d Wind Generation
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T&D and Wind Case Studies {0 osisot.

« T&D
California ISO
Phasor Measurement Units and Wide Area Measurement System

PSE&G
 Wind Generation
Challenges

In market availability

MarketsS

2 Empowering Business in Real Time. © Copyright 2009, OSlsoft Inc. All rights Reserved.



California ISO (,, OSlsoft.

* Performance metric approach to regulation

Improve the Quality of Regulation Service
Rank Regulation Performance
Share information with Generator Owners
May Eventually Penalize Poor Performers
Improve Reliability
Better Response to System Emergencies
NERC Control Performance Standards
Reduce Costs

Improve Efficiency of Regulation Service

7 Empowering Business in Real Time. © Copyright 2009, OSlsoft Inc. All rights Reserved.



California ISO (,, OSlsoft.

« Approach—member requirements
Generators are integrated with CA ISO EMS

Two way communication

. AGC Status

. Generation set points

. Performance trends
Certification of generators

. Generator’s ramp rate

8 Empowering Business in Real Time. © Copyright 2009, OSlsoft Inc. All rights Reserved.



Performance Metric Calculation {0 osisot.

Calculated with PI-ACE

l Supplier Control Error

Expected Generation

Actual Generation

Bid Ramp Rate

Performance Metrics
1) Energy Calculations
2) Line Statistic Calculations

Calculation Period

. Instantaneous Value
. 10 Min Summation

. 1 Hr Summation

9 Empowering Business in Real Time. © Copyright 2009, OSlsoft Inc. All rights Reserved.



Performance Metric Calculation

Perfl\/letric _ (SCEPerfI:IStatPerf) *100

Where:

N=1 if StdDevRatio or Correlation fail (StatPerf = 1)
N=2 if StdDevRatio and Correlation are good

10 Empowering Business in Real Time. © Copyright 2009, OSlsoft Inc. All rights Reserved.



Regulation @ ostott

Total Deviation from POP for Fixed Units UFFER REGULATION

. 8 |

| L o H
T AcTualL J POP DEV.
e L : i I [ 302 ][ 304 [ 26 |

FIXED REG
ToTAL R
37 A7
SPINNING RESERVE
ACTUAL
DPERATING R /E
ACTUAL

[ 1260 |[ 1696 |

Upward 14770 Croverward  -114.00 Taotal 2669
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Good Performer J OSlsoft
SCE 1H Avg = 1.2 mwh 21:25 21:30 21:35 21:40 21:45 21:50 21:55
sC ; 98.2 8/1/2003 10:00:00 PM
EPer = 98.2%
_/"—/\\M LI Il ’(\LA,’\ VN — w/"l ~ f\\b
StdDevRatio = 99.6% 0 gl R s
i — 0
Correlation =91.4% 21:25 21:30 21:35 21:40 21:45 21:50 21:55
Overa| | Perform ance oplier Control Error Control Area AGC Data
CAISO RAW ACE B5.1 Total Upward Deviation from POP 0.5
. ‘B -0.82 CAISO0 Filtered ACE 440 Tatal Downward Deviation from POP -308.6
— 0
PerfMetric = 94.6% E 10m Avg 0.20 CAISO Load 3366 Total Deviation from POP -308.1
'E Thr Avg 118 CAISO Generation 239005
CAISD Interchange 5234 .2
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Poor Performer--Response {0 osisot

SCE 1H Avg = 9.9 mwh
5:05 5:10 e 5:20 025 5:30 035
Supplier Caontral Errar SCEPerf = 124%

1
M StdDevRatio = 87.0%
5
[l WMMAWMM Correlation =73.5%

£:05 £:10 £:15 £:20 £:25 5:30 5:35
Individual Unit Data Supplier Control Error Contry Overal I Perfo rmance
AGC Set Paint 2447 CAISO | .
Bid Up Regulation 380 || SCE -2.26 el PerfMetric = 38.1%
Bid Down Regulation  -35.0 SCE 10m Ay 129 CAIS0 |

Bid Down Hamp Rate 145 CAISO |




PMUs and WAMS

(‘ OSlsoft.

