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Harapaki Wind Farm, Hawke’s Bay
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GENERATION ASSETS

@ HYDRO STATION B Ruakaka
©® WIND FARM

Aotearoa/New Zealand's largest energy generator with ? SOLAR GENERATION
over 2800 MW of installed capacity equating to approx. WAITAKI HYDRO Te Uku—@)

Who are we?

SCHEME
30% of the country’s electricity
© —  Harapaki
100% renewable generation — Wind, Water and Sun © T Apiti
* 7 hydro stations West Wind 00—— Mill Creek
e 5 wind farms with 2 new underway e
e Grid-scale Battery Energy Storage Systems Ohau A

(BESS) and solar array underway gr Ohau B
r Ohau C

We retail electricity to more than 363,000 customers g . O— & Benmore
(or about 15% of household and business) across anapouri £ S  Aviemore

Aotearoa through our Meridian and Powershop brands. ¢ White Hill © - Waitaki
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Who are we?

Our purpose — Clean energy for a fairer and healthier
world

More than just power — doing our bit to help drive
sustainability for ourselves and our customers

* Fleet electrification

* Community Decarbonisation
e KidsCan

* Kakapo Recovery

//////

Forever Forests
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Who are we?

The power to make a difference through data

Improve processes from a routine-based maintenance approach
to a data informed condition-based maintenance approach

Why?
Make life easier for our on-site teams to do their jobs
effectively

Improve asset health

Do our bit to keep the lights on in Kiwi homes and
Aotearoa/New Zealand powered through the cold winter e
months -

Iey River Delta, Lake Tekapo
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Our Business Challenge

Problem
e Lack of visibility into our generating assets

* Requiring plant outages and routine maintenance to
investigate the degradation of our generating assets

e Qutage flexibility becoming less frequent due to constraints
from market demand

Goal

* Meridian Energy would like to optimise resource usage
through condition-based maintenance

The AVEVA PI System ecosystem was crucial for this
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Our Data Pipeline

AVEVA Pl System AVEVA Pl Asset AVEVA PI Vision and
collects data points Framework builds Dimension Software’s
from our assets and analytical models Asset Intellect

stores them within to format and constructs platform to
our Pl Data Archive contextualise data collate and present

relevant information
from various data
sources

White Hill Wind Farm, Southland
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Q \WPIARVKKS - PI System Explorer

File Search VMiew Go Tools Help

@ Database [ Query Date - (© @ Q Back H, CheckIn ) v [#] Refresh

MKAT70 - RUNNING RANGE MONITORING

General Child Elements Attributes Ports Notification Rules Version

Group by: [~] Category [ | Template

Elements

Fiter

R

r‘E; Elements

= () Meridian Energy

- [} Asset Health and Condition

- (J! Business Information and Reporting

- [} Dashboards

- () Generation Overview

- (] Hydro

[ ) AVI

- ) BEN

0 Gates

MAN

) MANOL - MANAPOURT UNIT 1

&) BAA - GENERATOR QUTPUT

BAC - CB 42 UNIT 1

BAT - MANO1 T1 UNIT TRANSFORMER-135MVA
BFA - 400V DISTRIBUTION BOARD
BUB - 110V DC DISTRIBUTION BOARDS
LFB - INTAKE GATE SYSTEM

LFC - OFERATING WATER CONDUIT
L5L - DRAINAGE SYSTEMS

MEA - CASING SHAFT RUNNER ETC
MED - BEARINGS

MEG - STABILISING AIR

MEK - GENERATOR COUPLING

MEL - TAIL WATER DEPRESSION
MEX - GOVERNOR HYDRAULICS
MKA - CASING INCLUDING STATOR, ROTOR AND COOLERS
MKC - EXCITATION

MKD - BEARINGS

MKF - COOLING WATER SYSTEM
MYA - CONTROL AND PROTECTION EQUIPMENT
FI Vision Picture - Bearings

FI Vision Picture - Cooling

FIVision Picture - Excitation
PIVision Picture - Governor

PI Vision Picture - Headgate

FI Vision Picture - Stator

PI Vision Picture - Transformer

FI Vision Picture - TWD

PI Vision Picture - Vibration

SGM - INERGEM SYSTEM
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Meridian.

£ 4| @ & £ Name

|Value

Description

Settings...

