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At PPCL, we empower process engineers with the most powerful
interrogation and visualization tools.

Our Vision:

To see process manufacturing plants worldwide intelligently solve
their most complex challenges, improve plant safety, increase
batch consistency, reduce emissions and increase profitability.

www.ppcl.com



PPCL Developed By Process Engineers For Process Engineers

SITES WORLDWIDE PATENTS TECHNOLOGY AWARDS

www.ppcl.com



The Role of the Operator
&
X %
» = Q
ALARM!! Meet

Business
Objectives
//

Control the
Equipment

\
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PPCL Why have Operator Alarms - a LOPA view

‘ « Alarms are requests from level 2 for the
. sl operator to intervene

8. Plant Emergency

el « Levels 2 and 3 attempt to correct a
T problem that began in Level 1

« Levels 4 and above attempt to mitigate the
consequences of not correcting the
problem

« Cost penalty for failure rises very steeply
with each level

 Level 3 is the highest level with human
intelligence available - and has the highest
PFOD

6. Physical
Containment (Bunds)

5. Physical
Protection (Relief Devices)

4 Safety
Instrumented System

3. Alarms &
Operator Intervention

2. Basic Process
Control System

1. Process
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PPCL Ideal Alarm Limits

« The Operator is the only chance
for human intervention to prevent
loss of production.

« Alarms are the prompts that

SHUTDOWN
SYSTEM

something must be done to keep

the process operating. Operation
» Alarm limits at the boundary of

normal operation give the best and

earliest warning of developing

situations.
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PPCL Current Alarm Reality

« Shotgun pattern from complex
alarm histories

* Alarms in the orange zone
cause delay and require e

SYSTEM

bigger corrections o

Operation
BURSTING RELIEF

« Alarm limits in the green
space are false alarms
requesting operator action
when none is needed.

* Are “always-silent” alarms
monitored?

2022 © Process Plant Computing Limited www.ppcl.com




Process History in Alarm Management
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Process input is normally only used in the form of the event log: determining the performance of
an alarm system by “Try-and-see”

With CVE, we can easily bring this into the Rationalization limit review step, and know before we try!
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PPCL Effect of Bad-Actor Reviews

* Traditional bad-actor
reviews drive limits
outwards

* Resulting alarm : \.‘
performance not known e LR T e
until weeks later

» Rationalization projects

are repeated every 5 -/
years
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== How can we improve this with CVE?

« What if you could see the boundary of normal (and desired)
operation?

* And put your alarm limits directly on them?

* You'd immediately improve and start getting the benefits of a
good alarm system.

 Give Operations time to get used to trustworthy
Alarms then add CPM to give them Alerts and
and Event Prediction

/ »,
lxo ) 8 (\\
f/o owe ~
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Geometric Process Control:

N = ldentifying Normal Operating Envelopes

Positioning Alarm Limits on the Boundary

Predicting Alarm Performance
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== 2-D Schematic of Operating Envelope

Constraints
Q>f(PV1,PV2,PV3,..)

What happens when PV3, PV4, ..
change?

Good Operating Envelope

Process
variable

PV1

~ s

= [ Nearly redundant Inactive }

constraint constraints

Process variable PV2



== 2-D Schematic of Operating Envelope

Constraints
Q>f(PV1,PV2,PV3,..)

What happens when PV3, PV4, ...
change?

Good Operating Envelope

Process
variable

PV1

~

=

Still a inactive
constrait but less
SO

Was nearly an inactive constraint
but now important

Process variable PV2



PPCL Intersections Change with Time

Time

Process
variable

PV1

Process variable PV2



Operating Limits - Operating Windows - Operating Envelopes
PPCL

PV1 Equipment Hi Operating Limit
PV1 Hi Operating-lzirgi

Envelope/
Window
Mismatch

Hi Operating
Limit

Process
variable
PV1 va L Operating
0]
Operating Envelope

Limit

PV2 Hi Operating Limit

PV1 Lo Operating Limit .
g J Operating

Window

Process variable PV2



PPCL Linking Operations and Outcomes through Operating Envelopes

Evo)
%

Alarm & Operating Limits Other Process

|dentify Operating Envelopes and Applications
Operating Windows

A

Operators
DCS - - - -
Displays Process
Histor
= /
Process Emissions, Fouling, Lagging KPI Results
DCS /PLC / SCADA - Process Control Samples Weather, etc eg.Financials
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HDS Schematic

