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2. Process Plant2] Optimum Design
Engineering)] dj3} o))

7}. Total Fixed Capital Investment Cost &
Process Plant2| Koreanization ratio( B/
{bzE)

ukd 0 2 Process Plant 214¢] 248 4

e Abell 2§ o] &3t Fuf 3ol Fa v
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0s9 (Table 1)elA B uetziol, 1991

_Y,l

(Table 1) Cost Break-down of the Total Fixed Capital Investment Cost for a Petrochemical Plant in Korea

1 Engineering

4. Misc.

(1991)

S Total Fixed Capital Koreanization

Investment Cost( % ) Portion( %)

12.3% 6.9%
1) Licensing including Basic Design (5.2%) (0%)
2) Detailed Design including Procurement (6.9%) (6.9%)

Service & Construction Supervision
3) Licenser's Supervision (0.2%) (0%)
2. Procurement 58.2% 45.4%
3. Construction 25.6% 25.6%
3.9% 3.9%
Total - 100.0% 818% |

(Source © 5994,

|
% = il
CEE FE AT, Y2 Ay

of A", p43l, B2 ATUES], 82 (1997))
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Zo A o]iolz|m, Basic Design Foll Process
Plante] Safetyo] d&e F&= Fo 4747} o F
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L}, Optimum Plant Design

Basic Design Aol Process Engineer= %2
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— Optimum Economic Design

— Optimum Operation Design

1 HAAA LA

(Optimum Economic Design)

%0] Raw material®] $Yd38 A}&3d,
ol Product®] $Uak& Aakst 4= QlvhH, Proc-
ess Engineert= ©43d] o] Total Invest
ment CostE Q3R= Process& A€3ic}, o}
o] Optimum Economic Designe] 7]+ Philoso-
phyelct.
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t}e-3} 728 Process design® o5 o A
A LA E dslazt gt

o 1, Pipe diameter?] #7447 .

Pipeline®] Total commercial operation cost
= oo 2e w7k Cost 4
% 9l

4

9 gog A&

(7h Fixed charge based on capital invest-
ment for installed pipeline
+{) Cost for pumping power

Total cost
3719) Fig. 1olA B viet 2ol 471 Pipe
linee] Ax8]9} Pumpingg 8}7] ¢ 52y
(7] £ steam £)°] ZFo| HA2 A7}
Pipeline2] Optimum Economic Design 4¢] 3
2744 mo]x A (Optimum Economic Pipe-
line Diameter)o] ¥t}

Fig. 1

Total cost

Fixed chorges bosed
on copitol investrment
for instolled pipe

Cost, dollors /{year)(foot of pipe length)

Cost for pumping power
Optimum economic

pipe diometer \:

0 — £
Pipe diometer

[

(Source ; Max S. Peters and Klaus D. Timmerhaus,
PLANT DESIGN AND ECONOMICS FOR CHEMI-
CAL ENGINEERS, 4th Edition, McGraw-Hill, USA
(1991))

o] 2, Insulation thickness®] #HA7ZA 47 :

Energy conservationg $18)A Steamo|u} 7|




t} Hot medium pipeline & 4.2},

Insulation thickness7} Z7}& 4% Heat loss
1= {Ashs whd) Fixed capital investment
costi= Z7}3iu).

whhr] 8b7] Fig. 294 R nlepzo], Opti-
mum economic design ZHol|A] Hi= FHZ7AH
Insulation thicknesst= Total cost7} 4l
Thicknesso]t}.

Fig. 2

V200G

]
™ Totat cost : {1} +(2}

1000

yad

v/l

a
(o]
(=]

Fuxed costs, (

/ Cost of heat loss, (2)
| )
/ I
T
|

Cost per year, dohars

£
fol
(=]

1

Optimum msulotion thickness

yan 1

0 1
0 1 2 4 S 6
tnsulaticn 'mckness, inches

(Source : Max S. Peters and Klaus D. Timmerhaus,
PLLANT DESIGN AND ECONOMICS FOR CHEMI-
CAlL ENGINEERS, 4th Edition, McGraw-Hill, USA
(1991))

o 13} o 2914 & 5= Al upelEoe] ALt
Pipe diametert} Insulation thickness& o &4Y
ek 71GAIE oA AEReR e 4 Rle
A4 gk dddogs Al 9d Opti
mum valued|A] & Wao g 714 71718 Va-
lues 2= 7|EAIES A8 =t

