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Agenda

The eye test

Asset maintenance background

Usage based maintenance

CMMS Data Ingress to Pl
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e Condition Monitoring

* Artificial Intelligence / Predictive Analytics

* Pl Data Egress to CMMS
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The Eye Test
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The Eye Test

Which asset requires maintenance?

Sometimes it’s obvious
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If only it were that easy...
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The Eye Test — digital version

Which asset requires maintenance?
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Golden rules of asset maintenance

Clearly understand the benefit of performing maintenance

* It must make financial sense and is technically feasible

Maintenanceis perceived as a value rather than a cost

Understand the impact of equipment failures

* Operational, Safety, Environment, Brand

Understandingfailure to ensure successful proactive maintenance

—
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The Intelligent Maintenance Plan

'Right Work at
the Right Time,

Done the Right Way,
The First time'

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.

- ThePlan
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Reactive

Maintenance

Methodology Proactive

(Time Based Maintenance) (Condition Based/Predictive Maintenance)

* 100% of work (PM) time/usage based ¢ Preventive, Predictive, Prescriptive
* Corrective Maintenance * On Condition Task (Condition
Monitoring)
 Scheduled Restoration
 Scheduled Discard
* Failure Finding
* No Scheduled Maintenance
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The past, present and future of Maintenance

o

* Pen & paper

* Basicdigital platforms
* Spreadsheets

* Formalized procedures

* No centralized system

preventive mtce

* Limited Mtce technology

. 'S pri i i L
Mtce is primary reactive with some D _-_D

()

Maintenancein Industry 4.0

Relies on combination of different digital systems

CMMS and lloT

Formalized procedures with centralized system
Mtce is primarily predictive with a balance of

reactive and preventive

Risk Based approach

RCM, FMEA ,TPM is well established
Mtce technology fully integrated into all

operations

()
J

Maintenancein Industry 1.0

* Looselyorganized
* Pen & paper

* Not centralized

* No mtce system
* Mtce Routine & Reactive \//
* No knowledge transfer

* No Mtce technology

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.
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Maintenancein Industry 3.0

Primarily digital, cloud and mobile

based
Formalized procedures
Centralized Mtce system

Mtce primarily preventive includes

reactive and predictive mtce as well

Mtce technology used extensively

RCM, FMEA, TPM encouraged

Ann o

i

Maintenance in Industry 5.0

Human-centric approach

Software, hardware and people work in harmony

Customizable platforms, integration options that fit company’s
operations

loT to loE (Internet of Everything)

Human-machine interaction, decision support systems, collaborative
robots

Al, ML, simulation, Digital twins, augmented, virtual or mixed

Mtce is primarily prescriptive and predictive

Cognitive Cyber-physical Systems
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Common Maintenance Strategies

* Reactive Maintenance

* Corrective Maintenance

* Preventive Maintenance (PM)

* Predictive Maintenance (PdM)

* Condition Based Maintenance (CBM)

* Prescriptive Maintenance (RxM)

X Howto .
Fix Everything

THIRD EDITION

RCH. Hehahlhtg-centered;"m |l|ll||llﬂ

Mamtenance i sl

Reliability Centered
Mamtename Reengmeered

lllllllllllllllllllllllllll

Risk-Based
Reliability Centered
Maintenance

Compliments of =5=3=

" “us Basson Predlctlve
P:‘,‘;ggtl :«:allsh:; :’1;’3: A RCMII, by John Moubeay M a i nte n a nce

* Reliability Centered Maintenance (RCM) e
* Failure Mode, Effects and Criticality Analysis (FMEAC) N

* Failure Mode and Effects Analysis (FMEA)
 Total Productive Maintenance (TPM)

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.
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The types of traditional Maintenance

Effectiveness

A Predictive
. Model-Based
CBM . Learning Systems
¢ Slmple to deploy Condition-based
e Greatest Value G

Instrumented  Aytomated Analysis
Automated Readings

Operator Rounds |
Operator Rounds Manual Analysis

Manual Readings
Manual Analysis

Preventative

Calendar-based
Runtime-based

> Efficiency

Reactive

“Break-Fix”
Run-to-failure
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Moving from Reactive to Proactive Maintenance
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Run-to-Failure
* High downtime
High cost

 Safety hazards

Failure Rates

A Breakdown Maintenance Preventive Maintenance

Fix it before it breaks
. Planned maintenance

* Lesser downtime

*  Greater costs control

*  Greater control on parts

[ e————

Predictive Maintenance
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If it’s not breaking, don’t fix it

Maintenance when needed
Parts ordered when needed
Even lesser downtime

PROACTIVE

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.