Sulfur-free gas PC = pressure controller
,r—'l—l:::_]- r——m= Purge gas

atm = atmosphere of pressure
Recyecle Gas Lean
Compressor i
Amine
Contactor
== halce-up Gas to amine treater SOUR GAS
hrydrogen o -
¥ for Hs 5 removal
Rich Condenser
T Amine -—@
= m
S| a Reflux
o | & " drurm
= m
o3 = 35 °C
= | & i
+ 300 to 400 °C ]
30 to 130 atm 2 "
. aur water
Fixed-bed 25 90 T FuMm
Reactor — P
¥ 2to S atm | — stripper
Heat Gas —
Exchanger Separator | | sapor
L] Rebailer

Fired Heater Steam or hot il

u_<

DEsULFURIZED Product
BROOUCT Specs
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PPCL Where does it start?

Process History Data import (csv, Excel, PI, PHD) .....

Izﬂ TAMU ves.cs o = 2
W X ¥ rd AA AB AC AD AE AF AG AH Al Al AK AL AM AN
1 M3/HR  KNM3/HR M3/HR M3/HR M3/HR M3/HR L/HR NM3/HR M3/HR  KNM3/HR TONNE/HIM3/HR  KNM3/HR KNM3/HR KNM3/HR M3/HR  DEGC KNM3/(=]
2 |GAS OIL FIH2 M/U Gi PUMP 030 REBLR FUF REELR FUF LCCO PUN HDS LUBRI 0300 Exch: Raw HCN SCRUBBEFR LP SEPRTR STRIPPER FUEL GAS FUEL GAS FUEL GAS LCCO PUNREACTR 2 RECYCL
3 |NO3FC379 NO3FC380 NO3FCS06 NO3FCS16 NO3FCS17 NO3FCS40 NO3FCS52 NO3FCS65 NO3FCS82 MO3FI095 NO3FI098 NO3FI122_ NO3FI1533 NO3FI162 NO3FI164 NO3FIS40 NO3IFI9S F NO3FRO
4 | 1.94365 3.39589  £.2016 0 -4.38871 37.7543 0.068464 2841.42 0.00807 -6.81E-06 0.246832 172.348 3.59E-06 1.12695 0.890049 37.8094 506.497 28.57
5 | 2.05572 3.56238 6.05197 0 -4.38871 37.5725 0.068464 2844.85 0.00134 -6.81E-06 0.249863 179.536 3.59E-06 1.12304 0.890181 37.4313 506.002 28.68
& 2.5549 3.64624 6.15486 0 -4.38871 36.4718 0.068464 2842.36 0.00807 -6.81E-06 0.249955 175.057 3.59E-06 1.11545 0.878297 36.5844 505.892 28.68
7 | 2.05572 3.67029 6.21854 0 -4.38871 36.5357 0.068464 284422 0.00807 -6.81E-06 0.251828 179.174 3.59E-06 1.11669 0.868948 36.7217 506.356 28.76
g | 2.44284  3.7123 6.06865 0 -4.38871 36.4884 0.068464 2840.14 0.00807 -6.81E-06 0.25245 177.366 3.59E-06  1.1079 0.867556  36.634 506.171 28.57
9 | 2.66696 3.67363 6.00893 0 -4.3887 A 5 B o . . G
10 3.4412 3.61907 6.02254 0 -4.3887 1 DateTime Bulk Density (kg/L} = Coating Agent (%w/w)  Friability (%w/w)  Moisture (%w/w)  Qil Absorption (%w/w) Product Less Imm (%w/w)
11 2.44284  3.6598 5.96589 0 -4.3887 2 |01/07/2005 00:00 0.773 0.08 1.05 0.119999997 7.2 0.119999997
12| 294202 2.65797 6.07973 0 -4.3887 3 |01/07/2005 06:00 0.79 0.08 1.84 0.140000001 6 0.439999998
13| 34412 3.64802 6.08674 0 -4.3887 4 01/07/2005 21:00 0.765 0.08 2.01 0.209999993 7.3 0.189999998
B 5 21021 3.51035 6.12914 0 43887 |02/07/2005 03:00 0.738 0.08| 1.2 0.119999997 7.4 0.209999993
6 |02/07/2005 06:00 0.76 0.08 1.3 0.119999997 7.9 0.170000002
S 3.05908| 3.58685 6.18657 0 -4.3887 . 4)/07/2005 09:00 0.728 0.08 1.2 0.1199599997 8.7 0.159999996
16| 244284 3.52842 6.13525 0 -4.3887 g 02/07/2005 12:00 0.765 0.19 1.35 0.119999997 g 0.05
17| 244284 3.40353 6.03514 0 -4.3887 9 |02/07/2005 18:00 0.762 0.08 1.57 0.109999999 7.6 0.05
18| 2.5549  3.1653 6.08954 0 -4.3887 10 |02/07/2005 21:00 0.774 0.08 1.09 0.100000001 6.5 0.07
19 244284 2.91333 6.11997 0 -4.3887 11 |03/07/2005 00:00 0.774 0.09 1.15 0.109999999 7.5 0.05
20| 244284 2.71963 6.05197 0 -4.3337 12 03/07/2005 03:00 0.773 0.09 1.42 0.109999999 7.6 0.09
51| 266696 2.77103  6.16785 o .a33g7 03/07/2005 09:00 0.754 0.07 1.82 0.159999996 8 0.170000002
14 |03/07/2005 12:00 0.767 0.08 0.94 0.109999999 g 0.100000001
22| 244284 2.83438 6.10552 0 -4.3887 15 63/07/2005 15:00 0763 0.08 1.02 0.119999997 8 0.109999999
23| 4.05244 236717 6.12314 0 -4.3887 15 |03/07/2005 18:00 0.77 0.08 1.52 0.119999997 g 0.07
24| 2.94202 3.12387 6.17206 0 -4.3887 17 |03/07/2005 21:00 0.771 0.08 1.17 0.119999997 g 0.05
18 |04/07/2005 00:00 0.768 0.07 1 0.1199599997 8.1 0.03
. 19 04/07/2005 03:00 0.77 0.08 1.05 0.119999997 8.1 0.04
La boratory Quallty Results, 20 04/07/2005 06:00 0.771 0.07 117 0.119999997 8.1 0.07
. . . 21 04/07/2005 12:00 0.765 0.08 1.44 0.129999995 0.08
Lagglng and Leadlng KPI Hlstory 173 nAinT7nnE 1800 n e nno 14 N 10000006 ] n no
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PPCL