@ |~

B ] Category: <None>

= .= StartTime

11;’01,"2000 12:00:00 am

B | Category: Configuration
= Configurable Values
=. Descriptor
= Element Code
=\ MAN Custom Range 1 Threshold High
MAN Custom Range 1 Threshold Low
Overload Threshold
Rough Running Threshold High
Rough Running Threshold Low
=. Tag Name
= Transition Threshold High
= Transition Threshold Low

= Unit Name

0
MANAPQURI POWER STATION
MAN_01

80 MW

65 MW

125 MW

70 MW

5 MW

MAN_01 - MANAPOURI UNIT 1
0 MW

0 MW

MAN

Site Description - Site_Unit#

High threshold for running range between 65-80 MW
Low threshold for running range between 65-80 MW

"%..\..\..\ElementDescription%";
"%%..\..\..\Element%"; _;RTrim(Mid("%..\..\Element%", 4, 3));

A\ Unit Overload Threshold;
A\ |Unit Rough Running Threshold High;

LA\ Unit Rough Runining Threshold Lowr;
"O%..\..\..\Element%"_;Mid("%..\..\Element%%", 4);

"06..\.\.\Element2a";

B | Category: Flags
€ |« CBCosed Flag
«™ CB Open Flag
¥ Custom Range 1 Flag
«™ short Started Time Flag
¥ short Stopped Time Flag

¥ Tr3 R4

OR TRIPPED

Unit stops within 10 minutes of a start flag
Unit starts within 10 minutes of a stop flag

e o gng;

& Gen Set Point MW
¥ Start Status

¥ Stop Status

«* TWD Status

«* Unit CB Status

«™ Unit Circuit Breaker
< Unit Speed

« Unit Status

¥ Unit Symbol Status

0

0

0

Open

1

0%
Unavai

Tripped

\\PISERVER\AF:MAN_01.Unit_CB_ClosedFlag
\\PISERVER\AF:MAN_01.Unit_CB_OpenFlag
\\PISERVER\AF:MAN_01.CustomRangeFlage5_80
\\PISERVER\AF:MAN_01.MKA_SHORT_START_FLAG
\\PISERVER\AF:MAN_01.MKA_SHORT_STOP_FLAG

\BISERVERVENAL QLT alonRancerlg

Gen SP MW

Start PB

Stop PB

TWD

Unit CB

Unit CB

Machine Speed %
Unit State (ST)
UnLt Symbol (SY)

\\PISERVER\ANALOG:MAN_O1.RT_SPUNIT_MW
\\PISERVER\STATUS:MAN_01.C_START
\\PISERVER\STATUS:MAN_01.C_STOP
\\PISERVER\STATUS:MAN_01.TWD_MODE_EN
\\PISERVER\STATUS:MAN_01.UNIT_CB
\\PISERVER\STATUS:MAN_01.UNIT_CB
\\PISERVER\ANALOG:MAN_01.SPEED
\\PISERVER\STATUS:MAN_01.STATE

\\PISERVER}STATUS: MAN_01.5YMBOL
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Use Cases

Hydro Unit Stopping Sequence Analysis

Hydro Unit Fatigue Monitoring
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Hydro Unit Stopping Sequence Analysis

Problem

* Hydro generation units not stopping as expected
leading to forced outages

* Loss of potential generation during outage period

* Uncertainty of root cause

*  Wicket gate failure
 Degrading brake pads

~‘;,\ Meridian. -AY=VA
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Manapaouri Hydro Station, Southland
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Hydro Unit Stopping Sequence Analysis

Approach

* Use time-series data collected via AVEVA’s Pl system with Pl
Asset Framework and PI Vision

* Create event frames for each unit’s stopping sequence

* Perform analytics on raw data to generate contextualised
information

~
- —
——
—
S e——
—
—

Present information using Pl Vision

) ®
e
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Manapaouri Hydro Station, Southland
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MAN_MKA_STOP

General Attribute Templates Ports  Analysis Templates Notification Rule Templates

Group by: [~] Category [_] Template

|Em9r

R

‘w i 4 £ Name | Description Default Value

Settings...

