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Hitachi Business
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« Wencomine — FMS

* Ready Line — Asset health

 Excavator and trucks « V2X — Collision avoidance

* Autonomous Haulage .
System

Realtime Fatigue Alert
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« Ellipse EAM
* Lumana FSM
e Lumada EAM

e Substation automation,
protection and control.

« Communication networks
 Transformers

oT X T
h Cyber Space ﬁ

Data

HITACHI

Inspire the Next

Cyber Physical Systems

Products

'LO LUMADA OT for Real

L Real Space q

HITACHI

Inspire the Next

Hitachi Vantara

loT Software and solution

Storage and infrastructure

Lumada Video Insights

Infractrusture solution

Lumada Video Analytics

Drone
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Enterprise Software Solutions HITACHI

Inspire the Next

Hitachi Energy

Grid Integration High Voltage products Transformers
Segment
Enterprise Asset & Work Management Mining
0&G
Asset Performance Management
Industry
Energy Portfolio Management Renewables
Utilities
Network Control
Automation & Grid Edge Enterprise
Communication Solutions .
Software Solutions
© 2021 Hitachi Energy. All rights reserved. @Hitachi Energ
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Commercial Relationship

8

Customer Since 1991
Hitachi Solutions:
Ellipse
Linkone
AXIs

\_

CONTRACT

Signed a ~$1.2Musd
maintenance agreement
that covers 2020-2021,

2021-2022 and 2022-

2023 period.

Next renewal date: Sep
2023.

Strong Relationship

© 2021 Hitachi Energy. All rights reserved.

AN AN

Building Future
Workshop Series:
IT Team
Supply & Material
Finance

HITACHI

Inspire the Next
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Cerrejon 2022 — Outcome Workshops HITACHI

Inspire the Next
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HITACHI

Inspire the Next

Mining challenges
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Business challenges around asset management HITACHI

Mineral processing is becoming more demanding

- AQIng INTastUCIUTe  weglB o R QE  safety & transitioning workforce
Maintaining and/or replacing existing o-& ( I:I The need to keep all workers safe
infrastructure is a constant battle. < and continually train new workers.
¢
Reliability \ Spending justification
Increasing pressure for continual +—( )}V ... . G A\ & Revenue challenges and
reliability improvement and K' regulatory inspection will
Risk Cost and cost constraints.
«MITIGATE » « MANAGE »
Processing is more .
de?mandin B -eoroeeraen: Enhanced Operational
Processing is morg Efficiency
9 ) Mining companies struggle to
demanding
, collect and aggregate data
To process ore to same value Performance of executives
« OPTIMIZE » report the inability
0 to access data
8 2% 4 5 /O as a key barrier
+ 51% of companies have seen a measurable ‘Cf]:ﬁgl;gsthe'r
failure pg:tz?\,etasngat\r(aed?t?g::gﬂ?:eventive § ROl USing auqmentEd reality foremployee ARl e
maintenance strategies are . traininq and knowledqe transfer. The power of data is stuck in silos.

mostly ineffective in managing equipment
downtime and maximizing lifetime.

11 © 2021 Hitachi Energy. All rights reserve.. cures A e trene @Hitachi Energy



HITACHI

Inspire the Next

Key insights for asset performance in Industry 4.0

How to react autonomously? e

When will it happen?
“Self-optimize”

“Prognosticate”

What will happen? e
“Prepare”

Why is it happening?
“Understand” ‘
What is happening? j
“See”

Physics /
't

Key insights

)

Machine

O

Prognostic

il

Adaptability

v

Condition
Based
Monitoring Visibility Transparency Learning

\ 4

[loT Maturity

12 © 2021 Hitachi Energy. All rights reserved.
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HITACHI

Inspire the Next

Lumada Platform
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Enterprice Software Porfolio: Lumada Ecosystem HITACHI

14

Inspire the Next

Condition- . Reliability-
Reactive Preventive Based Predictive Centered
Maintenance Maintenance Maintenance Maintenance Maintenance _
Strategic
' ® ' ' ' Proactive

‘ ‘ Optimized

Lumada EAM Lumada APM

Initial step. Starting with a clear
strategy, organized, optimized and
aligned with ISO 55000

Moving from reactive maintenance
to predictive & prescriptive
maintenance

Lumada FSM Real-time systems
' 4|

Improve workforce productivity
and reduce inactivity time

DATA
IOT/OT

© 2021 Hitachi Energy. All rights reserved. @Hitachi Energy



Asset Performance Management — Lumada APM HITACHI

|dentify and address potential failure modes driving future condition

Failure mode  gn4 risk on the asset
analysis

_ Improve future operational decision making through analysis of a re-
Retrospective  constructed historical failure event

analysis
Prognostic Optimize maintenance activities with early detection of approaching
condition failures and quantitative risk information
forecast
Extend Remaining Useful Life of critical equipment
Simulation

