Leveraging
Technology to
Optimise
Operations and

Maintenance
N\
7>
Presented by Henrico van Niekerk — Meridian Energy meridian
David Barker — Dimension Software Dimension
oftware

OSlsoft. PI SYSTEM ROADSHOW 2014




7,

Oéfi.ﬂ: Y =
| . A
Who is Meridian Energy? heddian

--------------------------------------------------------------------------------------------------------------------------------------------------

« New Zealand-based power generation
company

e 7 hydro power stations (over 2GW total)
e 5 wind farm power stations in NZ

e 2 wind farm power stations in AUS
 Had PI for hydro sites since late 1990’s

e Two Vestas and two Siemens sites in Pl
e 174 turbines

(C) Copyright 2014, OSlsoft, LLC.
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Project Overview meridian

--------------------------------------------------------------------------------------------------------------------------------------------------

e Gilve us more information!

e PI for Wind

OSlsoft. PI SYSTEM ROADSHOW 2014 BSOS

Central one stop shop for data from
multiple sources

Scale over multiple wind farms
Backfill historical data

Integrate with existing hydro data
Graphical User Interface
Information available

Correlate data

N



Our Requirements meridian

e Storing and downloading data
e Analysing events

e Monitoring components

e Reporting on KPIs.

OSlsoft. PI SYSTEM ROADSHOW 2014
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Drivers and Goals for the Project meridian

--------------------------------------------------------------------------------------------------------------------------------------------------

e Predict component faults, giving suitable lead times
nefore failure

* Prevent component faults, through the identification
and implementation of plant Engineering changes

* Improve turbine efficiency.

« Displays to make the information easier to
understand.

-
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= Latest 10 alarms:

:—I-"W Alarm Log
T Monitaring Code From To Station Description Alarm Type Group -
$ Potential Revenue 393 |04/03/2013 12:26:09 TAP48 |Vibration TACS4 Alarm Overspeed or Overproduction H
393 |04/03/2013 12:14:41 TAP49  |Vibration TACS4 Alarm Overspeed or Overproduction
EI'"T‘ TAF 393 |04/03/2013 12:09:12|04/03/2013 12:14:27 TAP22 |Vibration TACB4 Alarm Owverspeed or Overproduction
[EI---T- TUkK 10105/04/03/2013 11:57:43/04/03/2013 12:07:06 WWD6e04 Stopped, untwisting cables Alarm Yaw System
- T WHL 7111 |04/03/2013 11:45:29|04/03/2013 11:45:53/WWD409 Hyd. for crane/cover activated |Alarm Hydraulic System -
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$ Fotential Revenue

POWER PRODUCTION - MW

| ACTUAL [l POTENTIAL JICAPACITY |

4032013 14:13:45

Hk‘ﬁ-uf.%‘é

1 T %
& F F TUK
“ w &
& &
TAP
TUK | 28 28 28
TAP | 55 54 WWD
WWD 62 56 50 WHL
WHL | 29
29 LEGEND:
POWER PRODUCTION
TE UKU 61.1 MW
REACTIVE POWER: 7.4 MAr
WIND SPEED:  12.7 mis o
TE APITI 72.9 MW 122
REACTIVE POWER: 1.9 IMVAr 105
WIND SPEED: 7.5 mis
87
WEST WIND 8.3 MW o
REACTIVE POWER: 3.6 MVAr 61
WIND SPEED: 4.8 mis
34
WHITE HILL 49.5 MW o
REACTIVE POWER:  -0.7 MuAr ]
WIND SPEED:  14.3 mis

OSlsoft. PI SYSTEM ROADSHOW 2014
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= Latest 10 alarms:

Code From To Station Description Alarm Type Group
7111 |04/03/2013 11:18:30/04/03,/2013 11:18:41 TUK321 Hvyd. for cranefcover activated Alarm Hydraulic System
1001 |04/03/2013 11:17:41 04/03,/2013 11:27:13 TUK321 Manual stop Alarm Manual Command
1015 |04/03/2013 11:16:40(04/03/2013 11:27:07 TUK321 |Manual idle stop Alarm Manual Command
7111 |04/03/2013 11:04:48|04/03/2013 11:04:57 TUK321 |Hyd. for cranefcover activated|Alarm Hydraulic System
1001 |04/03/2013 10:57:13/04/03,/2013 11:10:06 TUK321 Manual stop Alarm Manual Command
L. Active Power: &1 VW  Potential Power: 55 MW
! Wind Speed: 11.9m/s  Wind Direction: 219 Deg
-f_ Turbines Available: 2z Turbines Running: 28 Auto Reset: 3
Manual Reset: 0 Service Mode: 0 Mo Comms: 0O