Maintenance Philosophy
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Failure Curves — Age related vs Random

2 % ‘
A Age Related

4% 11 % Probability of

failure connected to

B operating age

5%
c =TT

7 %
P NN Rand

anaom Source: RCM Il by John Moubray, Industrial Press Inc, 1992 -

14% 89 % Probability of

e I failure not connected to -
* Premature random failures

operating age
‘ 68 % e (Often after Human Intervention
F

L |
A V — V A
© 2022 AVEVA Group plc and its subsidiaries. All rights reserved. —



Simple method to determine maintenance strategy

4 Failure Classifications

* Age Related Time/Usage based PM | Time/Usage based PM
« Random Age at “Safe Life Interval” or
Related safe Life Condition based
e Sudden ) P .
11% _ » Maintenance (CBM)
* Gradual ) -

Run-to-Failure with Condition based
mitigation planssuch | Maintenance (CBM) to
as redundancy or detect the degradation
readily available P
spares

{
P-F Curve }

Aveva Pl System / Aveva Predictive Analytics
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Reliability Centered Maintenance Approach

. = L) . - = - . L) - [ J - .
Reactive | Preventive I CBM/Predictive Redesign
Small Items Non-Critical Parts SUblec(;lt:: Wear Critical Equipment
Inconsequential . . .
9 Unlikely to Fail Consumable Random Failures
Events
Known Failure Not Subject to
— Redundant
Pattern Wear Out
(Eminent Failures)
Manufacturers .
Recommendations PM Induced Failure
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Usage Based Maintenance
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Usage based maintenance

AKA Read the Manual

* Many manufacturers give recommendations for how often to maintain equipment

Two types * ' ; ' *
e Time based §\‘ ' '/§

* Usage based

Finding the # of run hours is the hard part

L |
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Use Asset Analytics to calculate and trigger

JBack () |H, Checkln ¥} « [#]Refresh |3 New Element ~

Search Elements 2 Y|
HOU FCC Pump 2
O General Chid Elements Attributes Ports  Analyses  Notification Rules  Version

il ] Name: | RunHoursSinceMaint |
o B ® @ Name Backfilling P=myian |
@ ®m H  PumpCavitationEvent Categories: v |

2 u feo PumpRunHours Analysis Type: (@) Expression () Rollup () Event Frame Generation () SQC

= e RunHoursSinceMaint

Add a new variable

MName Expression Value at Evaluation  Value at Last Trigger Qutput Attribute
HoursRunSinceMaint | TimeEq('Status' , 'Date - Last Service' , '*' , "Running")/(60%6@) 9256 9236 Map ®
MaintenanceNeeded |HoursRunSinceMaint > 'Run Hours Before Serwice' True True Map ®

© 2022 AVEVA Group plc and its

subsidiaries. All rights reserved.
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Integration with Maintenance System
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Maintenance Systems and the AVEVA™ P| System™

So

CMMS

=

Pl Server AVEVA

Digital collaboration




Maintenance data ingress

CO mmon a p p rOaCh es Category: Equipment Details
= =] Date - Installed 1/1/2017 1:00:00 AM
° Manually writein the dateto your AF Attribute ;o &F Date - Last Service 11/30/2020 9:30:00 AM

* Use Adapteror Pl Interface for RDBMS (relational database management system)

* Stores data as Pl Tags

* Use Asset Framework ODBC table connectionsand attribute table lookups

AV=VA
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AF Table connection for CMMS

Single source of truth for maintenance data

=

General

Mame: |CMMS Inteqgration |

. . . DBSCriDti.Un: | EF| Data Link Properties * g
* Using the data from the authoritative source Comecton: | - [eue]

Provider  Connection  Advanced Al

Security: (® Impersonate Client
O Supply Password | Cha Select the data you want bo connect to:

Mo additional security con OLE DB Providers)

Microzoft Dffice 12.0 Access Databasze Engine OLE DB Provide
] Micrazaft Dffice 16.0 Access Databaze Engine OLE DB Provide
=Ecuricy Microzoft OLE DB Driver for SOL Server
Microzoft OLE DB Provider for Analysis Services 11.0
¢ Fo r b eSt p S rfo rmance Microsoft OLE DB Provider for &nalysis Services 12.0
icrozoft OLE DE Provider for ODEC Drivers
icrozaft OLE DE Provider for Search
I OLE DB Provider fe e
Micrazaft OLE DE Simple Provider
. MSDataShape
® Kee p Ta b I es as sma I I as pOSSI b I e 0K OLE DB Provider for Microsoft Directary Services

SOL Server Mative Client 11.0

* Use Parametrized Queries

< >

n] Cancel Help

L |
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AF Table lookup for CMMS

Single source of truth for maintenance data

* Import data or Link data option

* Query can be a simple “select” statement

AF Table (

CMMS data)

AF Attribute Table Lookup

CMMS Station Location Equipment.
General  Teble  Define Table  Version
CMMS Station Location Equipment