16 © 2021 Hitachi Energy. All rights reserved. HITACHI ABB PO atggmﬁnergy



Hitachi Energy — Lumada APM HITACHI

Inspire the Next

Mantenimiento Centrado en la Confiabilidad

Activos Criticos Fuentes de datos APM: Analitica Prescriptiva
- - ———————— Wenco Readytine > Analizar / anticipar
= o =
E b “.‘ ‘f'. 7"‘“‘.:: ‘ ——
b Molinos < \_Historiadores, SCADA J N Modelos expertos Modelos estadisticos
é ) é o) ) @ g (ABB, tercero) (aprendizaje automatico)
= X
=~ - = | s alln &
x= o 30 A g
Camiones Datos fuera de linea orrem @ . OPTIMIZACION CONTINUA ) ) 3
> < )) ; j: —> -E Multiples fuentes Y MEJORA Inteligencia o
A9 AN g de datos: operacional e
AN — = \g - © - Bases de datos avanzada de N
. Q — Historiador NEJocCIos
. Transformadores \_ Inspecciones de campo) Qo _ Sensores ste.
e A e A — EAM )
=LA ~ 1 - : .
@]/ - ® ::{E] | Gestion de los activos vy el trabajo de la
empresa
alas Monitoreo de condicion
E / \ / Seguimiento < Actiia ¢ J/

Ofros activos )—

Combinando datos de diferentes fuentes para obtener el maximo valor de sus activos



Lumada APM: Mantenimiento Centrado en la Confiabilidad

Activos Criticos

i . . ™
Activos electricos:

transformadores,
interruptores, lineas
de transmision, etc. y

~

L

( Maquinas rotativos:
motores, fans
bombas, generador
\ y turbinas. y

g ™
Activos de proceso:
maolinos, correas,
camiones, palas, etc
\, S
- ™

Modelos abiertos
para otros activos

Mantenimiento

reactivo

& Hitachi Energy 2021. All rights reserved.

>)

Mantenimiento
basado en el
tiempo o uso

Lumada
APM

Mantenimiento
basado en la
condicion

Mantenimiento
predictivo

OPEX Optimizado

CAPEX Evitado

Confidential and Proprietary. Mot for disclosure without the consent of Hitachi Energy.

HITACHI

Inspire the Next

Condicion y Recomendacion
Prioridad de Mantenimiento
Reduccidon de horas extras
Reduccidén de costos en

materiales

Reduccion de mano de obra

de terceros

Mantenimiento
centrado en la
confiabilidad

Economias

con reemplazos

de activos criticos
Extension de vida util de los

activos

Prioridad de reemplazo de

activos

Predictivo,
Prescriptivo,
Pronostico

@ Hitachi Energy



Lumada APM — Connect and Collect

Asset Sensor

Inspections; MS Event Hub
EAM systems

© 2021 Hitachi Energy. All rights reserved.

=G

__ 61850
Modbus

@_

SCADA
historian

HITACHI

Inspire the Next

l J 61850 I
o O Modbus

&

Edge Gateway Sensor Asset
APM
collector I — I é[
v v Data Lake Sensor Asset

REST WEB SERVICES

LUMADA APM Offline data

Other possibilities:
 LoRaWAN

* Mesh networks

* MS loT hub

@ Hitachi Ener%



Proof Of Concept (Ready Line + APM + Ellipse) HITACHI

Inspire the Next

Work Order
(HLUMADA  Asset Performance Management

e
ga Lumada APM (SaaS) “‘ —~——— EAM

= = ®
Wenco Readyline -
Off-line
data é@ Work Order

f Watch the hesith of your fieet

liIOT Sensor/Computer

i

)

Field
Inspection

Critical Asset

© 2021 Hitachi Energy. All rights reserved. @Hitachi Energy



APM Performance Models

L 5

Expert Models Advanced Physics
based Algorithms

=

Thousands of Expert
Recommendations

HITACHI

Inspire the Next

fx

Advanced Mathematical Remaining Useful
Models

Life curve

888 —
L] LJ L] 4 _—
z w
e
Transformers Circuit Breakers SAG Mill Crusher Cyclone Pump Motors
Steam Turbines Cables CCVT Conveyors, feeders Ball Mill Heat Exchangers
Capacitor Banks Motors Surge Arrestors Cyclone pump Diesel engine Suction rolls
Reactors Pulverizer Proppant mixer Tertiary crusher Sag Mill Com_pressors
Battery Banks Draft fan Variable speed drive motor Ventilator

© 2021 Hitachi Energy. All rights reserved.
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Mining models overview

Crusher

)
Boo [ o,
uﬁﬁﬁu ‘ %ﬂj

Cyclone Pump Set

I8 Bt

g

23 © 2021 Hitachi Energy. All rights reserved.

