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INTRODUCTION TO TENAGA NASIONAL -

TNB's core activities are in the generation, transmission and distribution of electricity. TNB also engages in other energy-
related operations, such as the manufacturing of transformers and the providing of consulting services. The company

primarily generates revenue through the sale of electricity in West Malaysia. Its customers are mainly commercial
operations, domestic consumers, and large industrial entities
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INTRODUCTION TO TENAGA NASIONAL

Core Business

Regulated & Non-Regulated Business

Generation

Non-Regulated Business

Installed Capacity:
25,212MW

THE: 14,561MW @ 57.9%
1PP: L0,ECANNN @ 42.1%

Generation Market Share:
61.3%

Equivalent Availability Factor
(EAF):

Grid/Transmission

Transmission Network Length:
23,964KM

Transmission Substations:
456

Transmission System Minutes:
0.08 mins

Distribution Network & Retail

Regulated Business

Distribution Network Length:
683,008KM

Distribution Substations:
83,467

SAIDI:
45.0mins

8.1

Customer Satisfaction Index (CSI):

Source: TNB Daota / Info as ot Dec 2020

Manufacturing

MNon-Core Business

Operation &baintenance (D&M}

+ THE Repair & Maintenance Sdn, Bhd, [REMACD)

* Tenaga Switchgear Sdn. Bhd.
*  Malsysia Transformer Manufacturing Sdn Bhd,

Main Subsidiaries

MNon-Regulated Business

* Tenaga Cables Industries Sdn. Bhd.

Benewables, Energy Effidency & Other Services

THE Renewables Sdn. Bhd.

GSPARY Sdn. Bhd.

THB Energy Services 5dn. Bhd.

THB Enginesring Corparation Sdn. Bhd.

Integrax Bhd.
Alla Technology Sdn. Bhd.

Education & Research

TNE Integrated Learning Solution Sdn. Bhd.
L34S}

THB Research

University Tenaga Masional (UMITEN)
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GRID DIGITAL TRANSFORMATION (GDT) INITIATIVE -

From Application Centric to Data Centric

SITUATION

* Digital disruption has levelled the playing field allowing the opportunity for existing and
new players to start from the same line.

* Digital Transformation is about leveraging innovation, changing mind-sets and leading

DIGITAL TRANSFORMATION CHALLENGE
How to design & implement continuous and
sustainable improvement successfully

change.
Set Up Infrastructure and framework to :-
STRATEGY * “Harmonise” and support existing digitalization
) initiatives
Data Efficiency SLCIEREIEL Business » Harness data to gain insights

Excellence Innovation

* Turning insights into actions to derive value

* Adapt to get the most value out of advancement in
digital technology — future proof, extensible,
scalable

* System of Systems
* GDII: Grid Digital
Intelligence
Infrastructure

* Transforming
insights into new
business models

* SDII: Open Data
Platform

Inculcate the Outward Digital Mindset

DIGITAL DISRUPTION -> DIGITAL TRANSFORMATION -> BUSINESS INNOVATION

LEADING BUSINESS BY TRANSFORMING INTO A DIGITAL ENTERPRISE
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—
© 2021 AVEVA Group plc and its subsidiaries. All rights reserved. —



DIGITAL TRANSFORMATION (GDT) INITIATIVE

GRID Division is committed towards achieving the aspirations of Reimaging TNB and delivering the Grid of the Future (GotF) through Grid Modernization
and Grid Digitalization. GRID Digital Transformation roadmaps our strategic journey of Grid Digitalization.

@ TENAGA
NASIONAL

GRID DIGITAL TRANSFORMATION

Leveraging Digital Intelligence, Harnessing In-House expertise Into Operational Excellence

As part of the realization effort, 4 key pillars have been identified for implementation and execution in order to attain the following outcomes through various initiatives within each

INTELLIGENT ASSET
MANAGEMENT

Cost Effective & Reliable Assets

Improve return on capital and
optimize asset reliability

Intelligent Asset Management is about creating
a network of smart connected assets giving us
intelligence, heighten our state of situational
awareness, enabling us make the right decisions
and the right strategy to ensure that our assets
perform reliably and to its full capability thus
realising our investments.

