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Agenda HITACHI

Inspire the Next

1. Assets Lifecycle

2. Managing Asset Performance
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Power Generation to End Customer HITACHI

Inspire the Next
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Asset Lifecycle
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Decommissioning
/Disposal

Planning

Acquisition/
Development
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Key indicators for asset management HITACHI

Inspire the Next

Principles in line with 1ISO 55000: Get the balance correct

Productivity —

Cost —

Safety —]

Governance —

Visibility =~ —
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Dispatch information about job, asset, tools, parts, history
Capture information for better analysis & decision making
Reduce job backlog, wasted time & rework; improve production, up-time

Efficiency & effectiveness
Reduce overtime, contractors, third-party services
Avoid/shorten outages & shutdowns

Detection and prevention — incidents, accidents, defects
Permits, approvals, risk assessments, job processes, visual guides
Intelligent scheduling and dispatch based on skill, location, availability

Enforce business processes and policies
Meet regulatory guidelines, safety and environment concerns
Activities performed safely, efficiently & effectively with an audit trail

=0 | g% Eﬂ]DO ||—E

Monitor the assets, work and workforce
Visible status and progress, Improved scheduling and response
Record accurate, reliable data on the job

@ Hitachi Energy



Asset Useful Life Expectation HITACHI

Inspire the Next

Expected Life — m—
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Asset Probability of Failure

Transformers Failure Rates Statistics

Investigated population and failure rates of substation transformers

_— HIGHEST SYSTEM VOLTAGE
v OF
E ; .< I I I ] g
2232z |22 |zz|zz|lzz 22| 8. | =
= £0 =] = o R o 2 = > X <
= A= = = D =2 = 2 =]
M 2 = r S =~ S 5 = 2o 2
Number of
Uriies 1 38 31 27 3 4 58
Number of 2962 | 10932 | 4272 | 3.233 434 348 22,181
Transformers
fransformer 1 15267 | 64718 | 37,017 [ 25305 [ 4774 | 2991 | 150,072
Major Failures I44 280 186 152 27 10 799
F":ﬂ'gE 0.94% | 0.43% | 0.50% | 0.60% | 0.57% | 033% | 0.53%

Based on statistical data provided by IEEE - ” A Worldwide Transformer Reliability Survey” and Cigre
“- WG A2.37, Transformer Reliability Survey”

HITACHI

Inspire the Next

Core and magnetic Cooling

circuit unit
2.63% 1.46%
b
Bushings Changer
18.13% Tank 30.70%
FlUX Shlnt' 1.17%
0.88%
Insulation ) ]
2.34% Failure Location
Lead Exit cT
5.56% 0.29%
Unknown ,
12.66%
Winding
36.84%
Mechanical Dielectric,
20.02% 36.62%

Failure Mode

Physical ’
Chemistry,
3.32%

Source: Cigré SCA2.37 Report Technical Brochure 642/2015 Thermal, Electrical,
iabili 10.89% 16.49%
Transformer Reliability Survey

Need to manage Asset Performance to ensure its reliability and avoid unplanned breakdown
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Managing Asset Performance need to review, interpret, analyze HITACHI
asset operation and maintenance data Inspire the Next

Zé\ Reliant on human experts for manual
review and trend identification

Others from

T ] Time/usage-based operation ‘ E Icrgsupl)g %“eo innsatlhat
and maintenance Data | ! mix of paper-
: based records,
: spreadsheets
: or mobile
W : devices
/4 |
=) _ 1
& im &S !
| | 1
! Others from
Equipment Industrial
sensor alarms Enterprise
Data systems

Tests Data Other Data, e.g. from
external sources

Asset Information and Data come from everywhere to be interpreted
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Data and process chaos... HITACHI

Inspire the Next

Manual processes
Disconnected data

Knowledge loss
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...leads to impossible decisions HITACHI

Inspire the Next

WA

How do
organizations
prioritize?

