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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

Regulated & Non-Regulated Business

Generation Grid/Transmission Distribution Network & Retail

Regulatory & Shareholding Structure

Non-Regulated Business Regulated Business

. REGULATORY & SHAREHOLDING STRUCTURE - e LEADERSHIP POSITION ~ Installed Capacity: . — k Length
e ™ ( \ 2 ‘ o :
7 PRIME MINISTER / \‘\ = mﬁ:ﬂfm’f“wn Transmission Network Length: 683,008KM
f CABINET Asat 3% March 2021: RM58.9bn E PP: L0 554N @ 42.1% 23,964KM
| | + Ranked 1% for Utilities Company o Distribution Substatione:
* Ranked 4™ in KLCI u Generation Market Share: 83,467
3 61.3% Transmission Substations: !
Shareholders Policy Maker o 456
SAIDI:
Ministry of Energy and Natural ivalent Availability Factor i
Ministry of Finance hesourees {keTSA) Equ tEAIE]: ility 45.0mins
:)} :h:zlm l 87.4% Transmission mm Minutes: Customer Satisfaction Index (CSI}:
Al et i i s 0.08 mins 8.1
": "w”m R ENERGY COMMISSION (Regulator)
&) Other - Proi e
e cora 8 Rt e umers Source: TN8 Data /Info as at Dec 2020
L= - Issue licenses . e .
- Tariff regulation Main Subsidiaries
e @D 1 ;
2 Non-Regulated Business
Market Participant =
l l a 0“'1'5“" &Maintenance (0BM) Renewabies, Energy Efficiency & Other Services
| (7] Tenaga Nasional Berhad . [l ¢ THE Repair & Maintensnce Sdn. Bhd. [REMACD) + TNB Renewables Sdn. Bhd. + TNB Integrated Learning Solution Sdn. Bhd.
\ 3 + GSPARY Sdn. Bhd. (IL54s)
\ —_— ? ! e 2 : B
\ o 2 * TNB Engineering Corporation Sdn. Bhd. = University Tenaga Nasional (UNITEN)
+ Tenaga Swilchgear Sdn. Bhd. . x Bhd.
— - * Malaysia Transtormer Manufactiring Sdn Bhd. - m:ml::m Sdn. Bhd.,

* Tenaga Cables Industries Sdn. Bhd.

Note: Data /Info as at Dec 2020
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GRID DIGITAL TRANSFORMATION (GDT) INITIATIVE 2 it

From Application Centric to Data Centric 4 KEY DIGITAL PILLARS

GRID DIGITAL TRANSFORMATION INTELLIGENT ASSET MANAGEMENT

Leveraging Digital Intelligence, Harnessing In-House expertise Into Operational Excellence Clogit[Eaiive & [l B e

Improve return on capital and optimize

STRATEGY asset reliability

Data Efficiency Operational Business

DIGITAL EMPOWERED WORKFORCE

Effective Intervention

Excellence Innovation

Increase productivity, safety and
efficiency of workforce

* System of Systems
* GDII: Grid Digital
Intelligence
Infrastructure

* Transforming
insights into new
business models

* SDII: Open Data
Platform

FLEXIBLE GRID
Self-Healing, Robust & Flexible Grid

SDII - Substation Digital Intelligence Infrastructure

PP . Optimize revenue on energy and system
GDII - Grid Digital Intelligence Infrastructure

reliability

INSIGHTS AND INNOVATION

Drive Data Centricity, Insights and Innovation

DIGITAL DISRUPTION -> DIGITAL TRANSFORMATION -> BUSINESS INNOVATION

LEADING BUSINESS BY TRANSFORMING INTO A DIGITAL ENTERPRISE

Continuous Improvement and
Innovation
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@ TENAGA
NASIONAL

i |
memenyeo i BUISUEEES  Power Transformer one of the major assets in an

MANAGEMENT on capital and

SR s Electric Utility

) reliability
Reliable Assets

 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.