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.

DIGITAL EMPOWERED
WORKFORCE

Effective Intervention

$ Increase productivity, safety and
efficiency of workforce

Effective intervention is about having the right
person being at the right place at the right time
doing the right thing with the right tools and
support. With digital technology, we can equip

our workforce with the necessary tools to help
them accomplish their tasks in the most
efficient and safe manner.

FLEXIBLE GRID

Self-Healing, Robust & Flexible Grid

$ Optimize revenue on energy and $
system reliability

Our assets form the Grid which is the backbone
of the power transmission system that our
country depends on. With digital technology, we
can make our grid robust against failures yet
flexible to adapt to changing demands in the
energy market. We will use digital technology
to ensure we operate the Grid in the most
efficientand reliable manner,

INSIGHTS AND INNOVATION

Drive Data Centricity,
Insights and Innovation

Continuous Improvement and
Innovation

We need to continuously turn data into
insights, insights into innovative solutions, and
we need to deploy and scale these solutions
into our organization. For this we will need to
leverage advanced analytics to build on our
internal expertise and experience.
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Increase

| Power Transformer one of the major assets in an
safety and . oge
el SR  Electric Utility

workforce
Effective Intervention * The Online Monitoring system is a continuous real-time system that monitors the
condition of selected critical equipment and provides an alarm indication in the event of
sudden failures. This will be beneficial in providing the condition of such equipment in
real-time and thus reducing the probability of sudden equipment failures.

e The common Transformer OMS project implementation usually covers end-to-end delivery
from site installation work for sensors, data acquisition and transfer process, and a

BuSlneSS dedicated application based on vendor of choice. By implementing a centralised and
integrated OMS module and have all the sensors data stored within the centralised

Challen eS historian, it will converge the silo-monitoring activity, streamline our manpower resources,

g and increase the sharing of information and data correlation between assets, and our
maintenance zones.

* Paradigm shift from age-related maintenance schedules and visual inspections, we are
investing in new technologies including remote asset tracking and monitoring, preventive

maintenance, condition-based monitoring, and predictive maintenance to drive
efficiencies and cut costs.
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Increase
productivity,

safety and
efficiency of
workforce

DIGITAL EMPOWERED
WORKFORCE

Effective Intervention

Business

Challenges

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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Consolidating the data centrally for easy access and
analysis.

DGA

* DGA is considered the best method for determining a transformer’s overall
condition and is now a universal practice. Advantages of DGA include:

* Advanced warning of developing faults
* Status checks on new and repaired units
* Convenient scheduling of repairs

* Monitoring of units under potential overload conditions.

AV=VA



TRANFORMER ONLINE MONITORING SYSTEM
ARCHITECTURE FOR TNB

= TRANEEORMER INTELLIGENT MONITORINGSYSTEM

= —
TRAI ORMER-INTELLIGENT MONITORINGSYSTEM
DISSOLVED,GAS ANAWSTS I A

DI ) GAS ANABTERE

NSF X3

“No acton needed-

Asset Framework/PI
Analytics Database IMPALA ODBC

Data Archive

: Datalake
Collective

SUBSTATION A SUBSTATION B SAP PM
Measurement Table
Asset Info Table
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DEPLOYMENT OF
CALIBRS DGA ANALYTICS ENGINE
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TRANSFORMER: SGTX3 ~