Measurements

» Temperature

e Lubricant

* Speed

* Pressure

* Flow

* Vibration

» Electrical Data

Measurements

* Temperature
* Lubricant

* Speed

* Vibration

Measurements

* Vibration

* Temperature
e Lubricant

* Flow

¢ Pressure

* Speed

Malfunction Modes

* Coupling defects

+ Dirty ail filter

* Drum lining unbalance
* Gear defect

* Gearbox bearing defect
» Insufficient oil supply

Malfunction Modes

» Lubricant degradation
¢ Crusher shaft defect
¢ Structural looseness

Malfunction Modes

* Motor bearing defect
* Coupling defects

*  Pump bearing fault

* Motor stator problem

Lubricant contamination liquids
Lubricant contamination solids
Lubricant degradation
Mechanical looseness

Motor rotor defect

Motor stator defect

Motor stator problem
Lubricant contamination liquids
Lubricant contamination solids
Crusher bearing fault

Lubricant contamination
Lubricant degradation
Gear defect

Gearbox bearing defect

HITACHI

Inspire the Next

Shaft misalignment
Trunnion bearing defect
Roller bearing defect
Shaft bending

Coupling defects

Motor bearing defect
Motor rotor defect

Motor shaft latent defect

Impeller defect

Pump casing crack
Pump seals defect
Drive shaft defect
Mechanical looseness

HITACHI ABB POWRR.GRIDS



Mining models overview naIACH,

Conveyor Measurements Malfunction Modes
+ Electrical * Motor bearing failure + Gear defect *  Plummer block lack of
» Vibration * Motor rotor/stator defect  « Shaft defect lubrication
* Lubricant * Coupling defects « Structural looseness * Lubricant contamination
* Speed * Gearbox bearing defect *  Plummer block bearing defect solids
* Lubricant contamination
liquids

* Lubricant degradation

Forced draft fan Measurements Malfunction Modes
* Temperature * Motor windings defect » Control damper defect » Coupling defect
* Lubricant * Axial bearing defect * Fan rotor cracks * Fan vane crack
* Speed * Radial bearing defect * Fan unbalance * Oil water contamination
* Vibration * Oil particle contamination
Measurements Malfunction Modes
» Vibration * Main pipe leaking * Noise and/or vibrations + QOil level too low
* Pressure » Air dryer defect * Bushings defective + Oil tank overfilled
* Pressure dew point false ¢ Loss of oil + Ageing

24 © 2021 Hitachi Energy. All rights reserved. HITACHI ABB PO R:t%gmﬁnergy



Lumada APM Prognostics for Haul Trucks — Hydraulic System

HITACHI

Inspire the Next

9 Temperature measurements
1 Lubrication Oil analysis

1 Electrical measurement

14 Pressure measurements

2 Speed Sensors

Malfunction Modes Data Source

Failure to maintain required @ @ @ @ @ @ @@

hydraulic oil flow and
pressure

02222000
00000000
o022 2000
Q0000000
02222000
000 0020

OS2 2O

Lubrication oil degradation
for main hydraulic pump

Failure to travel

Failure to steer

Failure to brake

Inability to operate the
hauler bed (dump box) on
demand

© 2021 Hitachi Energy. All rights reserved.

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

@ 6 malfunction mode templates

ﬁgﬁ 60 Plus Raw and Calculated Parameters

T

Control Cabinet
— T6: Inverter temperature ==-,

Grid box =~ = @ mmmmmmmmmmmm——---—-- o

1
— T7: temperature [
— E1: Resistor load L

------------ Rear brake cooling tank
— Z2: QOil level
— T3: Oil temperature

Hydraulic oil tank

— Z1: Qil tank level

— P1: Oil tank pressure

— T1: Oil temperature

— P6: Return ail filter pressure
— L1: Oil analysis

A

Hoist

— P13: Inline filter pressure
— P14: Hoist pressure

— Z4: Incline sensor

— Z5: Payload

---------------- Wheel motor blower

Suspension cylinder (Front) ~ T temperature

— P10: Pressure

& - Main hydraulic pump 1 & 2

— P3: Main pump 1 suction & discharge pressure
— P4: Main pump 2 suction & discharge pressure
— P5: Suction ail filter pressure

Hydraulic boost pump
— P8: boost pump suction & discharge
pressure

Gear pump (for rear brake cooling oil)

— P12: Gear pump discharge pressure . WSSy e o TTTTT T AC wheel motor

— T2: Motor temperature
— T9: Bearing temperauter

Wheel reduction gear device
— Z3: Qil level
Gear pump — P9: Oil filter pressure

— T5: gear oil discharge temperature
— P7: gear pump discharge pressure

1
Suspension cylinder (Rear) !
— P11: Pressure 1

®Hitachi Energy



Lumada APM Prognostics for Haul Trucks — Electrical System HITACHI

Inspire the Next

8 Temperature measurements Stochastic process model (Markov) @ 3 malfunction mode templates
/A Electrical measurements X Stochastic inference model (Bayes)

1
Speed sensor ﬁgﬁ 10 Plus Raw and Calculated Parameters

AC Control Cabinet

— T2: Rectifier temperature
— E4: DC Voltage

Main alternator field requlator ~ ------

— T3: Temperature
Malfunction Modes Data Source o Lo X
Failure of the main T L MO A - Auxiliary alternator field regulator
alternator system @ @ @ @ @ @ @ @ @ gt e 1 Ty