 Phasor Measurement Units

Widely available
SEL, GE and others

« Wide Area Measurement System

Leverage PMU data installed on grid

16 Empowering Business in Real Time.
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(‘ OSlsoft.

* Frequency

* Voltage

* Real and Reactive Power
« Absolute phase angle

* Accessed via C37.118 protocol
OSlsoft Interface now available to all customers

Trained field service engineers for installation and configuration

17 Empowering Business in Real Time. © Copyright 2009, OSlsoft Inc. All rights Reserved.



Examples {J Oslsoft.

Dzl &k o h QLS E2E (5w - & KDY = Y@
B B kA NOTO e L% R EE B8 S
Available Modules— = x| PMU =, ~
(e e e i
.
|-a — P MWWMM I N L — -—— PR Lt ST WWWMNAM‘\M#‘: (24
G000 fifmete s d
Total Aoitive Power
.
[ MM%W ’ MWW“*‘M«W“‘“F‘ e "quwm«rfuw - ,
| ‘|i ] mr Ll : w
; W'qr
GO0 fifmide s
Toia! Reacdive Power
.
e —
L
£ > Fegiomnal freguenties wite Wom: | | Fegional Fequenties
W
I < >
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Frequency Overview
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Frequency Error {0 osisot

 X-Y Plot of deviation of base station vs. reference

bed &L % ‘Qﬁ“é B |[iz% <] & |8 | |F =4 =
Ay B a2 \NOTOrMaODLV++LuEfEREBBEG as= ©

FREQUENCY WORM

-0.200 -0.150 -0.100 -0.050 -0.000 0.050 0.100

IFrequency Error
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Frequency vs. Angle X-Y {J Oslsoft.

hed &k %ﬁ‘g"%[§ B[ow - & 8|9 |4 =]
Ay B xA2\NOTOrr20Y L LL£PTHEG o0

Mosaic Phase Portraits

- < fcrence Phase Portrait N e ference Phase Portrait

60.1 60.1 24

e S S e S e || e i s e s e e e s e i, L e v ]

509 I&ef'enence Phase Angle
-15 -10

-2 0 2

Reference Phase Portrait Reference Phase Portrait

599 Reference Phass Angle
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(“ OSlsoft.

 (Condition Based Maintenance

Calculation Structure
CA = F1(M1) + F2(M2) + F3(M3) + ...
Condition & Criticality

Factors driven by data available

Example Factors

CM Cost & Count for Past 6 Months
Operation Count for Past 6/12 Months
Gas Analysis — Change over time

Average Load over Time

Peer Groups

Apply calculations by peer group

Voltage, Class, Type

Example Groups:

26KV - 69KV GCB
138KV+ Power Transformer

LTC Vacuum Tanks

@acollection

Analysis & Reporting

4

Maintenance Management

I

y
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Prioritized summary report

Web Part Page - Microsoft Internet Explorer

MLMS66E2-B Jul 11 20(

J File Edit Wiew Favorites Tools  Help

| Qeack ~ D - [ (@) @h| Lsearch FrFavarites @) | (- B - L& B |J Links &] Google (@] GIS Reports (& Information Central (&) 0AMS SP (&) CMMS - MOSS (@] eSHIP 2] RtBaseline MOSS  &] MS Office Live Mesting

JAgdresS I@j http: finjnwkdev29) Asset %20Managment 2/WebPages/LicsiCA-ActionSummaryhew, aspx j |J ';:L_i <

