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AMERICA’S PREMIER COMPETITIVE POWER COMPANY

POWERING AMERICA

With 76 energy facilities in operation and

two battery storage facilities under .."
construction, Calpine’s fleet has the capacity i\ I‘ '44
to generate over 26,500 megawatts of - }!
electricity - enough to power approximately .

26 million homes. Our geographically : (el

diverse fieet capitalizes on trends in the 57 S
nation’s most robust power markets. i .

2024 AVEVA Group Limited or its subsidiaries. All rights reserved.
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Automation & Information Solutions

AV=VA

ENDORSED Endorsed Operate
System
Integrator

GLOBALLY LOCATED

17 Locations in
US | Europe | Asia

+1,400 EMPLOYEES
Less than 5% Attrition

+35-Year Relationship with the Pl System

Capabilities for Instrument-to-Executive Solutions

14 Industries with Industrial IT, Al, & MES horizontals

Over 200,000 Hours of Pl System Services per year

+120 Experienced Pl System Solution Resources

LEADING INDEPENDENT PROVIDER OF COMPREHENSIVE AUTOMATION & INFORMATION SOLUTIONS R NISYS@

Automation & Information Solutions




Initial Migration Struggles

Attempted migration for four plants

* Process was very slow and manual — export, manipulate, import
* Approach was prone to mistakes and unmanageable at scale

* eDNA calculated values had to be tabled with no clear way to move them
into the Pl System

* Plants had unique asset structures built in eDNA, lacking standardization

* Many plants had direct OPC connections between the plant systems and
customers for data sharing

* On-prem, distributed server architecture and eDNA thick client application
and plug-ins were difficult to install, manage, and support
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B | E:\Sutter\2014\eDNAZ2P| Data Migration 20231101\eDNA2PIDataMigration.exe

