allowable fluctuation)] (U1?) & LCHHET 5, EHIT, &Kl
EIEEND /R — G| miRRFOEIR(U?H) & ARIERF O EIR(U2L) D 2 S 71—

T END, ZOMEOFEME LRIk R 5,

BEIRE & 4 5 FRERR DEMH

RRIRE ORI A BN HER RIS /e > TV DD, A — 3= a2 — MNal#ED 7=
DY A Ry MEEOREMIC ETRERE L2 EBFEREEZ N, BT
HO b LA ORI T6, T4 OB 2L 2 B424 25 & RO K D 7 iRy
IEENC KD DD,

(A Ky FEOREEDPRELS 2D, #2160 A OREIHLENEINL )
KR DORMT AN R LATEY EHICBENIT L L LA EORS B DIREDN
Mo TIREMN E23 0 miakEo sk (UTH, U2H) 12725 £ Thllor A ORI
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| hr | h’ﬁi \": | | LL =J
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(... Unallowable phenomina for temperature T6

Fig. 6.2 Time series data of vapor temperature in stripping section of the column
(a) Allowable fluctuation (U1H, U1L)
(b) Unallowable fluctuation (U2H, U2L)
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Table 6.1 Classification of the unstable phenomena

Vapor temperatures
Unstable B
. 1g. 6.2
phenomena High Low
temperature  temperature

Allowable UlH UIL (a)
tfluctuation
Unallowable

tluctuation UH Uil ()

LTW<, =7, (A Fhy FEOREMMN/NES 20 BrbD A OkEH

LEMEALT) ROYABRELY FTHO M AEHETBIITLE, FLAEOKY

B OIRENTAD Z LICEVIRER TRV | ARRRFOMEE (ULL, U2L) 27225 %

THGT A DIREEDEEINL T <,

Figure 6.2 (a), (b) 2RO 2 AKIRELZBORNLZEBRLIT koL —7
DY) TRVE (I, 2016) (ZEKT 2D &b, ZHudfi ) A1 7 —)H
D OROFEIN I FBNC L > TR S T\ B2 b5, HIfEROELIIC X
ST, BADO LHAKES TRKRE L b EABICEEB N EE TV D,

1) FTRIEENPRKREL BT FA I T T, VAL FZ—DH 5 b LA LD
R—V RT » 7'mPEE LD RES TEIS 7B A 7+ 20 RIC K D ERIK
(CARKDEE L THRY RA T —OFEER T A AWV A E i, JEBRIETIZIRA
+% (RVF v 27 27 L—%— (Vortex Breaker) &ZNEN72VRREL EZ 5
i,
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i) ZAKOREAZELY, FERT A O RBNT OWLEIMET L, K~y R
LD,

i) [FIGER T A~ OB E. AN T 5,

v) HY RA T —OBBEILE ORI OB Lo Tl RO 7 & 2
FRDZ A v (ERMD 25 OBBEN RS DT 5,

v) BT, ZO—FHTHEET HKURIBMIRAEN, RENRKE KT L2SGEIC
TR LIRBVER L oo CUER R & L CIHME T L CUEERIKICR S (h
MU ARA T —&FEEO BN RBET 5 & Ebihd),