[Fater

cterprise 4 name
N 2| B
4 TS7:Pickerel
5 TS8:Piranha
6 TS9:Shark
7 TS5:Orata
8 TSe:Perch
9 TS1:Manta
10 TS2:Marlin
11 TS3:Moray
11 TS3E:Moray Exp
13 TS4:Sturgeon
17 D59:Albacore
18 DS10:Beluga
19 DS12:Bitterling
2 DS 11:Bigeye
23 Concerd
24 King
25 DS 1:Anchovy
26 Ds2:Angler
27 DS3:Arowana
8 DS%:Banjo
29 Ds5:Barbel
30 DSé:Barracuda
31 DS7:Barreleye
32 Ds8:Bass
33 D530 1:Blowfish
34 DS302:Bullnose
35 DS303:Boga

locationid
757
TSTE
TS8
TS8
TS5
TS6
T51
TS2
753
TS3E
T54
Ds5
D510
D512
D511
VMS1
LE
D51
Ds2
D53
Ds4
Ds5
D36
Ds7

D5301
DS302
D5303

locationtype
s

dd|ddd|ddddd

E

aty

Rome
Rome
Rome
Rome
Viena
Vienna
Athens
Athens
Athens
Athens
Athens
Athens
Athens
Athens
Athens
Rome
Rome
Geneva
Geneva
Geneva
Geneva
Geneva
Geneva
Geneva
Geneva
Prague
Prague

Prague

region
York
York.
York
York
York.
York
York
York
York
York
York
York
York.
York
York
York.
York
York
York.
York
York
York
York
York.
York
Simcoe
Simecoe

Simeoe

GPSLatitude
43,810562066
43,810562066
43.780209788
43,804643049
43,839901184
43839911818
43,835947766
43,859719536
43.84824635
43.84824685
43843995490
43,834197065
43826011769
43807079193
43,819978983
43,803557108
43909372558
43.995472312
44011581532
43999532433
43,965609354
44,013244596
4399653851
44017594062
44011453785
44,40427575
44,33228839
44.355778253

GPsLongitude
79478469565
79473469565
-79.542433404
-79.646716852
-78.417405489
-79.416522441
-79.340634285
-78.257314384
-75.311939307
-73.311939307
-79.3506525
-79.340339034
-78.423543675
-79.419636359
79387792591
-78.500607358
-79.525264956
79453651925
78468867783
-75.435096173
-79.48721361
-73.446138722
-79,442335764
-78.419760533
-79.418300465
-79.723714319
-79.675919854
-79.715372393

tionStatus

Gilcont:

SUMP WELL
SUMP WELL
SUMP WELL
SUMP WELL
SUMP WELL
SUMP WELL
SUMP WELL
SUMP WELL
SUMP WELL
SUMP WELL
SUMP WELL
SUMP WELL

NONE
NONE
NONE
NONE
NONE
NONE
NOKE
NONE

SORBWEB
SUMP WELL
NONE

Dufferin Street
Dufferin Street
Century Place
Rutherford Road
Bayview & Highway 7
Bayview & Highway 7
14th Averue
Hwy 48

Kennedy Road
Kennedy Road
Addiscott Court
14th Averue
Baythorn Drive
Morgan Avenue
John Street

Keele Street
Mmaloy Street
Edward Street
Old Yonge Street
Bathurst Street
Bathurst Street
Bayview Avenue
Bayview Avenue
Leslie Street
Leslie Street
Anne Street North
Saunders Road

Ferndale Drive South

Streethumt WorkArea

5000
8000
1

6531

135

15459
14025
15560
14778
15521
15267
381
169
202

South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
South
North
North
North

EQUIP_ID
1128
12
1130
1131
1132
1133
1134
1135
1136
1137
1138
1071
1072
1073
1074
1077
1078
1073
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089

Table Lookup Data Reference

Table:
Result column:

Unit of Measure:

Behavior

Rule:

Order by:

Where
Column:

Horsepower (BHP)

Complete WHERE Clause:

CMMS Station Location Equipment

Last Maintenance Date

<MNone >

i - | (53
| [ stepped

elect first row matching ariteria

Last Maintenance Date

Operator:

= ~ | [@Amps - Motor

Attribute or Value:

Add And
Add Or

[name] = "%%Elemento’

Replacement Values

Value to return when no matching row found:

Value to return when MULL result found:

Mo Data

v | |DBNuII

Cancel

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.
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Condition Monitoring
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What is CBM?