Visualizing an Operating Envelope: Snapshot

File Edit Graph Scale Edges Query “ariables  Screen Help
1

50 7 11 24 1000 1000 24.4357 . 972.893 5.24678 24.5254 10.4162 7168.3
23 - 1 - i - 18 - 10 - 10.4909 232.075 217.322 181.894 -4.43892 83.7619 60.6289 15
T
0 -1 0 0 0 0 76.6552 25.8578 175.909 -6.38638 -0.0226568 -0.542896 1.14382 0.00182041
0 1 0 0 0.839246 0 24.0901 -2.05845 935.178 -0.00822226 -1.63529 -0.880265 -b.82209 369.642
4 L} 3
Timestamp_hour AC_HiLo_Alarm_Limits 0305-01 CHARGE FURNACE FLUE OXYGEN STRIPPER OVHD REFLUX ANTI-OXIDANT DOSING FLOWY LCCO PUMP DISCH
Timestamp_minute AR_HiLo_Alarm_Limits_on_envelope 0305-01 CHARGE FURNACE FLUE CO STRIPPER REBLR. FURN COLD LCCO FROM STORAGE HDS LUBRICITY #
Timestamp_second AC_HiLo_Alarm_Limits_on_envelope REACTOR FURN CHARGE FLOW REGEN AIR TO REACTOR GAS OIL FROM STORAGE 0300 Exc
p_month Timestamp_weekday 03 STRIPPER REBLR 0305-02 OXYGEN AMINE FLOW TO SCRUBBER REACT BYPASS FLOWCONTRL HZ MU GAS FROM 0306-02
imestamp_day AR_HiLo_aAlarm_Limits_1h 03 STRIPPER REBLR 0305-02 CO 03 STRIPPER FEED ANTI-STATIC DOSING FLOW PUMP 0308-22 SPILLBACK
« Graph axes are the vertical pink lines - one variable per axis

