control
NewlLand

Use of Modern Analytical Tools
for Variability Analysis
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* High level view of plant operations and importance of
reducing variability

* Tradition analysis of variability

 Methods used for more extensive analysis of variation
— Protective layers
— Operator performance and alarms

— Improved controls and procedures
— KPIs

e Leveraging the study to ensure on-going management of
variation
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Overall Goals

HSE*

Production
Quantity
Quality

Cost and
Inventory

Reliable/
sustainable
operations

Business Processes

Goals
delivered
by key
business

processes

* Health, Safety and Environment

eRaw materials/ products/
logistics/ inventory plans

eManufacturing plans
eOperating Schedules

J

Operate and
Maintain

eExecute transitions

eMonitor, optimize and control
eShutdown in emergency
eMaintain equipment

\

J

\
eDefine metrics and measure
eAnalyse
eImprove and monitor

J

Goals of Business Process

Define best operation of site within
supply chain

Ensure operation of site
meets/exceeds plan as
disturbances occur

Improve competitiveness and
compliance
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MES/ Decision support

J

Basic/ advanced controls/
Automated sequences

\

.

Alarm system/ Operator
Ul

Protective Layers

Further optimize performance. Typically
complex decisions

Manage typical disturbances using closed
loop algorithms and push to optimum

Manage disturbances when control actions
are insufficient

Make the plant safe
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105

Limit

o () M

S
. Increased Profit
95
90
1. Understand Process?
85 2. Cleanse Data?
3. Calculate variability
80
75 Time
Notes
1. Discussions with planners, operations team, engineers

2. Remove data that will give high std dev— procedures/ upsets
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105
Improved operation — closer to

limit
o () M\

1. Understand Process
85 2. Cleanse Data

3. Calculate variability

80 4. Estimate mean shift3

5. Estimate S value?

75 6. Determine costs and ROI Time
Notes
3. Typically assume 25-50% reduction (shown to be achievable by project post audits). Mean shift = 1.65* change in std dev
4, Estimate relationship on (eg) production/ energy use using regression, simulation or experience
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 Assume that 5% Before
of operations can
continue outside
the expected i
operating limit

* Mean shifts by
1.65 times the After
standard
deviation T TS e
re d uct | on e the taree.

M oarmal Probability
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* Traditional analysis tool = Excel

* OK for simple problems but as analysis gets more
complex, Excel becomes too inefficient

 Consequence — analyses traditionally have been limited
to improved control

Don’t get total picture

* More modern process analysis tools

Reduce time needed (ease of use)
Enable broader analysis in available time/ cost »
Support deeper analysis

Enable better collaboration
Provide a better basis for future solutions

* Next few slides review analysis done on some
projects. In some cases, methodology is still being
developed

Protective layers

Alarms and operator Ul
Controls and procedures
KPIs
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1 - Trip Analysis - Seeq x +
<« C A Not secure ‘ projects.seeq.com:8080/5D88BB00-DD70-40B1-A0839-EA71056A8D41/workbook/D9A0445D-67C9-400D-BA72-48D15D16A51E/worksheet/D3C11C17-6EEA-4928-... o Q ehm Q o :
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E Cay Law 2
~—— 3. Loss due to valve opening depends on duration. Bottom trend shows durations

4. Average duration of open and number of openings calculated. Analysis time < 30
«—— minutes
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e 1 (Lane 2)

AI5504 Trip Value 1 with Bad values Removed (Lane 4)
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2. Historian link failure caused bad values in 2E . - "
1 - Ed *  Number of Openings 11

Average Trip Valve Opened Per
Event

Start Zoom| (& X a 15.636 min
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Improved
control helps
move closer to Optimum Operation at Constraint
limit
_
Can we understand
L opportunities to
& Most economic " reduce time beyond
o point is here limits?
High
KPI limit
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3 Temperarure Excursions X

&< > O o @ | desktop-j6p578m:34216/6CE3F947-9DAB-4278-B756-0A32FD836A23/workbook/6737E16D-B196-408C-AFEB-1587EC9A197E/worksheet/DB1CE2E7-898F-496F-9D23-E2F8CACEGBIF e = 7. &
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Limiting Process Temperature - Temperarure Excursions ] Getlink: || @B:Andrew: =

= e ez (2 - M. Q ho  ©

i
Calendar  Chain  Capsule Onelane OneY-Axis Spread  Labels Dimming zoo Export

High Temperatures

1. Temperature is key process constraint

Cleansed Temper.

