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PCS Olefin-I

Profit Controller Design

Profit Optimizer

Acceptance Test
Overal Benefits

PCS Olefin-I1

Olefin-1I

Olefin-1/ Olefin-1l APC/RT-OPT

Olefin-1l APC/RT-OPT

2
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DCS
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DCS
2 %~ 6 %
15% 1%
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2001Honeywelsl GUoarp Co n6fleG/14 nc €

Arizona Phoenix  Biltmore Resort
Qilyssey
Honeywsdll
User Honeywell
Honeywel Support Service
Pavilion User

Hydrocar bolhul p &

Oi I & Gas Powe Genegation & Industrial Energy

Specia Chemicals Small System

Advanced Control & Optimization

Batch Paper Control e e-Business

Advanced Control &

Optimization Hy d r o c a Oll&kdGes  topic

Usars

Sasol oil from coal KOA
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Oi | Delayed Coker PCS Olefin Unit
Syncrude
P & G Batch
PCS Olefin-I
Petrochemical Corporation of Singapore PCS Jurong|
Olefin-l - Olefin-1l - Olefin-
1984 30
50% 1999 APC
and Dynamic Optimizati o%oePr o] e
PCS Olefin-1I APC Project
4 %
APC
|l denti fying measurabl e
Project

e Cracking furnace optimization

e Cracking gas compressor limitation

e Ethylene and propylene refrigerant limitation

e FEthylene and propylene fractionator capacity limitation

2
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support the system

PCS Honeywell Hi-Spec
Hi-Spec
Methodol ogy APC& Opt i mi z
PCS Hi-Spec
PCS Knowledge
PCSOIl ef i n- | Oveview

Fig.1-1 Process overview
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B Feed quality variations
B Significant product demangd va
B Ambient condition variatipns
- -150~1100
B Furnace decoking campaigns
-9 14
Honeywell  Profit Controller  profit Optimizer
Profit Controller RMPCT
2
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- set point control range control
Profit Optimizer
- RMPCT
1999 turnaround Profit
Controll er
MAPD
Converter
APC
| 18  Profit Controllers
- 9
- 1
- 1
- 6
- MAPD Converter 1
| Olefin-1 1
2
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Process Area MV Dy Cv
Hotside:
Furmnace 1 3 ) 24
Furmace J 3 ll e}
Furnace 3 3 [ 4
Furnace 4 Ji | 2
Furnace 3 Ji | 2
Furnace b 1 | 2
Furnace | I | 2
Furnace & I ll 2
Furnzce Y Y I} 23
Quench Tower b 1 16
Fuel (Gas System Y 1] 14
Coldside;

Demethanizer/Coldbox/Ethylene Retng./ Condensate 1 2 16

Stripper
Deethanizer Y 2 12
Ethylene splitter/Propylene Refrig. Y | 13
Depropanizer 3 | 4
MAPD Converter 4 | I
Propylene Splitter 3 | b
Debutanizer 2 | ]
TOTAL 126 3 303

Table 1. Profit Controller overview

yields patterns run SPYRO Technip USA Corp
model Profit Controller Objective
Profit Optimizer Objective
Function
2
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B Ethylene Product maximization

B Olefin Product maximization

B Full economic profit maximization

13

Acceptance Test

September ' 9 Project Kickoff

November Design Review

Dec ~ Aug APC Step testing and commissioning

9
00

Aug~Sep 00 Optimizer commissioning
00

November Acceptance Testing, and Acceptance

Olefin-| Honeywell TDC 2000 DCS
1999 Y 2k millennium APC
DCS TPS(Total Plant System) DCS
APP-Node DCS LCN (Local Control Network)
Profit Controllers
run Profit Controllers
DCS GUS(Globa User
Station) Profit Suite Graphic
2
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Profit Controller Design
Profit Controller
MV CV DV step test dynamic data
Modd identified Profit Controllers Honeywel
TPS DCS APP-Nodes Profit Controllers
C3 Splitter C3 Splitter time delay
Controller
congraints

B Typica controlled variables for furnace profit Controller

include

- Furnace load, severity/conversion & feed pass balancing

- Cail Inlet & tube skin temperature

- Combustion constraints such asfuel pressure, stack.

temperature, excess O2, damper position, etc

B Typica controlled variables for column profit controller

include

- Overhead & bottom stream purity

- Approach to flooding, reflux drum level, tower level

- Selected tray temperatures

- Other congtraints such as valve positions, etc

B Typical compressor controlled variablesinclude

2
90. 036 . 1 5B0- HRD506
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- Compressor speed, discharge pressure, turbine steam flow,

etc.