2022 © Process Plant Computing Limited

 Poly-line represents one row of an excel sheet or one moment in time or one process operating point
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Visualizing the Normal Operating Envelope

96 47.9324 349.994 80.0018 27.5997 400.004 407.044 404.877 404.508 141.76 111.27 0.931363 33.3 1165
399.998 349.994 ~49.9991 _80.0018 7156 00.004 05.302 401.615 404.27 411.40 00.65 -49.5

—_ R"M__

—
13.8621 -25.9599 22.3535 -26.7953 -9.90986 25.0001 199.991 199.991 199.991 106.577 199.991 '199.991 -60.5
; -25.6467 g . -9.824 4 0.8003 15.1

b
RUM LIQUID OUTLET FURN CHARGE PASS-3 TEMP LEAN AMINE R-GAS SCRUB REACTR 6 REACTOR, BEDTEMP REACTR 6 REACTOR BEDTEMP Freeze point
STRIPPER TOWER OVHD TEMP FURN CHARGE PASS-4 TEMP CFPP TANK TEMP REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP 0300 Product Aromatics
REBLR TO TOWER INLET NO.1 REBLR OUTLET TEMP REACTR 6 REACTOR, BEDTEMP REACTR 6 REACTOR. BEDTEMP REACTR 6 REACTOR, BEDTEMP sayb_col

ITLET TOWER BTMS OUTLET TEMP NO.2 REBLR OUTLET TEMP REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP 03 Prod Sulphu
IUBBER BTMS PROD COOLER OUTLET NO.2 REBLR INLET TEMP REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP Density @ 15C Flash |

« Each polyline line still represents one point in time but here there are 10,262 polylines
 Links data from left (process causes) to right (results and KPIs in pink)
« Patterns and density capture process behaviour and variable relationships

2022 © Process Plant Computing Limited www.ppcl.com



Visualizing Two Operating Envelopes

996 47.9324 80.0018 400.004 407.044 404.877 G508 141.76

349.994 7 404
349.994 4 64.7156 405.302 401.615

3 95.0009
71.5601

|
"x___\k _—x
—_— —— hh“\h-\___
-\_\_\_\_‘_‘—\—\.
19.8314 - 268 -13.8621 -25.9599 -22.3535 -26.7953 - a6 2b.0001 i 199.991 Hi _1 99.991 99 _-_BI].S
-6.47223 -6.36983 -25.6467 -13.0354 -22.5677 -9.82445 -1.28625 199.991 1.77375
£ >
TEWMP OVHD DRUM LIQUID OUTLET FURN CHARGE PASS-3 TEMP LEAN AMINE R-GAS SCRUB REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP Freez

R OUTLET TEMP
HP SEPRTR OUTLET TEMP
RECYCLE 5CRUBBER OUTLET
H2 TO FG EX SCRUBBER

STRIPPER TOWER O¥YHD TEMP
REBLR TO TOWER INLET
TOWER BTMS5 OUTLET TEMP
BTMS PROD COOLER QUTLET

FURN CHARGE PASS-4 TEMP

NO.1 REBLR OUTLET TEMP
NO.2 REBLR OUTLET TEMP

NO.2 REBLR INLET TEMP

CFPP TANK TEMP
REACTR 6 REACTOR BEDTEMP
REACTR 6 REACTOR BEDTEMP
REACTR 6 REACTOR BEDTEMP

REACTR 6 REACTOR BEDTEMP
REACTR 6 REACTOR BEDTEMP

‘EMP

- Two different modes, one for kerosene and one for gas oil, highlighted

2022 © Process Plant Computing Limited

0.931363
-49.5

REACTR 6 REACTOR BEDTEMP
REACTR 6 REACTOR BEDTEMP

REACTR 6 REACTOR BEDTEMP
REACTR 6 REACTOR BEDTEMP

REACTR 6 REACTOR Bl
Density @ 15
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33.3
30 ) 93