m . B - . —
S85°F-586°F 586°F-587°F 5 5 5 s 9 592 5927F-593 5¢ 594°F-595

p—
84'F-585

S76F-STT'F  ST7F-578°F 583°F-584

S7T8F-S79F S579°F-580°F SBOF-581°F S8I'F-582°F S82°F-583°F

600

2. Remove values from unit shutdowns

Temperature for Analysis

i 3. Look at frequency above high limit (575F)

Cleansed Temperature

[P N e

& customize fjul QB8
Server load: X3

R21.0.44.01-v201910232356

ﬂ £ Type here to search
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j [ capsule View - Limiting < l—|— ~

2 Connecte L e .
Seeq e ted Limiting Process Temperature - Capsule View

A £ % = s fllr Il . B2 A M Q X Hh. &
calendar  Chain  Capsule Onelane  OneY-Axis Spread  Labels Group  Alignment  Dimming T Reset EXport

4. Vizualize process behaviour during excursions
5. Calculate Metrics
6. Issues to estimating S:

e Extent to which std dev can be reduced
e Cost impact of exceeding limit

584

0.0 15.000 30.000 45.000 00:01 00:01:15 00:01:30 00:01:45

4 Details

R21.0.44.01-v201910232356

H £ Type here to search
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New Metric

@ | desktop-j6p578m:34216/6CE3F947-9DAB-4278-B756-0A32FD836A23/workbook/6737E16D-B196-408C-AFEB-1587EC9A197E/worksheet/F2815223-C6E3-436F-B255-E23736B6C1C0

\\\

2 Connected

M. &.
Column  Headers
0O x
% Time in Excursion
Average Duration of Excursions

Std Deviation of Duration of
Excursions

Maximum value
Average Integral of Excursion

Std Dev of Integral of Excursion
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= L =

Getlink @& Andrew

Cleansed Temperature (Lane 1)

0.0908 %

1.5902 min

0.6899 min

594.78 °F

923.24 °F'min

405.07 *F'min
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Quality Performance Analysis rade - Quality Performance

M & 2 = e e e % A @ b o
Calendar in Capsule One Lane One Y-Axis at

spread  Labels  Dimming Export

ality vs target (Lane 1)

oL If analysing single process variable with little change in target, relatively simple -/
- 2. If analysing process variable with multiple grades, variability analysis is more
challenging. Analyse and estimate improvements by grade.

2200 - \x/\/ - ~— \/
2100 m /\‘
0 =
AR o
1900 \/L/ \/

Std Dev of quality by grade (Lane 2)

R21.0.44.01-v201910232356
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3 81 - Quality Performanc <
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2 Connecte - - > e =
oo Quality Performance Analysis by Grade - 81 b M g i Get link
ey 2 % = ez Tz e - Me Q . ©
Calendar Chain Capsule One Lane One Y-Axis Spread Labels Dimming Zoorm Export  Annotat

Quality vs target (Lane 1)
2700

.. 1. May also want to breakdown over shifts. Note also enables
“best operator analysis”

2400

2300 \/\
o AN
2200 J \M/ \/
\ < NN N
1900 W N

160

Std Dev of quality by shift (Lane 2)

140

Green = day shift, brown = night shift

100

[ Details

M capsules
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Raw Data - Analysis of Multiple ¢ X -+ — a X
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Analysis of Multiple Constraints - 4
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if fuel gas value position when limiting (Lane 1)

3. Calculate std deviations but only when variable limits operation

| IIHI.L 4. Create metrics. Use to estimate improvements. L M\H ‘H I\l h | I

Std Dev of Power use when limiting (Lane 2)

bowy i Dl M ik i | b b o

L] m- -

New Metric Column  Headers :mp when limiting (Lane 3)

0O x

MUlMJh.Ll “ ‘“I ““m ‘ “ | |“ M @ % - SdOevolfulgutepostion

Std Dev of power use when

@ X av~ St 1.3668 kW ure when Limiting (Lane 4)
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@ x . StdDevof burner temp when 1434°C
ﬂ ‘ M ‘ ‘ ‘ “ ‘ ‘ u w i I = |
Std Dev of pump pressure when m ‘ \
.||‘|l|d.u|| |1 IIH | H‘L | | ||\ M ‘ || | |.‘ il H“ "” | \‘ ‘” M T e | e 87315 kPa i !
e aie lS.(d‘?egoﬂanposmonwhen 0.7263% tion when limiting (Lane 5)
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@ x = Hours when Fuel gas valve 862.9h
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‘h | |‘ I, 1 ‘h"‘ ‘I\ ll JU ‘ il @ x = > Hourswhen Power Uselimiting  1525.9h I' ll ||\‘ .