Home Documents and Lists Create

© PSEG LTC CA-Action New Summary Report
CA Records
Details Division Floc Floc Descr =3= Equipment Equip Descr Score Person Status Manufacturer Type ApprType ﬁﬁ;;abler
0= CE IPE-CE-POH -T1 # 1 Transformer 000000000010504694 Load Tap Changer (UWT) A4BEB UNT LTC SLMS6073
0= CE IPE-CE-SDM -1TRX 500-1 Transformer 000000000010505424 Load Tap Changer A (LRS700) Gearge Pending Action GEMERAL ELECTRIC LRS700 LTC D5965584
0= S0 IPE-SO-5LA -TILTC 220-1 Transformer Tap Changer 000000000010526193 Load Tap Changer SEL 220-1 Mark Pending Action MOLOMNEY SRTMHD 55 P6E0443
= ME IPE-ME-HAW -T2 # 2 Transformer 000000000010507132 Load Tap Changer 3 Paul Ok WESTINGHOUSE URT S5 2994647
= CE IPE-CE-SDM -1TR¥ 500-1 Transformer 000000000010505426 Load Tap Changer © (LRS700) 3 George Pending Action GEMERAL ELECTRIC LRS700 LTC DS968E6
= CE IPE-CE-SDM -2TR¥ 500-2 Transformer 000000000010505430 Load Tap Changer © (LRS700) 3 Mark Pending Action GEMERAL ELECTRIC LRS700 LTC D596557
= CE IPE-CE-SDM -2TRX¥ 500-2 Transformer 000000000010505427 Load Tap Changer A (LRS700) 3 Mark Pending Action GEMERAL ELECTRIC LRS700 LTC D5965585
= Fa IPE-FPA-HOE -T1 # 1 Transformer 000000000010542713 Load Tap Changer B 3 Faul Pending Action ABB uwT LTC
0= CE IPE-CE-WOR -T3 # 3 Transformer 000000000010540520 Load Tap Changer (LR 200) 3 Gearge Pending Action GEMERAL ELECTRIC LRTZ00-2 LTC M1624594
0= PA IPE-PA-NEW -T40 # 40 Transformer 000000000010542737 Load Tap Changer 3 Paul Pending Action GEMERAL ELECTRIC LRTZ00 LTC M1z226494
0= CE IPE-CE-SBB -ZTRX 500-2 Transformer 000000000010621130 Load Tap Changer C 3 Gearge Pending Action WA TECH JST MRMILS00 300/C 55 50237
0= CE IPE-CE-SDM -1TR¥ 500-1 Transformer 000000000010505425 Laad Tap Changer B (LRS700) 3 George Pending Action GEMERAL ELECTRIC LRS700 LTC D596883
0= CE IPE-CE-GSE -31G 26-3 Transformer 000000000010023775 Load Tap Changer 2.8 GEMERAL ELECTRIC LRC 55 5285144
= CE IPE-CE-S0%S -T2 # 2 Transformer 000000000010503189 Load Tap Changer (URT) 2.65 George Pending Action WESTINGHOUSE URT S5 5994549
0= PA IPE-PA-SWEK -4PAR  # 4 PAR E-2257 000000000010542778 Load Tap Changer 44 2.65 WESTINGHOUSE LT LTC FO002037-4
0= CE IPE-CE-GSE -132-7 132-7 Transformer 000000000010501565 Load Tap Changer 2.6 Marl Pending Action WESTINGHOUSE URT 55 7000445
= S0 IPE-S0-MAR -T2 # 2 Transformer 000000000010522898 Load Tap Changer Yacuum 2.5 George Pending Action ABE uwT LTC SLMSE081
= S0 IPE-SO-5NF -4TR¥  500-4 Transformer 000000000010523970 Load Tap Changer 500-44 2.5 WESTINGHOUSE UTH =321 7001831
= S0 IPE-S0-MRO -T1 # 1 Transformer 000000000010525854 Load Tap Changer 2.5 Mark Pending Action GENERAL ELECTRIC LRTZ00-2 LTC M162110B
0= P& IPE-PA-HOM -T3 # 3 Transformer 000000000010515806 Load Tap Changer 24 WESTINGHOUSE UNT LTC SLM5z092
0= CE IPE-CE-SDM -3TR% 500-3 Transformer 000000000010505433 Load Tap Changer C (LRS700) 24 Faul Pending Action GENERAL ELECTRIC LRS700 LTC KS47114
0= CE IPE-CE-GSE -21G 26-Z Transformers 000000000010501561 Load Tap Changer 21 GEMERAL ELECTRIC LRC =321 5285145
0= CE IPE-CE-HAT -T2 # 2 Transformer 000000000010542874 Load Tap Changer (LR 200-2) 21 GEMERAL ELECTRIC LRTZ00-2 LTC Mi6z1100
0= CE IPE-CE-SBW -ZTRH Z220-2 Transformer 000000000010505224 Load Tap Changer 220-2 26Ky (SRT-MH-D} 2.1 Mark & Dick Ok MOLONEY SRTMHD TS FP&E70635
0= S0 IPE-S0-DVE -T2 # 2 Transformer 000000000010542963 Load Tap Changer 21 GEMERAL ELECTRIC LRTZ00 LTC M1622414
0= CE IPE-CE-SOH -T2 # 2 Transformer 0000000000105052589 Load Tap Changer on T2 (LRT200-2) 21 GEMERAL ELECTRIC LRTZ00-2 LTC M1z22618C
0= CE IPE-CE-5SLI -132-5  132-5 Transformer 000000000010023211 Load Tap Changer 132-5 2Z6Kw 21 Faul (a1 WESTINGHOUSE URT =321 6532766
0= CE IPE-CE-S05 -T1 # 1 Transformer 000000000010503188 Load Tap Changer (URT) 21 Mark (a1 WESTINGHOUSE URT =321 5994645
<r e e e e+ e e ol S - P, e R i