Lagging KPl Operating Envelope

449.996 47.9324 349.994 80.0018 27.5997 400.004 407.044 404.377 404.808 141.76 0.824953
) 399.998 349.994 499991 E ) 63.4636 400.004 405.302 401,615 0427 411.405 400657 ~49.5
¢ 4 ] I'. - N
‘,,/ 8 _=_T%_ - :-“—__‘=E="=—:'=:=_—=_-‘§. ‘Q\:\ I'. ,'II — __ :-__-':11-»—— ;
e : el S— M_.. : .'I — M _d,‘ =
\ / v
1 [
B '99.9957 ‘99,9983 0 b 0 b 25.0001 199.991 199.991 199.991 106577 199.991 199.99¢ 605 2 36
4.99953 99.9983 0 -0.149413 199.991 199.991 199.991 199.991 1.99608 199.991 0.796049 15.1 1
1] 3
LEAN AMINE R-GAS SCRUB REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP Freeze point
CFPP TANK TEMP REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP 0300 Product Aromatics
REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP sayb_col
REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP 03 Prod Sulphur PPM XF
REACTR 6 REACTOR BEDTEMP Density @ 15C Flash point Abe

99.9957
4
REACTR 6 REACTOR. BEDTEMP

FURN CHARGE PASS-3 TEMP
REACTH 6 REACTOR BEDTEMP

FURN CHARGE PASS-4 TEMP
NO.1 REBLR OUTLET TEMP

ER TOWER OVHD TEMP
REBLR TO TOWER INLET
NO.2 REBLR OUTLET TEMP
NO.2 REBLR INLET TEMP

TR TS PROD COOLER oUTLET
« HDS Unit showing part of an envelope for achievement of the lagging KPI of in-specification

WD QUTLET

kerosene in blue and out of spec in black. 82% was in specification
www.ppcl.com

2022 © Process Plant Computing Limited




== Alarms and Operating Envelopes

449.996 47.9324 349.994 80.0018 27.5997 00.004 404.808
T SA9.998  oM9.994 7 <A.999k7 <A.0018 63.46367 A7
S| \
e s %‘\: i /
o bR o ' i iy
| =0 : ; Y
\ ZN
[
A DgeesEs Lggggs L A L B Lx000s  Dggggrs LegggEs Leg9grs 106577 Lag9ars  Lagears §05 2 36
99.9957 4.99953 99.9983 0 -0.149413 199.991 199.991 199.991 199.991 1.99608 199,991 0.796049 15.1 1
4 m 13
WUID QUTLET FURN CHARGE PASS-3 TEMP LEAN AMINE R-GAS SCRUB REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP Freeze point
ER TOWER OVHD TEMP FURN CHARGE PASS-4 TEMP CFPP TANK TEMP REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP 0300 Product Aromatics
REBLR TO TOWER INLET NO.1 REBLR OUTLET TEMP REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP sayb_col
TOWER BTMS OUTLET TEMP NO.2 REBLR OUTLET TEMP REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP REACTR 6 REACTOR BEDTEMP 03 Prod Sulphur PPM XF
BTMS PROD COOLER OUTLET NO.2 REBLR INLET TEMP REACTR 6 REACTOR BEDTEMP REACTR § REACTOR BEDTEMP Density @ 15C Flash point Abe

« Current Alarm limits added as yellow triangles. Those inside the envelope are current “bad
actors.” Those outside may never annunciate and don't help the operator.

* Yellow shows 3% of operation was inside all alarm limits. That's the Clean Board Rate.
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349.994 404.713 g
392.889 71.5601

Alarms and Operating Envelopes - 2
. ?gg'gggg_;ng.ggzg

388.143
<760.0057

29.9983
228.334

40.1579 4.9999 6.64877 4.20325 0.0740512 0.0154336 0.961675 38.9993 45.0001
08> < A8.990%7 379.550?% v 7 = 543738  <_705e-05 A05e-0S7 ~3.99957 S _A.49957