Duval's Triangle 1 Analysis Gas Levels Diagnostics - Duval's Pentagon 2 Analysis Gas Levels Diagnostics
N | Normal Operation - DGA Level Status  DGA Rate of Change Status DGA Level Status  DGA Rate of Change Status
o g > 2. CH4 Level CH4 RoC H2 Level H2 RoC
k Stopm C2H4 Level C2H4 RoC CH4 Level CH4 RoC
Sl s i P I ) C2H2 Level C2H2 RoC C2HS Level C2H6 RoC
e | C2H4 Level C2H4 RoC
02 Y
| ‘./ ’ v \ [ C2H2 Level C2H2 RoC
\ W s Fhsaa
Soom \\\/\ A A
Cobid Lovel i i o 4V W— , 5
e — —ed  ROgeI's Ratio Interpretation: Roger’s Ratio Interpretation:
' No Interpretation No Interpretation
w
/ o IEC Ratio Interpretation IEC Ratio Interpretation
/ o No Interpretation No Interpretation
- 7 oppm
[ R COMD Lovel s 3
CoH2 Level izt T
Recommended Actions Recommended Actions
-No action needed- I -No action needed- I

Navigation [ReTNRTCN ents Gas ble Duval's Triange 4 |p

RANSFORMER: SGTX3
Rate of Change Reading

Home
Level Reading

TDCG Level
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» Thermal and electrical stresses that occur within normal

operating transformers generate hydrocarbon gases that
degenerated from Transformer oil which can indicate
potential problems within the transformer.

Dissolved Gas Analysis (DGA) as a method for determining
the types of pending or occurring faults within power
transformer by determining ratios and proportions of
certain gasses produced.

SRS
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APPLICATION OF THE PI SYSTEM

FOR DGA ANALYTICS ENGINE

Y

Connect DGA Analyzer

* Without integration to the DCS

* Via Dell 1oT Gateway or Calibr8 Offline
Loggers

* Near-real-time to Real-time Data
Collection

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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Integrate into the Pl Asset
Framework

* All Key Gas Ratios and Algorithms was
imputed into Pl AF
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CALIBIRS

Develop Custom Symbols in
Pl Vision

* Developed by Calibr8 Systems — Services
Provider
* Duval’s Triangle Real time plotting
* Automated Interpretation and
Diagnostics

A%
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— CALBRS
HIGH LEVEL ARCHITECTURE
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— CALBRS
OFFLINE DATA COLLECTORS

Calibr8 Offline Logger: Google Sheet Add-In Calibr8 CUBE: Certificate Uploader and Batch Extractor

~ ~ & 7 o $ % O 00 1. Anl 10 BISA & H E. L B-P # C8B CUbE
A 8 c 0 E ¥ G " ] X Web Server URL
J L - 511072020 Sample Result List
Select Parameter Min Max UOM Root Path Data Item Object Type Data Type R Mitps /ocamost public/ap ¥ Save
selector parameter min max_uom path data-tem object-type _data-type
x  3AVION_UOVEPP [ PI.SERVERAVION_UOVEPP JAVION_UOVEPP  PI FloatB4 2018.09-1392229 0 0K VER © Semngs TNB LABS SDN. BHD. (979289.m) A
X 3AVION_UDVRTD 0 0 PILSERVERGAVION_UOTRTD 3AVION_UOIRTD  PI Float32 2016-09-1392231 0 0K 1 NB (Formerly known as TNBR QATS Sdn. Bhd ) Hlac-MRA w
X  3AVION_UO1_FINAL EAP 0o 0 PI-SERVERJAVION_UO1T_FIN/ 3AVION_UO1_FINAL EPI Floaté4 2018091392234 0 0K MS ISO/IEC 17025 Accredited Laboratory % Y e ORCiTEE
X__ 3AVION_UO2EPP 0o 0 PI.SERVERGAVION_UOZEPP JAVION_UO2EPP  PI Floal32 2018-09-1392238 0 0K Subaide T
SAMMNO. 184
= Certificate of Test
& Ccode Status Date # C8 CUbE

PlData  Certificates/DGA BSIA Station T3 Main Tank 0105 search Q

CONFIGURE TAG TEMPLATE

SAVE  SAVE AND UPLOAD

Validated Uploaded

Parameter Description Timestamp Value 1

Dissolved Gas Analysis : Concentration (ppm).Acetylene (C2H2) 2020-07-17 12:48:08 NIL