A
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Lumada Asset Performance Management (APM)

11

HEALTH RELIABILITY

Previously known as “Health & Prognostics” Previously known as “Reliability Manager”
We help you visua_lize asset condit?on through We help you implement system reliability
data-driven modeling and prognostics to engineering methodologies to drive safe,
maximize uptime across your operations. reliable and compliant operations.
‘ L]
Short term ¢ Operational Medium term ¢ Tactical

NOTE: Every business is unique! Consult with one of our experts to see if your business is better suited for a more advanced module.

Confidential
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HITACHI

Inspire the Next

OPTIMIZATION

Previously known as “Strategy Manager”

We help you optimize portfolio resources to
balance performance, risk & cost to achieve
your business objectives.

Long term ¢ Strategic

®Hitachi Energy



Asset Management Excellence HITACHI

Inspire the Next

Asset Life I

L )i J

Safety I
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Lumada APM along the Asset Lifecycle Management

HITACHI

Inspire the Next
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Asset Parameter Data
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Asset Usgge Data

Time & Usage 4
Based Monitoring Asset Performan

Risk and Condition|
Predictive M

ce Management:
Based Monitoring
aintenance

Asset Lifecycle Management
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HITACHI

Maintenance Strategy Maturity Inspire the Next

»

Lumada APM Health, Reliability &

Financially optimized
asset lifecycle

Reliability Centered

Optmize

Predictive forecasting

A
Condition based
Preventive — usage based
&
Q
e
%)
>
(9)]
<§E Preventive — time based
L
Run to failure
v
Confidential
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Build models and algorithms in a software package to advise on the optimal time for replacement or intervention
based on the cost to a utility. Lumada APM Optimize module is emerging as the basis for this form of asset
replacement planning and Maintenance prioritization.

Strategy improvements based on failure code analysis. For high value and critical assets, the reliability-centered
maintenance strategies can assist in improving reliability by engineering out failure and its consequences.

Maintenance based projections of wear characteristics and malfunction prediction. Although one form of predictive
maintenance is based on usage statistics, in a more advanced form, the operation characteristics and degradation
are used to predict the malfunction, point of failure or suboptimal performance. This can be highly valuable
information for assets that progressively degrade over time and use.

Condition based maintenance by assess/monitor the condition of assets. It is based on simple data on their assets
and would have a warning about certain parameter data that can lead to asset failure.

Preventive maintenance based on operational measures. For many items, equipment use will be a more reliable
predictor of failure than time. Equipment with steady or constant use does not benefit as much from this form of
maintenance.

Involves maintenance based on manufacturers' schedules. As most maintenance organizations evolve, they will
start to carry out preventive maintenance based on time (that is, days, hours or months, regardless of usage).

Run to failure or "breakdown repair"”

Source: Gartner @HitaChi Energy



Evolution of Digital Business and Analytics

Need for operational improvement steers analytics from descriptive to predictive

Data

Offline
to
Online
from
multiple
sensor and
system

Confidential
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Analytics Human input

Descriptive
What happened?

Diagnostic
Why did it happen?

Predictive

What will happen? Action

Decision

Decision support

Prescriptive
What should | do?

Decision automation

Y
Hitachi Energy analytics portfolio

HITACHI

Inspire the Next
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Predictive technologies differ significantly in their prognostic

horizon

HITACHI

Inspire the Next

Prognostic solutions offer future risk profiles over months — more than early warnings of imminent failure

Analytics Human input

Descriptive
What happened?

Data Diagnostic

Why did it happen?
Offline

Predictive
What will happen?