@]

B | Category: Configuration
& g Unit Ramp Down Start Sp... | Threshold where ramp down se...
B L) Category: Input

W\eoServerso\STATUS: %@Element Code%o.MKASOGO3 100N I

I% Braking Status
<4 Headwater Level
7 Rotate Status

Stopped Status

\\PISERVER\ANALOG:MAN_SS.STN_HWL
V\2oServerdo\STATUS: %o @Element Code.ROTATE
WeoServer2o\STATUS: %@Element Code%o.STOPPED

<7 Stopping Status

WeoServerdo\STATUS: %@Element Codeo. STOPPING I

Taitwater Level

% Tripped Status (SY) Tripped

Y\26Serverda\ANALOG:MAN_S52.L QB10L1100GE
WPISERVER\STATUS: %@Element Code%. TRIPPED

WPISERVER\STATUS: %@Element Code%.UNIT_CB

< Unit Circuit Breaker
<7 Unit Speed

WeoServerdo\ANALOG: 30@Element Code.SPEED I

B . Category: Output

7 Brake Status Flag

<7 Braking Duration

7 Net Head

<7 Ramp Down Duration

7 Stop Initiate Duration

<7 Total Stop Duration
J Wicket Gate Position

W\oServero\AF: % @Element Code%.MKA_BRAKE_FLAG
W\2oServerdo\AF: % @Element Code%.MKA_BRAKE_DUR
WWeoServerdo\AF: %@ Element Code®. MKA_NET_HWL
V\2oServerdo\AF: % @Element Codeo. MKA_RAMP_DWN_DUR
W\oServerda\AF: % @Element Code%.MKA_STOP_INITIATE_DUR
W\2eServerda\AF: % @Element Code%.MKA_TOT_STOP_DUR
WPISERVER\ANALOG: %@Element Code% WICKET_GT_GP

B . Category: Statistics
¢ | ¢& AvgBraking3mo
& AvgRampDown3mo
& AvgStoplInitate3mo
7 Braking50Percentie3mo
7 RampDownS50Percentie3mo
7% StopInitiateS0Percentie3mo

W\aServerda\AF: % @Element Code%.MKA_BRAKE_DUR_3MO_AVG
W\2oeServerdo\AF: % @Element Code%.MKA_RAMP_DWN_DUR_3MO_AVG
W\2aServer®o\AF: % @Element Code%.MKA_STOP_INITIATE_DUR_MEDIAN
W\eoServerdo\AF: % @Element Code®.MKA_BRAKE_DUR_3MO_MEDIAN
\\%Serverds\AF: % @Element Code%.MKA_RAMP_DWN_DUR_3MO_MEDIAN
Y\2oServerdo\AF:% @Element Code%.MKA_STOP_INITIATE_DUR_MEDIAN
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MAN_MKA_STOP

General Attribute Templates Ports  Analysis Templates wotification Rule Templates

L!;g Name: Stop Event

© @ Name Description: | Stopping Sequence Event

62 MAN Stop Timing Analysis Categories:
H Stop Event Analysis Type: () i () Rollup (®) Event Frame Generation () sQc
fd  stop Time Avg Enable analyses when created from template

f8h  Varishla Calenlatinn Anal Create a new notification rule template for Stop Event

Example Element: Meridian Energy\Hydro\MAN\MANO6 - MANAPOURI UNIT 6\MKA - CASING INCLUDING STATOR, ROTOR AND COOLERS\MKAB0 - STOPPING SEQUENCE

Generation Mode: | Explicit Trigger Event Frame Template: | Unit Stop Event

s

MName Expression True for Severity Output Attribute

[E) Start triggers

StopInitiated 'Stopping Status' = 1 and "Unit Speed' <> @ and 'Unit Circuit Breaker' <> "Closed"

B End trigger

EndTrigger 'Unit Speed' < 8.85 OR 'Stopping Status' <> 1

B Outputs at close

TotalDuration PrevVal('Total Stop Duration', '*') Total Duration

NetHead 'Net Head' Net Head

StopInitiateDuration|PrevVal('Stop Initiate Duration', '#*") Stop Initiate Duration

RampDownDuration PrevVal('Ramp Down Duration', '*') Ramp Down Duration

BrakingDuration PrevVal('Braking Duration', '*') Braking Duration

UnitName 'Unit Name' Unit Name

TagOfHame 'Tag Name' Tag Name

WicketGatePos 'Wicket Gate Position’ Wicket Gate Position

UnitSpeed 'Unit Speed’ Unit Speed

TailwaterLevel 'Tailwater Level' Tailwater Level

F<)®®®®®®®®® X)