8/30/2024 1:32:55 PM: RUNTIME | Connecting to PI server.
. . 8/30/2024 1:32:55 PM: RUNTIME | Reading mapping file.
8/30/2024 1:32:55 PM: RUNTIME | Reading multistate file.
8/30/2024 1:32:55 PM: RUNTIME | Creating performance monitor.
8/30/2024 1:32:55 PM: RUNTIME | Reading all flat files.
8/30/2024 1:32:55 PM: RUNTIME | Total Flat Files: 5425
8/30/2024 1:32:55 PM: RUNTIME | Reading flat file PREFIX_ST.ST.00000001.txt.
. . . . 8/30/2024 1:32:55 PM: RUNTIME | Writing 19 values to PI tag ST.083001F
PlIOt a programmat|c approach Wlth ROVlSYS 8/30/2024 1:32:56 PM: RUNTIME | Current Progress: 19 / 19
8/30/2024 1:32:56 PM: RUNTIME | Files Migrated: 1 / 5425
8/30/2024 1:32:56 PM: RUNTIME | Reading flat file PREFIX_ST.ST.00000002.txt.
8/30/2024 1:32:56 PM: RUNTIME | Writing 125778 values to PI tag ST.083001FR
1 H H 8/30/2024 1:32:57 PM: RUNTIME | Current Progress: 25000 / 125778
[}
Selected six more plants to trial an approach with /30/2024 1:32:57 M RUNTIME | Corrent Progress: 50000 / 125778
T . . 8/30/2024 1:32:58 PM: ot Drogrocc elele) S22
custom developed ut|||t|es to Support the m|g|"at|on 8/30/2024 1:32:59 PM: E\Sutter\2015\eDNA2PI Data Validation 20230424\eDNA2PIDataValidation.exe
8/30/2024 1:32:59 PM: 8/26/2024 1: : SUCCESS | First and last values matched for ST.1FT36141
8/30/2024 1:33:00 PM: 8/26/2024 1: : RUNTIME | File is being moved to the ValidationSuccessful folder.
HH H H H H 8/30/2624 1:33:00 PM: 8/26/2024 1: : SUCCESS | First and last values matched for ST.1FT36151
* Utility to automate the manipulation and insertion s L BN ik o } RUNTINE | File 15 being moved to the validationsuccessful folder.
Yo i 8/26/2024 1: : SUCCESS | First and last values matched for ST.1FT36602A
1 1 H 1 8/26/2024 1: : RUNTIME | File is being moved to the ValidationSuccessful folder.
of historical eDNA records into Pl Data Archive S/25/ 2804 1:57:28 s SUSLEDS | Ciret an Iact veldes matched for T :Fiaseont
8/26/2024 1: : RUNTIME File is being moved to the ValidationSuccessful folder.
8/26/2024 1: : SUCCESS First and last values matched for ST.1FT56101X
° 1 101 8/26/2024 1: : RUNTIME | File is being moved to the ValidationSuccessful folder.
Handles data formattlngl data typesl dlgltal Values 8/26/2024 1: : SUCCESS First and last values matched for ST.1FTAGCSO
8/26/2024 1: : RUNTIME File is being moved to the ValidationSuccessful folder.
. . . 8/26/2024 1: : SUCCESS First and last values matched for ST.1FTBGCSO
* Takes data from export directly into Pl Data Archive 8/26/2024 1: : RUNTIME | File is being moved to the Validationsuccessful folder.
8/26/2024 1: : SUCCESS First and last values matched for ST.1FTPGCSO
8/26/2024 1: : RUNTIME File is being moved to the ValidationSuccessful folder.
. . . . - 8/26/2024 1: : SUCCESS First and last values matched for ST.1FTPPCSO
* Performs automatic validation of m|grated data 8 RNTIE - Noteas 8/26/2024 1: ! RUNTIME | File is being moved to the Validationsuccessful folder.
File Edit Format View Help 8/26/2024 1: M: SUCCESS First and last values matched for ST.1GJRATE
| 3/6/2824 7: AM : RUNTIME 8/26/2024 1: M: RUNTIME | File is being moved to the ValidationSuccessful folder.
. 3/6/2024 7 AM : RUNTIME 8/26/2024 1: M: SUCCESS | First and last values matched for ST.1GLRATE
® CheCkS record Count tlme Stam S and Values tO ensure 3/6/2024 7 AM : RUNTIME 8/26/2024 1: M: RUNTIME | File is being moved to the ValidationSuccessful folder.
’ ) g
;jgﬁgﬁ; m g Eﬂﬁﬁ:i 8/26/2024 1: M: SUCCESS | First and last values matched for ST.1HPTSAT
1 1 : W 5/26/2024 1: M: RUNTIME | File is being moved to the ValidationSuccessful folder.
a” Values are moved into Pl Data ArChlve Hb/2004. AH T 8/26/2024 1: M: SUCCESS | First and last values matched for ST.1HRSGPTR
3/6/2024 7 AM : RUNTIME % 3 5 o 5 5 5
37672024 7 AM - RUNTIME 8/26/2024 1: M: RUNTIME File is being moved to the ValidationSuccessful folder.
. . . . . 3/6/2024 7 M+ RUNTIME 8/26/2024 1: M: SUCCESS | First and last values matchedifor‘ ST.1HRSTTBO
® Stream“nes m|g|"at|on effo rt and e||m|nates 3/6/2024 7 AM : RUNTIME i g moved ValidationSuccessful folder.
3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.
rt n.t. f r rr r 3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.
3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.
Oppo u I Ies O e O 3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.
3/6/2024 7: AM : RUNTIME i moved ValidationSuccessful folder.
d f'd I 3/6/2024 7: AM moved ValidationSuccessful folder.
[ ] 3/6/2024 7 AM moved ValidationSuccessful folder.
FaSter an more Con I ent resu tS 3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.
3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.
3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.
3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.
3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.
3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.
3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.
3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.
3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.
3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.
3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.
2024 AVEVA Group Limited and its subsidiaries. All rights reserved. 3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.
3/6/2024 7 AM : RUNTIME i moved ValidationSuccessful folder.




Partnering with an Si

An unexpected bottleneck...