Dissolved Gas Analysis : Concentration (ppm).Carbon Dioxide (CO2) 2020-07-17 12:48:08 1881.0
' Dissolved Gas Analysis : Concentration (ppm).Carbon Monoxide (CO) 2020-07-17 12:48:08 151.0

Dissolved Gas Analysis : Concentration (ppm).Ethane (C2H6) 2020-07-17 12:48:08 NIL

Dissolved Gas Analysi
Dissolved Gas Anal

: Concentration (ppm).Ethylene (C2H4) 2020-07-17 12:48:08 13.0

: Concentration (ppm).Hydrogen (H2) 2020-07-17 12:48:08 48.0

1 C ion (ppm). Methane (CH4) 2020-07-17 12:48:08 20
Concentration (ppm).Nitrogen (N2) 2020-07-17 12:48:08 59831.0
Concentration (ppm).Oxygen (02) 2020-07-17 12:48:08 27995.0

[CH<H<H<N<N<N<]

Dissolved Gas Analysit
Dissolved Gas Analysi
Dissolved Gas Anal
Dissolved Gas Analys

: Concentration (ppm).ppm v/v 2020-07-17 12:48:08 ppm v/v

Rows per page:
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BUSINESS IMPACT

2

[e]

Cost Effective
Solution across
the Fleet

* Development by
Local Service
Provider —
Calibr8

© 2021 AVEVA Group plc and its subsidiaries. All rights reserve

Yo

No
Dependencies

from 3™ Party
DGA Provider

il

Correlation
to all data
that is being
collected

Better
Planning for
Electrical
Assets

CALIBIRS

©

Future Proof Solution that
will be rolled out across the
fleet

NO Excuse for Data
Collection

Online DGA Integration

Gas Chromatographer
(ChemLab) integration —
serial port

* Pl UFL via loT Gateway
Manual Data or Batch Inputs
Internal expertise can be a
shared resource across

AV=VA



CUSTOMER SUCCESS STORY

©) %

Challenge Solution

* Manual Analysis of Power * Integration to Pl System
Transformer Data

* Development of Online DGA

* Full Dependency from 3 Application with Duval’s
Party Triangle and Pentagon

* Reactive Maintenance

* No Real time Visibility across the Fleet

* No Data Correlation

© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.

* Future proofing the solution

@ TENAGA
NASIONAL

Benefits

* Internal Expertise that can be used
to manage the Transformers across
the whole fleet

* Rate of Change Analytics as an
Early Warning System

* Real time decision making = better
planning

* Saving $$S

Duval’s Triangle in PI Vision was the key to Management
buy-in to roll out the application across the Fleet.

CAL




© 2021 AVEVA Group plc and its subsidiaries. All rights reserved.

Roslina Binti Mohd Yassin

Principal Engineer (Utility 1oT)

e Grid Division, TNB

* roslinamy@tnb.com.my

Avanna U. Dalere

Analytics and Applications Development Head

* Calibr8 Systems Inc.

* avanna.ubina@calibr8.com.ph
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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, whréh reflect our opinions only as of the date of this

) presentatlon

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.

2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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@ linkedin.com/company/aveva
0 @avevagroup

ABOUT AVEVA

AVEVA, a global leader in industrial software, drives digital transformation for industrial organizations
managing complex operational processes. Through Performance Intelligence, AVEVA connects the
power of information and artificial intelligence (Al) with human insight, to enable faster and more
precise decision making, helping industries to boost operational delivery and sustainability. Our

. cloud-enabled data platform, combined with software that spans design, engineering and operations,
asset performance, monitoring and control solutions delivers proven business value and outcomes to
over 20,000 customers worldwide, supported'by the largest industrial software ecosystem, including
5,500 partners and 5,700 certified developers.:AVEVA is headquarteredin Cambridge, UK, with over
6,000 employees at 90 locations in more than 40 countries. For more details visit:

2021 AVEVA Group plc and its subsidiaries. All rights reserved.
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http://www.aveva.com/