; W%
o AN S
22.0548 118.352 38.0322 £39.9953> 44999 20.6703
16595 79.3023 99,9957 99,9983 -
3
REACTR INLET TEMP

REACTR OUTLET 1
HP SEPR’
F

T =
350015 L2 16.1665
-0.137156 ~3.99999 -1.2709 10 1.91638
111
ULTFIN REACTR OLET PRESS

OUTLET PRESS PREHT EXCHR
INLET PRESS PREHT EXCHGR

HP SEPRTR DIFF TEMP
REBOILER SETPOINT CONTRL

REACTOR FURN CHARGE
STRIPPER REBLR OUTLET

CHARGE FURN FLUE GAS
FURN CHARGE PASS-1 TEMP

FURN CHARGE PASS3-2 TEMP

1345962 £:999927 .
3.49983 0.0028008

030501 DAMPER

030501 FURNACE

86222 99967
14.9998 1.3201
PROD STRIPPER OVHD DRUM
FUEL GAS TO CHARGE FURN
FUEL GAS REBLR FURN 0305-02 DAMPER
FUEL GAS REBLR FURN 0305-02 FURNACE
RUNDOWN BACK-PRESSURE ULTFIN REACTR INLET PRES

* Current Alarm limits added as yellow triangles. Those inside the blue area will give False Alarms.

EL

MS LEVEL CFPF Storage Tank Level [metres]
EFF HP SEP BOOT HP SEPRTR PRESS

fHD BOOT INTERFCE LEVEL LP SEPRTR EX REACTR

Those outside may never annunciate and don’t help the operator
* Yellow shows 3% of operation was inside all alarm limits. That's the Clean Board Rate.
www.ppcl.com
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Hi Lo Alarm Limits on the Operating Envelope

106.863 96.1726 40.1579 4.9399 6.64877 4.20325 0.0740512 0.0154336 0.961675 38.9993 45.0001 29.9983 388.143 999.999
46.2231 90.6379W  <5.000% > = <A.990F7  @A.550 600057 727743 é.ema 705¢-05 05e-057  ~.3.99957 WMQQT 228.334 TA0.0057  <M9.99:
i A 4 T i b T T b T i i i i T b T T b b b

o\ NG v
il . v
v v
v W

Vg == F gt e
: x A\ 7 -

-‘ - T & T 4

3.443358 Aﬁs.uuui 86225 L}aaaﬁﬁ 13.45082  £:099927 0.11702 350015  Le L5 A 16.16688 22.054 118.352 238.032>  £39.998;

73 -5.30461 1.16693 14.9998 1.3201 3.49983 0.0028008 -0.137156 -3.99999 -1.2709 10 1.91638 -0.16595 79.3023 99.9957

4 m

REACTOR EFF LP SEPRTR HP SEP LEVEL PROD STRIPPER OYHD DRUM 030501 DAMPER ULTFIN REACTR OLET PRESS REACTOR FURN CHARGE
STRIPPER OVHD DRUM LEVEL ANTI-0XY ADDITIVE TANK FUEL GAS TO CHARGE FURN 030501 FURNACE OUTLET PRESS PREHT EXCHR STRIPPER REBLR OUTLI

GAS PRODUCT STRIP BTMS LEVEL CFPP Storage Tank Level [metres] FUEL GAS REBLR FURN 0305-02 DAMPER INLET PRESS PREHT EXCHGR CHARGE FURN |

PUMPARND REACTOR EFF HP SEP BOOT HP SEPRTR PRESS FUEL GAS REBLR FURN 0305-02 FURNACE HP SEPRTR DIFF TEMP FURN (

R EFF HP SEPRTR OVHD BOOT INTERFCE LEVEL LP SEPRTR EX REACTR RUNDOWN BACK-PRESSURE ULTFIN REACTR INLET PRES REBOILER SETPOINT CONTRL

- Magenta are the alarm limits repositioned to the extreme boundary of the Lagging KPI operating envelope.
Notice those that were outside have moved in and those that were inside have moved out.