* Maintenance strategy focused on preventing asset failures, downtime and unnecessary maintenance practices by
monitoring asset health in order to determine what maintenance needs to be completed and when

* Asset Health is based on Real-time or near Real-time assessment of asset condition using different on-condition
techniques

* CBM includes:

* Condition Monitoring process

* Corrective maintenance activities

L |
A V — V A
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Types of Condition-Monitoring Systems

Two Types: Periodic and Continuous

Periodic Monitoring Systems

\\‘5"6‘;‘;\\’\%‘ 2
°@;° * Acquire at selected time intervals (hourly, daily, weekly, monthly patrols)
%‘/ﬂi/j:/ * Analysis of the collected data is generally performed in the office or laboratory
=
* Measurements may be on-line or offline, depending on what is being measured and the access required
Continuous Monitoring Systems
* Collect almost always on-line the measurement values at selected points on the equipment and this data is
continuously compared with pre-established levels or criteria.
* “Set-points” are usually established for the purpose of providing automatic warnings and/or equipment shutdown,
depending on the consequence of the impending failure.
( \ Selection of Periodic or Continuous:

@ * Periodic: time and resource limitations for conducting periodic; on- or off-line monitoring

AV=VA

* Continuous: hardware and installation costs for Continuous, on-line monitoring.



Challenge: Long Gaps Between Measurement and Action

Handheld /Manual
Data Collection

Upload Data into Manual Analysis
System

Typical Timeline:
Days, weeks or
months before

issue is addressed

Create Work Order

Detect Potential Failure

Schedule Maintenance with Perform Repair
Operations

AV=VA



Solution: Minimize Gaps Between Measurement and Action

VI N
Handheld Data — — .
Collection Real-time Sensor Data AV=VA
Pl System
Pl System Data : - H H .
Y Typical Timeline:

— Auto Analysis, Auto Detect t .
Potential Failure (Event Frame) SECOndS to Minutes
Pl Notificati AVIVA
4 E before made aware
Request / Order ’ CI\::IPS / Of iSS ue
Schedule
Maintenance

Dispatch Crew Perform Repair (Prioritized)

AV=VA



Equipment Condition

Condition Monitoring / Incipient Failure Detection

Condition Scoring Using Potential Failure “PF” Curve

= Change in Condition or
Performance detected

smooth running
minor degradation

further

Example Condition Scoring Matrix degradation

New

Used impending

. . i *
Potential Failure failure o

Failed — Schedule Repair R
Failed — Emergency Repair o

> JOXOIOL

Failed — Repaired Onsite

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.

Functional
Failure

limited
functionality
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Example Pl Vision Report - Condition Scoring

Transformer Fleet Oil Condition Report

Condition Codes

2 —Warning
3 -Alarm

Condition Pl Notification

Score

Code 2 Y
Code 3 Y

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.

CMMS Work
Order

Health Score

XTS Fleet Oil Condition

TS Transformer Fleet - Oil Condition Report

DGA DGA Test Date Moisture Moisture Test Date F

2019-10-23 11:43:00 AM

2020-02-24 7:30:00 PM

TSTE Pickerel Exp'T3
TSTE:Pickerel Exp:T4

2019-10-23 11:43:00 AM

02-24 7:30:00 PM

Source: TOA4

Condition Scoring

2019-07-24 12:00:00 AM
1= MNormal

2 = Waming

2019-07-24 12:00:00 AM

2019-07-25 12:00:00 AM

2019-07-25 12:00:00 AM
2019-07-25 12:00:00 AM
2019-07-25 12:00:00 AM
2019-07-25 12:00:00 AM
2019-07-25

2018-07-25 12:00:00 AM




Alert users and close the loop

Notify and alert

AVEVA™ Pl Vision™ @ @ New Display ‘ m ‘ 0Sl\kgeneva ] (7]

@ CBM - Pump Overview - Isabelle (explorer-mode)  Asset: | Pump Station ¥ BU

Export

Units Needing

Units Running Maintenance

Condition Based Maintenance
Pump Dashboard 5 1

J-9002A J-9002B Pump03
No maintenance needed No maintenance needed Needs maintenance

g (Vg ()@

Y \
. 2052 146 0 20 54 794

Bearing Bearing
Temp 508.9 Temp 566.24

Pump04 Pump05 Pump06
No maintenance needed No maintenance needed No maintenance needed

NG (NC

° 20 54005 ° 20 53199 0 20 5749

Bearing Bearing Bearing
Temp 515.24 Temp 486.44 Temp 493.64

L |
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Capture poor performance with

Sum and analyze in Pl DatalLink or PowerBl|

Ate
[ 4
04
y‘ I .
Alarce ¥ FeCerat noers Nerics
Purot Pume Pumror Pumg

CAR FCC 1

FCC Units

Caviata

Summary of Pump Events Petrolux Downstream

$AR_FCC_1
HOU_FCC s
BAT #CC1
BAT FCC 1
“OU_FCE
$AR_PCC 1
ANA FCC 1
SAR_ICC !
BAT FCCt
ANA_FCC Y

Menica Pumps
Tolst

fvertfinve

SAR FCC Pump & Pump Upset 2017-06-11 1143207
HOU FCC Pump 1 Purmp Upset 20170012 1 14507
SAT #CC Purrp 2 Pump Upset 2017-08-12 157807
BAT FCC Purrp 3 Pump Upset 20170012 363007
HOU FCC Pamp 4 Purp Upset 2
SAR PCC Pump 1 Pump Upsat 2
ANA FCC Pump 3 Pump Upset X
SAR FCC Pummp 2 Pump Upset 20070613 00 y
BAT FCC Purrp 4 Pump Upset 20170613 001707
ANA FCC Puamp 4 Pump Upset 20170613 001 70T

event frames

g Temperature
330053
S0
179543
263459
247638
1046741

Bearng Semrperature

436493
190936
153564
148319
116427
10,667.41

Maryfsciurer
Imperipl Puros
Imperial Puron
Alance Furos
Alarce Puros
Imperial Purrps
Maerica Pumps
Meics Pumps
Merica Pumps
Fecersticr Pumps
Mesics Pumps