* 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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1
el USRS Consolidating the data centrally for easy access and

MANAGEMENT on capital and

optimize asset 1
Cost Effective & > T a na IySISo
) reliability

Reliable Assets

DGA

* DGA is considered the best method for determining a transformer’s overall

- condition and is now a universal practice. Advantages of DGA include:
Business

* Advanced warning of developing faults

Challenges * Status checks on new and repaired units

* Convenient scheduling of repairs

* Monitoring of units under potential overload conditions.
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TRANSFORMER ONLINE MONITORING SYSTEM @Rﬂ%"‘gﬂm
ARCHITECTURE FOR TNB

EGW - Enterprise Gateway
EGH - Enterprise Grid Historian (Pl OSIsoft)
GUDM - Grid Utility Data Model

g w  — S —
ERINTELLIGENT-MONITORINGSYSTEM TELLIGENT MONITORINGSYSTEM

SSOLVED.GAS ANA

Pl Vision
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o action needed- No acton noadac-

Pl Asset Framework /
Pl Analytics Database IMPALA ODBC

PlData Archive L EEEEEELEEEEEEEET Datalake
Collective (EGH)

(GuDMm)
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SUBSTATION A SUBSTATION B
Time Series Data from RTU, IED, SCS, Sensors etc.

SAP PM
Measurement Table, Asset Info Table

Real-time Data Acquisition Transactional Data Acquisition
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DEPLOYMENT OF

TENAGA
NASIONAL

CALIBIRE

CALIBR8 DGA ANALYTICS ENGINE

X - —
TRA_,ORMER INTELLIGENIT MONITORIN@%FEM
* DISSOLVED, GAS ANA

Gas Level Historical Table Duval's Triangle 1

Navigation | DGA Level Measurements

Duval's Triangle 4 Duvals Triangle 5 Duvals Pentagon 2

- X — —
TRAORMER INTELLIGENT; MONITORING@'\{S’[EM
* DISSOLVED, GASANA

Navigation | DGA Level Measurements Duval's Pentagon 2

STATION:NUNI TRANSFORMER: SGTX3

oo Duval's Triangle 1 Analysis Gas Levels Diagnostics
VA Mocel N | Normal Operation / —_ [# DGA Level Staius  DGA Rate of Change Status
Bushng ’ o s

3 (A : CH4 Level ‘ CH4 RoC ‘

36pom C2H4 Level ‘ C2H4 RoC ‘

— Shdlevel C2H2 Level ‘ C2H2 RoC ‘
Score

N\
| 04
\Q A 3
o/

:

COHA Lovel &zeris

Roger's Ratio Interpretation:
No Interpretation

|IEC Ratio Interpretation
No Interpretation

C2H2 Level osozon e e oz

Recommended Actions

-No action needed-

X — —
TRAORMER INTELLIGENT: MONITORIN@‘E’YSIEM
% DISSOLVED, GAS ANA

[coowmmeare | [owmsomoes | [oowsvages | [ovrsvmges | [ovaseensme |
TRANSFORMER: SGTX3
Rate of Change Reading

[EWGETTIN DGA Level Measurements
ome STATION:NUNI
Level Reading

GA
MVAMods!
Bushing
Model
‘Gooling
System
Remaining
Life
Aging

H2Level ~CH4Level C2H6Level C2H4level C2H2level COLlevel CO2Level C3H6Level C3HS Level

TDCG Level

2112020 80014

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

STATION:NUNI
Duval's Pentagon 2 Analysis
) e |

TRANSFORMER: SGTX3

Gasl_evels Diagnostics

VA Mocel N | Normal Operation DGA Level Status DGA Rate of Change Status
B
Ei . H2 Level H2 RoC ‘
CH4 Level CH4 RoC ‘
m— C2H6 Level C2H6 RoC ‘
&
C2H4 Level C2H4 RoC
C2H2 Level C2H2 RoC

Roger's Ratio Interpretation:
No Interpretation

|IEC Ratio Interpretation
No Interpretation

Recommended Actions

-No action needed- I

= 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.
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Pl System Technologies

R

Connect DGA Analyzer

* Without integration to the DCS
*Via EGW / loT Gateway
* Calibr8 Offline Loggers

© 2022 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

59N

Develop Custom Symbols in
Pl Vision

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

il




— CALBRS
Ways to get the Data

NON OLM-DGA NON OLM-DGA
Portable Gas Chromatographer Calibr8 CUBE

OLM-DGA

Qil

Pl Interface

Chromatographer
(via UFL — Serial)
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— CALBRS
OFFLINE DATA COLLECTORS