— T5: Temperature
Main alternator ~ -------
Failure of the auxiliary .
alternator system @ @ @ @ @ @ : 'ﬁ \\//vtzlrﬁ?neg Temperature

Failure of the 24V DC — T8: Bearing temperature
alternator system @ @ @

24V DC alternator e N A - T Auxm‘ary alternator
- g - E2: Voltage
— E3: Voltage

— T4: Temperature
— T6: Temperature P

e Alternator blower
— T7: Temperature

© 2021 Hitachi Energy. All rights reserved. @Hitachi Energy



Lumada APM Prognostics for Haul trucks — Diesel engine HITACHI

/ Temperature measurements
1 Lubrication oil analysis
14 Pressure measurement

Stochastic process model (Markov) @ 6 malfunction mode templates
X  Stochastic inference model (Bayes)

90 Plus Raw and Calculated Parameters

3 Speed Sensors Turbocharger
- P3: Boost pressure .
2 FlOW measurements - R1: turbocharger speed - Exhaust pipe

—  T2: exhaust pipe temp
—  P6: exhaust manifold pressure
—  Gl: exhaust gas composition

1
I
I
Coolant fiter ~  -=--------- X
P rmmmmmmmmmemmemme- Aftercooler
:
I
1
1
1

—  P8: Pressure across filter

1

1

1

Malfunction Modes Data Source . !
Fuelral = ---------- oo

1

1

1

—  T4: Coolant outlet temp
—  T5: Air outlet temp

Failure to provide sufficient @ @ @ @ @ @ @ @ - P10: Fuel rail pressure

volume and quality of intake

Q000000

—  P2:intake manifold pressure
—  T1: intake manifold temp.

1
1
1
L LR Intake manifold
|
1
1

Engine fuelpump ~  ------- A "
Failure to provide required @ @ @ @ @ @ @ @ @ - P9: Suction/Discharge pressure |
- F2: Fuel flow rate 1
power and RPM @ @ @ @ @ @ @ - T6: Fuel temperature 1 ¢ 3
@ @ X ! o

! 3 LA — - -~~~ Exhaust valve

1 5 o

Failure to provide sufficient @ @ @ @ @ e @ ------ i { S : ~ T3 cylinder exhaust temp

exhaust gas capacity Fuel fiter = ====--- [ . i I cvlind
., @ - ylinder

—  P11: Pressure across filter

Failure to provide required @ @ @ @ @ @ @ @ : B - . ~ " P5: cylinder pressure.

cooling water flow, pressure
_ L HAYeY w0 - Engine shaft
and temperature @ @ @ @ Engine (lube) oil sump ~ ----------- g

—  R2: Shaft speed
Failure to provide required @ @ @ @ @ @ @ - Z4:Engine oil level
—  L1: Lube oil analysis

Engine OII ﬁlter —  Z5: Engine torque
fuel oil quality, flow and

1m----- Cylinder valve

! —  V3:cylinder valve vibration

—  P14: Pressure across

5 engine oil filter
ek 0000

Elements considers in the model but not shown in the diagram

Failure to provide required S20000 Engine fuel tank Crankcase
lubricating oil flow, pressure, s Tank level b4 crankcase pressure ?urzgzeczgglnlt(level Fan Accelerator pedal
and quality - D1: Fuel oil analysis _ Wi:Coolant chem. analysis R3: Fan speed —  Z1: Accelerator pedal position
Fuel strainer Engine oil pump Air filter Radiator
- P12: Pressure across fuel - P13:Engine oil pressure - P1:Pressure across air filter ~ —  P7: Coolant pressure External
strainer - T7: Engine oil temp. —  F1:Airflow - T3: Coolant temp. —  X1:ambient temp.

—  Xl:relative humidity

27 © 2021 Hitachi Energy. All rights reserved. @Hitachi Energy



Lumada APM Prognostics for Excavators — Hydraulic System

/ Temperature measurements
1 Lubrication Oil analysis
17 Pressure measurements

1 Speed Sensors

T

Malfunction Modes Data Source

Failure to Maintain Required
Hydraulic Oil Flow, Pressure
and Temperature

POEOEPOIOED
SSP00000

Failure to Maintain Required
Hydraulic Oil Quality

POEOPOEIOED
eSS0

Failure to Travel, Steer or
Brake on Demand

Inability to Operate the
Shovel or Bucket / Backhoe
on Demand

e2O0000

© 2021 Hitachi Energy. All rights reserved.