High Vibrtion
Besrng Teroeratee
Migh Vipration
Migh Vioration
High Vibration
Migh Vioration
Hgh Voration
Hgh Vioraton

Tots

R347.50

1,.248.55%

485205

L4 703253

| 246, 628215

19 108906 2776278

0 B2

Cavitaton  Mgh Vioration Totad™

b A LR M 465443 1155048

193824 496562

156021 426026

£13.25 15238 363028

s 1190 13564

6,1599.31 10,896.06 27.762.78

Trggetng fvert Durstion ¥

Cavtation
Cavantion

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.
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Overall Benefits of Condition Based Maintenance

* Reduced Downtime
* Reduction / elimination of Unplanned Failures
* Decreased Maintenance Costs e

L
o

* Increased Asset Life

* Reduction in Collateral Asset Damages
* Situational Awareness and the ability to Save Precious Time
* Better Understanding of Asset Health @

* Prioritization and Planning of Work Orders

AV=VA



Artificial Intelligence - Al
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Al — Predictive maintenance

Custom

A

Starts with your people

* Full stack programmers and data scientists

* Only a data scientist

* No datascience or programming skills

v

Commercial off the shelf

—
A V — V A
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Al — Predictive maintenance

Pl System Access technologies

Pl Integrator for Business Analytics

AVEVA Predictive Analytics

AVEVA Data Hub and data sharing to partners

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.

Custom

A

v

Commercial off the shelf
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Pl Web API

Secure RESTful access to Pl Server data over HTTPS

« Send your datato Jupyter Notebooks .

* Analyzed temperature control startup datato determine optimal
start times for heating and cooling assets at the San Leandro Tech J l I p y e r
Center

* Findings showed theoretical savings of 5000 run hours per year

for these assets .

Full presentation here

AV=VA
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https://resources.osisoft.com/presentations/analyzing-pi-data-with-python-using-jupyter-notebook/​

AVEVA Pl Integrator for Business Analytics sets foundation to
accelerate advanced analytics and business intelligence

Data Sources

IloT & sensors

=

Edge data stores AN
R
= .
\\
~->
Plant control systems
————— e 2
[m .
I
V4
Historian
-»

’
SR

Remote assets

)

.
=

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.

Al/ML

platforms
AVEVA PI Server

.ﬁ|-

Asset dataand event frames Transmit

@ Shape

Augment

3rd party
analytic tools

o O
0450

Enterprise
AVEVA PI Integrator reporting

for Business Analytics

Apache Kafka
Amazon Kinesis
Amazon Redshift
Amazon S3

Cognos

Google Cloud Pub/Sub
Google Cloud Storage
Google Big Query
Hadoop

Hive

Microsoft SQL

MS Azure

Oracle

PowerBI

SAP HANA

Spotfire

SAS

Tableau

AV=VA



AVEVA Predictive Analytics

Prevent Equipment Failures

* Predictive monitoring of industrial equipmentassets

* Compressors, Pumps, Gearbox’s, Motors, Turbines, Generators, etc.

* Achieve fast time to value through out-of-the-box predictive monitoring of industrial assets

High-performance Integration

* Developingunified Pl + Al integration

Core Pl System Predictive Analytics

Process data &
Performance analytics

Pl
Data
Predicted asset health PA
Agent
Pl Asset hierarchy navigation .

AF Dynamiclinking to Predictive
Asset Al models

(High-availability through AF SDK)

L |
A V — V A
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¢
& SeDF
E D F renewables

North America

EDF runs fleet-wide monitoring of solar, wind and energy storage using
AVEVA Predictive Analytics combined with Pl System operational data
management. The solution saved £1.5 million in a single early-warning catch.

Goals

* Combine the PI System™ operations data with AVEVA™ Predictive Analytics to mitigate major asset
failures and optimize call-out decisions for maintenance crews.

Challenges

*  With 39.1 million customers globally, EDF Group’s brand image is closely linked to continuity of
service

* Major failures could have been avoided before becoming severe, but the company did not have the
capability to detect the early warning signs of future asset failures

* They resolved to create five monitoring centers in order to monitor over 300 fossil, nuclear and hydro
plants

Results
* Avoidance of downtime resulting from equipment failure

* £1.5 million saved from a single early warning catch

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.