|® Dane

Modify Sh

IE| &
Timestarr

Jul 11 20¢
Jul 11 20¢
Jul 11 20¢
Jul 11 201
Jul 11 201
Jul 11 201
Jul 11 201

Jul 11 zac
Jul 11 zac
Jul 11 zac
Jul 11 201
Jul 11 201
Jul 11 201
Jul 11 200
Jul 11 201
Jul 11 z0o¢

Jul 11 2o¢
Jul 11 2o¢
Jul 11 2o¢
Jul 11 2o¢
Jul 11 2o¢
Jul 11 2o¢
Jul 11 2o¢
Jul 11 2o¢
Jul 11 2o¢
Jul 11 2o¢
Jul 11 2o¢

[ [ [ [ [ [SJtocalintranet
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Details—load tap change issue {0 osisot.

Web Part Page - Microsoft Internet Explorer 18] =l

J File Edit ‘iew Favorites Tools Help | i ,'
| @Eack ~ &) ~ [ [2] (0| P search 5 Favarites ) | (A & (B - i 3 |JLinks &] Google &) GISReports &] Information Central (&] OAMS 5P &] CMMS - MOSS  &] eSHIP (& RtBaseline MOSS  &] M5 Office Live Mesting >
JAQdFESS Iﬁj hittp: ffninwkdey 29/ Asset%20Managment 2 fwebPages/LTC1, aspx7eq=00000000001 05046948k ag=LTC 1 &floc=L TCAsn=5LMS6073 j |J Qg -
Home Documents and Lists Create Up to PSE&G D
© PSEG LTC CA New Action Algorithm Details Modify Shared Page v
MNameplate -
Oneline  Division  Station Code Station Station Type  Floc Descr Equipment Equipment Descr Equiprnent Type Construction Year Serial Nurmber Manufacturer  Model Number
'>§‘<' Central POH POLHEMUS LANE H # 1 Transformer  000000000010504694 Load Tap Changer (UWT) E-LTC 1988 SLMS6073 ABE UNT
Content Editor Web Part * DeltaX Total Combustible Gas x
B Wiew and Trend Equiprent P1 Paints |<| ﬂ ﬂ >||
B Ca LTS Mew Action Algorithm Rules Details  ApprType  Sample Date CO HZ  Acetylene  Ethane Ethylene Methane  Combustible Gas
= LTC 07/06/2009 475 305 4915 40865 2.1297E+05 10714
Algorithm Factors - 0= LTS 04/05/2007 47 0 0 1 4 2 54
Factor Raw Value Case Value Weight % Score <= LT 08/29/2006 188 37 @ 1 3 3 21z
Detectable Acetylene 4915 10 25 2.5 O LTC 05/11/2006 10 0 1} 1 1] 2 13
Bam Ratis of Elnamee 6.08 S 15 0.7s 0= LTC 0d/28/2006 48 0 0O 5 28 5 g9
High Total Gas 270243 10 20 z Showing 1 to 5 of 23
High wiater 48 1] 10 1]
Low Dielectric 34.4 i} 10 i} peltaX Water -
LTC Operations 95 1] 10 1]
|=] =] =] =]
LTC THRU MEUTRAL 1 10 10 1 = = —I J J —I
Details Appriype Sample Date Fluid Termnp {C) W ater
CA Score = LTC 07/06/2009 45 45
Score maxsScore Ranking(%) Peer Group o e 04/05/2007 t= Zl
6.25 6.25 100 YACULUM T= LTC 08/29/2008 47 38
0= LTC 05/11/2006 42 7
Elirend hd o LTC 04/28/2006 31 28
Showing 1 to 5 of 23