Condition Predictive

Monitoring Analytics

Rule-based models Pattern recognition

Beyond Threshold Anomaly detection

detection Machine learning

Seconds Minutes Hours
Confidential
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Prognostics
Remaining useful life (RUL)

Expert Model

Stochastic process models
Machine learning

Months

Life extension
Material science
Tribology
Physical models

Decades

®Hitachi Energy



Lumada Asset Performance Management ]EJI‘%S’]!._!,!%

Enterprise asset health analytics to improve processes through risk-based optimization

{"} Expert models ooo]| Advanced operational € = Maintenance management Feed data into
Analysis of all assets in the =21 business intelligence E‘D Prioritize maintenance or analysis stage to

fleet in a geospatial or Optimize decision making replacement and automate re-start the cycle
tabular view (Hitachi Energy, based on predictive and work requests
third party) prescriptive analysis
® @ ® @
. Connect/ Re-start
Analyze Anticipate Inform Act Track collect the cycle
¢ ¢ ¢
P Prognostic models @ Asset’s risk identification AL O All datasources:
Tnlln | Simulate risk, asset Issues tracking to ensure any 10000 . Databases
health and probability of identified risks are mitigated . Historian
failure based on loading and resolved
of assets * Sensors
* EAM

Confidential = .
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TFLUMADA | APM Dashboard v Assets Components Locations
« GLD.GEJ.400 - Power Gen #2 Status © Age @ Location
Engine = 15years Y Great Palm Island
Menu
Risk Matrix

Health Overview

© Risk Overview

M Parameters

Asset Life

2 Replacement Priority

8 Aging
Reports

Links

&3 Asset Detail Azure
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Condition Trend and Prognosis (at 800 - 1000 kW Power (KW))
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Issues

Calcul ation

Comparisons

Risk
Medium

Condition

Lumada APM — Asset Risk, Issues and Condition information

HITACHI

Inspire the Next

B 030

Importance @

66

Condition (€]

6.0

Replacement Rank @

#2/4

Last update

3 years ago

10/08/2021 18/10/2025

e Condition 5.99% 60.766
a2 Cooling system defect 5.99% 60.766
Lubrication system defect 0.001 33.517

[ ] Turbo bypass defect 0174 32.386
Fail-safe gas loop defect 0.212 16.758

[ ] Engine knocking 0.01 13.562
[ ] Ignition system defect 0.04 10.745
] Insufficient gas quality 0174 2014
[ ] Gas mixer defect 0.068 4,845
Selec;all ' - o o

®Hitachi Energy



Steam Turbine Power Plant: Asset, Component and Data

2y LI

iy @
%%
4///
Z
FDF & IDF
(Ji[p motor 1E Axial bearing Il Oil tank
=== Axle shaft E3 Oil pump
¥ Radial bearing D Rotor casing ¥ Air flow

Confidential

(V) Vibration data
@ Temp. data
® Pressure data
@ Lubricant data
® Speed data
® Flow data
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.E:). Barrel case

Eﬂ Turbine

== Axle shaft

£ Radial bearing
== Axial bearing

l‘%lln._ G1

| F3 P3_A3:T12

™

T T T TTTTTTTTTTS

Boiler

& Furnace

E3 Superheater
== Reheater
= Economizer
0 Steam drum
w==m Air heater

B8 Mechanical seal

ES Oil pump

sl Oil tank
Direction of flow

O Forced draft fan
© Induced draft fan

-.:-155-. Water wall drum

B Main steam line
{ Firing system
& Ash pit

HITACHI

Inspire the Next

(V) vibration data
@ Thermal data
@ Lubricant data
® Pressure data
® Speed data

aIf] HP/IP turbine
(0 LP turbine
=== Axle shaft
= Radial bearing
== Axial bearing

Steam Turbine

B4 0il pump

bl Ol tank

ww (Crossover pipe
42‘,\ Flow direction

T15 T16 T1? T1u

SN
IHII |||H||||||||||||

Wl ||...||||||||...|||@..|||Tf

(V) Vibration data

@ Temp. data

@ Lubricant data

® Speed data

(E) Electrical data

@ Water chemistry

Generator

LI Rotor
il Stator
== Axle shaft
k= Radial bearing
== Axial bearing

B4 Oil pump
il Oil tank

®Hitachi Energy



HITACHI

Inspire the Next

Lumada APM Prognostics Model for Steam Turbine

H

Bearing & Lubrication Steam Condenser
System
Confidential

20 © 2024 Hitachi Energy. All rights reserved. @ HitaChi Energy



Lumada APM Prognostics Model for Steam Turbine — High HITACHI
Pressure Turbine Inspire the Next