B Typical converter controlled variablesinclude

- Bed maximum and delta temperature and pressure, outlet

composition, etc.

Profit Optimizer

Profit Optimizer Profit Controllers

Profit Optimizer Fug.1-2

ECONOMIC DATA
COMBINED CONSTRAINT LINITS

PROFIT® OPTIMIZER

*

¥

y y
.,;.fnq L.,:.r'é;" 25 |ooo | w2
ICONTRO| MTROLLER| MTROLLER, JCONTROLLER|

-

FURNACE 1-8 GQUENCH

FUEL GAS MAPDeeny.
PROAT PROFIT
CONTRO 'TROLLE

CONTROLLER| |CONTROLLER|

PROCESS

Fig.1-2 Profit Optimizer Overview

90. 036 . 1 5BO0- HRD506
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Profit Optimizer

Base structure directly from underlying profit controllers

11 bridge models (BM)

49 combine constraints (CC)

BM & CC added to increase scope of optimization and

obtained from plant step test and historical data

BM are mainly column feed and the olefin products

Combine constraints include

- Total hydrocarbon flow by feed types

Furnace yields, coke rates, fuel usage, steam generation

TMT predictions, olefin products ratio

Key constraints for unit outside scope of profit controller,

e.g. C2/C3 refrigeration pressure, €etc.

On-line SPY RO® yield models from Technip USA

corporation

SPY RO® models provide derivative information used to

update non-linear gains of profit controller and optimizer

Continuous gain updating with execution frequency of once

every 10 minutes

Profit optimizer execution frequency once every 2 minutes

90. 036 . 1 5BO0- HRD506
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APC

m APC

B APC

FURNACE LOAD & SEVERITY vsRUN-LENGTH

B Furnace feed rate & severity are significant optimization

variables

B Feedrate & severity affect run-length of furnace

Furnace run-length model used to ensure no over-stretching

before scheduled decoking

FURNACE EXCESSO2 OPTIMIZATION

B Cost saving factor as fuel consumption is reduced

B Before APC, furnace excess O2 control by manipulating

burners air registers at afixed draft pressure

B Not practical to keep adjusting air registers at every load or

COT change

B Essentially, APC adjusts furnace draft pressure and fuel firing

to optimize excess O2 keeping target load and severity subject

to other congtraints like damper opening, coil inlet temp. etc.

2
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B The controller does these continuously as opposed to

operator’ s ad hoc adjustment of air registers

B Excess O2 much lower after APC isimplemented Fig.1-3

shows that the excess O2 is about 2.5% ~5.5% before APC

and the excess O2 decrease to 1%0~2% after APC

Implementing

Furnace Excess 02

Attar ARC
Betore APC

Base

Date

Figl-3 FURNACE EXCESS O2 OPTIMIZATION

B Recycle Ethane & Propane Letdown to Fuel Gas decreases

much more after APC is implemented(show in Fig.1-4)

90. 036 . 1 5B0O- HRD506
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Recycle Ethane & Propane Letdown to Fuel Gas

m

A
| f H\ !

Fig.1-4 The amounts of Recycle Ethane & Propane Letdown to Fuel Gas

Furnace Switching

B Additiona heat to Quench unit when freshly decoked furnaceis

brought online.

B Alter the composition & temperature profile of quench towers.

B Before APC, prior load down of plant isrequired.

With APC, the disturbance is accounted for and o prior load

downisrequired. show inFig.1-5

Before APC
120 7t5
Qg B b i e S i i i 710
D 4— S -‘/,’./ TOS
= M‘.——c\ /rf _
= ] TO0
= =
== -
40 > | G695
,_h.,./ [ —r—
20 /-/’JLH —q\ Ga0
I} - = = - o =] \\’—_._‘,f‘)-\-\-_ﬁ.‘_‘"‘—*-— & 2 685
a 1 2 3 4 5
Hour
—— Furnace A —m—Furnzce B Total Load |
2
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After APC
120 s 7 785
100 ‘N"'-..h iy i ] 0 TA0
" | o]
80 Bt a2 775
E 60 \‘ 4 770
— g.\ P
&4 v = 765
—_ |
20 s L s 760
-:| _.:-""-./ \1&\&4 & o TER
e mlmlm ;] L e e o0
0 2 3 4 5
Hour