DeltaX Fluid -
I B = =
Details Appriype Sample Date Fluid Temp {C) D&77 D1816
0= LTC 05/11/2006 344
0= LTC 08/07/2002 43.7
0= LTC 07/11/2000 37.5
0= LTC 01/14/1995
0= LTC 03/10/1997 424 424
Showing 1 to 5 of 6
6 Months Counter Dperations -

=ull |

| 1 1
|@ Daone l_ ’_ ’_ l_ ’_ |\ﬁ Local intranet
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Web Part Page - Microsoft Internet Explorer -8 x|

J File Edt ‘iew Favorites Tools Help

|Qeak - © - [ &) (| Poeach JeFavorites @] (2 Sz~ JE 3 |JLinks &] Google (&] GIS Reports (& Information Central & 0AMS 5P (&] CMMS -MOSS &) eSHIP (& ] RiBaseline MOSS &] M5 Office Live Meeting »

Jnddress I:Ej hitp: fnijnwkdey29) Asset % 20Managment2 fWebPages equipDiagData. aspxsn=5LMS6073 j H G..L_-i i

-

4% Home Documents and Lists Create Site Settings Help Up to PSE&G Dele=

O PSEG

DeltaX Diagnostic Data Modify Shared P

Nameplate

Location Designation Equipment Serial_Murmn Equipment Type Manufacturer vear Model Fated Ky Rated Mg
POLHEMUS LANE Mo, 1 LTS SLM36073 SLM36073 LTC 19488 UNT 230

POLHEMUS LANE Mo, 1 SLM56073 SLMS6073 TRM 1988 LT 230 27

DeltaX Fluid Test Results

ApprType Equipment Designation Sample Date Fluid Condibion IFT PF25 D1816 DE77 PFLOQ Water Comment Rea:
LT SLMSE073 No. 1 LTC  05/11/2006 2 22,8 0,086 344 15 LT 42 Rou
TRHM SLM56073 Mo, 1 051172006 1 3320129 355 21 LT 42 ROU
LT SLMSE073 No. 1 LTC  08/07/2002 2 23.8 0,067 43.7 41 ROl
TRN SLMS6073 Mool oafoTieon: 2 3160155 302 36 LT 34 Rou
LTC SLMSA073 No. 1 LTC  07/11/2000 2 28.5 0.046 375 44 ROU
TRN SLMSE073 Mo, 1l o7fL/z000 1 3820059 357 21 ROl
LTe SLMSE073 No.1lTC 01/14/1998 1 2830030 299 5 P_a;ticle Count Per 10m| =3 microns = 905 =5 micrans = 613 =10 microns = 374 =20 microns = 133 =50 microns = 10 =100 micrans ROU
LT SLMSE073 Mo, 1 LTC  03/10/1997 1 35 424 424 9 Rou
LTC SLMSAO7I No. 1 LTC  02/20/1997 2 18.7 0,153 24.4 40 ROU
TRN SLMSE073 Mo, 1l 022041997 1 352014 37l 13 ROl
TRH SLMS6073 No. 1 05/09/19%4 2 26