Stochastic process model (Markov) (G)) 7 malfunction mode templates

3 Temperature measurements ..
g f;( Stochastic inference model (Bayes)

2 Lubrication measurements
3 Vibration measurements

1 Speed sensor ﬁgﬁ 40 Plus Raw and Calculated Parameter types

HP Bearing (Turbine End) IP Bearing (Turbine End)
V1...Bearing vibration

T1...Bearing temperature V3...Bearing Vibration
Malfunction Modes Data Source 9 '? u '
HP Turbine

1

HP Turbine: Solid Particle Erosion (SPE) @ @ @ @ 1 Z1...HP Section efficiency

: : X R1...Shaft speed

HP Turbine: Blade Cracking @ @ @ | B1...Unit Cycle (on/off) counter
1

HP Turbine: Rotor Imbalance @ @ @ @ @ 1
1
1
1
1

Z2...Layup & Run-up Rating
HP Turbine: Rotor Misalignment @ @ @ @ @ @
HP Turbine: Rotor Rub @ @ @ """""
HP Turbine: Rotor Bow @ @ @ @@

HP/IP Coupling Deterioration @ Q Q @

A Wﬁr o _\S,x ______ \ “

1
(ERE = p—— 1 1
‘*J : LA 1 i . «%& ' ! '
. I 1
. 1 1
. 1 1
1 1
| | -
HP Bearing (Generator End) HP/IP Coupling Lube Oil System
V2...Bearing vibration T3...HP/IP Coupling temperature L1...Lube Oil Analysis
T2...Bearing temperature L2...Gear Oil Analysis

Confidential = .
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Lumada APM Prognostic Model

Lumada APM Prognostics for Steam Turbine — Intermediate
Pressure Turbine

HITACHI

Inspire the Next

3 Temperature measurements
2 Lubrication measurements
3 Vibration measurements

1 Speed sensor

Stochastic process model (Markov)
X  Stochastic inference model (Bayes)

@ 7 malfunction mode templates

ﬁaﬁ 40 Plus Raw and Calculated Parameter types

1P Turbine LP Bearing (Turbine End)

Maltuncoon Modes. 81 Unit Cycie (oniof)courter
1P Turbine: Solid Particie Erosion (SPE) 1P Bearing (Turbine End) Zolmaiheply

IP Turbine: Blade Cracking V1. Beating vibration
! 71 Besnng temperatire
IP Turbine: Rotor Imbalance H

1P Turbine: Rotor Misalignment

PTutine-Rotorrub | @@@ 0 | e

|| 1P Turbine: Rotor Bow
IPILP Coupling Deterioration

B

\

IP Bearing (Generator End) IP/LP Coupling
V2. Bearing vration T3._IPALP Couping temperature
T2. Bearg tempersture L2.. Gear O Anaiysis

Confidential
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Lumada APM Prognostics for Steam Turbine — Bearing &
Lubrication System

21...1P Section eficiency ¥3:.Beacng Virstion
R1._Shaft

Lube Oil System
L. Lube OF Anatysis

®Hitachi Energy

HITACHI

Inspire the Next

Lumada APM Prognostics for Steam Turbine — Low Pressure
Turbine

HITACHI

Inspire the Next

HITACHI

Inspire the Next

Stochastic process model (Markov)