IO OHERNT, LUFICRTEMRT HRE AR VT AT e AL B

F T m v ZABBORERYNT — 2 M OB 72 L1220 T 5,

WhIE, 20X RERERICE T, A N Uy MREEOHIEED T REED

FO BN S 5 25T, BARRKIZ, $lEL—T 07V s (HliEE L

BEROMAY) OAEYS TH D28, EFLORENZFHE Y A A 7 =0 iR

TR, ARIBEORBIRBOBFERNSEL VLI D LEZX N, 0D

Figure 6.2 (@)D K& 5 ZaFife A7 IREN BRG 721 CTh v, EFE - EiRgh B R E N G

DO, LA EOMBEITENZERE L RpoTe, TOREORLZEBR L% Table

6.1 TEFE LT [FFATE HLH (Allowable fluctuation)] &FERZ LT L7z,

BH#RES +RERE LS TRERRDEN

KIZ, Figure 6.2 (a) & Figure 6.2 (b) & OZFEBOFHEIZOWTIENT 2B 278>
72, Figure 6.2 (b) (277 (LTFETHEENOHE X T) 6 BEHD h LA EOZAKIE
£ T6 1%, Figure 6.2 (a) OH (UIL) ORI UAKIRE T6 L 2 ~5CH <,
Z OFIX Figure 6.2 (b)D 47— (U2L) Tk, FHERE & 1350 H 5O A%
EBR] NEETBY ., ZORE, BEHEMEDOEMLRED DI T T o F A~
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L— 2 OAMOEINIEER > TR ER D -7, Z0 6 BEHHETIRRE L5
HENTH D05, lm A Loy B OKUREEBISR2N . 6 B 3 Ol A il Tk
FEZALIC RT3 DURARIREE DL R E W=, Figure 6.2 (a) & Figure 6.2 (b) &
TIHRMAFORIEDOETRENWEHE SN, ZOXNGT T hOBREORED
B S . Figure 6.2(b) (U2L) T/REND Z OO RLEH L (Fisif 72 78K IR
FE DRI ZE B O C AR AIEE T6 73 Figure 6.2()0 (UIL) DA LY 2 ~5C
BMLBRDBRIT, 779 T AT DRI NI TNVEFHRT LI ENboT,
Figure 6.2(b) DA IZHOWTT — X AT 21T - 72K, 78IRS T4,T5,T6 75
WABRL R ZHEE 5 & Figure 6.2() D4 &, b LA ERICBW T AB
DIYEEMERENEAL T R b BLEEME T LD EfEE Sz, 2F 0, Ky A
DIENE L, RREEN TR TNWDHHA I 712H - T, Figure 6.3 (b)IZx
FT(U2LDHED L ST, @S HMORET 77 7 A /LR LD FESRINTIR>TE
D, "NoA ETT74 =07 DLH 71 BT 0 OKUREEALREIR A 5 |2 R
(CHERT %, IREBIRREBENEE TWD Z ENEEDbIT,

F#mRES+HEEREZHSITRERER MEEORMMRILO ST

— T, SEIOMHTLART, 2 OFMIEIRE) L REERE &M O R BREE,
ARy FEPIDZR B UAEIZEB D TAKIRENRRITRIRIC R D (A RED
B IRB) BA XU TREBT, EARINCIERKIREE T6 NS 2% (A JENKL
72%) Bl% (Figure 6.20)D(U2L)DEHE) THY ., LA O EHOBN 56
W EDOFEY) Y — BT TITEL DR R T ADR—)V KT > 73 E <
o TG (A APRLICERELTWDS) LEZLNTWE, TDEA IS
T, ZEBHEMIICE L 2o TWe, Z07h, —KR2faREREER & LT, @
wHoRlEL—7 (THEL—7A) 2EEL, 5 A%EZHA Ry S OEHED
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Fig. 6.3 Profile of vapor temperature and weight fraction on the each tray

131



He6ewmE T4 7YV AU NEE U THINERILE ZET 2
T I 2l —3 g BT LD

R LD bRt THRE T REEZIT > Tz, 0 & 9 REHREESHEE

¥ - WL AR —Z OAMEZ SO TN, ZO%HEDRLEERRE 1575

Tx 72 WEABE)(Unallowable fluctuation) | L FESZ L1255,
INOARLZEHGOREBEROMATIEREZ £ L D5 &, Figure 6.4 DX 972
b, T72bbH,

1)

2)

3)

R 208 L CHEIFAE L TV D, Fitr R IRENBIRIC & 2 R EBLIZIT,
ARG 2 N —T DT Y 7l (R Y RA T — DA THENICAE
LR E > T % (Allowable fluctuation),

T Y RA T —OHAAORE 2 MR 2 & 5 B IS SZ TR fliE L — 7
DORT Y 7 ORE LETHE Lavn L Bbon s,

—ER DI (RBRIIICAZRIZZ ) ITAET TS, b L AIICBT 58
FLBLGT Bt 2 RBV BT ERE T 2T T b LA ooy BErERE 2 Bk
SHTWD, TROLEZHRZIET ¥ T % (Unallowable fluctuation)
ZAUEL 1) SIEMNZLTeES L B 2 650, U2H TR 6T, U2L
THOLND LHITRERTHEEICAONLZ &b, 1) OBRHEEL T
WHEEBEZBND, TRDHL, 6 BfHiId b LA MNMEEREOES (Z O
DIALFL DT E) (RN THIDZER 23R AT DG SRRV TRELIRE
(U2L) AEED LNV ZEE2RBLTND,

Lo T, 2) ORMENREL TS, 1) ORI iz, 1)

ORJEPRER L7256 TH, FHEHMDOH D 2) ORBENEE LIZSGE, RNEHR
LUITHERITEERTEMT 2 /RS H 5 OO, TRITITMHR LWt &
Z bz,

132



FOE TA 7Y A7 NVEED CTHINERLE ZET 5
Y I 2 L— g BT LD

Implementation Inappropriate Disturbance
of Inter-reboiler Paring of Control on the tray

Allowable
Fluctuation
( All the time)
AND
OR
Unallowable
Fluctuation
(Seasonally)

Fig.6.4 Cause-Effect relationship regarding unstable phenomena

based on plant data analysis
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6.1.2 TOLRATRRELBEICET 2 TOEXFEBOEHN S I
AL—23VETIUTICEEEBH