Simplifying architecture from many site eDNA
historians to one Enterprise Pl Server meant eDNA
tag names may not be unique

The architecture uses dedicated migration instances
of the PI Server to convert the data, then a PltoPI
Interface moves it into the Production Pl Server

With many years of data funneling into a single
Production environment, ingress of live production
data saw long delays

To overcome this challenge, the RoviSys team
developed a custom PItoPI Interface that monitors
system resources and throttles itself to avoid
overloading the target environment

With this in place, live data access was restored

2024 AVEVA Group Limited and its subsidiaries. All rights reserved.




Partnering with an Si

Overcoming the Calculations Hurdle

* With data migration streamlined, the next challenge
was moving calculations to the Pl System & AF Analytics

* Over 100,000 calculated tags, with no out-of-the-box way to
migrate them

* Developed scripts that identify calculation syntax and
recreates them in Pl Asset Framework Analytics

* Some calculation structures not natively compatible
between eDNA and Pl AF Analytics - flagged for follow-up

* 70% of existing calculations converted automatically

* Calculations programmatically recreated in an Analysis (A newsaritie , [ e
Warehouse within the AF Hierarchy

Name Expression Output Attribute

PIFRO210CTGGNELMYA1A # :
| 1F(( Badval(® : R CREENELMEN ) ) ) THEN NoOutput

IO ERNELIBT )

* Allowed for Template-based AF Hierarchy to be built in

PIFRO211CTGGNELMWO1A| IF (( BadVal( PSR SERDEL R WER& ) ) ) THEN NoOutput
p dara I | e I TagVal (' BRnERAAGASETpAELmeas s} FaGRRORIESCIRERNEINIB I )
. . . IF(( BadVal(' FRRFROZAGSITPRS LR CERRAARNTE ®E®') ) ) THEN NoOutput(
* Attributes updated with respective Analyses R T

FRO200SITPLELMWO1A |PIFRO21OCTGGNELMWO1A+PIFRO211CTGGNELMWO1A+PIFRO220STGGNELMWO1A

2024 AVEVA Group Limited and its subsidiaries. All rights reserved. FRO200_SITPLELMWO1A
VALUE




Refining the Approach

Continuous Improvements in Action

* Selected 10 additional sites within ERCOT (Texas)
jurisdiction to fine tune the approach

* Began migrating multiple sites in parallel

* Able to identify clear tasks and handoffs for various
migration phases to further streamline the collaborative
Calpine-RoviSys team

* Team prototyping an API version of the Utility
* Connects directly to eDNA API
* Eliminates two manual steps for each migration iteration
* APl documentation is very limited

* Building confidence in this approach

© 2024 AVEVA Group Limited and its subsidiaries. All rights reserved.
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- ( PIDatabase
- (J Power Plant
& £ Morgan
Bl Power Block - 1
... (§ Balance of Plant
= (@ Gas Turbine
...... & CT6-1

...... & C1G-3
= (J HeatRecovery Steam Generator
------ & HRSG-1
------ & HRSG-2

...... @ HRSG-3 kkin ) « [2]Refresh | g New Template ~ isj New Attribute Template

- - P Block
= (F Steam Turbine it
Attribute Templates Ports ~ Analysis Templates  Notification Rule Templates

(@ CTG_SW_501F-D2 [ Fiter
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- (G Morgan_Power Block
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o