Industry: Power generation

Solution: AVEVA™ PI System and AVEVA™, Predictive Analytics (formerly
PRiSM)

“The PISystemis designed to supportourgoals of operational intelligence.
Theideaisyou build systems that take raw dataand turn itinto actionable
information so you can make smarter decisions”

David Rodriguez Sr., Analytics and Intelligence Engineer, EDF Renewables

AVZVA


https://www.aveva.com/en/perspectives/success-stories/edf-renewables/

Duke Energy and Predictive Analytics

46 Pl Servers and 11,000 models leveraging over 500,000 data points

* Empower people with early warning notification of equipment problems

* Optimize assets with low-cost sensors and connectivity for high-fidelity data access enabling predictive
maintenance

* Improve operations with contextualized insights
* Savings of over $34 million in a single early catch event in 2016.

* AVEVA helps Duke Energy centrally monitor power generation assets with predictive asset analytics software

L |
A V — V A
© 2022 AVEVA Group plc and its subsidiaries. All rights reserved. —


https://www.aveva.com/en/perspectives/success-stories/duke-energy/

AVEVA Data Hub and data sharing

Secure information sharing

* Selectively share operations data with trusted stakeholders

* Key suppliers, equipment providers, data scientists, enterprise business analysts, and other authorized partners

* Connect external partners without giving network access

AVEVA Data Hub

Connected
community

Remote
monitoring

Data science
enablement

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.
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Renewable Energy Group (REG) and AVEVA Data Hub

Real-time external analysis on its centrifuge units

* Biodiesel equipment can have many recurring faults, and maintenance costs can also be high

* If this led to unplanned downtime, it could halt production, costing valuable revenue in addition to repairs

* Enabled simple, secure sharing of AVEVA PI System data using AVEVA Data Hub

9 T -

b = |
3 W
YT, \
T N

~

 Solution can potentially reduce centrifuge downtime by up to 90% [

3l =
w2

Learn more
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https://www.osisoft.com/customer-stories/reg-allied-reliability-data-sharing

Putting data science predictors back into AVEVA Pl Server

* Some predictive models have linear equation
outputs

Display: Actual vs Predicted 15min Ascet: | GEO1 ¥

* Use Asset Analytics to create these calculations
in Pl, writing to future tags

* Notify on discrepancies between real time and
predictive data

L |
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Pl Data Egress to CMMS
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Equipment Condition

Condition Monitoring / Incipient Failure Detection

Condition Scoring Using Potential Failure “PF” Curve

= Change in Condition or
Performance detected

smooth running
minor degradation

further

Example Condition Scoring Matrix degradation

New

Used impending

. . i *
Potential Failure failure o

Failed — Schedule Repair R
Failed — Emergency Repair o

> JOXOIOL

Failed — Repaired Onsite : K
Opportunity Window

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.
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Failure
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Solution: Minimize Gaps Between Measurement and Action

VI N
Handheld Data — — .
Collection Real-time Sensor Data AV=VA
Pl System
Pl System Data : - H H .
Y Typical Timeline:

— Auto Analysis, Auto Detect t .
Potential Failure (Event Frame) SECOndS to Minutes
Pl Notificati AVIVA
4 E before made aware
Request / Order ’ CI\::IPS / Of iSS ue
Schedule
Maintenance

Dispatch Crew Perform Repair (Prioritized)
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Maintenance Systems and the AVEVA™

Digital collaboration

Pl Server

Pl System™

Contacts
a MNew = X Search contacts ,J

= ¥ Delivery Endpoints
=1 Andrew Gurule - Email
=1 Anaela Heller - Email

41518
General Chid Elements Attributes Ports ~ Analyses MNotfication Rules  Version

o X Ea
i Name Is Defauft
ij Glasal Default Email

Design |HTML Preview Plain Text Preview

[ Attachments

Event: Event Frame:Name

Name: | Notification Rule:Name

Server:| AF Server:Name

Database: | Database:Name

Start Time: Event Frame:Start Time
Target: Target:Path

Severity: | Event Frame:Severity

Send Time: | Notification Rule:Send Time

Event Details Hyperlink:Hyperlink E

_/ Groups P

Subject Event Frame:Name | generated a new notification event: Bearing Temperature excursion

Maintenancelirect

Marme: |I'~"Iain1:enann:eDirev:t

Description: |CI'~"II'~"IS Rest Endpoint

Contact Options
Oiatr imbarsesl [al T i w

) AF Server Properties
 Database Properties.
 Notification Rule Properties

Event Details Hyperlink
| Event Frame Properties
4 Event Frame Attributes ECC Pump Upset
Average Amps - Motor
Average Pressure - Discharge
Average Temperature - Discharge
Average Violumetric Rate - Discharge Flow
Duration
Heurs - Run Since Installed
Hours - Run Since Last Service
Location
Manufacturer
Max Speed - Pump
Max Speed - Pump|Hi
Wex Temperature - Inboard Bearing
Wi Temperature - Inboard Bearing|Hi
Wex Temperature - Outbeard Bearing