6.1.2.1 BMETILIEDAHE
Z ORI ONT, £T0T THIEAL—7 Al OXT U7 (filfHEE 8E

BOMAY) ZEETHZENE SR EZ LN,

1) A7 MIRZEME WD LFFFZ, — A7 7L —3 2 (Heat
Integration) (2L 2 U N T D7, 772 NOBENEM L L TWD (I
UARA Z7—DHEN)

2) HifigA v AEZ T LT ATH Y, EIEAMNE L IRFEEICE X 72
BOA, BEBRIZZ L

IR EOBEA T, EIEAEOLEE, BT T MEBTOLTIILHAADI L

—H7 T h R SEEE LERICHAZ — N LEBATLY A7 Bdb o1z,

I PR ZEb L TH, JREDAfE TR, JBESNDOINELD B> T2 5

IS TERVOBRHERTH D, €2 T, REEBREZHHT L8 I 2 L

—VaUVETAEBETLZLICL, EOETMICLD, BT IaL—T g

2k -,

1) JABIRZ2IRE N E X 220 THIEL—T o7 U 7] R

2) WR L THEL—7DXT Y 7| ~EEPTHAL—XIZUV Kz, B
ITTELZ L Z2iERT D

LAY I ab—va r TETTLILICLE, T ut ARLEMICET

L7 BB ADREEFBHELORA L b, 77a—F L LTI, ZhETOT R

T AT =S RHT DHAIND |

1) JEARIREBGICOW X, R ZRGIEAL—T OXT ) o7k 0 HilfE
DODHAETFWEZECZEN ARSI EL2ET NV ET 5, 7o, IR, JEH
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ABNDICIZ 72 %, T Y RA 7 —DIFRTEDO LB 27 Vbt %,

2) FHER DG D7 vt AORZEAIIE DL 7 1 RABLIEE O FIKITARH
DI=H, B 5K L DB RO TITREDOLLICHN D Z LIZEH
L. ZOHEERZRIARERET MEEAT O

ZEERFHE L,

6.1.2.2 ZEBERDHE-—FEOHHETILE

AMFFETIE, 2.2.56 TRALT T —FEIC LT, TROHXIZ & LK%
7'a AN, FTE DB DO RKIRE D EREORERIIT — & % _X—A L LT,
RT7—ET VU ZEOWEMRIC LY BT T LV ORFERBZNEOHEIL, 20
AREEOMAZIRET S, £9. Figure 6.5 IO+ LHcIT—FF VoL
T I 2L — 3 DN T 3 DDV AT AE— REFI% L7, Mode 1A T,
MO 7a e 22T ABHAWLIL, ZOEAERI T —FT7 U 7 FEZHNWT
MFE S 7z,

Mode 1A Tid, xtG & 7 5 K EHE OB h= & — EEIZFRE L 72, Mode 1B (4,
BRIk L CRERET VAR T 2R MFT 2720 sz, =0
Mode 1A, Mode 1B 2 >®E— KIZBWTiE, 2 7—F7 U 7%, MIRROR
PLANT OfE#REETHS PV (a2 EH) Fov¥xr 7, SV (BRELH)
F7oX T PIDNNTA—=Z T X 7D 3OOWEBEHNTATZ A /12
EViTo7z, SHIZ, Mode 2 TiE, kiko=y hr—b—7 A OSETICET
LREEIT o T2,

BN, B P LA BLOFTEY, KEE. VT RT U TR EERFR—V
R7 v A4 58 % /37 A —4 % MIRROR PLANT |24 > A h—/L &7z

MERIEDERBEET M OWTIHEE LTz, ¥ = /WD INEAR DIt & OIRECHE ~
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D7 4 — REIZEEZIMZ TH, Figure6.2 (a), IR TRKIEEDOLENIT RS
Nixhoilz, —hH T, NeADT T4 7Y TEBIRF Y U I~—IZBIT5H)
ZRIRER— N KT v (T 77 4 72U 7 72 EOWREY —EE Tld7e < Bk
T2) L THE Y RA 7 —DFERENEDD X H12, EllfEEZ ~N—RITR7
A—H T HI LT, BT FTHRIASND SO & RERO I ZE 8 75 7
BHT&E,

HNT, ZOMRBINEZT v RET L ER—R L LB I 2L—2a
Z. Mode 1A ® 7 —%5 U o 7 FIECHWTIHEIT LT, Figure 6.6 (277 X 9
12, RKIRE OFFEME Teal 132 TOEIIBWNTT T > MEAIE Tobs & B —3
R &0 12, Figure 6.7 1Z. Figure 6.1 (270D 5 5D (No.1, 4, 5, 6, 8)
ICRITDHEKIBEDORZLD Y I 2 b— g UEERZRL TS, 54 B
SR T4 2355 1 BROIE T1 K0 b @< 2 sl e R & 7> TRV (B R %
TR L THRBEOBNL I 2 L— 3 Tk, Dl & bARICE T 5 HE
N—TBETOBFHIITEE TERNWI ENBRZ b,