5 Temperature measurements A
P ‘f)‘( Stochastic inference model (Bayes)

1 Lubrication measurements
2 Vibration measurements

Radial Bearings
T1.. Bearing Temperature (at Gferent ocatons)
V1. Bearing Vibration (at dfferent kocabons)
Qil Cooler
T2..Of it tampersture
T3, Of outet emperature
T4 Water suppéy temperaturs

Maltuncon Modes

Lubricant Contamination Soids
Lubricant Contamination Liquids

Lubricant Wear

Lubricant Spec Failure ;
Mechanical Bearing Degradation
Oil Cooler Malfunction
Theust Bearing Deterioration ,
Lube Oil éys«em :
Thruslﬂelaring
T5... Bearing temperature
©'2024 iach Enorgy. Al ighs resened W e v
Confidential
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@ 7 malfunction mode templates

ﬁaﬁ 25 Plus Raw and Calculated Parameter types

®Hitachi Energy

3 Temperature measurements
2 Lubrication measurements
3 Vibration measurements

1 Gas Analysis

Stochastic process model (Markov)
X  Stochastic inference model (Bayes)

1 Speed sensor Reheater
W1___Steam chemistry LP Turbine
X 21...LP Section efficency
H R1. Shat spoed
Maitunceon Modes H B1...UnE Oycle (on/oM courter
' 22.. Layw & Runup Reting.
LP Turbine: Blade Cracking = {
LP Turbine: Water Droplet Erosion LP Bearing (Turbine End)
LP Tutbine: Rotor Imbalance [ ] T Bag vparare
LP Turbine Rotor Misalignment
|"LP Tutbine. Rotor Rub
LP Turtane: Rotor Bow ,
LP/Generator Coupling Deterioration | ” ’ ’ '
Lube Oil System -
L1...Lube Of Analysss LP Bearing (Generator End)

V2. Bearing viration
T2.. Bearing temparatire

Confidential
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Lumada APM Prognostics for Steam Turbine — Steam Condenser
(Water cooled)

@ 7 malfunction mode templates

ﬁgﬁ 40 Plus Raw and Calculated Parameter types

Generator Bearing (Turbine End)
Va...Bearing Viration

LP/Generator Coupling
T3..LPICouping Couping temperaturs
L2 Gear OF Ansiysis

@Hitachi Energy

HITACHI

Inspire the Next

3 Temperature measurements

2 Pressure measurements

1 Water chemistry analysis measurement
2 Flow measurements

2 Electrical measurements

Stochastic process model (Markov)
X  Stochastic inference model (Bayes)

. s Vacuum Pumy
Cooling Water Discharge b pieciihitllnd
T3, Dischrge temperature E1._Pump power

Excess Air in Leakage s

Vacuum Pump Deterioration
Condenser Tube Fouling
Condenser Tube Steam Side Degoston (@) @ @
Condenser Leakage ®

Cooling Water Supply
Supply pressure

T2 net tempersture

E2 . Coling water pump powes:

Confidential
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@) 5 malfunction mode templates

ﬁgﬁ 10 Plus Raw and Calculated Parameter types

LP Turbine
P1._Backgressure

Condensate
T1...Condensate tempersture
W1 Condensate chemstry

@Hitachi Energy

®Hitachi Energy



Lumada APM Model Configuration and Validation

Creation, validation and management of prognostic APM performance models

Prognostic report
--y DEMO-FOSSIL
-~y PPRAT

DFGU1
--¥ STB

— Data DEMO-FOSSIL_STB_F1_V1003

- PPRB1

--» Generate new report
[# Configuration log
[# Operators

Repori no.: DEMO-FOSSIL DEMO-FOSSIL FPRAT DFGU1 STE1 20210908093747-00

y gk - : 08.Sep’ =
-@— L U M A D A Ver:lac::' 58323342210 ease'1 ]
i

Lol Sl | Recalculate || Clear all

Equipment specification Condition diagnostics

Operator name DEMO-FOSSIL
Unit name: DFGU1
Unit location
Contact person Don Demo

Phone +1234567890

E-mail den@demo.com
‘Component type Steam turbine
Component OEM & model OEM demo, model demo
‘Component group STB
Serial number STB1
Elements monitored Bearings, casing, blades, cil, oil pump
Alarm owner An Example