Basic design stageol|4] moisfjo} & 3
+59] Optimum economic designg 9HEA] Aok
shaut, A oR A gehs A dHAE Ft
H97171dA 2E e Hdo]9 (Maximum
profit per unit of time) & ©9]7]7]9] T4

b Sgtel HA44 M) 4 (Minimum total cost
production) & 7}A& 4 & Process& Hela)
om ke Aol
2) A -2 A2 4) (Optimum Operation Design)

Process Plantd] 9loiAl= Temperature, Pre-
ssure, Contact time, Flow rate $¢] 5o w
2} Raw material consumption®} Final product
9| Quantity$ Quality7} ZA %},

wbA] Process plant+= Optimum Lconomic
Designg 91 mpgo 24 ofgfo] of 33t 3lo]
Aol ¢AMAE sl Process basic de
signg g3}

o 3, B PlantolA4]e] #HA&4 Sulfur Bu

rning Temperature?] 24 .

f3H(Sulfur) & A2AIA FAHE Aabehs
Ab Plantol o] #Ae] SAMAE 913 A4
% (Burning temperature) & &3 7ol AH

gt

S+Og~>SO_>
S0,+1/2 0,50,

Fig. 3

8
|
>
j

=
AN

Yield determined by
equilibrium between
50y, 0y, ond 503~ 0

8
AN

JREGE PSS R T

-3
(=]

-~
(=]

Yield determined
A by rate of reaction
between 50, ond 0

Percent entering SO, converted to SOy

a
. O

Optimum operction temperature

50 | ] |
350 400 450 0" 500 550 600 650

Converter temperature,*C

(Source : Max S. Peters and Klaus D. Timmerhaus,
PLANT DESIGN AND ECONOMICS FOR CHEMI
CAL ENGINEERS, 4th Edition, McGraw-Hill, USA
(1991))



Sulfur®] Burning temperature® Y45
SO.9] F&& Fobd wEAEAT, 0, SO,
SO, &% Gas9l sistd A& na drd,
Burning temperature7} £&5% 7|¢ol 7|t) 3}

Ioa b ]
= 5]7‘ Product$l SO;9] &2 #idte &9

8¢ Maximizing®
NE Burnmg temperature & A% sHA Hoi.

(3) Safetys} HA7A ¢ 2147

A7) oA B vielzte] Optimum econom-
ic design® Optimum operation designoA] 3
2 199 thate] He R P4 Economy7t ©
.

Safety9} Environmental protection & 7}
2} 7|2 A0l Requiremento|7| wj &l Basic de-
sign#gd A oju| F83] nHE FF3ldlA En-
gineering designo| o] o] 7t}

a2y, 2HE 7)Y, o1& AYshe A7t Al
£Xo] 71 Fe3ta AFE Ut SafetyS
Hag)E del Ag - AT

3. Process Plant®] Commercial Opera-
tion Foll HE £ Qe A 7¥

7}. Engineering Designz} QHYALT

Process Plant¢] Commercial operation %9
Bhll g1 QM ALaLE Operator®] Mis-operation
o] 2l3t Aulo] ohjt}. kg o2 Safety Abat
= 37)9} 2& Project A 4 F u] StageE
MY 1 9 B Engineer?] AL} gt &
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o] ol f7t BgA oz gl NS AFe
1) Conceptual design

2) Basic design

3) Detailed design

4

)
)
)
) Procurement/Manufacturing
5) Construction

)

{
{
(
(
(
(6) Commercial operation

obAAlTE BAE W 1 9¢e Conceptual
designe]u} Basic design @0l A oju] 21 Y9l
S e A9-7 g

ayy, HEHoz KHAlLE FHsle Iia
& By A ga7Id# @34 Commer-
cial operationg 8t2 & Operatorse]|7] wjF
of, AALE FAUTP] HallMe B ¢
Abe] 4e1g 7 W9 Design staged]| Hoddt
= Engineers® Equipment and material]
Vendors, Z12]1 Ad & ddsk= Constructors
o] ol 2o FEHoz AdE et 1
& 4 %2 Operators7} obdAbae)] #8t In-
formationg AR s} Al&EHA o] S Al Feed-
backsdlil, o|&& 7fMg kAL HR¢HE o
A Operatorsol Al €815+ #4242l Channelo]
AT oz FEE|ojopyt g}, °]9Jr7é°l P& o