Main hydraulic pumps (8 of them)
P2 — P9 : Pressure Main Pump 1-8

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

Swing reduction gear
— T6: Reduction gear temp

— Z5: Reduction gear oil level

Swing motors

— T7: Hydraulic motor temp

Pilot pumps (2 of them)

— T4: Temperature

Pump transmission

Z2: Transmission oil level

T2: Transmission oil temperature

P10: Pressure transmission oil
circuilation pump

HITACHI

Inspire the Next

@ 4 malfunction mode templates

ﬁgﬁ 70 Plus Raw and Calculated Parameters

Cabine

Z3: Travel pedal position
Z4: Steering pedal position
Z6: Swing lever position

Shovel arm cylinder
— P15: Cylinder pressure (left &
right)

Boom cylinder
— P16: Cylinder pressure

Shovel dump cylinder
— P17: Cylinder pressure (left &
right)

Hydraulic tank

— Z1: Oil level

— P1: Oil pressure

— T1: Oil temperature

— P12: Suction filter pressure
— P13: Full-flow filter pressure
— L1: Lube oil analysis

Travel reduction gear
— T3: Temperature

Hydraulic travel motor (2 motors left and right)

Pump transmission oil filter T5: Temperature

— P11: Pressure

®Hitachi Energy



HITACHI

Inspire the Next

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

@ / malfunction mode templates

90 Plus Raw and Calculated Parameters

9 Temperature measurements
1 Lubrication oil analysis

Lumada APM Prognostics for Excavators — Diesel engine
14 Pressure measurement
Turbocharger

3 Speed Sensors
—  P3:Boost pressure

2 Flow measurements —  R1: turbocharger speed

Malfunction Modes Data Source )
Fuel rail

Failure to provide sufficient @ @ @ @ @ @ @ @ - P10: Fuel rail pressure

volume and quality of intake

air @ @ @ @ @ @ @ Engine fuel pump

—  P9: Suction/Discharge pressure
—  F2: Fuel flow rate

1

1

1

T6: Fuel temperature 1

1

1

PPR00060e |

PO P0000
@ @ @ @ Engine (lube) oil sump

002200 - sl

- Exhaust pipe
—  T2: exhaust pipe temp
—  P6: exhaust manifold pressure
—  Gl: exhaust gas composition

Coolant filter

—  P8: Pressure across filter

Aftercooler

—  T4: Coolant outlet temp
—  T5: Air outlet temp
Intake manifold

—  P2:intake manifold pressure
—  T1: intake manifold temp.

1m----- Cylinder valve

! —  V3:cylinder valve vibration

Failure to provide required
power and RPM

Exhaust valve

T3: cylinder exhaust temp

Failure to provide sufficient
exhaust gas capacity

Fuel filter

—  P11: Pressure across filter

Cylinder

P5: cylinder pressure.

Failure to provide required
cooling water flow, pressure
and temperature

Engine shaft

—  R2: Shaft speed
—  Z5: Engine torque

Engine oil filter

—  P14: Pressure across
engine oil filter

Failure to provide required

. . L1: Lube oil analysi
fuel oil quality, flow and ube oil analysis

pressure

Failure to provide required
lubricating oil flow, pressure,
and quality

Failure to provide electrical
power to support asset
functions

29 © 2021 Hitachi Energy. All rights reserved.

Engine fuel tank Crankcase

- Z3: Tank level —  P4:crankcase pressure
—  D1: Fuel oil analysis

Engine oil pump
—  P13: Engine oil pressure
—  T7: Engine oil temp.

Fuel strainer

—  P12: Pressure across fuel
strainer

Fan

R3: Fan speed

Air filter

P1: Pressure across air filter -

F1: Air flow

Elements considers in the model but not shown in the diagram

Surge tank

—  Z2:Coolant level
—  W1:Coolant chem. analysis

Radiator

P7: Coolant pressure
—  T3: Coolant temp.

Rectifier

Accelerator pedal

E2: Recifier Voltage —  Z1: Accelerator pedal position

Alternator

External

X1: ambient temp.
X1: relative humidity

T8: Winding temp
T9: Bearing temp -
E1: Alternator voltage -

®Hitachi Energy



Benefits of Lumada APM for Mining el ve

One source of IT/OT truth means better decision-making and improved execution

Business is driving the push towards digitalization with the reward of improved operations, lower costs and increased
agility. Digitalization will help:

© @ @® vV & X

Balance high Upgrade from Optimize O&M Adjust asset Quickly establish Prioritize mission

asset utilization time-based to costs management an asset critical assets

and load with forecast-based efforts to align performance according to

sufficient uptime maintenance with commercial management future risk profile
opportunities solution that

grows with you

30 © 2021 Hitachi Energy. All rights reserved. @Hitachi Energy



Customer Experiences — Hitachi Energy + Vantara HITACHI

Bengalla Mining Company
finds Big Productivity Gains
in Incremental
Improvements with Lumada

Learn how Bengalla Mines deliver real-time insights to
mine technicians to gain control, reduce variance and
optimize productivity.