(&) Category: Analytics

W H 1
@ MRAnalysisWarehouse § <7 Ambient Temperature iMORAN SITE AMBIENT TEMPERATURED... |0 °F
- (G Power Plant L i
Event Frame Templates G Auxiliary Power MORAN SITE AUXILIARY POWER (calc) omMw
Model Templates
Y Transfer Templates &7 Barometric Pressure MORAN SITE Barometric Pressure (psia) 0inHg
- @ Enumeration Sets & Condensate Return Energy 0 MM Btu/h
B~ % Reference Types
+ Tables & Condenser Calculated Saturation En... 0Btu/lb
Table Connections
Categories (E Fuel Gas Total Energy MORGAN SITE FUEL GAS ENERGY FLOW ... |0 MM Btu/h
- (@] Analysis Categories 7 Fuel Gas Total Energy Totalizer Daily | Morgan Fuel Use Today 0 MM Btu
Attribute Categories
- (@) Element Categories & Gross Heat Rate Morgan Site Gross Heat Rate 0
Nalification fude Categories & Gross Power MORGAN SITE GROSS POWER (calc) omMw
Reference Type Categories
- (&3] Table Categories G Net Heat Rate MORGAN SITE NET HEAT RATE (calc) 0 BtuKwh
& Net Power MORGAN SITE NET POWER (calc) oMW
& Process Steam Energy 0 MM Btu/h
(E Process Steam Mass Flow 0 kpph
& Purchased Power MORGAN SITE PURCHASED POWER (calc) |0 MW
& Relative Humidity MORGAN SITE HUMIDITY (calc) 0%
(E Site Fuel Gas Density MORGAN SITE FUEL GAS DENSITY (calc) 0 lb/ft3

2}

& Site Fuel Gas Higher Heating Value | MORGAN SITE FUEL GAS HIGHER HEATL... |0 Btu/(b °F)

5]

& Site Fuel Gas Spedific Gravity MORGAN SITE FUEL GAS SPECIFIC GRA... |0

=

& Steam Adj. Net Heat Rate MORGAN SITE STEAM ADJUSTED NET H... |0 MM BtuMwW

o

(7 Elements @ Category: MetaData

(= Event Frames =g Power Block Short Code

| Library =4 Power Block Unit Number

SIT
0
—
m Unit of Measure =g Site Code — i
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A Centralized Cloud-based Architecture

OLD: Distributed eDNA Architecture
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A Centralized Cloud-based Architecture

NEW: Cloud-hosted Enterprise Pl System Architecture

OT Infrastructure i =

PLANTS

< EDS

__ i

|

]

Pl Cloud Connect | II

Data Exchange data with Vendors III

and Customers

/ il
0 Pl Asset

—
| Framework E L
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PRiSM -
Predictive Analytics -

MED Center

.
==
_I

. Pl Vision

Calpine

applications

Excel
Users

° In Plants
o Interfaces
* |In Cloud
o Pl Vision
o Pl Asset Framework
o Predictive Analytics
o Azure Data Lake
o Data Warehouse
* Data Sharing
o Pl Cloud Connect
= Vendors
= Customers
= Canadian Plant
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A Centralized Cloud-based Architecture

* OLD: Distributed eDNA Architecture

* NEW: Cloud-hosted Enterprise Pl System Architecture
* Most sites had their own on-premise server, few regions shared * All sites feed data to one cloud-hosted server
* Large maintenance effort to keep all sites updated

* Significantly reduced site maintenance requirements
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New Architecture

A Centralized Cloud-based Solution

* Common Standards

* All sites leverage same AF Templates for Assets and
Calculations

* All downstream applications have normalized view of
the data and AF Analytics in context

* Client Application Deployment Reduced

Central PI Vision Server with no thick client installation
at each site

Standardized displays with centralized management

© 2024 AVEVA Group Limited and its subsidiaries. All rights reserved.
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Roadmap for What Remains

Cruising Along, but Never Content
* Have migrated over 300 years’ worth of data, but still have about 30 plants
to go

* Continuously improving the process and utilities for more efficiency — a
big benefit of working with a partner

* Balancing the load to move as quickly as possible without overwhelming
Calpine IT team

* Migrating Custom-built eDNA Apps to the Pl System

* Many custom apps were built over time to provide functionality not
available in eDNA

* Being converted to interface with the Pl System

* Example: Turbine Parts Management

: L}
. , —
© 2024 AVEVA-Group Limited and its-subsidiaries. All’rights reserved: [r—
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Machine Learning Models for
Gas Turbine Lifecycle Tracking

* Calpine is currently running over 2,600 AVEVA Predictive
Analytics Models

19 20:55
09/13/2024

* Able to reuse these models and switch from eDNA to PI
System as the data source — No Redesign Required

20:55
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06:31
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16:07
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AF Template-based Reporting Solutions