Wax Temperature - Cutbeard Bearing|Hi
Max Vibration X - Inboard Bearing
Wax Vibration X - Inboard Bearing|Hi
Max Vibration X - Outboard Bearing
Max Vibration X - Outboard BearinglHi
Max Vibration ¥ - Inboard Bearing.
Max Vibration ¥ - Inboard BearinglHi
Max Vibration ¥ - Outbaard Bearing
Mex Vibration Y - Outboard BearinglHi
Reason

Reason Category.

Serial Number

Tiggering Event

Referenced Element Properties
Referenced Element Attributes
) Amps - Motor

) Asset

) AssetjAsset Shortened

S

oo Ve~ JRCORTD e ——

N

CMMS

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.

Middleware

AV=VA



Real Example of CBM with Pl System at Work

High Hydrogen Alarm on a 5 MVA Substation Transformer

O_ B T ¥ % plAlert Hydrogen Gas Alarm at MSA14:Little:T1 - Message (HT... T Alertfor Equip: MSH14-Little / TXMS /989 / 414-T1 / 3 / Canadian General..
i Message @ Tell mewhat you want to do... @ Tell me what you want to do
Pl-Notifcat N Alert <cascade@powerstream.ca> Mvince Polsoni; M Peter Fossey; + 11+ o/13/2018
Pl-Notifications powerstream.ca M Vince Polsani 9/12/2018
Alert for Equip: MS414-Little / TXMS /989 / 414-T1/ 288083 / Canadian General Electric
PI Alert: Hydrogen Gas Alarm at MS414:Little:T1
@ Vou forwarded this message on 9/13/2018 10:40 AM. -
CASCADE Alert: TXMS High Hydrogen Alert
The High Hydrogen Alarm has been activated on the GLA100 Hydrogen monitering device on the transformer.
Please investigata and complete the appropriate Equipment Failure Form in CASCADE as well initate the creation
of a Corrective maintenance MxOrder for the repair of the unit.
Update:
As of 9/12/2018 7:58:55 PM Eastern Daylight Time (GMT-04:00:00).
MS414:Little:T1 is experiencing Hydrogen Gas Alarm: Equipment Infarmation
1c1 Gas High Level is Alarm Location: Ms414-Little
ISION Repor (e
. - . Equip #: 989
Gas High High Level is Normal N asoss
R Manufacturer: Canadian General Electric
Gas Monitor is Normal
Station RTU is Normal
Alert generated by
Thank you, CARE TXMS HIGH HYDROGEN is at 100% of threshold (Current Value of Alarm = Threshold Value of Alarm ).
Station Sustainment Depariment You can acknowledge this alert in Cascade.
Alecira Utilities

Pl Notification — High Hydrogen CMMS Alert — High Hydrogen

- P ¥ T Aertfor Equip: MSHA-Little / TXMS /989 / 414-T1 / 288083,
T Alert for Equip: MS414-Little / TXMS /989 / 414-T1 / 288083 / Canadian Gen..
Message

Message Q Tell me what you want tc

M Vince Polsoni; + 1+ 9/18/2018
Alert for Equip: MS414-Little / TXMS /989 / 414-T1 / 288083 / Canadian Ge...
@ We removed extra line breaks from this message.

Alert <cascade@powerstream ca> M vince Polsoni; M Peter Fossey 9/18/2018
Alert for Equip: MS414-Little / TXMS /989 / 414-T1 / 288083 / Canadian General Electric

@ We removed extra line breaks from this message.

CASCA

Transformer
Valve Plug

<system> Transformer S - Corrective Maintenace - Repair (TXMS) Alert generated due to
MxOrder generation,

TOA TXMS Transformer DGA Condition Code »= 3 Oil test results for this transformer have returned a DGA
condition code of 3 or higher. Please review.

Equipment Information

Pl Vision Report

f— Type: TXMS
Location: M5414-Little Equip #: 989
N Val Type: TXMS Serial #: 288083
ynnge vaive Equip #: 989 Manufacturer: Canadian General Electric
Auxillary Sampling Valve Serial #: 288083

Manufacturer: Canadian General Electric
Alert generated by
TOA TXMS DGA Condition Cade >= 3 is at 100% of threshold (Current Value of 4 >= Threshold

Alert generated by Value of 3 ) or TOA TXMS FQ Condition Code >= 3 is at 0% of threshold (Current Value of <null>

* Oilsample taken andanalyzed by Laboratory O o= Ll o o= Tt o o) e T
* Labresultsenteredinto TOA4 (Advanced oo i
Analytics tool) for analysis CMMS Alert — Poor Oil Condition CMMS Auto - Repair Work Order

* Autosynchto CMMSand Pl System AV:VA

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.