Phone +1234567890

E-mail an@example.com

@ Specification O Location

Malfunction prognostics

Control system defect
Bearing defect

Blade crack or liberation
Water induction

Reheal valves defect
il cooler defect
Unbalance

Oil leakage

Bucket or blade fouling
Oil water contamination
Qil particle contamination
Total risk

Next maintenance 30 Jun'22 (proposed)

el O Short (12 days) Vary load and Load min MW
L [150
z (O Long (12 weeks) data history :l

@ Maximum (12 guariers)

L roeniges

K Y N EN RN EEN RN

Reference date (2021-09-07 (UTC)

Parameter type

Humber

P21

P22

P23

P24

P25

P26

pecification
Parameter type ID & descripfion

DEMO-FOSSIL_T1300
Turb Oil From Cooler

DEMO-FOS5SIL_U1005-1010
Turbk Brg Vibration

DEMO-FOSSIL_U1002
Turb Valve Posilions

DEMO-FOSSIL_U1017+3610
Turl Shaft Speed

STB_R1_E1006
Gross power output

DEMO-FOSSIL_U1001+1003+3601-3606
Turly Shell & Diff Expansion

I (550 |MW Load max.
History start | 2005-01-01 I | 2021-09-07 History end

MILS

PCT

RPM

MW

HITACHI

Inspire the Next

Malfunclion modes (Scenarios’

Control system Bearing defect Blade crack or \Water induction Reheat valves 0il cooler
defect liberation defect defec!
[Value specifications _____________P(M)
Value limits | Value intervals __ 0-09% 0.27% 0.18%  0.18% 0.09% 0.18%
P(Ci | Mj) = Likelinood of an alarm level given
160 1] % |0 % o
150 [150, 160) . 10 % |10 % . 35
130 [130. 150 Mot possible 0 % (10 o Mot possible Mot possible 35
100 [100, 130) 80 % |80 %
9.4 10 % |60 % |60 %
8.2 [8.2.9.4) . 25 % |30 % |30 %o
7 [7.52) Mot possible 0 % 10 % 10 o Mot possible
0 0.7 25 % |0 % [0 %
104 ] % 0 %
102 ez, 104) |0 % - - - 0 % .
100 [100. 102) & 5 Mot possible Mot possible Mot possible 0 w Mot possit
o [0, 100} S0 % 50 %
3800 o % |0 % |0 % [0 % [0 %
3750 [3750, 3800) |0 % |35 % |35 % |35 % |10 %% Nol possit
3700 [3700, 3750) |50 % |35 % |35 % |35 % | 50 % g
3550 [3550, 3700 | 50 % |30 % |30 % |30 % |40 %
o
1] [0.0) - - - ; ;
0 [.0) Mot possible Mot possible Mot possible Mot possible Mot possible Mot possit
] [0.0)
1.4 ] % 1) % (0 %
1.3 [1.3.1.4) 15 % . . 15 % 0 % .
l:‘ 11.13) [15 = Mot possible Mot possible - B = Nof possit

MILS

Confidential
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Lumada APM Prognostics — Asset Failure Time Window HITACHI

Inspire the Next

Condition Trend and Prognosis (at 4 - & MW Powear (MW)) Trend Grid

2 91372021 702412024
B Condition 14.787 £3.29

70 Codling defect 14787 68.29

&
&0 —; B il bearing defect 6.27 63477
5 =
0 = B FRadial bearing defect 472 33447
40 B  shefrerack 3688 10.89
30 Coupling pin crack 3688 10.89
20 @  Pole coil fivation defect 0.54 2031