« The pink envelope is underneath the blue. Where pink can be seen would be out-of-specification kerosene.
Operating in the pink envelope raises the yield of in-spec kerosene from 82% to 86%
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Alarm Performance Prediction

@ cve - Pareto Plot AlarmCount - Timestamp Plot Management e I |£|E|J—hj
76.22 % of active time range in alam 71 Show Order 7] Show Values @ Largest First Smallest First
lin Scde Show Percentage rows Parallel Plot Lock Order
1 Visible Query PPVar % Clean Query Name
Log Scale Color  Color Board
v =_1 2.13 HiLo_Alarm_Limits_unrestricted
Sym Time v/ N [==__] 83.40 HiLo_alarm_Limits_on_Kero_Op_Envelope_copy_unre

4 [

SCRUBBER OFF GAS FLOW
ANTI-OXIDANT DOSING FLOW
OUTLET PRESS PREHT EXCHR
RECYCLE SCRUBBER OUTLET
STRIPPER OVHD DRUM LEVEL

ANTI-STATIC DOSING FLOWY
REACTOR EFF LP SEPRTR
INLET PRESS PREHT EXCHGR
REACTR OUTLET TEMP
REACTOR EFF HP SEPRTR

STRIPPER REBLR OUTLET
STRIPPER TOWER. OYHD TEMP
H2 TO FG EX SCRUBBER
BTMS PROD COOLER OUTLET

CFPP Storag

e Tank Level [metres]
REACTOR EFF HP SEP BOOT
OVHD BOOT INTERFCE LEVEL

ULTFIN REACTR OLET PRESS
HP SEPRTR PRESS

REACTH 6 REACTOR BEDTEMP

REACTR INLET TEMP

REACTR 6 REACTOR BEDTEMP
REACTR 6 REACTOR BEDTEMP

RI

REACTR 6 REACTOR BEDTEI
REACTR 6 REACTOF

CFPP TANK TEMP STRIPPER BTMS TO STORAGE HP SEPRTR DIFF TEMP REACTOR FURN CHARGE REACTH 6
BazeTime [o] [4]
01-Oct-2008 00:00 30-Dec-2008 09:50
01-0ct-2008 00:00 active date-time range 30-Dec-2008 09:50
Order: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Values: 76.22 52.09 4691 19.43 19.22 14.43 1275 11.28 9.79 9.70 9.61 9.61 9.34 6.64 6.59 b.28 416 3.95 3.42 2.93 2.60 1.61 0.72 0.52 0.46 0.42 0.42 0.41 0.41 0.41

% of active time range in alarm

« Alarm performance improves dramatically. Original alarms in yellow, proposed new alarms in magenta.

« “Clean Board” ﬁercent (ie. no alarms present in alarm list) rises from 3% to 83% of time. The span of the
data is 3 months.

 Scroll right to see the “always silent” alarms
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PPCL Alarms Before and After - Alarm Count in the Alarm List Display

5 Timestamp and AC_HiLo_Alarm_Limits - Scatter plot - Cve2d4 == 2

Y Variahle T 38
|AC_HiLo_Al ~|
X Variable

| Timestamp ~| 0 %2

J| Point Plot
J| Line Plot
Time Trend

5 Timestamp and AC_HiLo_Alarm_Limits_on_Kero_Op_Envelope_copy - Scatter plot - Cve2d3 | = | = i:hl

Y Variahle T 38
|AC_HiLo_Al ~|
X Variable

| Timestamp ~| § 92

J| Point Plot
¥/ Line Plot

Time Trend L] L] s\- ‘1‘ L] 1 LI L. ] LL) 1 I] E! * i : TH——_,_ L] i_—'-"" LL.] LL] 'T

« Number of alarms in the alarm list display before (top) and after (bottom).
- Fewer alarms get more attention and earlier action.
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== Alarms Before and After - Annunciations per hour

g Timestamp and AR_Hilo_Alarm_Limits - Scatter plot - Cve2d6

Y Variable T 28
\AR_HiLo_Al ~|

X Variable
!]2I

|Timestamp v| Iu

¥| Point Plot
¥/ Line Plot
Time Trend

=E—

5 Timestamp and AR_HiLo_Alarm_Limits_on_Kerc_Op_Envelope_copy - Scatter plot - Cve2d3

Y Variable T 28
\AR_HiLo_Al ~|

X Variable
!]2I

|Timt:stamp - | Iﬂ

7| Point Plot
¥| Line Plot /
Time Trend
E\- wlw l‘ [.] w _ ay 1 '!'H* 1 Tom [ g sam 1] o