TRHM SLM56073 Mo, 1 041171994 2 22 47

DeltaX Gas Test Results

ApprType4 Equipment Designation Sample Date Fluid Temp (C) Equipment Condtion CO COZ N2 HZ 02  Acetylene Ethanme Ethylene  Methane gg;nbushble Water Total Gas Comment Sampled By  Reason
LTC SLMSA073 Mo, 1 LTC  07/08/2009 45 475 6186 76391 305 1181 4915 40865 2.1297E+05 10714 W 76,34 LT=45 ; RE=33.0% STEVE DAROCI ROUTIME
LT SLMS6073 No, 1 LTC  04/05/2007 351 47 1521 81763 029462 0 1 4 2 0.048 LT=35 ; RS=20.9% STEVE DARCCI ROUTINE
LT SLMS6073 Mo, 1 LTC  08/29/2006 47 2 165 1543 81787 37 20457 0 1 3 6 0,204 LT=47 ; R5=24,3% ; HY=8 STEVE DAROCI ROUTINE
LTC SLMSA073 Mo, 1 LTC  05/11/2006 421 10 92 15331 0 1764 0 1 0 2 0.072 LT=42 ; HY=8 ; R5=5.3%  STEVE DAROCI RUSH
LT SLMSE073 No, 1 LTC  04/28/2006 11 48 2037 78424 0242510 g 28 g g4 28 0.084 LT=31; RS=32.5% ; HY=11 STEVE DAROCI RUSH
LT SLMS6073 Mo, 1 LTC  08/29/2005 502 254 3130 76571 78179050 11 44 7 394 51 0.403 LT=50; R5=29.4% ; HY=8 STEVE DAROCI ROUTINE
LTC SLMSA073 Mo, 1 LTC  07/19/2004 45 2 76 1886 72042 41 24251 2 16 82 5 222 38 0.225 LT=45; R5=26.1% STEVE DAROCI ROUTIME
LT SLMSE073 Mo, 1 LTC 0641272003 E01 81 1834 70633 34 152054 20 151 a8 328 30 0.373 LT=50: RS=17.3% STEVE DAROCI ROUTINE
LT SLMS6073 Mo, 1 LTC  12/03/2002 161 76 2309 74227 27 221430 2 q & 120 3l 0122 LT=16 : R5=66.6% STEVE DARCCI ROUTINE
LTC SLMSR073 Mo, 1 LTC 08407/ 2002 2 184 2628 79050 104 14024 0 2 5 298 4z 0.31 STEVE DAROCI ROUTIME
LT SLMSE073 Mo, 1 LTC  08/0L/2001 B0 2 190 2210 76734 141 127160 1 3 4 339 45 0.368 LT=E0 STEVE DAROCI RUSH
LT SLMS6073 Mo, 1 LTC  09/14/2000 401 53 193 43650 5 48951 a 1 61 22 0.125 LT=40 K&HLER RUSH
LTC SLMSA073 Mo, 1 LTC  09/08/2000 1 153 529 81776 149 137410 i} 1 11 320 24 0.38 KAHLER RUSH
LT SLMSE073 Mo, 1 LTC  07/22/2000 1 0o o 0 0 oo a a a 0 7 0 Mot enough gas K&HLER RUSH
LTiC SLMS6073 Mo, 1 LTC 0741172000 2 211 1663 94514 272 12610 aa 6 42 561 435 0,573 K&HLER DIAGNO ¥

}

2] Done [T [ [ [NJcocal ntranet



Results (,, OSlsoft.

« LTC Stationary & Moving Contacts Burned
* Next PM Due 2015

e LTC & Transformer would have failed before next PM
« Conservatively Saved $S2M Transformer

« 2008 National Reliability Excellence Award
America’s most reliable electric utility

3rd time they received this award
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Wind Generation and PI {0 osioit

* Industry primary challenges

Asset utilization
. Availability
. Efficiency
Sell power at highest rates
. Grid integration
. Forecasting
. Scheduling
. Trading

Warranty management
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Wind Generation and PI {0 osioit

* Industry primary challenges
Enterprise integration
. Heterogeneous assets
Security
. NERC CIP
Regulations and Compliance