Advanced Event Frame Settings... |
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Values of Selected Stop

MAN_01

Stop Initiate Duration
598 s
1/05/2023 7:17:35 PM

Ramp Down Duration
319.04 s
1/05/2023 7:17:35 PM

Braking Duration
195.90 s
1/05/2023 7:17:35 PM

514.88 s

Total Stop Duration

1/05/2023 7:17:35 PM

Net Head
No Data m
1/05/2023 7:17:35 PM

Tailwater Level
39222 m
1/05/2023 7:17:35 PM

Unit Speed at Time of Event

200 1 1
180

L 160
- 140
L 120
k100

Y

\\‘

L60
L 40 —

D‘ 0 9 1 L 1 1

20 — —

Unit Speed

0 %

Stopping Status
1

Braking Status

1/05/2023 7:09:00 PM

Event Name

Stop Event 2023-05-02 20:4
0:22.052

2/05/2023 8:40:22 pm

01 19:0

Stop Event 2023-05-
9:00.245

1/05/2023 7:09:00 pm

Stop Event 2023-04-30 17:0
8:45.101

30/04/2023 5:08:45 pm

2/05/2023 8:49:28 pm 9m Bs

1/05/2023 7:17:35 pm

30/04/2023 5:19:37 pm

Duration

8m 34s

10m 52s

12-Month Trends of Rolling Averages

[ 40 ' Stop Initiate Duration
30 | 6005
- 25 | AvgStoplnitiate3mo
20 | 600s
F15 |
10
F '\-J e ¥ T At T "’\J‘QF —*—ﬁ—"—% I
0| 1 1 1 1 1 L 1 1 1 1 1 1 Il 1 1 L 1 |

1/05/2022 7:09:00 PM 4/10/2023 9:56:06 AMJ'

450 Ramp Down Duration
- 400 336.94 s
- 350 IlIL"Il L AvgRampDown3mo
HSPl N LA 287215
25
9
=20
L 1]5 L 1 1 1 1 1 L 1 1 L 1 | 1 1 1 1 1

1/05/2022 7:09:00 PM 4/10/2023 9:56:06 AM-.‘

(35 I~ Braking Duration

300 1 199.14 5

Igg | P AvgBraking3mo
L [ Ay 21191 s

£ \
F17 I | !

L 15 ‘ i-' l

L 1‘) 0[ 1 1 1 1 | 1 1 1 1 1 | 1 1 1 1 |

1/05/2022 7:09:00 PM 4/10/2023 9:56:06 AM-.'

~‘,,\ Meridian.

AV=VA
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Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7

Values of Last Stop

Stop Initiate Duration | Stop Initiate Duration ~ Stop Initiate Duration ~ Stop Initiate Duration  Stop Initiate Duration  Stop Initiate Duration ~ Stop Initiate Duration
6.00 = Shutdown s 599 s 6.02 = 5.02 = 12 95 5 498 =
8/08/2023 2:17:49 PM 22/06/2023 7:35:39 PM 17/07/2023 9:05:43 PM 21/09/2023 11:56:28 AM 22/09/2023 6:13:51 AM 30/08/2023 3:53:18 PM 16/08/2023 11:11:55 AM

Ramp Down Duration | Ramp Down Duration Ramp Down Duration Ramp Down Duration Ramp Down Duration Ramp Down Duration Ramp Down Duration
336.94 = 18114 = 169 83 = 31596 = 257.81= 29312 = 868.01 =
8/08/2023 2-23:20 PM[16/07/2023 8:06:06 AM 30/08/2023 7:23:32 AM 21/09/2023 12:01:38 PM 22/09/2023 6:18:04 AM 30/08/2023 4:13:13 PM 16/08/2023 11:26:22 AM

Braking Duration Braking Duration Braking Duration Braking Duration Braking Duration Braking Duration Braking Duration
199.14 = 166.02 = 19211 = 20688 = 23219 = 126.09 = 35798 s
8/08/2023 2:26:39 PM [16/07/2023 8:08:52 AM 30/08/2023 7:26:44 AM 21/09/2023 12:05:05 PM 22/09/2023 6:21:56 AM 30/08/2023 4:15:19 PM 16/08/2023 11:32:20 AM