®Hitachi Energy
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HITACHI

Inspire the Next

Demonstration
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Support for a wide variety of mining assets

33 © 2021 Hitachi Energy. All rights reserved.
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HITACHI

Inspire the Next

Right information, right now

Fleet analysis

Dashboard o $i
Spatial view
N} st Milwaukee
dgeville K
R
s Bl o
Janesville, w -
4 ‘Ker‘os’u c_, E
Assets Summary / 139 items Freapor ey
S ary 5 reeport .Rocx‘c'c .\‘Iaukecar Kalamazod
1 7 ? 5 P Q. o Portage
finton Dixon ( ) .
_ — Lo ) | @ o
Ottawa. 27 ~
arzaw e
High Madium Low Unknown =5
w v
Assets by Age f, Peora @ 6 Loganspert | ¢ Ju
010 yeors GENE I : : hd R
o loomington Kokomo
11- 20 years (NN = | 3 o \fayette o o
21- 30 yeers R Muncie i
31 - 40 years (N Station -~ T Anderson |- *
2 ld J
=41 years (RN L A ; ; \ A
Chicago, lllinois, United States ] 0 {"Tdianapolis Richmond 03y

Assets by Organization

Asset Summary & Weighted Scores

|

Hamilton

winis (T
indizne (EEN
own (N
wisconsin (ECEEN I

WISCONSIN

Assets by Type wa
Transtormer (N i M
Gircuit Breaker ILLINGIS | INDIAMA ol
Indlaracchs
Hattery
nassaUR| (RS e
Mamtenance Spend Last Year by Assetld Health Score Trend by Year Asset Type Count

The most important issues

are front and center.
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Right information, right now el ve

Asset analysis

Ellipse APM

= XFM.GLD1629558 - GLD1625568 Risk Parameters Messages Replacement Score

< os @ 32 48 a 29.5

Risk Matrix € Action Plan
Fleet Location o

Active History

Importance

A NEW ~ 8/27/2004

Conditien 5 Unit status update available

ma i

Importance 4.

This transformer has changed from. ..
Last update

Condition

A NEW ~ 8/23/1992

Risk Trend DGA miscellaneous issue(s)

Hot metal gases indicate an estima. ..

A MNEW v 8/27/2004
3
B Bushing issue detected
. I A There is no power factor / capacita. ..
5 short Gircuit Q.3
4 Dielectric
3 -
. High Temperature L
2 A NEW v Y42016
Analyze details, check before 1
yo u I'O| I ? Miscellansous a.0 Oil quality issue detected
10/15/1982 11/6/1938 11/27/1994 12/18/2000 1/9/2007 1/30/2013 2/22/2019 il ElCidit‘;" is above acceptable level..
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Right information, right now et

Maintain and replace analysis

Asset Conditi Risk Issue Maintenance Status Actions
5 - 5 on Priority
P r I O r I tl Ze m al n te n an C e CBK.880 - BE2790 47.6 Y The Breaker failure during a Close-Open operation 11.9 Monitor o
valparaiso, Indiana s Circuit Breaker
and replacement 5 | |
CBK.880 - BE8790 47.6 ® Make sure that the joints tested are supposed to be included 11.8 Monitor o

valparaiso, Indiana /s Circuit Breaker

P rl 0 ritl Ze an d traC k XKFM.23444 - GDT78599 6.0 ® DGA miscellanecus issue(s) a6 In Prograss 0

Fontiac, lllincis # Transformer

maintenance |SSU€S CBK.GLD142825 - GLD142825 496

Chicage, lllinois 7 Circuit Breaker

Assets are 'ﬂ ag g ed CBK.GLD142825 - GLD142825 49.6 ® Improger close operation 18.8 MNew o

Chicage, lllinois /7 Circuit Breaker

for replacement CEK.GLD142825 - GLD142825 496 Y Inwalid trip operation 198 Mew o

Chicage, lllincis 7 Circuit Breaker
Choose existing o |
icage, lllincis / Cincuit Breaker
replacement CBK.GLD142825 - GLD142825 49.6 ®
rhirzaa llinAie F Sircais Draslbar
algorithm or create
yo u r Own ::-::::zk:;tci:::xmpn 5 [ — 1 543 CoIE asa .

Corvuit Beraker Capessopes 5

Y The breaker failure during a Close-Open operation 189 MNew o

Selectad Projects

Maject. Oplion wility Lol s Uity f Cost Ratio Cusl Tolal §

Amaiysis of Soptions

ity Cost Crew
5 Safety AN Capits Imeastmant O N Crens vms ansigred to this
. Prizject.
o gy U WEivEratce et

51 mack Hepair Cost

20 5 mede Reosir Cost

Plan for today and the
future T m

Humber of raws: 1
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Proven solution, proven returns

Actual customer savings and operational improvements

Iz,
$14.8M reduction in

catastrophic events
(avoided asset failure)?®

.l
Recuperated costs

equaling almost 2x
initial investment!?
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€

$1.2M reduction in
unplanned outages?

15% improvementin
asset availability?

$2.0M reduction in
planned outage costs?

i@

20% improvement in
labor productivity?

HITACHI

Inspire the Next

=
>

Capex & working capital
optimization — $1.6M

10% reduction in asset
running costs?