. Reporting
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Value of Availability {0 osioit

Busbar

TurbineClass Capacity Annual Expected Price Annual Cash
Hours (kW) Factor Availability Output (kWh)* /kWh Flow per WTG
8760 600 33% 100% 1,734,480 0.0425 $ 73,715.40
8760 1000 33% 100% 2,890,800 0.0425 $ 122,859.00
8760 1500 33% 100% 4,336,200 0.0425 $ 184,288.50
8760 2000 33% 100% 5,781,600 0.0425 $ 245,718.00
8760 2500 33% 100% 7,227,000 0.0425 $ 307,147.50
8760 5000 33% 100% 14,454,000 0.0425 $ 614,295.00

*Formula = Hours * Generator Capacity * Capacity Factor * Availability

A typical utility scale wind farm may have 30 to 200 Turbines
sLarge owners (e.g. Iberdrola — 3500MWs) may have thousands of turbines
*A single percentage point gain/loss of “in-market” availability (e.g. turbines available to operate when the
wind is blowing) for
Iberdrola Total Fleet would result
*in a 15t Year ROl/loss of $4.3MUSD.
*NPV over 5 Years = $13.5MUSD @ 18% Discount Rate
*Based on US prices, power rate in Spain is .07 to .10/kWh produced
*For a Single Wind Farm of 150MWs:
*In a 1styear ROI of $185,000
*NPV over 5 years = $576,000 @ 18% Discount Rate
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Gearbox Example J OSlsoft.

-

Mane
Mane
e

FETRRE

06-hday-04 13:46:01

18:00 22:00 200 &:00 10:00 14:00 1500 22:00 2:00 6:00 10:00

05-May-04 13:45:01
— Gear Box|Temperature
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Gearbox Example {0 osisot

Generator Drive Side Termp 05-May-04 21:16:17 | Generator Mon-Drive Side Temp 05-May-04 21:16:17

110 130 SN

a0

a0 - M 110 /
il 26 Degrees

20 Degrees 20

=
Bl 0
=
=

St

dafl

30 30
18:00 22:00 2:00 : 10:00 14:00 18:00 18:00 2200 : E:00 10:00 14:00 180

Fault high Temp

Gear Box Temp 05-May-04 21:16:17
— Gear Box|Termperature
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Gearbox Example

Date Time |Hours |Production Fault

5/5/04 19:15 11.90 6,627 Gen Temp High

5/9/04 20:29 11.93 7,200 Gen Temp High

5/16/04 18:25 17.32 10,297 Gen Temp High

6/29/04 16:14 382.57 157,665 Generator R&R, Gen
Alignment

7/16/04 6:43 1.05 700 Nacelle Reassembly
after R&R Gen

Total 424.7°7 182,489 $10,024 lost revenue
from 1 turbine over 2
month period
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Gearbox Example

v OSlsoft.
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Power Curve Analysis J OSlsoft.