3 Month Averages

AvgStoplnitiate3mo AvgStoplnitiate3mo AvgStoplinitiate3mo AvgStoplnitiate3mo AvgStoplnitiate3mao AvgStoplnitiate3mo AvgStoplnitiate3mo
6.00 = Calc Failed = 6.00 = 26.90 s 6.00 = 82565 498 =
4/10/2023 12:00:00 AM B2/09/2023 12-:00-00 AM 4/10/2023 12:00:00 AM 4/10/2023 12:00:00 AM 4/10/2023 12:00:00 AM 4/10/2023 12:00:00 AM 4/10/2023 12:00:00 AM

AvgRampDown3mo | AygRampDown3mo  AvgRampDown3mo AvgRampDown3mo  AvgRampDown3mo  AvgRampDown3mo  AvgRampDown3mo
28721 s 173.42 = 307.26 = 196.48 = 26173 s 45191 = 51952 s
4/10/2023 12:00:00 AM f4/10/2023 12:00:00 AM 4/10/2023 12:00:00 AM 4/10/2023 12:00:00 AM 4/10/2023 12:00:00 AM 4/10/2023 12:00:00 AM 4/10/2023 12:00:00 AM

AvgBraking3mo AvgBraking3mo AvgBraking3mo AvgBraking3mo AvgBraking3mo AvgBraking3mo AvgBraking3mo
21191 = 172 69 = 207.16 = 167.94 = 196.75 = 206.88 = 25648 =
4/10/2023 12-00-00 AM | 4/10/2023 12-00-00 AM 4/10/2023 12:00-00 AM 4/10/2023 12:00:00 AM 4/10/2023 12-00-00 AM 4/10/2023 12:00:00 AM 4/10/2023 12-00-00 AM
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Values of Selected Stop

MAN_02

Stop Initiate Duration
7.16s

Ramp Down Duration

1,199.1 s

Braking Duration
4,586.01 s

Total Stop Duration
5,785.1s

Tailwater Level
37715 m

No Data m
7/03/2023 12:45:43 PM 7/03/2023 12:45:43 PM 7/03/2023 12:45:43 PM 7/03/2023 12:45:43 PM 7/03/2023 12:45:43 PM 7/03/2023 12:45:43 PM

MNet Head

Unit Speed at Time of Event

200 1 1 Unit Speed
- 180 0%
- 160 Stopping Status
-140 1
L 120 Braking Status
-100 !
780
-60
_,"m
k20 N
|O 0 |'D 1 1 1 1 ——— R _-I_ _—_I-

7032023 11:09:18 AM

| | Ewvent Name T
3:18.088

I Stop Event 20 307 11:0

2-20 05:0

Stop Eve

Stop Event 2023-01-05 182
2:51.280

20/02/2023 5:06:58 am

50142023 6:22:51 pm

End Time

43m 405

5/01/2023 6:53:09 pm 30m 17s

12-Month Trends of Rolling Averages
(75

L 'l_5 rl

4.5

3.0

_2-5||||||||||||||||||__I
70372022 11:09:18 AM M0/2023 311840 PM

g 1 l
103/2022 11:09:18 AM

5/10/2023 3:18:40 PM'

5,000

|
L4000 | :
-3,500 fl |
3,000 —l
2,500 - \
12,000 '
1,500 ] |
1,000 [ |

|
4, o |
_lﬂ" P o T e e A el O T s e e L‘I—I—I_l

7/03/2022 11:09-18 AM  5/10/2023 3:18:40 PM

Stop Initiate Duration
Shutdown s
AvgStoplnitiate3mo
Calc Failed s

Ramp Down Duration
181.14 5
AvgRampDown3mo
17415

Braking Duration
166.02 5
AvgBraking3mo
170.03 s

e p e
<~ Meridian.