* Reports leverage contextualized standard data infrastructure
based on Pl AF Templates

e Automatic ESG reporting solution saves hours of manual data
collection and report manipulation

* PI AF Hierarchy enables standardized Compliance reporting

MONTHLY PRODUCTION DATA SUMMARY REPORT

Jul-23
[
GROSS PLANT HOST AEP TOTAL FUEL TOTAL HOST STM FLOW TOTAL HEAT RATES
POWER NET NET NET NG RG TOTAL TOTAL AVE ENERGY COND RTN GROSS PLT-NET S5TM

MW MW MW MMBTU MMBTU KLBS/HR KLBS/HR ~ MMBTU'S MMBTU'S BTU/KW

© 2024 AVEVA Group Limited and its subsidiaries. All rights reserved.
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External Customer Data Sharing

* Many customers still rely on direct OPC connectivity
to the plants

* Share data to refineries on Steam, Power, and Water
usage

* Share data with vendor to monitor air filter
differential pressure

* Monitor remote plant generation via Pl Cloud
Connect

* Shift to Pl Cloud Connect provides secure and
efficient data sharing

* Plans to retire Pl Cloud Connect for AVEVA
CONNECT data services

Pl Cloud Connect \
Data Exchange data with Vendors
and Customers L

© 2024 AVEVA Group Limited and its subsidiaries. All rights reserved.



Additional Data Infrastructure Solutions

Many Calpine applications benefit from a standardized enterprise data infrastructure

* Integration to ADX (Azure Data explorer) / Event Data
Grids for Root Cause Analysis

* Online Monitoring System

* Turbine Maintenance & Scheduling Tool

* Maximo integration for condition monitoring
* ETRM system for billing support

* Generation management system as alternative source
of data

* RTU and Meter data
* Continuous Emissions Monitoring
* Combustion Dynamics Monitoring System

* Enterprise Data Warehouse

2024 AVEVA Group Limited and its subsidiaries. All rights reserved.
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POWER UTILITIES | UNITED STATES OF AMERICA - u

Calpine’s automated migration approach saves
~70% of efforts in digital transformation journey

Challenge

* Retired software used at almost 80 installations

* Slow manual migration process for 100,000 calculated values and displays
* Distributed installation architecture very difficult to manage

Solution

* Automate migration of data and calculations to the AVEVA PI System with custom
utilities built by RoviSys

* Simplify architecture with enterprise data archive and template-based solutions for
centralized management

* Feed over 2,600 AVEVA Predictive Analytics models from a central Pl System solution

Results

* Saved over 70% of the manual efforts for over 300 years of data and thousands of
calculation migrations through automated utilities with built in validation

* Template-based Pl AF Data Infrastructure enables sustainable, standardized approach
to ESG reporting, Compliance reporting, Predictive Analytics models, and other client
applications

© 2024 AVEVA Group Limited or its subsidiaries. All rights reserved.




Sridhar Makkapati

Sr Director, Information Systems and Technology

* Calpine

 Sridhar.Makkapati@calpine.com

Joe Rose

Regional Manager

* RoviSys

* Joe.Rose@rovisys.com
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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 outcomes differing materially from those projected in these statements.
No statement contained herein constitutes a commitment by AVEVA to perform any particular action
or to deliver any particular product or product features. Readers are cautioned not to place undue
reliance on these forward-looking statements, which reflect our opinions only as of the date of this
presentation.

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

2024 AVEVA Group Limited or its subsidiaries. All rights reserved.

AV=VA



@ linkedin.com/company/aveva
O @avevagroup

ABOUT AVEVA

AVEVA is a world leader in industrial software, providing engineering and operational solutions across multiple industries,
including oil and gas, chemical, pharmaceutical, power and utilities, marine, renewables, and food and beverage. Our
agnostic and open architecture helps organizations design, build, operate, maintain and optimize the complete lifecycle
of complex industrial assets, from production plants and offshore platforms to manufactured consumer goods.

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. The company is headquartered
in Cambridge, UK.

Learn more at www.aveva.com

—
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