22 o4

ato] Basic designoll i3t S84 1= &, ¢4
Ang ZEZHoE ofus £ 98 % 015}
SYUs AA7be ol iyt ezlet 7
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L}, Commercial OperationA| QFMAIZQ| Bk}
AN

Oil refinery 2 Petrochemical plant2 &
%]= Process plante] ¢tdAlalE Start-ups$}
shut-downs Al A BIH3] WA gy,

Startup®} ShutdownA]dl+= Operatore] Al
2 Byt o) 9]o &, Process®] Feed rate7} +7}
7t W3lsl7] wj&d], Operatore} Process %
7F FAl EA T Adejoltt.
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£3], Emergency Shutdown& EAjo] dojr}
= Process?] #3jo)7] wSef, Operatore] 3
5743 vjsde] QHAXRE KA 4 Q.

71882, Shutdownd] diulsle] ol &
§li= Operatord] th& w &3} FHTo] QhAALLL
£ W 4 de AAAYE VA HAxH
Operator 2577} Zlo] q14)sjo} gy,

(1) Start-ups and ShutdownsA]2] §HRAlT
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Process plantE Operationdtth= AL ZAZ
7} Unit] Pressure, Temperature, Level &
Flow rate& Designoll %30} A3 z2H3ir
¥ %oluh. % o|Fe e HAA R
Operation8c}d A2 2o} Wfe] 2 AgS v
A wol, QARG fuAIT,

(7} Process plant®] Start-up® Shutdown
A, B2 g Qolukes ehAbm B9 sh
= Water7} Steam©.2 Flashing¥|o] System
ol g FA3M F7HIA Fiz oloA & A
ojct.

1 SR UHE Vesselt} ¢ Combustible me-
dium#} Air7} Mixings]o] Q4 Zutsh= A%
olt}. WA, Process®] Commissioning service
Al 7hE Z2Asel @ e Service Ao WHEA
System W& Air-free Ae|3 ntsojo} stth=
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%2 Inert Gas®2 System& Purge-outd}Ar},
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Fol o} = Ao A4 E System HtoZ YR
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odutd o2 Steamo] Nitrogen gas ¥t} o]
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a2y Bl Air-free ZHi2 3 diAe
Systemo] Refrigerating System© 24 System
e MoistureZ} o} UL A4S Freezingo &
System®] Plugging& op7|AlZ 9 &o] QUrhH,
Water filling-outo|i}, Steam purging-outol|
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AE A9, System W Follt Moisture &
Dry-outd}?] 93l | Nitrogen GaszAf
System-g Purge-out #jjopgt = olF9f H|&
I FI1E 8387 fFo|t.

&) E3}, SystemE Steam© & Purge-outA]
Z1 A %-o|=, Thermal insulationg 250~300°
F(121~149C) o4 A9 & A A 2 A&
solA A=A E AT 3fodo} gt

T3 Steamo® Purge-outd Z ¢l 35
kg/cm? o149 4&¥E 7M1 1] Steam$
AR A =t 1gte] SteamE AMRE 73S
o= Desuper heater& Al&3lo] &z 2o 5
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F3}l, System W4-9] Insulation materialo]
t}, Refractory 5©°] Steam Condensated)
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o), Reactor W42 Catalysti} Pellet7}
Acid-baseo] AY €49 Alkali E3<¢ KOH
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A HA 23 22 EaE § Jouz Steam
purge-out& a A= T

o]} & A$dx Steam purge-out thAl
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System& Air-free ez ©E7] 4%
Purge-out A 53] 2480} & 21& System Wi
o Algto] 9188 2k FI% 3= Holr.
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outo] %7 ¢+ Dead-space7} 712 Q&5
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iop oty oz Vesselo]t} Systeme] Top

pointell vent& F7}z2 Aajafol = n|&H T
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S 7heabd A ARsle oE diilates &
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1834, ©]% Top vent= Operator®] 4ol
oldAY 357] wid, Start-upelu} Shut-
down4] Opendt Vent valve& Closesl= A&
o= o] 25 itk Mo R Vent valves
3/4" ValveZ Ap&stu}, 1+ o] Closed}t?] &
1 Opendt A} & Operationg P dj7] 52
& [eakageslol U7k o Distillation col-
umne] A% Overhead®] °oF 10% AHxol ol=
3= a3k okl g ZhEi M qhE T

mh T8, Start-upo|ut ShutdownA]9h AFR-3}
- Purge-out line& Process systemo|] Perma-
nently 34 ConnectionA]7]2] ¥ % F=o|gtr},