—e—Fumace A —=—Fumace B Total Load

Fig.1-5 The load of furnace as furnace switching

ETHYLENE AND PROPYLENE PRODUCT PURITY

Ethylene Fractionator’ s Column Constraint

- operating near capacity or flooding limit

- overhead condenser limitation

- Acetylene absorber capacity limitation

- high ethylene loss to recycle stream

Propylene Fractionator’ s Column Constraint

- operating near flooding limit no debottlenecking since initial

start up

- high propylene loss to recycle stream

- overhead condenser sea water cooling limitation

System allows for tighter control of ditillation tower key

components

2
90. 036 .1 5B0- HRD506
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B Measurable increases in product impurities observed after

system implementation  show in Figl-6, Fig.1-7

B Product specification met with more efficient tower operation

B Resultisdecreased in utility consumption or allowance for more

feed

B Maximize product recovery from recycle stream(seein Fig.1-8)

ETHAMNE CONTENT IN PRODUCT ETHYLENE

800

+aun [IE

ETHAME (agm]

<200 B LE T

4200

ER L] J

Base BEFORE APC | AFTER APC

Fig I- 6 Tighter ethane control in product ethylene with APC

PROPANE CONTENT IN PRODUCT PROPYLENE

oo ool Py T AN WS ren PSS A
TR LT B

‘0.2 | T

FROPANE (Moi %)

I BEFORE AFPG I AFTER AFC |
Base

Fig. I- 7 Tighter propane conirol in product propylene with APC

2
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ETHYLENE LOSS TO RECYCLE ETHANE
+10
I BEFORE APC | AFTER APC I

ETHYLENE (Mol % )
+ +*
& &
(=] Q
=t
R

Pl - ,
TR

Base

Fig. 1- 8 Ethylene recovery from recycle stream with APC

Mol %

DEETHANIZER OVERHEAD C3 SPEC CONTROL

+1.0
? 4
+0.8 :
4 BEFORE APC | AFTER APC |
o
+0.6
L
-
+0.4 g‘
’ -
+0.2 ﬂ
Base

Fig 1- 9 C3 specification control at Deethanizer overhead

COLUMN OPERATION (SeeFig.1-9 ~ Fig.1-13)

90. 036 . 1 5B0O0- HRD506
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B Increased impuritiesin ethylene and propylene products

B Stable fractionation column operation and specification control

B System alows stable operation of fractionation column

B Tighter control of column overhead and bottom impurities

B Higher column loading by allowing more impurities without

compromising specification

B Reduce column instability cause by feed change, e.g liquid dryer

draining, etc

B Relocation of temperature sensing point to more sensitive tray

Mol %

DEETHANEER BOTTOM C2 SPEC CONTROL

+0.8

¥ BEFIRE APC AFTER APC

+0.6

+0.4

+0.2

!

Base

Fig.1-10 C2 specification control at Deethanizer bottom

90. 036 . 1 5BO0- HRD506
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TRAY TEMP, "C

CONDENSATE STRIPPER TRAY TEMP VERSUS CH4 LEAK

65

-+ 160
Relocate temperature sensor o

~
B R e e e o /' = 140

TRAY #1

- 130

55 y BEFORE APC AFTER APC 1120
| |
J - 110
=+ oo
50 TRAY #20 z
LIUID DRY ER DAANNG = £
Jao o=
-+
45 &

[~=—TRAY TEMP —s—BTM GH4 LEAK |

Fig.1- 11 Methane leak control at Condensate Stripper bottom

DEPROPANIZER BOTTOM C2 SPEC CONTROL

+200

- | eerFore apc AFTER APC
&

=

e

4100

Base

Fig.1- 12 C3 specification control at Depropanizer bottom

2
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DEPROPANIZER OVERHEAD G4 SPEC CONTROL

. |
2000 . [ sEFone arc AFTER APC

Fig. 1-13 C4 specification control at Depropanizer overhead

Acceptance Test
Profit Optimizer 2000 11
maximum olefin Profit Optimizer

objective function

disturbances

B Quench ail tower pump filter plugging

Significant feed quality disturbances (several incidences)

B Further demand cut by downstream polyolefins unit.

Profit Optimizer

90. 036 . 1 5B0- HRD506
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Over all Benefits
PCS Olefin-| Profit Controller
and Profit Optimizer Implementation
[ | 4% Olefins
[ | 4.5%
Fig.1-14 fig.1-15
Normalized Olefins Production Rate Trend
110
108
A
106 / % . Fars
o 104 /' \
E :Ez /\»/ \_/\ r\..«J
3w AAL ol
* 96
After APC -
94 P Before APC i
92 =
90
Date
Fig.1-14 Olefins Production Rate
[ |
[ | APC
2
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Total HC Feed Rate

90 8 22
Normalized Total HC Feed Rate Trend
110
Aftler APC
108 Before APC
e
—eeeeeeeeeee
106 A WA{‘\\
104 { | ey \