AV=VA
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Use Cases

Hydro Unit Stopping Sequence Analysis

Hydro Unit Fatigue Monitoring
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Hydro Unit Fatigue Monitoring

Problem
 Meridian Energy has no indication of unit fatigue correlating
to raw, real-time data

e Lack of visibility into hydro operating metrics

* |nsufficient data to drive condition-based maintenance
decisions

““““

Benmore Hydro Station, Waitaki Valley
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Hydro Unit Fatigue Monitoring

Approach

e Use time-series data from AVEVA’s Pl system with Pl Asset
Framework and Pl Vision

e Perform expression analysis to gain insights into operating
metrics such as:
e Unit starts/stops
* Tailwater Depression (TWD) operations
e Station loading
Time within various generation ranges

~‘,,\ Meridian. -AY=VA

‘‘‘‘‘

Benmore Hydro Station, Waitaki Valley
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Unit Fatigue Monitoring
General Attribute Templates ports

Analysis Templates Notification Rule Templates

Group by: [] Category [_| Template

5~

|y i @ £ Name

4 Description

Default Value

Settings...

@&

&
&
&
&

|| | | |

B L) Category: Configuration

=g Configurable Values
=g Overioad Threshold

‘=g Rough Running Threshold...

‘=g Rough Running Threshold...

=g Transition Threshold High
=g Transition Threshold Low

B L Category: Flags
7 CB Closed Flag
7% CB Open Fiag
7 Short Started Time Flag
7 Short Stopped Time Flag
7 Transition Range Flag
B ) Category: Input
% Gen Set Point MW
7 Start Status
7 Stop Status
<% TWD Status
7 Unit CB Status
7 Unit Circuit Breaker
7 Unit Speed
7 Unit Status
7 Unit Symbol Status
B . Category: Output
7 Hours in OL
7% Hours in OP
& Hoursin RR
7 Hoursin SNL
7 Hours in TWD
7 Rough Running Count
% RunRangeState
7 Unit Short Start Count
& Unit Short Stop Count

‘- \ M
<~ Meridian. A

OR TRIPPED
Unit stops within 10 minutes of ...
Unit starts within 10 minutes of...

Within the transition range

Gen SP MW

Start PB

Stop PB

TWD

unit CB

unit CB

Machine Speed %
Unit State (ST)
Unit Symbol (5Y)

Hours in Overload Range
Hours in Operating Range
Hours in Rough Running Range
Hours in Speed No Load Range
Hours in Taitwater Depression

Total number of times a unit ha...

Cumulative unit stops within 10...
Cumulative unit starts within 10...

0 Mw
0 MW
0 MW
0 Mw
0 Mw

ol o o o o

0 MW

0 %

0.00 h
0.00 h
0.00 h
0.00 h
0.00 h
0

0

.\ Unit Overload Threshold;
LAY Unit Rough Running Threshold High;

LAY Unit Rough Running Threshold Low;

\\PISERVER'AF: % @Element Code%.Unit_CB_ClosedFlag
\\PISERVER'AF: % @Element Code%.Unit_CB_OpenFlag
\\PISERVER'\AF:%@Element Code%.MKA_SHORT_START_FLAG
\\PISERVER'\AF:%@Element Code%.MKA_SHORT_STOP_FLAG
\\PISERVER\AF: % @Element Code%.TransitionRangeFlag

\\PISERVER'ANALOG: % @Element Code%.RT_SPUNIT_MW
\\PISERVER\STATUS: % @Element Code%.C_START
\\PISERVER\STATUS: % @Element Code%.C_STOP
\\PISERVER\STATUS: % @Element Code%.TWD_MODE_EN
\\PISERVER\STATUS: % @Element Code%.UNIT_CB

E\\PISERVER\STATUS:%@Element Code%.UNIT_CB

\\PISERVER'ANALOG: % @Element Code%.SPEED
\\PISERVER\STATUS: % @Element Code%.STATE
\\PISERVER\STATUS:MAN_01.SYMBOL

\\PISERVER\AF: % @Element Codef.HoursInOverloadRange
\\PISERVERAF: % @Element Code%.HoursInOperatingRange
\\PISERVER'AF: % @Element Codef.HoursInRoughRunningRange
\\PISERVER'AF: % @Element Code%.HoursInSpeedNoLoadRange
\\PISERVER'AF: % @Element Code%%.HoursInTWDRange
\\PISERVER'AF: % @Element Coded%.TransitionRangeCount
\\PISERVER\AF:%@Element Code%.RunRangeState
\\PISERVER\AF:%@Element Code%.MKA_TOT_SHORT_STOPS
\\PISERVER\AF:%@Element Codef.MKA_TOT_SHORT_STARTS

24 OCTOBER 2023 |
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Unit Fatigue Monitoring

General Attribute Templates Ports ~ Analysis Templates  Notification Rule Templates