[ Active Power [ Potential Power [ Wind Speed
30 65 65
21 46 458
17 27 2y
18 28 28 Aa ; '”"-uw"‘we.l : '
g9 19 19 T, g e, i
) T S e A
0 0 oo e
302/2013 14:16:43 24 Hour(s) 4/03/2013 14:16:43
TUK101  TUK102 TUK103 TUK104 TUK111 TUK112 TUK3  TUK 114 () ding
Producin
O O O L] O O O O O 9
Q O O O O O o O () Auto Reset
@ Manual Reset
TUK201 TUK202 TUK203 TUK204 TUK205 TUK211 TUK212 TUK213  TUK 214 ® roc
omms
O O O O O O O O @ () service
r:_'J (__J (_:' Q G ':-\' G :: S . Invalid
TUK311  TUK312 TUK313 TUK314 TUK315 TUK321 TUK322 TUK323 TUK331  TUK 332 TUK 333 I
C C ( ( @] 9] ] O ] O O
O O O O O O O O O @ @ I Potential Power
Capacity
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F Latest 10 alarms:

Code From To Station Description Alarm Type Group
10105/03/03/2013 11:14:12/03/03/2013 11:23:26TUK101 [Stopped, untwisting cables Alarm Yaw System

5122 |01/03/2013 13:24:10/01,/03/2013 13:24:10/TUK101 [FRT detected by grid module Warning Grid

1015 |28/02/2013 11:39:58 28/02/2013 12:12:46 TUK101 |[Manual idle stop Alarm Manual Command
1005 |28/02/2013 11:39:58|28/02/2013 12:12:47 TUK101 [&vailability - low wind Warning Manual Command
7111 |28/02/2013 11:08:44|28/02/2013 11:09:15 TUK101 |[Hyd. for crane/cover activated Alarm Hydraulic System

Current Status:

Active Power: 2298 kW
Reactive Power: -146 KVAr
Wind Speed: 14.5 m/sec
Yaw Direction: 205 ®
Turbine State: InOperation_OnGrid
WPS Status: Faultless

Last Error Code: 0
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About Dimension Software

 Auckland based team of five.

o Specialist Pl Systems Integrator providing
advanced solutions including:
« Design and project management
e Pl—endtoend
e Software development
* Analytical engines
e Bespoke development
e Customised training

Dimension
Software

OSlsoft. PI SYSTEM ROADSHOW 2014 (C) Copyright 201, OSlsoft, LLC.



Technical Overview

* Project involved a mixture of off the shelf
components and custom software development

e Spread over a one year period
 Data is centrally stored in HA Pl servers

* |nterfaces collect:
« Real-time data from Siemens & Vestas OPC servers
« 10 minute data from site SQL database servers
 Alarm and events from site SQL database servers
e Station services PLC via DNP3 serial

Additional 68,000 tags

Dimension
Software

OSlsoft. PI SYSTEM ROADSHOW 2014 (C) Copyright 20M, OSIsoft, LLC.




Architecture
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Central Applications

o Central ACE application collects:

 Forecast wind speed from
MetService

e Historic, current and forecast
electricity prices from the market

 Used PI OLEDB COM connector to
store forecast data which integrates
Into Pl tags.

OSlsoft. Pl SYSTEM ROADSHOW 2014 (C) Copyright 201, OSlsoft, LLE.




Central Applications

 Central ACE applications calculate:

« Potential power based on capability curve (stored In
AF tables)

 Actual and forecast revenue

2400
1920

1440
)
a60 . |'I?, 1

Power

10 13 L 2% 30
Wind Speed
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= N WincFarms

. WWD TUK TAP WHL
Alarm Log
Mgnitgring Current SIMWh: §420.T4 $400.60 S41T.41 544369
Potential Ravenue Current Output: 16.1 MW 29,2 MW 0.4 MW 4.1 MW
® TAP
) :F - Current Revenue Por Hour: $5,810,72 $11,88614  $17485 $1,815.98
B ] WHL Current Wind Speod: 560 mis 11.50 mis 2.90 mis 210 mis
& '|-' WWD
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User Access, Backfill

e All corporate users can access the live and historic data
via SharePoint, ProcessBook and Excel.

« All historical data backfilled starting from 2004 onwards.
Included:
e MS Access
e MS SQL time series data
e MS SQL Alarms and Events.
Done via small utilities which directly push to Pl via PI-SDK

Dimension
Software

OSlsoft. Pl SYSTEM ROADSHOW 2014 (C) Copyright 201, OSlsoft, LLE.