Home Insert Page Layout Formulas Data Review View Add-Ins

% G @ [ :ﬁ - [ tnsert Trend || ™ Paint ID to Tag [ Module Browse ~ || ] Settings
“) @Tag Search ~ || e Attribute Mask to Tag % Alias to Tag ~.U About
| Current Archive || Compressed Sampled Timed . Calculated  Time Il || . |
Value Value- || Data~  Data~ Data ‘ Data~ Filtered = | 3% Connections | &7 Tag Atributes [&] Property to value || ‘& Help |
_Single Value | —J ~ Tools | Taginformation |
Turbine - x| GEO9 ¥
|
4 A E A Calculated Data v x
.Y
(®) PITag
1 (O PIExpression
F4
3 Turbine: Average Output 280.45 KW
4 Avg. Exp. Output 330,24 KW PI Server (optional)
= Period (days): 1 Average Offset _53.79 kW lm
5 Offset (days) 0
7 Actual Generation (k\Wh) 201926.76 Tl
2 Start Time: 9/1/2008 0:00 |Expected Generation 244252.20
¢ EndTime: 10/1/2008 0:00 |Daily Energy Offset 4232543 Analysis!SMS3
10 Sample frequency 1.44h Unit Efficiency 82.67% 200
11 Start Time
12 Price per kilowatthour (§) 600 Analysis1SCS8
13 Over/Under Production Cost
14 End Time
15
18 Time Wind Speed _ Meter Output _ Expected Outpu Delta Analysis!SCES
17 01-Sep-08 00:00:00 11.74 1023.0 14185 )
18 01-Sep_08 01.26:24 10.65 4325 1220.6| Time Interval (opticnal)
19 1-S2p-08 02:52:48 1110 1191.4 1327 [ Analysis13CE10
20 01-52p-08 04:19:12 10.22 1003.3 111424}
21 01-Sep-08 05:45:36 11.20 1194.5 1353 43 Filter Expression{optional)
22 01-5ep-08 07:12:00 12.25 12056 1464 2[4}
23 1-Sep-03 08:38:24 10.96 55 130043 —
24 01-52p-08 10:04:48 12.33 5357 1467 8[1F E Conversion Factor
25 01-5ep-08 11:31:12 13.45 7512 1406 4= L
25 01-Sep-08 12:57.35 13.28 749.2 1495 2[5 : L
27 01-52p-08 14:24:00 12.46 7505 1471 45> = )
28 01-Sep-08 15:50:24 12.96 7E0.6 1480.2[5> E Calculation Made
et 01-5ep-08 17:16:48 10.86 7443 1273.8/0 = average w
30 1-Sep-08 18:43:12 1162 7487 1405[5 s
& 01-52p-08 20:09:35 10.96 7495 1300 45 g Advanced
32 01-Sep-08 21:36:00 10.38 741.6 1140.8|2> i
33 01-5ep-08 23.02.24 10.51 743.8 1194 = Output Cell
34 02-5ep-08 00:28:48 .95 534.9 734.4|4 g AnalysisISAS1T
s 02-S2p-08 01:55:12 7.27 293.1 371.2]4 2 ]
35 02-Sep_08 03.21.36 8.30 520.9 554.24r 3 Offset/Power show start time
37 02-5ep-08 04:48:00 9.79 579.7 973.4]c> k] [] show end time
38 02-52p-08 06:14:24 9.31 2155 g53[5> 5
39 02-Sep-08 074048 10.47 770.6 1167.4|2> show min/max time
40 02-Sep-08 09:0712 11.50 1261.7 137941 Windspeed (m/s) - :
41 02-5ep-08 10:33.36 11.21 1272 4 13534 e et
42 02-52p-08 12:00:00 11.52 1286.5 1392 [4} ] @ column
34 i Manufacturer Power Curve Power Curve Graphic ) ¥lved.
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 PPM—Scotty Gilbert

14 day forecasts; about best at this time

24 hour forecasts—climatology and park data
. They bank on this—trading is done 24 hours in advance.

. Supply vs. buy decisions
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 PPM—Scotty Gilbert

At end of day reconcile reality with forecast
. Did you get the fuel predicted?
. Did you convert to power as predicted?
Evaluate Market exposure
. Were assumptions true?

Imperative to go back and understand and improve.
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« Scotty Gilbert’s words of wisdom

Collect all the information
. True production vs. predicted
Evaluate reasons
Evaluate where to invest to improve
. Answer questions in real time.

— Don’t take weeks to answer the CEQ’s questions

“Have the courage use the historical data to evaluate performance”
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Midwest I1SO

http://videostar.osisoft.com/Regional Seminars/2009/STL/PPTs/RS2009 STL MISO H
unter.pdf

California I1SO

http://videostar.osisoft.com/t dwest2003/03/03 files/Default.htm

PSE&G

http://videostar.osisoft.com/Regional Seminars/2009/Boston/PPTs/RS2009 Boston C
BM PSEG Gopal Rothweiler.pps

PPM (Iberdrola)

http://videostar.osisoft.com/uc2007/video/M0O-02-05B Gilbert PPM/MO-02-
05B Gilbert PPM files/Default.htm
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