LIE Name: Operational Load State

© H Name Description:

fd  AdHoc Timing Calcs Categories:
fl){l Flag Calcs Analysis Type: Expression ) Rollup (") Event Frame Generation
ﬁ}<) Operational Load State Enable analyses when created from template

fth  Niraratinnal Laad Timina

Example Element: Meridian Energy\Hydro\MAN\MANOS - MANAPOURI UNIT S\MKA - CASING INCLUDING STATOR, ROTOR AND COOLERS\MKAT70 - RUNNING RANGE MONITORING

Add a new variable l

) sac

Name Expression

How Tl

Qutput Attribute

UnitRunning TagVal('Unit Speed', Now) > 95

SpeedioLoad if UnitRunning and 'TWD Status' <> 1 and TagVal('Gen Set Point MW', Now) <= 'Rough Running Threshold Low' then 1 else 8

RoughRunning if UnitRunning and TagVal('Gen Set Point MW', Now) > 'Rough Running Threshold Low' and TagWal('Gen Set Point MW', Now) < 'Rou

Operating if UnitRunning and TagVal('Gen Set Point MW', Now)} »= 'Rough Running Threshold High' and TagVal('Gen Set Point MW', Now) <= '

overload if UnitRunning and TagVal('Gen Set Point MW', Now) >= 'Overload Threshold' then 1 else &

if UnitRunning then
if TagVal{'TWD Status', Now) = 1 then "TWD"
else if SpeedNolLoad then "SpeedMoload"
else if RoughRunning then "RoughRunning”
else if Operating then "Operating"
else if Overload then "Overload"
else -99

else ”Lciﬁunniqﬁ"

OperationState

¥ XXX ®

OperationStateQut

if BadVal(TagVal('RunRangeState', Now)) or TagVal('RunRangeState', MNow) <> OperationState then OperationState else NoOutput()

RunRangeState

Scheduling: (e Event-Triggered () Periodic

Trigger on | Any Input

‘- \ M
<~ Meridian. A
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Station Loading

BEN

Station Full Load Threshaold
530 Mmw
(38575 1
L3857
395 65
L3956

- 395 55
L3955
1395 45
L3954
139535
L3953

535, 0 .

Station Loading Formula:

Station MW/(Units Available * Max Operating Range)

———— Time in Full Load
395.73h

Station Full Load Flag
0

1]

I
I
|
|
I
I
|
I
I
I
I
|
d

29092023 11:25:45 AM 5d

Units Available/Running

H10/2023 11:25:45 AM

6 &

[

F3

L2

F1

00 L L

1
I
I
|
I
I
I
I
I
I
[}
|
|
I
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Station Loading

67.‘3’66 - 110

Current Generation
307.89 Mw

Units Available
3
2 4
0 6
Units Running
2 i 4
0 6
4/10/2023 11:25:45 AM

‘ Running Range State Timings

BEN - BENMORE POWER STATION

End Time

12:00:00 AM ‘ |24.rm12|123 12:00:00

BENO01 - BENMORE UNIT 1

Hours Not Running Hours in TWD
1,116.26n 408.36 n
Hours in Speed Mo Load Hours in Rough Running
13.55h 9.06 h

Hours in Operating Hours in Overload
2,635.76 h 3810 n

BEN_03 - BENMORE UNIT 3

Hours Mot Running Hours in TWI
569.84 n 182.07 h

Hours in Speed No Load ~ Hours in Rough Running
40 h 495nh

Hours in Operating Hours in Overload
338091 n T4.43n

BEN_05 - BENMORE UNIT 5

Hours Mot Running Hours in TV
3008n 25071 h

Hours in Speed Mo Load
9 1

Hours in Rough Running
433n

Hours in Operating Hours in Overoad
385089 n 60.82 h

BEN_02 - BENMORE UNIT 2

Hours Mot Running Hours in TWD
289299 h 202.51n

Hours in Speed No Load Hours in Rough Running
16.76 h 3.57 h

Hours in Operating Hours in Owverload
1,106.11 n 1.50n

BEN_04 - BENMORE UNIT 4

Hours Not Running Hours in TWD
476.68 h 46.72 h

Hours in Speed No Load Hours in Rough Running

.94 5.29

u. £

Hours in Operating Hours in Overload
3,603.93 n 7964 n

BEN_06 - BENMORE UNIT &

Hours Mot Running Hours in TV
1,319.62 n 593 54 n

Hours in Speed Mo Load Hours in Rough Running
19.10 1 939k

Hours in Operating Hours in Overload
2,20381n 7564 h
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Start Time 04/26/2023 11:15:00 G G End Time 04/29/2023 11:15:00 B ®