Asset Framework

« Data organised in an extensive Asset Framework database
* Wind turbines are good candidates for AF templates

1400 elements

« Calculations and displays are driven by the AF templates.

e Scale as new turbines are added.

Dimension
Software

OSlsoft. Pl SYSTEM ROADSHOW 2014 (C) Copyright 201, OSlsoft, LLE.




Asset Framework

ﬁ Bzzets
EH- 7 Hpdo -
E- 3 wind | Fier
= ﬁ windFarms .ﬁ’i !l-i Marme ﬁ»i Walue
e G Alarm Log
‘e 5 Monitoring EH| =] ActivePower E12
- (3 Potential Revenue m| =1 Brake
G 3 TAP
: B TUEK = =] Digitals
& G wHL = =] DisplavMame http: ¢ T Z PIWE B 245 hared:
Bl (5 wwD
B & Grid B E| =1 Pressures
& Meteorology B <F AfterlnlineFilter_b ax 5.5
------- (= Potential Revenue
B &0 Twbines | H| &7 AfterlnlineFiker_bax_Lastw/eesk 2.800000713907348633
L () ®| oF AfterlnlineFilter_Mean 5. 492344920239236516
E-- 9 102
B I i T | | I ®H| 7 afterlnlineFiker_Min 5.4000000352674216
- 14 e B F AfterlnlineFilter_Min_Lastweek 0
E-- 9 105
& 1o E F BeforelnlineFilter_tax 5 6999998092651 367
& 10 e B| «F EeforelnlineFilter_ax_Lastw/esk £.59999951 85302734
Bl 9 102
=& 109 b B £F BeforelnlineFilter_tean 5.6118359733431 3965
B9 1o ®| «F EeforelnlineFilter_Min 5. 5999999046325654
B (9 201
®-- & 202 e ®| 7 BeforelnlineFiter_Min_Lastwieek 0
& =20 i e B F GearldilPressure _Max 2
B 9 204
G 205 | H| 7 GearDilPressure _Max_Lastalesk 3
=& 2008 e B ¥ GeaDiPressure _Mean 1.984 73501 20544434
froeees = Cornveerter
-5 GeaBeox A H| &7 GearQilPrezzure _Min 1.89339993761 531421
- & Genergbor o H| 7 GearDilPreszure _Min_Lastalssk -0.1000000071 49011612
- @@ Hypdraulics 3 ;
------- = Temperatures
LG wind
------- = vawdndbd ainB earing
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Visuals

e Central SharePoint portal driven by AF

e Graphics targeted from top level down to individual
components

e Developed context aware Alarm and Event webpart
 Health monitoring

 Asset Framework ties together Pl data, context for AE
data, SharePoint navigation, ACE calculation
configuration

Dimension
Software

OSlsoft. Pl SYSTEM ROADSHOW 2014 (C) Copyright 201, OSlsoft, LLE.




Technical Challenges Faced

e Ensuring security requirements met when connecting to
the station PLCs.

e« Tag naming conventions
e Deciding on consistent asset structure

e SharePoint integration

e Coordinating multiple vendors

Dimension
Software

OSlsoft. Pl SYSTEM ROADSHOW 2014 (C) Copyright 201, OSlsoft, LLE.




Handover meridian
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Qutcomes meridian

« Engineering Investigations

OSlsoft. PI SYSTEM ROADSHOW 2014

(C) Copyright 2014, OSlsoft, LLC.



A 8 T T O T T 6 T R T R T e
_1_| Maximum Std Deviation

2| 1/01/2010 1/01/2011 1/01/2012 1/01/2013 1/01/2010  1/01/2011  1/01/2012 1/01/2013