10 / £ B  Windings insulation det... 0799 1.508
0 F . S, Jav A pa—— — = |

T T T Ehart circuit oo Q.02
172012 172016 11172020 17172024 -

Condition Trend and Prognesis (at 4 - 9 MW Power (MW)) Trend Grid

2023 3013 40013 52023 SRR O30MR0RY TOI0VR0ZY B/29YR023 S2E8/2023 1W2E/3023 11272023 A22TVRIZY 12602024 2/25/2024  JDE/2024  &/25/2024  S/25/2024  GI24S2024  T24/2024 A

Condition w6 ) (50 ) (51% ) (53% ) (59w ) (s6% ) (57% ) [(s8% ) [(59% ) (oo ) [(e1% ) (623 ) (3% ) [ea% ) (5% ) (ee% ) [(e7% ) 68 ) [(ean
Cooling defect w6 ) (50 ) (519 ) [(53% ) (54m ) (56% ) (579 ) [(s8% ) [(59% ) (eo% ) [(e1% ] ((62% ) (3% ) [e4% ) (5% ) (e6% ] [(e7% ) (62 ) [(eaw
Axial bearing defect %6 ) (38% ) (40w ) (429 ) (44m ) (Cas% ) (479 ) (29w ) [(50% ) ((s2% ) [(53% ] (5% ) (5% ) [(s8% ] (so% ) (60w ] [(619% ) [62 ) [ 63%

23 w | [ 28% 343 | [ 34% ][ 35% ][ 36% ][ 373 ][ 38% ][ 39%

EE
119 ) [ 119 [ 11% [ 11 ) [ 1o ) [ 110 [ 11w [ 11
11% | [ 119 | [ 11 | [ 1rse | [ 1ose | [ s [ 11w ][ 11
206 [ 2% J[ 2% J[ 2% [ 2% |[ 2% J[ 2% ][ 2%

Shatt crack w ) (0% ) (10 ) [10% ) (1% ) (113 ) (11m ) (113 ) (113 ) (1% ) (1%

]
Coupling pin crack ) (10w ) (10m ) (Com ) (s ) (s ) (1se ) (o1 ) (s ) (s ) (1% ]
Pole coil fixationdefect % ) (1% J [ 1% J[ 1% ) (1% ) [am J (2% ) [2% (2% J[2% ][ 2% ]
windings insulation defect % | (2% (2% J[(2% ][ 2% ) (2% [ 2% J (2% J (2 J[2% ) (2% ) (2% J (2w (2w J[ 2% (2w J[(2% J[ 2% [ 2%
|

Chart cireoie e 1 e 10 noe 10 noe 10 ane 10 aoe 10 noe 10 ooe 1 nae 10 nme 1 nae e 1 nee 10 noe 10 nee 10 nee 10 nee 10 nee 10 o
4 [

[
[
Radial bearing defect 1 21% 225 23% 25% 265 27" 28 29% 31% 32% [ 33% ] [ 34%
[
[
[
[
[

]
]
]
)
]
]
]
]
E

Confidential
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Lumada APM Prognostics — Operation Simulation and its Failure HITACHI
Time Window Inspire the Next

Simulations

S16/2020 2412024

Power (MW): 4 - 6 MW Condition 0.211 £6.932

142742022 by 05037 1c5-2eef44... C T 1 i Axial bearing defect 0172 66.932

Caleul ation

Radial besring defect 0.507 44311

Power (MW): 4 -7 MW Shaft crack oan 11.355

Coupling pin crack 0.EN 11.355

Faole coil fixstion defect 0.066 2.4m

Power {MW): 4 - 6 MW | 5 Coaoling defect 0.0 1.507

‘Windings insulation d... 0.0 0013

11/11/2022 by 0915b819-e753-4...