[ %X & v Hourswhenburner temp limiting  364.44 h

@ X e~ I'vlm.u"swhen pump pressure 2447.7h
limiting

Z % Hours when fan position limiting ~ 437.67h
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Server load: (23
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3 2 - start Up Analysis - S X

- o 8 B ceink

Lo v R L. R < I A I S

A P et il ——
ol L] L L L] L
1. Unit shuts down regularly to support routine maintenance

2. ldentify startups after significant maintenance activities

3. Calculate duration

oo H - . [ | -

oo — o | - - |

R21.0.44.01

ﬂ £ Type here to search
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I 3 1 - Start Up Analysis - S X

- O n @ | desktop-j6p578m:34216/6CE3FI47-9DAB-4278-B756-0A32FD836A23/workbook/9663145E-ACOC-4B09-B189-A220D097427A/worksheet/06858243-5AD0-489E-9448-118D2A742BAC ¥ ¥= 7. =

Start Up Analysis - 1

® = e 1l Il - 2 R Mo a X h- 2

v
. Calendar  Chain  Capsule Onelane  OneY-Axis  Spread Labels Group  Alignment  Dimming Zoom Reset Export  Annotate

1. Vizual profile during
SU
2. Calculate metrics

3. Estimate saving —
can probably
achieve minimum

o SU time except
where equipment
issues cause SU
problems

SEEQ 2 Connected
E m' a'
New Metric Column  Headers

O x
Z x ~  Average Startup Time 0.3229h
Minimum Startup Time 0.057h
.01-v201910232356 Standard Deviation of Startup

0.4271h
Time

£ Type here to search
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1 - Analysis of KPIs - Seeq x + = x
<« C A Not secure | projects.seeq.com:8080/5D88BB00-DD70-40B1-A089-EA71056A8D4 1/workbook/3E910BIC-049B-4A72-BDE2-29D276B2EDA4/worksheet/7C3C8C96-1553-4CF6-AE43-B... Qv e\g Q o :

o P S B ceink

Yield, Average Yield (Lane 1)

==

1. Daily Average Yield KPI analysed (data already cleansed)

2. Create metrics
(- 3. Estimate variability reduction (10% is reasonable) and then mean shift.
* Need to consider modes/feedstocks and relationship of KPI variability

reduction to variability reduction delivered by improved controls

|2.40
25 Connected
|2.30 SeeQ

.20 - @D- - —

New Metric Column  Headers

[ =
& % v Average Yield 58.27

@ % a Std Dev of Yield 2.1779
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MES/ Decision support

J
\

Basic/ advanced controls/
Automated sequences

J
\

Alarm system/ Operator
Ul

Protective Layers

Traditionally estimates very high level
Opportunity to provide more insight but need to consider
impact of modes and improved controls

Traditional methods accepted.
Opportunities to improve analysis (by grade/ mode/ shift)
Easy to analyse impact of better procedures

Can gain more insight into performance during excursions
Key issue is economic value

Can easily analyse frequency and costs
Can consider relationship of frequency with protective
layer design basis
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For Project Justification

Breakdown of savings (Example)

= Decision Support

= Procedural automation

= Improved control

11/28/2019

Data

Analysis of
savings and ROI

Justify /
prioritize
improvement
projects

MES

Procedures

Control performance

Operator
performance and
alarms

Protective layers

On-Going Performance

Extend KPI monitoring
to analyse KPI variability
on a routine basis.

Monitor performance of
key procedures and key
steps.

Monitor variation of

critical process variables.

Monitor excursions and
excursion metrics for
key variables

Monitor frequency of
trips.

_ Based on study Extending the study

Implement decision support
(equipment, process,
production) based on
modern analytics.

Monitor use of automation

Monitor use and
performance of controllers/
advanced controllers

Analyse alarm metrics (to
understand cognitive load).

Monitor health,
maintenance and
performance of protective
layers (dynamic process
risk)
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 Modern process analysis tools radically reduce time for
analysis
— Allows broader/deeper analysis
* Tools can then be leveraged to introduce analytics into day-to-

day operations
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