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

-~ P o %A anal " BIsA *H L. .K-% # C8 CUbE
8 il ] W ¢ a2 ol ) d K 5/10/2020 Sample Result List
Seleet Parameter Min Max UOM Root Path Dataltem  Object Type Data Type RY | nopssocan » v Sa
selector parameter min max_uom path data-item object-type _ data-type 1
AF Server
x  3AVION_UOVEPP 0o 0 PI.SERVERJAVION_UDVEPP JAVION_UOVEPP Pl Floalbl  2018-00-1392220 00K SERVER TNB LABS SDN. BHD. ( 979289-m)
X 3AVION_UDVRTD 0 0 P SERVERIAVION_UDIRTD JAVION_UOTRTD  P1 Foatlz 2018001392231 00K ’ NB (Formerly known as TNBR QATS Sdn. Bhd.)
X JAVION_UOI_FINALEAP 0 0 PI.SERVERGAVION_UD1_FIN/ JAVION_UO1_FINAL EPI Floalbs 2018001392234 00K MS 1SO/IEC 17025 Accredited Laboratory R v iR
X 3AVION_UO2EPP o o PIL.SERVERJAVION_UOZEPP JAVION_UOZEPP  PI Floald2  2018.09-1392238 00K i . : TESTING
SAMMNO. 184
a ame
= Certificate of Test
8 Code Stas. Date # C8 CUbE

PlData Certificates/DGA BSIA Station T3 Main Tank 01052019.pdf Search Q

CONFIGURE TAG TEMPLATE

SAVE  SAVE AND UPLOAD

Validated

Uploaded

Parameter Description Timestamp Value

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

Dissolved Gas Analysis : Concentration (ppm).Carbon Dioxide (C02) 2020-07-17 12:48:08 1881.0 O

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

Dissolved Gas Analysis : Concentration (ppm).Ethane (C2H6) 2020-07-17 12:48:08 NIL O
Dissolved Gas Analysis : C ion (ppm).Ethylene (C2H4) 2020-07-17 12:48:08 13.0 O

Dissolved Gas Analysis : C ion (ppm).Hydrogen (H2) 2020-07-17 12:48:08 48.0 O

Dissolved Gas Analysis : C ion (ppm).Methane (CH4) 2020-07-17 12:48:08 2.0 O

Dissolved Gas Analysis : C ion (ppm).Nitrogen (N2) 2020-07-17 12:48:08 59831.0 O

Dissolved Gas Analysis : G ion (ppm).Oxygen (02) 2020-07-17 12:48:08 27995.0 O

Dissolved Gas Analysis : Concentration (ppm).ppm v/v 2020-07-17 12:48:08 ppm v/v O

1100725

Rows per page:
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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

© 2022 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 $SS

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

CALI

BRE




BUSINESS IMPACT

o

[e]

Cost Effective
Solution across
the Fleet

* Development by
Local Service
Provider — Calibr8

© 2022 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

* DGA

* Overload Conditions
* Aging Score

* MVA Model

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

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

AV=VA



IN DISCUSSION - FUTURE ARCHITECTURE

- TRA_‘ORMER INTEL‘LIGENT MONYT(')R"\TG_?’VEIEM

DISSOLVED.GAS ANA

EG W - Enterpl'lse Ga teWay @ source Froms 01-Dec-2021 00:00 Fiters: [ ]| T W Stali: N L]
; . . : n " TNE=POC>SOE Tt S 3 & evscormums | B B
EGH - Enterprise Grid Historian (Pl OSlsoft) p— Fre——
. e BT Sommele Ceten M By B Soro pcedTosti - TEIN B01C BBTUT
GUDM - Grld Ut[llty Data Model 01Jan-22 192212761 TBIN  BCOP Reserve Busbr Separation Dist Zona2. Alam  Tripping Southem BCOP [ 03-Jen-22 1922:175 Sl e der ot
O3Jan22 192212760 TBIN  BCOP Reserve Busber Seperaon Dt Ham  Tigpng Southem BCOP [ 0:Jen22 1922175 4
e 03a022191028708 TBIN  BCOP Recova BUsbarSeparalon Det Zona3 Aam  Tippng Soumem BCOP [ 03.Jan22 1919307 2
iy 034022 191025008 TBIN  BCOP Reconve Bushar Separalon Dt Zone2 Alam  TIpping Sounem BCOP [ 03-2n-22 1819307 ?
03Jan22 191825007 TOIN _ BCOP Reserve Busbar Separalion Dt Mam__ Tigging Southem BCOP [ 03len22 1919307 e
03022 191925005 TBIN  BOOP NslrTrp 1 Qpersad Tigpng Southem BCOP [ 03Jan22 1919375