Future Work Examples

 Overload Analysis
[ J
- Revenue
* Maintenance frequency
([T (I O e Operational Vibration Analysis
’ S | e Monitoring and Alarming
E # .
 Component condition heat map
ENREEEENER
i e Simple colour-coded condition
MANOG | ViS U a |
* Single metric to describe unit
16-00 27 Arnr 02-00 16-00 28. Apr 08:00 16:00 29. Apor 08:00 fatigue
Operating NotRunning @ TWD @ Overload SpeedNoload

e Similar degradation rates
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Results and Benefits

Hydro unit stopping sequence analysis

* Provided data points and visuals of all prior stopping
sequences to provide insights into component-level
conditions

e Created trends of unit stopping times to monitor
degradation of generating asset components over time

Hydro unit fatigue monitoring
* Highlights the way we operate our generating assets
* Provides foundation for future, complex analytics

s Meridian. AY=VA MAARAARAA



Results and Benefits

AVEVA’s Pl System

* Provided foundation to build up a hierarchy of virtual assets
increasing accessibility to critical plant information

Pl Asset Framework

e Contextualise and format data for various business units

* Monitor events using start and end triggers whilst capturing
relevant data

* Notify the right people at the right time when the plants are
performing unexpectedly

Pl Vision

* Integrate analytical data into graphs and displays to show
only what is required

,': Meridian. AVEVA 24 OCTOBER 2023 | 25



Meridian Energy has reduced the need for plant outages
to perform analytics by increasing asset transparency
with AVEVA’s Pl System

Challenge
e Lack of visibility into our generating assets

* Requiring plant outages and routine maintenance to investigate the
degradation of our generating assets

* outage flexibility becoming less frequent due to constraints from market
demand

Solution

* Integration of AVEVA’s Pl System, Pl Asset Framework, and PI Vision to
collect, analyse, and contextualise critical metrics within our generating
assets

Results

* Created processes to collect and contextualise information and deliver it to
various business units in relevant formats

* Developed a centralised platform to present data at different depths to
accommodate all levels of interest

Ohau A Hydro Station, Mackenzie Basin

P
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Looking Ahead

Building more foundational models and expanding on these
with more complex analytics

Integrate bi-directional channel between Pl System and work
management system

Manage alarms and notifications through Asset Framework

Integrate Pl Web APl into our pipeline

Waitaki Power Station, Lake Waitaki ";
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Questions?

Please wait for the microphone.

State your name and company.

Please remember to...

Navigate to this session in the mobile
app to complete the survey.

Te Apiti wind farm, Manawati
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William Herewini

Engineering Data Analyst

Meridian Energy
@: will.herewini@meridianenergy.co.nz

Saif Fawzi

Data Analyst

Meridian Energy
@: saif.fawzi@meridianenergy.co.nz
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This presentation may include predictions, estimates, intentions, beliefs and other statements that
are or may be construed as being forward-looking. While these forward-looking statements
represent our current judgment on what the future holds, they are subject to risks and uncertainties
that could result in actual outcomes differing materially from those projected in these statements.
No statement contained herein constitutes a commitment by AVEVA to perform any particular action
or to deliver any particular product or product features. Readers are cautioned not to place undue
reliance on these forward-looking statements, which reflect our opinions only as of the date of this
presentation.

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

ABOUT AVEVA

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

Over 20,000 enterprises in over 100 countries rely on AVEVA to help them deliver life’s essentials: safe and reliable
energy, food, medicines, infrastructure and more. By connecting people with trusted information and Al-enriched
insights, AVEVA enables teams to engineer efficiently and optimize operations, driving growth and sustainability.

Named as one of the world’s most innovative companies, AVEVA supports customers with open solutions and the
expertise of more than 6,400 employees, 5,000 partners and 5,700 certified developers. The company is headquartered
in Cambridge, UK.

Learn more at www.aveva.com
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http://www.aveva.com/
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