®Hitachi Energy



Lumada Field Service Management (FSM) HITACHI

Enterprise-wide mobile workforce management
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Enabling digital transformation HITACHI

Inspire the Next

Productivity and efficiency gains across the entire organization — field to boardroom

o L v} (=] O O a @) @)
AN [ THT @ Q @ & =5
Field Crew Malnt.enance & Operations Compliance I Procurement Finance & C-Suite
Repair Technology Accounting

— Real time — Better outage — Live visibility — Accurate — Reduced IT — Live visibility — Accurate — Single source
updates & planning of M&R work records for footprint of inventory records for of truth
Ln};aractllc_)ln — Faster — Faster audits — Lower — More accurate e i — Better
QU response time trouble- — Avoid maintenance inventory accounting business intel

— Lesstime . EiriiEE shooting and r_egulatory overhead with forecastmg — Financial . SereEeled
spent on the workforce fines cloud-based and planning models for -

4 with paper-based dispatch \uti budaeti q business and
foa W'ﬁ. ent reports ISpatc solution — More efficient fu 9¢€ 'tr_'g an operating
more eflicien — Better vendor orecasting processes
Tolkitng — Increased operational management

worker safety dp . 9 — Greater ROI
ecision on assets
making
— Preserve
organizational
knowledge
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What is Lumada ESM ? HITACHI

SaaS/cloud-based mobile extension to enterprise host systems

— Key component of the Lumada ecosystem
— Strategic part of Hitachi Energy digitalization initiatives
— Cloud-based mobile field service management solution
& =
* Fully integrated into Microsoft Azure cloud ~

« Today: Solution designed to solve key operational challenges with
assigning/dispatching and executing work

» Future: Enterprise-wide workforce management. Addition of key
modules/applications to support:

— All work types
— All technician groups

— All host systems

41 © 2021 Hitachi Energy. All rights reserved. @Hitachi Energy



Lumada ESM functional overview HITACHI

SaaS/cloud-based mobile extension to enterprise host systems

Back office systems

CIS (customer billing)

EAM (asset mgmt)

OMS (outage mgmt)

GIS (asset mapping)

CRM/ERP (timesheets)

42 © 2021 Hitachi Energy. All rights reserved.

Work types Lumada FSM components

[ 4
.ﬁ:ﬁ. Dispatch/supervise Field mobility

)

Inspections

lll

Maintenance %

Meter/service

O
Trouble A @
Outages C [

am Microsoft Azure

®Hitachi Energy



Benefits of Lumada FSM HITACHI

43

Optimize asset @‘/ ........................................ Gﬁ Improve field efficiency,
maintenance N e o’ QZ, safety and communication
Extreme events & [ N\ ... y S m Better performance
emergency response management
Improve asset ;7% ............... { | S E5| Improve regulatory
reliability -O—0 £ compliance
Minimize ‘ 3 \ o @ Standardize best
operating costs |<— practices
@ @
Eliminate paper-based |=% ... s e J1,  Increase customer
workflows | (= satisfaction
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Adding value from the field to the back office

HITACHI

Inspire the Next

Maintenance and inspection in asset-intensive industries

Field/mobile
users

Managers/
office users

Bar code
scanning

o
|
IE

Supervisor
application
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Ay

Geotagging/
GPS capture

)
i

Dispatch
application

Turn-by-turn
directions

"

Partial work/
status updates

|
OE{
—

Signature
capture

Configurable
workflows

N

Wearable
technology

©9

Integrated
UX scripting

O

2%

Pictures &
attachments

K

N

Administrative
tools

®Hitachi Energy



Available on all major mobile platforms HITACHI

Inspire the Next

Simple: Common UX, easy to use Productive: Work anywhere, on- or offline Flexible: Laptops, phones or tablets

am Windows 10

#£ Download on the GETITON
S App Store F‘ Google Play

45 © 2021 Hitachi Energy. All rights reserved. @Hitachi Energy

Get it on

ol \Windows 10




Wearable device integration: Lumada FSM Hands-Free Inspector

HITACHI

Inspire the Next

Keep your hands free even in dangerous situations, using only voice navigation and head gestures.

Paired with the field tech’s mobile device and Lumada FSM application as a “companion”

by

realwear

Improved worker safety

— Keep safety gloves and hardhat on,
reducing risk of injury

— Remain fully aware of environment
vS. solutions that impair vision
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Better productivity

— All required information accessible
on headset

— Eliminate time lost referring to paper
documents

Easy to use

— Easily pairs with Lumada FSM for

inspections and work order
information

®Hitachi Energy



Wearable use cases HITACHI

Inspire the Next

Remote mentoring/collaboration Form completion View schematics

Chatbot order
View order details creation

ol
o]
- o vt el ! t=al~
B eeocc el LTE 0P v o =
== dnniw i3 s} LCNNEN m < Hancock a
L “
S Hee, Future Relea®
Saedsme0 Jorece AHCTrXInG - AHC TranctormerOMlncinzpection
Lasest Goeke 2017 0302 5270 PN &, how can | help you?
OomLe “nury J-hgh
Sim Al 2017-06-07 5.0 PN
HIOPRS 1000 ¥4 20170508 What is this about?
il O &7
e Al 2017-08-07 953 PN
o "’:L’f"‘* 2176300 SIAFN e Mkre  ABB Richmend 10861 Shollbvidps Way, Richmond, BC
24 % VBX 2W2 describe
LA m Anibens CTRS ) N e e Ay m? the
“gdicn Ll
Lee 48157408
500011000 ¥4 0176507
Humlcn Lo
ilab 123108092 el
Location: 15t and main
Croate action request?
200 Vt"‘
) °
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Assignment, dispatch and monitoring