102
100
98
96
94
92

20

:vwavb. | Noas

Date

Fig.1-15 Total Hydrocarbon Feed Rate

u Profit Controller
| Profit Optimizer
Optimizer
APC
B PCSOlefin-| Honeywdl Profit controller and Profit
Optimizer

Olefin Plant Performance Analysis by Solomon Associates

Inc. Positive impact

90. 036 . 1 5B0- HRD506
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PCS Olefin-11
PCS Jurong Olefine Olefin-l 2000
APC Olefin-11
? Aspen Tech.
" Integrated Total Solution to CPC’ s Petrochemica Business Processes”
PCS Olefin-11 Olefin Plant
Reference PCS Olefin-1 Olefin-|
1998 7 APC RT-OPT Olefin-I Honeywell
Profit Controller  Profit Optimizer Olefin-1 Aspen
D M C +Aspen RT-OPT Optimizer
Olefin-11
Olefin-1l Stone & Webster 1998
1,000,000 Aspen Tech.
1998 7 APC/RT OPT
4% 16
14 Olefin- Olefin-1
PCS Aspen Tech Project

Methodology and APC/RT-OPT technical fundamentals

Oléfin-1/ Olefin-11 APC/RT-OPT

Olefin-I/ Olefin-11 APC/RT-OPT

2
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| DCS
- Olefin-I Honeywell TPS DCS
- Olefin-I Yokogawa Centum-CS DCS
B APC/RT-OPT
- Oléefin-I Honeywell TPSDCS APP-Node
- Olefin-I Yokogawa Centum-CS DCS DEC
Alpha Run Open VMS
B APC/RT-OPT
- Olefin- Honeywell Profit Controller(RMPCT)/Profit
Dynamic Optimizer
- Olefin-1 AspenTech  Aspen DMC+ CLA
(Composite Linear Program) RT-OPT
Aspen RT-OPT rigorous Mode
Aspen Tech APC/RT-OPT Fig.2-1

90. 036 . 1 5B0- HRD506
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Olefin-II APC/RT-OPT

B Benefit target expected from start of project

- 4% increase in ethylene plus propylene production

B Production increase actually achieved from start of project,

demonstrated over a period of three months sustained

operation, was 7%

B 5.5% attributed to APC and RT-OPT system while 1.5%

attributed to process improvements made by PCS outside

scope of project

B |n addition to capacity increase, a 3% reduction in specific

energy per ton of ethylene was experienced

B Of thetotal benefitsredized Show in Fig.2-2

- 30% to improved control

- 40% to feed maximization

- 30% to real time optimization

INCREMENTAL OLEFINS PRODUCTION

8.0%

7.0%

6.0%

5.0%
4.0%
3.0%
2.0%
1.0%
000 | — : :

TUNING FCE, CGC, C2s C3s+ RT-OPT JUL 2000

MILESTONH

90. 036 . 1 5B0O- HRD506
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6
DCS
DCS /
DCS
Engineering
Knowl ed
DCS
DCS
/
operator upset
upset

Manipulated Variables, MV

(Controlled Variables)

(Disturbance Variables)

Mo d el 24

upset

upset
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Over Spec.
Aspen Tech C3 SplitARCr
Advance Process Control, APC RT-OPT Red Time

Optimization. RT-OPT

loss

PROPANE IN PRODUCT PROPYLENE

+0.6

+04

+0.2

Mol %

Base

Before APC After APC

Fig.3-1 Impurity contents in product propylene

C3 splitter APC Impurity
0.6 mol .% Range control 0.2~0.6 mol. %
APC impurity range
0.4~0.6 mol.% Fig.3-1 Reboiler
splitter  loading
throughput
loss 10~12 mol.% Fig.3-2
APCmpl ement at i<obmol.% Furnace
Recycle stream yi el ds
2
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PROPYLENE SPLITTER BOTTOM PROPYLENE LOSS CONTROL

+14.0

+12.0

+10.0

R +8.0

= 160

i

+4.0

+2.0

Before APC

bl

Base

Fig.3-2 Propylene loss in propane recycle stream

APC Target range

Tar get rr@agme

APC RT-OPT

Typical Benefits

e Increased Throughput

e Improved Yields

e Decreased Operating Costs

e Improved Quality Consistency

e Increased Operating Fexibility

e Improved Process Stability

|l ntangi bl e Benefits

e Improved Process safety

Process Watchdog

2
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Earlier Identification of Process

e Improved Operator Effectiveness

Focuses on key operating parameters

e Reduced Variahility to Downstream Units

Few Process Upsets

e Better Process Information

Increased Process Understanding

DCS

8 0 %

DCS ROI5 ~

DCS

DCS

90. 036 . 1 5B0- HRD506
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Honeywel | CEO
2
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