3| ANALOG:WWD101MDA10CP1640MA [ 250l 266 250 ANALOG:WWD101MDA10CP16425D [2:41099232 [2.144680311 [2.152640315 A
4 | ANALOG:WWD101MDA10CP1644MA | 20700 264 245 ANALOG:WWD101MDA10CP16465D 2182844737 §21631015353 B2i642463412 A
5] ANALOG:WWD101MDA10CP1648MA [ 250l 266fF 247 266 ANALOG:WWD101MDA10CP1650SD [2.79871567 §2.554955443 121599529716 2.5292778 A
6 ANALOG:WWD102MDA10CP1640MA | 253l 24 255 ANALOG:WWD102MDA10CP16425D [§2.87026919 I12.64596942 §2599052301 A
7 ANALOG:WWD102MDA10CP1644MA | 253l 25alF 255 ANALOG:WWD102MDA10CP16465D [2.78067869 IN2.54455426 12.498072056 A
8 | ANALOG:WWD102MDA10CP1643MA [ 252lF 3l 254 255 ANALOG:WWD102MDA10CP1650sD §2150020582 F2l683574542 11662047789 2.6871582 A
9 ANALOG:WWD103MDAL0CP1640MA I 252 510 268 ANALOG:WWD103MDAL0CP16425D B2.27925532 12376152591 IBI060500714 A
10 | ANALOG:WWD103MDAL0CP1644MA [ 2540 253 [ 270 ANALOG:WWD103MDA10CP16465D B2.28364991 F2.386859499 PBI085525906 A
1| ANALOG:WWD103MDA10CP1648MA | 253 251 269 270 ANALOG:WWD103MDA10CP16505D [2.25895022 §2i349715012 Ii043315116  2.569326 A
12| ANALOG:WWD104MDA10CP1640MA [ 253 252l 253 ANALOG:WWD104MDA10CP16425D [2.30555259 f2.113065273 El 98572106 A
13| ANALOG:WWD104mDAL0CP164aMA [ 2safl == e e e e e e D s S e ¥ |a
14 ANALOG:WWD104MDALOCP1648MA [ 25510 Turbine Pressure Values (sorted by turbine #) 2
15| ANALOG:WWD105MDA10CP1640MA [ 25218 1| |2
16 | ANALOG:WWD105MDA10CP164aMA [ 25218 70 i = 1| |a
17| ANALOG:WWD105MDA10cP1648MA [ 25218 265 | | 09 | |2
18| ANALOG:WWD106MDA10CP1640MA [ 252 || |a
19| ANALOG:WWD106MDALOCP1644MA [ 2531 260 o B s 1| |a
20| ANALOG:WWD106MDA10CP1648MA [ 2528 e | . 1| |a
21 ANALOG:WWD107MDAl0CP1640MA I 257 ks Ry A
2| ANALOG:WWD107MDAl0cP164aMA B 258l | 250 (TR R | i i 05 o plusstd A
23| ANALOG:WwD107MDAL0CP1648MA I 2570 2 g5 [T ' =1l T 65 winussid |2
24 | ANALOG:WWD108MDAl0CP1640MA I 3 E | | | = fo|a
5zl | | Damaged

25| ANALOG:WWD108MDA10CP1644MA [ 2530 240 o 1| |»
26| ANALOG:WWD108MDA10CP1643MA [ 25300 S5 I}W._ AJI g Toerner 1
27| ANALOG:WwWD109MDALoCP16a0MA I 264f 1: — Max 1| |a
28 | ANALOG:WwWD109MDAl0cP164ama I 2670 230 - T -0z 1l [a
2| ANALOG:wWwD109MDAl0CP1648MA I 267 a5 ] 5% A
30| ANALOG:WWD110MDA10CP1640MA [ 251 A
31 ANALOG:WWD110MDA10CP1644MA | 251f B e T e i B e e | |2
32| ANALOG:WWD110MDA10CP1648MA [ 251 S S SIS TR SN (I (A P (I 3 5 2 7 S A AL LA D (DD BE B DD 1| |&
33 ANALOG:wwD201MDAL0cP1640MA [ 253 Turbine Number 1| |a
34| ANALOG:WWD201MDA10CP1644MA [ pliy] - —_ T e— JE
35| ANALOG:WWD201MDA10CP1648MA [ 54lF 29 251 259 ANALOG:WWD201MDA10CP1650SD [2.24102104 [.947820082 11.986283952 2.1246444 A
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EEiIe Edit Wiew Insert Tools Draw Arrange Window Help

£ Displaya*
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Qutcomes meridian

e Engineering Investigations
e Overview of Wind

OSlsoft. PI SYSTEM ROADSHOW 2014

(C) Copyright 2014, OSlsoft, LLC.



D active Power [l Potential Power [ Wind Speed
30 140 140 P e, :
23 103 103 Wi, Ty ..o Al ™ S T PR
19 84 54 "V sy |
15 B85 &5 i Yol o i e
1 46 46 _ J 4 - |
B 28 28  fh i e et |
0 10 10, o :
11/06/2012 08:40:12 24 Hourls) 12/06/2012 08:40:12
WWD 101 WWD 102 WWD 104 \WWD 105 WWD 108 WWD 107 WWD 108 WWD 109 WWD 110 () Available
O o (:_?l Producing
O i . Auto Reset
WWD 201 WWD 203 @ Manual Reset
e @ . Mo Comms
i .
) ) ( | Service
WWD 301 WWD 303
Active Power
® )
T
¢ ~ I Potential Power
WWD 401 WWD 403 WWD 411
Capacity
O @ @
o L ] 'S I
WWD 501 WWD 503 WWD 511
® ® @ e
® L [ ] L]
WWD 501 WWD 603
O @
o O
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TUK | 28 27
TAP | 55 WWD
WWD | &2 56 56 WHL
WHL | 29