ZZ T, 4O0DF (no. 4,5,6,8) (Z81F % Murphree 1% %, 77 hTHI
EENTERET -2 6#E L, Figure 6.8 I2BW T 71y F&ikAhi-,
Murphree Zh=E DOHEE 1L ABIEEZHHRIZEI T 5 O0’Connell OFHEIZL (O’Connell,
1946) #{E1E L 7= Lockett ™= (Lockett, 1986) % Exsh=RICHLiE L 7-2(6.1)=, B &
CBADXICENWTA N v 7777 2 —L L TEHZSND Lewis DX
(Lewis, 1936) % /X7 A—Z & L1z, (6.3&MTW5D,
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Fig. 6.5 Three system modes for mirror modeling and dynamic simulation
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Eos; = 0.492 (ujLa;) %% (6.1)
ﬂj = mjV,-/L,- (6.2)

efsjy = (A;5°9-1)/(2; -1) (6.3)

Figure 6.8 (27”4 K 912, U2L 7 /v—7 (FFRCTE 2 WABOKIEER) (2o
T 6 BEH ® Murphree 2h#%, UlL 7 /v —7 (FF5% T 52L& O(KIREE)
DENLY BIELS oo THEY | ZOFETERVWER TOMRIK FILRATH 78—
YRUARA DT A= HRFEREB X b, £ T, BREAE (S
% ik (Miskin et al, 1972) ORMIC K 2HEEFHHEORZEMEEZZE L T,
Murphree #h=% & [EDFHES % £ H (Kutsarov and Tasev, 1985 ; (11, 1989). (6.4)
AN TERSINDARBEROMA2RE LT,

efs; = yj/y* (6.4)
RETIVTIE AR L7 55 FAERIZ B WO TH P K 0I5 EREEC(NRTL 20
(C RV IEHAEME A EE L TV D72 FEME AT 5 E 7 L OFIEIC OV T,
IPMEE KT RBEDRICL - TITH Z L1272 B,

Lo, HiilRY 7 MK BAEBEDOY I 2L — a3 VOBMRE LTI,

Murphree Zh= 072838 h==n b T s (R, K, 2003),

6.1.2.3 ZABEBERNREREHRELEBMNETILE

Figure 6.9 (2. Mode 1B TEHHE L7z 5 DDOEORKIEEORMZE(LDY R =
L—a ViERZ T, Figure 6.10 IR T L 912, FA TERWER O — R
DUNT, IREDOFHRAE Teal 277 o FEHIE Tobs & HHR L7 & 2 A, AR

DT AT L0 B ABEN L 8B E TOHETHKE 12>\ T Figure 6.6
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CBT DR B SES N, —J7 T, 1B TORKIREDOFFE Teal (377
> MEJME Tobs &R ST L7z, BEMIAND, 5§ 1 BICBT 2 B
DENGRIT, ARELMFHAICB O THEFIZIE 1 THDH EEBEZOND, BIEE
NP FFE—ETH D Z ORI T MR L ZARIRER —E Th 2 LIET IR,
Figure 6.11 (2B TH 1 BB BB ORMELIZ, I T —ET V7
IZRIT DEHREEE RERNICR/MESE L T20ICE L TN E EE 2 HND,

Figure 6.12 75, ZRREDEOHTEOLEN, RKIRE OREFIZAL & I
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Fig. 6.6 The comparison with calculated data of vapor
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140



He6ewmE T4 7YV AU NEE U THINERILE ZET 2
T I 2l —3 g BT LD

220 —

200 f T4

el | —

160 | ——
E1m —— e
= 120
~ 80

60 F .

4[’ [ [ | [ [ | [ [ [

1 b1 121 181 241 301 361 421 481
t [min]
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Fig. 6.17 Fluctuation for flowrate of injection steam after switching
the control loops
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Nomenclature

Eos ;

;= extended overall plate efficiency in stage j

efs; = vaporization efficiency in stage j

efsjv) = extended Murphree plate efficiency in stage j
Fstm = flowrate of injection steam

m; = slope of equilibrium line in stage j

L = rate of liquid flow down column in stage j
Tobs = Measured data of vapor temperature

Tcal = Calculated data of vapor temperature

t =time

Vi = rate of vapor flow up column in stage j

Yi = mole fraction of more volatile component in vapor leaving stage j
y*; = mole fraction of more volatile component in vapor phase in

equilibrium with liquid composition leaving in stage j

aj = relative volatility in stage j

Aj = stripping factor in stage j

w;i = liquid viscosity in stage j
subscripts

j = Stage index of number, j=1,2...
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