Shert circuit a0 0.002

Pole coil insulation de... 0.0 Q.0

Single wire insulation ... 0.0 0.0

Paollution/contaminati... 0.0 0.0

! i &
w ! | 2 Select all
=

1/1/2012 1/1/2016 1/1/2020 1/1/2024

4 -9 MW [operating) = = = 4.7 MW (simulation)

+ Mew Simulatiol
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Lumada Asset Performance Management HITACHI
Prognosticating malfunctions from fleet to component Inspire the Next

Monitoring asset health from fleet to component

A A A
AEEANES
-

;

031 1 10a1s ¥
MAR-201 28-MAR-2016 - 2-APR-2016 - ad @
o oay Wiosk  Month Yoar MAINTENANGE NO

o 0 0 0 0o o 0 o 3

Fleet
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Lumada APM Use Cases HITACHI

Inspire the Next

Use Case

1. Having ageing critical asset

2. Need to improve workforce productivity

3. Need decision support for Asset maintenance
prioritization

4. Need decision support for Asset replacement
planning |

5. Having limited asset expert to analyze critical asset °=
condition

6. Having limited planned maintenance window time

7. Plan to utilize asset data from multiple systems to
analyze asset condition

8. Dx in the maintenance activities

27
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Key Benefits of Lumada Asset Performance Management

HITACHI

Inspire the Next

Transform real-time and historical asset data into strategic insights on the health of your mission critical assets

28

Top Benefits

Lumada APM can help..

Asset Health
Monitoring

Consolidate data on assets and their condition and make available to key stakeholders in
timely manner

Decision Support
on Maintenance

Deployment of advanced decision support tools

Avoid Catastrophic

Provide visibility and increased awareness of potential failures to support operational
decision making

Improve Budget
Utilization

Information availability enables maintenance to be delayed on healthy assets

Maintenance
Strategy

Provide a path and strategy to applying condition-based maintenance strategy to asset
portfolio

Deferr CAPEX &
Reduce OPEX

Confidential

© 2024 Hitachi Energy. All rights reserved.

Optimizes the overall CAPEX and OPEX spending using maintenance priority and
replacement score

®Hitachi Energy



HITACHI

Benefit Realization while maintaining High Reliability Inspire the Next

Leading Factor for Cost Saving and Cost Avoidance Potential Cost

* Prevent Catastrophic Failure Avoidance _
*Deferred Capital
* Avoid unplanned breakdown expenditure
) *Avoid unplanned
+ Extend asset life Capex for

replacement

*Avoid Loss of
Revenue

* Understand asset health and risk for each individual asset
« Better understanding on the required Maintenance

* Visibility on the overall asset risk
* Visibility in the Maintenance priority ///
* Information for the replacement priority Potential Cost

* Etc. Saving

*Better Maintenance
Budget Allocation &
potential reduction

*Downtime
Reduction

*Maintenance Cost
Reduction

Benefit Realization

Confidential = .
29 © 2024 Hitachi Energy. All rights reserved. @ HltaChl Energy



‘ enabling our customers to

Our Enterprise Software Solutions portfolio helps companies in many industries —
Including power generation, utilities, mining, and transportation — embrace disruption
and thrive in the digital industrial era. Our solutions turn real-time data into insight,

throughout the lifecycle of mission critical assets.
™ b AN [ ——



Hitachi Energy provides a bridge between operational future and its

digital aspirations

31

Fully Digital Portfolio

Software & Digital Services

End to End visibility and Control
\ / ,/'

\

o B/ sy ¥
Al W o

Connected products Software-enabled solutions

Visibility & control across systems
Reduced Data silos and easy
integration of legacy systems
Scalable, flexible control systems
from Edge to Core

System risk management

Simple to understand visualization
& guided maintenance

* Smart products share

information on performance,
state and condition

Secure, scalable
communications

Open architectures allow easy
of multivendor integration
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HITACHI

Inspire the Next

Customer Value

Safety & Flexibility
security

Improved control over the
entire business

Business process automation
Reduced O&M costs

System reliability & Efficiency
Optimized maintenance
activities

Extended life of systems and
assets

®Hitachi Energy
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