03Jan22 10.1025005 TBIN _ BCOP MasierTrp2 ‘Operated Tipping Soulhem BCOP [ 03Jan22 1018375

30000
|
O3an22 191741468 TBIN  BCOP Reserve Bushor Sepwralon st Zone2 Mm  Tropng Southem BCOP [ 0henZ2 1917415 copcg il ‘{!F'l' M wl A I
03an22 191741468 TBIN  BCOP Reserve Busbar Separaon Dt dam  Trogng Sodten BCOP B @218 ' HMJ | thMJ'UW
000 =T
oecan2 o7 -
it 00000 00t

e

: P I Visio n 03-Jan-22 19:17:39.008 TBIN BCOP Recarve Busbar Separation Dist Zona2  Alarm Tripping Southem BCOF [3 03-Jan-22 1917:39.1

1 03JanZ2 191739008 TBIN  BCOP Resenve Busbar Separaon Dit Mam  Tigging Southem BCOP [ 03ian22 1917391

1 03an22 191555365 TBIN  BCOP Reserva Bushar Separalon Dst Zone2 Am  Trbping Southem BCOP [3 0342022 1915554 Pl

I 03-Jan-22 191555354 TBIN BCOP Recerve Busbar Separation Dist Alarm Tripping Southem BCOP [ 03-Jan-22 1915554

1 O3Jan22 191552604 TBN  BCOP Reserve Bushar Separalon Dst Zone2 Am  Tiping Southem BCOP [ 43an22 1415830

1 03dan22 161652694 TBIN  BCOP Resarve Bushar Separaon Dt Aam  Tippng Soumem BCOP [ 03Jan22 1915530 — THNB01C.BETULSCMMXUMX. TotMW st ( TEIN 500KV
G D I I I 03-Jan-2 1914 57.584 TBIN BCOP Reserve Busbar Separation Dist Zone2 Alam  Tripping Southem BCOP [3 03-Jan-22 19.1457.6 = TBIN.D04.BCOP.SCS MMXU.MX.A.phsA.instCVal.mag ( TEIN 275

1 O3an 22 191457583 TBIN  BCOP Reserve Busber Seperaon Dt Nam  Tiopng Soutnem BCOP [ 03Jen22 1914576

1 O3Jan22 11455144 TBIN  BCOP Resve Bushar Separalon Dt Zona2 Aam  Trpping Sounam BCOP [3 0342022 1914562

I 03-Jan-22 1814 55,144 TBIN BCOP Resarve Busbar Seoaration Dist Aam  Triopine Southem BCOP ¥ 03-Jan-22 10. 14.55;2 n E m m u E

Ko« » M 300001501 Recarts gag i [+]-1=] -]
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ﬁ Asset Frramework/ P S
Analytics Database IMPALA ODBC

CUSTOM API

: Datalake
Data Archive
e e e B
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Asset
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I I O !

1 1 1 1 1 C8 ML~ Sample Web Based Data Entry Form 1
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| SUBSTATION i | SUBSTATION i ! Manual Loggers E Measurement Table, Asset Info Table

1 Ti Series Data f 1 1 . s _mgm

: R_;_TJeIE[e)ngséSaSaer::(r;S ! 1 peal Tine Data Values from i : “ E Transactional Data Acquisition
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“EVERYTHING START WITH )V
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Roslina Binti Mohd Yassin

Principal Engineer (Solution Architect and Data Governance)

* Grid Division, TNB

* roslinamy@tnb.com.my

David Honorio Lim |l

CEO

* Calibr8 Systems Inc.

* David.lim@calibr8systems.com
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Questions? Please remember to...

e -

Please wait for the microphone. Navigate to thi

State your name and company.

- 4 .
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Thank youl!
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