Dispatch

Map View

List View

A1)

Coquitlam

v" Web based : v"“: uv‘er‘\—* 'E . Coquitlan
v' Map and List views Gz ()] 13 |
v' Mapl/asset layers S ‘ gg' 2 S B
v’ Real-time traffic 2k [ 4 |1 vl (-)
v High performance Ei/ o~
v" Modern UX A_
Ruchmond | aas ,——‘
! 4,  FastEl I Siow Closed ('17
e evest — |\E /’ -
Tasks (293 of 400)
Order Number Same Si... Curren... Work ... Is Work Queue ... P... Earliest On S... LatestOnS... Rema... l.. Is Undate... User D
5] X sTus_TAsk_ X /21/2018 2/7/2018 X X
-Vﬁ_, B_TA Stub_T X 2 2/7/2 X X
= £ T AS BT X X X
] v /. X - X v
»
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Techs (58 of 60)

Stub_Tech_0O
Available
AT_AREA

Stub_Tech_1

Enroute

§ STUB_TASK_
¥ B_TASK_74
AT_BU AT_AREA

Stub_Tech_10
Available

JB_TASK_17 -

¥ STUB_TASK_88 -

Task STUB_TASK_11

s Emergency

v

Status
Onsite

Assigned To

Stub_Tech_8
Earliest On
1/30/2018, 11:37:27 PM

Site At

HITACHI

Inspire the Next

il
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HITACHI

Inspire the Next

Value across your operations

N

X=
v=
X=

Standardize
workflows

A

Improve field ops
management

Improve HSE &

Productivity and
efficiency

Digitalize all
field work

safety goals Cost savings

Real-time integrated
communications

Emergency
notifications

Work “hands free”

Back office visibility
of field techs/staff

Audit trail of all field
transactions

Data for analysis
and process
improvements

— From simple work

orders to both
routine or complex
inspections and
maintenance

— Manage dynamic

workflows digitally

— Eliminates manual

work and paper
processes

© 2021 Hitachi Energy. All rights reserved.

— Ensure compliance

with inspection
procedures

— Validation rules to
improve data

capture consistency

and accuracy /
quality

— Avg. productivity

increase: 10%-30%

— Complete

inspections faster

— Collaborate easier
— Minimize rework

— Improve data

capture/accuracy

— See where field

technicians are and
what they are
working on using
map based
assignment and
dispatch with GPS
tracking

Lightweight; no
costly upgrades —
features delivered
via cloud

Apps simplify
provisioning costs

Std. integrations
reduce risk

Cloud shortens time
from purchase to
implementation

®Hitachi Energy



HITACHI

Inspire the Next

Customer outcomes
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HITACHI

Inspire the Next

APM deployments and projects
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Asset Performance Management —
Business Outcomes & ROI

Quantified business outcomes

52

At least 5 Outotec SAG mill and Ball mill failures were prevented
resulting in savings of over USD100K each with at least 70%
likelihood of failure

Reduction of annual costs of USD1M per asset at a mining facility

With accurate forecast of several days, downtime costs for each
motor or gear box failure event is reduced

© 2021 Hitachi Energy. All rights reserved.

HITACHI

Inspire the Next

ROI Calculation

« $1.2M reduction in unplanned outages?

« $2.0M reduction in planned outage costs?

« 20% improvement in labor productivity?

« 15% improvement in asset availability?

« 10% reduction in asset running costs?

« $14.8M reduction in catastrophic events (avoided asset failure)3
« Recuperated costs equaling almost 2x initial investment?

« Capex & working capital optimization — $1.6M

®Hitachi Energy



Customer example: condition-based malfunction forecasts HITACHI

Inspire the Next

for mining ogerations

Asset scope Business drivers Why APM?

« Phase I: main crusher, two cyclone pumps » Facing increased cost pressure » Forecast equipment condition, malfunction
and semi-autogenous grinding (SAG) mill » Minimize maintenance costs and effort risks and maintenance needs

« Phase 2: ball mill, pebble crushers, feeders | * Ensure equipment reliability and availability * Prognostic dashboard provides visual
and conveyors - Need actionable insights for operational summary for quick decision making

decision making « Easily integrate prognostics reports with
EAM or FSM solutions

Value realized

» Successfully avoided a critical equipment malfunction with an estimated cost of US$220,000 and 12 hours of downtime
 Significantly reduced downtime costs by avoiding lost production from unscheduled delays

« Significantly reduced maintenance costs by better preparing for maintenance and replacement tasks

» Established a more robust and transparent decision process by effectively leveraging asset data collected
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HITACHI

Inspire the Next