Kevin Geneva

Sr Technical Product Manager

* AVEVA
* Kevin.Geneva@AVEVA.com

Vince Polsoni

Sr Systems Engineer

* AVEVA
* Vince.Polsoni@AVEVA.com
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Questions? Please remember to...

Please wait for the microphone Navigate tc

State your name and company

Thank you!
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This presentation may include predictions, estimates, intentions, beliefs and other statements that
are or may be construed as being forward-looking. While these forward-looking statements

represent our current judgment on what the future holds, they are subject to risks and uncertainties
that could result in actual outcames differing materially from those projec.ted' in these statements.

No statement contained herein constitutes a commitment by AVEVA to perform any particularaction
or to deliver any particular product or product features. Readers are cautioned not to place undue
reliance on these forward-looking statements, wh|ch reflect our opinions only as of the date of this

! presentat|on

The Company shall not be obliged to dlscloseany revisionto these forward- -looking statements to
reflect events or circumstances occurring after the date on which they are made orto reflect the
occurrence of future events.

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.
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@ linkedin.com/company/aveva
O @avevagroup

ABOUT AVEVA

AVEVA is a global leader in industrial software, sparking ingenuity to drive responsible use of the world’s
resources. The company’s secure industrial cloud platform and applications enable businesses to harness
the power of their information and improve collaboration with customers, suppliers and partners.

Over 20,000 enterprises in over 100 countries «rely on AVEVA to help them deliver life’s essentials: safe and
reliable energy, food, medicines, infrastructure and more. By connecting people with trusted information
and Al-enriched insights, AVEVA enables teams to engineer efficiently and optimize operations, driving
growth and sustainability. *

Named as one of the world’s most innovative companies, AVEVA supports customers with open solutions
* and the expertise of more than 6,400 employees, 5,000 partners and 5,700 certified*developers. With
operations around the globe, we are headquartered in Cambridge, UK and listed on the London Stock
Exchange’s FTSE 100. \ L ’

Learn more at

© 2022 AVEVA Group plc and its subsidiaries. All rights reserved.
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Save - 10MVA 44kV-13.8 kV Transformer

Nl B G (¢

®  MS307:Huronia: TL WINDING TEMPERATURE | © MS307Huronia:F2 BREAKER ‘ & MS307:Huroniz:T1 GAS ALARM
88 e Closed Failed

s
170 Closed Failed 40 T
160

Pl Notification
* High Winding Temperature
* High Hydrogen Alarm

140

120

e o

-
Bl )
Y e g
2 ‘v;-,

oer W m\f 9 - 47 Cost Avoidance: $500,000 averted
floss soto0m | 1h] 06 10,2 1 ¥ . M;
e e B BSE  \ Ly ° Repair Cost: $130,000

"2 * No customer outages

Installed a Hydrogen Gas Monitoring Unit and
connected to SCADA (Pl and CMMS)

before total failure, replaced with

spare and repaired
AV=VA
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Pl System to SAP Data Flow

Work Order
(Pl Alerts - Event Frame)

Web Service
Delivery Channel

RunHours
(Totalizer)

CASCADE CMMS Integration Methods

CASCADE SERVER CONNECT SERVER PI CORE SCADA / ADMS

e -—

P cliens

-
-—
-—
Mtce and Eng Office PiClents
Automated
Pl Clients
Gl Enterprise

CASCADE

Integration
Architecture

Field / Remote

2022 AVEVA Group plc and its subsidiaries. All rights reserved.

System
Operators

Readings

Y-

IBM
Maximo

IBM Maximo
Integration Framework

Pl Notifications

Pl Data Pl Asset
Archive Framework

Al
3
O®||||

@

3 |||

;
s

?
2

Integrate data historians to Cascade

Putting your operational data to use for your asset management and maintenance programs

Network
assets

Equipment state P, )

telemetry (i.e. SCADA)

Periodic Maintenance
and Inspection

Cascade
; Connect

Typical PI operation

event data points:
Ongoing telemetry stream
Load

Automated Cascade Connect workflow:
1. Connect requests information from a data
historian server (commonly PI) to access the

Operational state
Temperature operational events associated with your
Tap position equipment

Pressure 2. Data is smartly filtered by Connect through
Run hours the use of configurable reliability packages

3. Results are sent to Cascade

Typical Cascade data

In!vequcnr collection of:
Name plate data
Inspection results
Service history
Diagnostic results

AV=VA



Work Order

(Pl Aleii - Event Frame)
PUSH PUSH

PUSH :
EventS V*:Feb Service
Delivery Channel
Pl Server D
\
N\

RunHours \
(Totalizer) \ N PULL

PULLor PULL or

PUSH

CMMS Integration Framework

Script

or
Middleware PUSH
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