L. B L]

« Alarm Annunciations/hour before (top) and after (bottom).
« Fewer alarms will get more attention and earlier action.
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Many Sets of Limits

179.34 80
- 102.6

22.66826 104.995 707672 9.7624 6t
19.0002 417 104.999 4 96.5489

50006 36.753 Lon -b.00067 43.1289 -2.89906 13.8718 1.68185 3 -5 -1.38153 -3. 8468
3 -h.00067 4.89769 43.1142 -2.53718 -2.89906 0.109407 -6.89905 33.1678 3.25892 0.00643422 5.
4 LU 3
LC6_pv LCS pv PC12_PY LC17 pv FC27 PV LC30_pv PC33_PY PDI46_PY
LC7_sp LC10_sp Pl4_PY LC20_pv FC28_sp LC3 _sp PDI43_PY LI
C5_op LC8 op PC11_op PDIN5_PY PDI25_PY LC29 op PC32_op PDI45_PY

« The picture is a bit more complicated, this image shows may levels
* Blue Trip levels, Green HH/LL, Maroon HI/LO, Cyan as-found HI/LO
« These can be brought into one picture, and evaluated together
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== Improved Alarm Performance

« Alarms repositioned to boundaries of no-trips envelope

» Operators presented with tighter limits in some cases, but relevant
alarms

* Process went from 98% uptime to 99.9% uptime after rationalization

2 years before -« > 2 years afte

=1oix]

tyco

Mailinckrodi
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Dynamic Predictive Alarms and Alerts
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PPCL Dynamic Alarms from Operating Envelopes

Real-time Interpretation of Multi- Alarm & Operating Limits Other Process
variable Operating Envelope Model Identify Operating Envelopes and Applications
Operating Windows

% Operator
{— Display

Operators

DCS -
Displays MADB Zricgggrsys
=

DCS / PLC / SCADA - Process Control

Process Emissions, Fouling, Lagging KPI Results
Samples Weather, etc eg.Financials
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Operating Limits - Operating Windows - Operating Envelopes
PPCL

PV1 F

Process
variable

PV1

li Operating Lingit

Envelope/
Window
Mismatch

Operating
Envelope

PV2 Lo
Operating
Limit

PV2 Hi Operating Limit

PV1 Lo Operating Limit .
g J Operating

Window

Process variable PV2



PPCL CPM: Dynamic Ranges from Operating Envelope

PV1 Hi Operating Limit

Current

Process PV1 Value
variable
PV1

PV2 Lo

Operating

Limit

PV2 Hi Operating Limit

Available "1 Lo Operating |Limit
PV2 Range

} .

Process variable PV2




PV1 F

Process
variable

CPM: Dynamic Ranges from Operating Envelope

li Operating Lingit

PV1

b2 Lo

Op. ting
Limit

Current

PV1 Value

Available
PV2 Range

1 Limit

PV2 Hi Operating Limit

Process variable PV2
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PPCL

CPM Operator Display

1.5E+04 FI8TF E70.Y a1 5843 436.0 B0.88 7390 521.8 Rz 1236 180.9 1532 200.4 2237 2732 3408 3A0.5 3480 3414
*»
. Stationary Operating L
This operator can Limits for single
see he is at the variable Alarms
lowest possible
values even
though he is well
inside operating
limits
Dynamic Alert
Limits for multi-
variable violations
1.2E+04 E21.5 B9z BES.4 4965 346.9 324 4750 4199 4937 98,90 1288 1299 1749 2020 256.4 330 3349 A 324.4
Kemn Feed KinF. OwhF LinF BotF KT K.Stm L5tm StmEF RifxinT FifsaT FinT FouT LinT LouT HouT FdT FdTr BotT
.
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Early Surge Warning
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« Operator alerts begin two hours before event
 Alerts point to the variables that are key in understanding the event
« Opportunity for operator to avoid or mitigate the process impacts
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2022 © Process Plant Computing Limited




PPCL Summary

* New method for visualizing operating envelopes and alarms

 Bring operations into the alarm review, no more “Wait-and-
see”

 Alarms positioned on the operating envelope enable
operator performance

» Efficient alarm review
« Natural progression to dynamic and predictive alarming
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