£3], High-pressure Vessele] Connection¥
7| RLE T d)

Purge-out line& AH& %, Systemo|A Dis-
connection 3EA4Y, Blindingg ¥t=A] & =
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i} Design Engineer®} Operator7} 7taaf Al
ots)= 7 Z9 s, EE Valves HIZA
leakage7} Atk 7HE3lollA  Engineering#}
Operationell Jatedo} grh= Aoltt.

Valve7} Close E9 A, Flow7} §1& #Holz}
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= A7ve o} 9@stct. Valveo] Upstreami}

Downstream7te] &l zbolo] we} & Valve
o] 71 7hg gk wet Fre] ztoli: 9l

S & glon, Close dejoll4® BE Valves
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c}. Commercial OperationA] 2Aigt = Q=
OHMAIL 7Y

Process plant¢] Startup® Shutdowng X3
& Commercial opeationZ, WA sl b AfaL
= ogiRo] ofge} e Ulo g Wi

oAl LE AT flel freldte] Oper-
ationo]] QJao @M, AL Yelg Apdof o
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T Sudden changes in feed components or

rate

{2 Loss of electric power

3 Loss of other utilities such as steam,

cooling water, Instrument air, or boiler

feedwater.

@ Liquid level control malfunction

(1) Watere] Processt] &¢loz <13t otd
At @A (Harzards of Water)

A& upel o), Water7t 242 Hot oll
systemdl| =Y A5l A7e bdALE #
ate A7 B

2y} Az ofolR]m o]EE AlAlyE K
A} AYibde & Ft.

#h 9k o=z 1 Gallone Wateret Hydro-
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rlo
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o] 25 Watere] #7 (Dehydration by
Circulation)

Start-up d %5 #&A Linesol|4] Waterg

etds] 4 Asted Water-freedel 2 ghohe A&

& gof 4]9] Operations A2 o 7 e Yol

il

AEY

b & Eo] Oil Refinery?] %, Crude oll
distillation column- Inert gas purge out %- S}
g2 100 psig2 &elx, EE High pointot
Low pointo| Al Water2 £43] Drain A|Z{thil
siet® 1 Columng ofH % Water& ¥L3tst
I UE 7ol A

u}zkra], Water-free Ae] 2
3 w2 Cold Oil& Circulation &'HAl low
ol Water& w3 A DrainA]7)y= W

T

pointel] 2
Holtt.

Hoz, Water-free distillation col-
umn A E 9Hs7) ¢J8sled, Startup line& 413
¢l Distillate ratee] °F 20%
A5ol Flow rated HEAIL 4+ %% Pipe
sizing& &t}

#%8el Water draing $sli A+
neering designi#3olA Low point& 7}zshd
Fub Wiale Ziol v,

(3) Feed rated] #2723 Change& ¢! otd

Atare] 984 (Fluctuating Feed)

Process Design Engineert= &% 8lo] Proc

ess?] ¢HdAlx ¥z E Basic Engineering De-

Ol
o)
=)
o
rr
o
o

Basic engi-

sign?} Detailed Engineering Design 24 & %
dlod w2 B Qlonk, F9je| AAHel ol
7\gpe] BA, elal vlele Zo thg zte]
37 5o olf wjiEo g 7|ty /}‘-
stk AR vjawste fefuete] v
v Aol %’it el e L AT T
steh @ 4 9l

(B Commercial Operation & Feed rate?} *

0
.
|21

=3
L

AN B
[e]
=

o]
Al 7}
117

1

ez dAsH #asAY Sk #ol
LA E 9o, Equipment®] HHd ”lil"" %
8k8 o Zsled Designol] 8hv]= stAnt

S7} o Ze] S We AF HdAbLE T"r‘;’z“?}

7PsAd 8wl g Atk
o2 o], Operation =% Firing heaterof

19



Feedingsl= Charging pump7} A<
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Designgtct,
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