HWAHAK KONGHAK  Vol. 39, No. 3, June, 2001, pp. 300-306
(Journal of the Korean Institute of Chemical Engineers)

SEM YT2IES 0ISF SHEIBC SR B

(20004 72 242 A4,

2001 49 192 A=)

Operating Procedure Synthesis of Chemical Plants using Partial Order Algorithm

Bo Kyeng Hou and Kyu Suk Hwangd

Dept. of Chem. Eng., Pusan National University, Pusan 609-735, Korea
(Received 24 July 2000; accepted 19 April 2001)

SRR AFYI Bk /2 A B
etk ol e PEeA AY SLFS Ao Sl

Ak Al 2Ee Fofrl S ek ¥ Fofdl X

T EAME AT AGE AR oz R A AYo] & 5

ol B ArollAe 28Rl g0 A M2 H2HE 7

OF
<

==

-

o,

PAE APk A2 G2 WY
< Adstol

Slol ZAAAERE 2o

o
2
AE 2 7 5 S

o]

Abstract - In this study we have proposed a new operating procedure synthesis (OPS) methodology to overgome the |
tations of the earlier work. The proposed approach is based on partial order planning algorithm to solve the safety and valve
sequencing problems, and choose and order actions from the operators so as to achieve a given set of operational goals with
satisfying a given set of safety constraints. We have demonstrated that the proposed OPS system is capable of solving prob-

lems that no previous system could solve.
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Fig. 1. A double block and bleed valve arrangement.

Table 1. Example statements in the first order predicate calculus

Predicate Meaning

open(valve-1)
“activate(heater-104)
contents(pipe-5, methane)
pressure(vessel-1, medium)

valve-1 is open

heater-104 is not active

pipe-5 contains methane
vessel-1 is at medium pressure

Table 2. Example statements in the function literal representation

Predicate Meaning

aperture(valve-1) is open
state(heater-104) is off
contents(pipe-5, methane) is true
pressure(vessel-1) is medium

valve-1 is open

heater-104 is not active

pipe-5 contains methane
vessel-1 is at medium pressure
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operator Start-compressor
{
compressor 7c;
effects
bulk-flow of 7s is high;
pressure of ?s is high;
state of ¢? is on;
preconditions
state of 7c is off;,
end

Fig. 2. Example of a STRIPS-like operator.
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Fig. 3. A forced reboiler shown with valves.
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state(pump-201) is on
state(heater-201) is off

Pump_of(heater -201) is pump-201 |—Start pump-201—»| Pump_of(heater -201) is pump-201

state(v2) is open
state(v3) is open

Fig. 4. State transition caused by starting pump-201.

state(v2) is open
state(v3) is open
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Fig. 5. The structure of the proposed OPS system.
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Inlet-3 Inlet-1
turn off (inert gas)  (oxygen)
active(compressor) —active{compressor)
3 1
Rewrites to : Inlet-2 2 4
nlet-
(methanc) _N N_ Outlet-1
switch off wait
Fig. 15. Example of planning problem.
ti —acti .
setivelcompresson) active(compressor) Table 3. Data of planning problem
Fig. 11. The macro action representation of turning off a compressor. Item Cont.ents
Intial state (flowing oxygen)
| wurn off | wait 1[ not(explosion)
Goal state (flowing methane)
active(comp) |off(comp)— off(comp) | ~spin(comp) — —spin(comp) — active(comp) not(explosion)
Operators (stop-flow x)
Fig. 12. The goal expansion representation of turning off a compressor. pre-conditions: (flowing x)

post-conditions: not(flowing x)
(establish-flow x)
pre-conditions: ()

Operator StartReboiler {

heater 7boiler, ;;Variable ?m boiler is defined as boiler post-conditions: (flowing x)
pump ?pump; (purge x)
column 7c; pre-conditions: not(equal inert-gas x)
post-conditions: not(present x)
expand [reboiler-state of ?c is on;] ;; The effect of StariReboiler (flowing inert-gas)
using [heater of ?c is 7?boiler; ;; The precondition of StartHeater Frame axioms (present methane) & (present oxygen) => (explosion)

pump of ?¢ is ?pump; (flowing x) => (present x)

state of 7boiler is on;

state of 7pump is on;] R7] 998} Fig. 152} -2 49 ]—qﬁ‘lsﬂ H71® 8tk 5, 578 27

2k27} inlet-19014] outlet-1=2 B2 It} AbAo)} ©algAe] B3

J &3t Zdlo] WAIER] LEE FHA] WERS inlet-24] outlet-12

27 st AE BRI @ANTE SAPRE P o]
T

}

Fig. 13. The representation of the expansion operator.
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Methane  Chlorine HC1 Nitrogen
Feed Feed Feed Feed

Can’t contain HCI,
chlorine or methane.

A 4

Reactor

\d)
[
4]

V2

Vent-1
Mixerl

Vent-2

Can’t contain oxygen
or chlorine.

J_l_ Compressor{comp-1)

= ]
Heater(htr-1) l\)

Can’t contain chlorine,
methane or HCL.

Fig. 16. Simplified flowsheet of chlorination process.

v7 Can’t contain

Oxygen or

nitrogen.

Drain-1 Separator

Table 4. Process constraints

=

not{contains(chlorine) and contains(methane) and temperature != high}
not{contains(water) and contains(HCI)}

not{contains(oxygen) and temperature != low}
not{contains(methane) and contains(oxygen)}

not{ventl = open and contains(?any_toxic)}

not{drainl = open and contains(?any_toxic)}

not{vent2 = open and contains(oxygen)}

not{vent2 = open and contains(chlorine)}

not{separator_line = open and contains(?any_non_condensable)}
?any_non_condensable = {oxygen, nitrogen}

?any_toxic = {chlorine, methane, HCI, chloronated_hydrogen}

© 0o ~NO O~ WN

ol
~ o

Table 5. Initial and final state

Initial state Final state
temperature=low temperature=high
pressure=low pressure=high
contains(system, nitrogen) contains(system, HCI)
contains(system, oxygen) contains(system, methane)
contains(system, water) contains(system, chlorine)
closed(all valves) open(v3)

open(v4)

open(vb)

open(v8)

W €k(methanedt d4x(chlorinep] A4 Tellx 2] 584843 22 ) 7}
o] FAERE NEAY = SHARE YRR sttt T ook
she Alkxdst 27] - HFE TEE A7) Table 4, 8F 2t

o] EAY] dge WA §}E71E JHsetal WA BHE AFAIR &
o Wk Fde the, v E e R 94 FYr7le Aotk FH

(1) Open valve v1.

(2) Start compressor comp-1.
(3) Start heater htr-1.

(4) Close valve v1.

(5) Open valve v7.

(6) Close valve v7.

(7) Open valve v2.

(8) Open valve v8.

(9) Open valve v3.

ska7ge] 2AER 305
[] Action
—— Order Constraint
— Abbreviated Order Start

Constraint

Inlet
Methane[ > End

Fig. 17. The partially ordered operating procedure.

(10) Open valve V5.
(11) Close valve v2.
(12) Open valve v4.
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