LEGEND:

POWER PRODUCTION

TE UKU 28.9 MW
REACTIVE POWER:  -Z.2 MVAr

WIND SPEED: 145 mis 18/06/2012 15:1Ei9|

140
TE APITI 1.5 MW 122 '
REACTIVE POWER: - 105

WIND SPEED: 6.7 m's

WEST WIND 111.2 MW
REACTIVE POWER:  37.4 MVAr

WIND SPEED: 134 mis

WHITE HILL -0.1 MW
REACTIVE POWER:
WIND SPEED: 2.1 m's

1200 2200 0100 0400 O7:00 1000 1300
TIME

leceno:  (WADN N D G
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W Active Power [N Potential Power [N Wind Speed

30 68 68 |
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L
. . . | Producing
O O o O C O o O O
O O O e C O O O () Auto Reset
. Manual Reset
TUK201 TUK202 TUK203 TUK204 TUK205 TUK211 TUK212 TUK213  TUK 214
. Mo Comms
O - O )] O - - O @ () Service
O O O O O O O o|'f] ©
L -
Active Power
TUK 311  TUK312 TUK313 TUK314 TUK315  TUK321  TUK322 TUK323 TUK33  TUK332  TUK 333
O @ O O O O Q O O C o Potential Power
O - o O o O O O O — - O .
Capacity
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Qutcomes meridian

e Engineering Investigations
 Overview of Wind
 Root Cause Analysis

(C) Copyright 2014, OSlsoft, LLC.
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Qutcomes meridian

e Engineering Investigations

e Overview of Wind

 Root Cause Analysis

e Operations and Maintenance Planning

(C) Copyright 2014, OSlsoft, LLC.
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Home = Hydre = Wind

Plant Information Portal = Shared Documents > WindFarmsPotentialRevenueQOverview

- WindEanms WWD TUK TAP WHL
..... :—'I'h Alarm Log
g8 vonitoring Current $/MWh: $422.74 $400.60 $417.41 $443.69
----- & Potential Revenue Current Output: 16.1 MW 29.2 MW 0.4 MW 4.1 MW )
Rl T. TAP
E]___:]]: S Current Revenue Per Hour: | $6,810.72 $11,686.14  $174.85 $1,815.98
m- o WHL Current Wind Speed: 5.60 m/s 11.50 mis 2.90 m/s 2.10 mis
E]"'T WWD
Forecast Revenue Per Hour Across Sites o wwe [ TUK I WL [ TAP

6/03/2013 14:59:18

27102/2013 28/02/2013 11032013

Forecast Output Across Sites o wwo B vk D wWHL D TAF

6/03/2013 14:5%:18
150 M

113 M
94 M
75 M
56 M
38 M

27/02/2013 28/02/2013 11032013 2/03/2013 23032013 4/03/2013 50372013 6/03/2013
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Project Challenges Faced meridian

--------------------------------------------------------------------------------------------------------------------------------------------------

« Justifying that more information will make money
e |nteraction between teams to get things done
 Spread of the project team

 What don’'t we know?

(C) Copyright 2014, OSlsoft, LLC.
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N ext Ste pS meridian

--------------------------------------------------------------------------------------------------------------------------------------------------

e Reporting
— KPIs
— Standard Reports
— Site Managers
— Reliability Reports

e Additional Analysis Methods
— All sites in Matlab

 Benchmarking

(C) Copyright 2014, OSlsoft, LLC.
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Pl system for Wind - Wind Sl A |
Conference 2013 _J
& £ POWER PRODUGTION - MW ”
IIASS S e
“...A very sexy solution. | think this is better than X-box” R | e —
Australian Wind Farm owner and operator. roveR s v T\
“'\‘;‘.Z,., e ey M §
meridian e
Dimension
Software
Business Challenge Solution Results and Benefits
*  Obtaining the necessary Purpose built PI for Wind * Detailed Engineering
information to own and system by Dimension Software Investigations and
operate our own wind Outcomes now possible

farms «  Multi functional displays

viewed across the
business
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Henrico van Niekerk

e Henrico.vanniekerk@meridianenergy.co.nz

* Reliability Engineer N7
T

« Meridian Energy Ltd "‘;"‘i%
meridian

David Barker

« David@dimensionsoftware.co.nz
« Managing Director Dimension
e Dimension Software Ltd oftware
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