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Iberdrola Renewables: Real-time View
of Curtailments Across the Fleet

“Current curtailment event and lost generation analysis relies on
a course 10 minute average dataset, although the evolving
nature of curtailment events into higher frequency, shorter

duration events, a capability of capturing events faster is 7o et 72120
required. The Pl event frame capability has been demonstrated T
to capture the sub 10 minute events in a systematic and
repeatable way and accurately captures lost generation
associated with curtailments....and enhances our understanding

Search end Element name
1041512 -

-Pati Curtaiment-20131007.140000 H Search start Event template —

(7] Search only top-level events

More search options

20131007.213200
sk Cutaiment-20131007.221600
ke Cutaiment-20131007.222800

iment-20131007.213200

of all types of curtailment events.” U :
Nick Johansen, Iberdrola Renewables, LLC Technical Division IBERDROLA e -
RENEWABLES
Business Challenge Solution Results and Benefits
» Lost generation is only * Event Frame Site «  High Resolution view of the
calculated Monthly Curtailments lost generation
«  The process for the » Calculate relevant « Improved accessibility/
calculation is semi-manual information in Pl AF and PI response time
ACE .

* Time delay makes it too A better starting point for

late to use data proactively * Real-Time Event Generation Investigation
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Agenda

 |berdrola Renewables, LLC

« Business Challenge

» OSlsoft Products and Services

« Approach and Process

« Solution and Results

* Other cool Pl System stuff and Future Plans
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Iberdrola Group

More than 46,000 MWs of installed capacity...

150-year history with roots in hydroelectric Gen erati on Cap aCity

power

Leading renewables producer worldwide with
>14 GW installed

(58% emissions-free)

Hydro
Renewables 21%

30,000+ employees in nearly 40 countries 30%

Nuclear
7%
Coal

One of the lowest CO2 emissions levels in
the electricity sector

Cogeneration

3% Gas Combined

Strategic focus on US, UK,
Latin America and Spain

...that is flexible and economical

Updated March 1, 2013
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Iberdrola Renewables, LLC

A collection of exceptional assets...

#2 owner of wind projects in the

U.S. with more than 5.7 GWs US Renewables
owned and contracted

More than $10 billion of U.S. assets at
nearly 60 installed plants

750+ employees at the end of 2013, [T B4 % f
compared with 12 in 1999 ) " _
- Solar &

636 MW of CCGT & peaking capacity Wind e e BsiOoMr\pV §S|S
: 5,700+ MW olar
on the strategic CA-OR border 100 MW peaking 55 MW Biomass

Represents 39% of Iberdrola S.A.’s And clean gas generation
global wind capacity

...focused on operational excellence and selective growth

Updated Jan. 2, 2014
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U.S. Power Assets

y

IBERDROLA
1 - Buffalo Ridge 4 - Moraine 7 - Elm Creek Il 10 - Winnebago 13 - New Harvest
WIND PROJECTS WIND PROJECTS  50.4 MW owned 51 MW owned 148.8 MW owned 20 MW owned 100 MW owned
- Klondike llla — . . 2 - BuffaloRidge Il 5 - Morainell 8 - Trimont 11 - Top of lowa Il
76.5 MW owned gémwﬁ)vsvop?.\wmass 210 MW owned 49.5 MW owned 101 MW owned 80 MW owned Maple Ridge Il
- Hay Canyon 3 - MinnDakota 6 - EIm Creek 9 - Flying Cloud 12 - Barton 45.4 MW owned
100.8 MW owned | 150 MW owned 99 MW owned 43.5 MW owned 160 MW owned | (91 MW project)
- Klondike Maple Ridge
24 MW owned 115.5 MW owned
. Rugby ’ Vo, Groton
- Klondike Il (231 MW project) 4 k
223.6 MW owned 149.1 MW owned Q‘ Hardscrabble s N\ 48 MW owned
- Star Point Klamath Cogen A 74 MW owned 4 /A": Lempster
99 MW owned 536 MW 7 120~ X 24 MW owned
- 7Kslo’\;|1\7\;ke I ] Klamath Generating 4 8 , Hoosac
owne
- Big Horn SO Pleasant Valley o ) P 28.5 MW owned
199.5 MW owned 0/ 144 MW PPA Providbhce Heights £ Cayuga Ridge Locust Ridge
- Big Horn Z 72 MW gwned 300 MW owneg 26 MW owned
igm\,’\éfg:ﬁgon 75T|‘\;|I{/|\1/ Buttes Elk River Locust Ridge Il
151.2 MW owned — San Luis owne 150 MW ow%\ 102 MW owned
0 - Pebble Springs 0 MW owned Casselman
98.7 MW owned Colorado Green | 34.5 MW owned
1 - Leaning Juniper Il Bl
YN 81 MW owned South Chestnut
201.3 MW owned '
(162 MW project) 5 48 MW owned
High Winds Mountain View Ill Dry Lake Il = Blue Creek
162 MW PPA 65.1 MW owned Barton Chapel 304 MW owned
22.44 MW owned
. 120 MW owned
Shiloh . >
150 MW owned Dillon Copper Crossing
45 MW owned 20 MW owned

}b Wind generation
@ Gas-fired thermal generation
‘ Biomass generation

3% Solar generation

A

./
Pefiascal Il
201.6 MW owned
Pefiascal

201.6 MW owned

Assets owned by Iberdrola Renewables, LLC, except
where noted as a Power Purchase Agreement (PPA)

MAP-US2000, Rev. 12/31/2012



Background

U.S. Power Assets

WIND PROJECTS ‘g(wmn PROJECTS
1-Kondikella — — g iomass
765 MW ovned g
2- Hay Canyon

100.8 MW owned
3 - Klondike
24 MW owined
4 - Klondike 11l
223.6 MW owined
5 - Star Point
99 MW owned
6 - Klondike Il
75 MW owined
7 - Big Horn
199.5 MW owned
8- Big Horn Il
50 MW owned
9 - Juniper Canyon
151.2 MW owned —
10 - Pebble Springs
98.7 MW owned
11 - Leaning Juniper I
201.3 MW owined

High Winds
162 MW PPA

Shiloh
150 MW owned

Mountain View Il
22.44 MW owined

Dillon
45 MW owned

)— Wind generation

Copper Crossing
20 MW ovined

@ GasHired thermal generation
‘ Biomass generation

%% Solar generation

1-BuffaloRidge 4 - Moraine 7-Elm Creek Il
50.4 MW owned 51 MW owned 148.8 MW owned
2-BuffaloRidgell 5 - Moraine Il 8 - Trimont
210 MW owined 49.5 MW owmed 101 MW owned
3 - MinnDakota 6 - Elm Creek 9 - Flying Cloud

150 MW owned 99 MW owned 43.5 MW owned

IBERDROLA
RENEWABLES
10 - Winnebago 13- New Harvest
20 MW owned 100 MW owned
11-Top of lowa Il
80 MW owned Maple Ridge 11
12 - Barton
160 MW owned (o1

Maple Ridge

28.5 MW owned
LocustRidge
26 MW owned
LocustRidge Il
102 MW owned
Casselman

34.5 MW owined
South Chestnut

Peiiascal Assets owned by Iberdrola Renewables, LLC, except
201.6 MW owined where noted as a Power Purchase Agreement (PPA)

MAP-US2000, Rev. 12/31/2012

IBERDROLA
RENEWABLES
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Background (Pl System History) RENEWABLES

First implemented in 2004
Enterprise Agreement with OSlsoft Signed in 2011
Tag Standardization Project in 2012
— (Updated Name, Descriptor, and other attributes for > 200k points)
Pl AF Implementation 2013
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Background

e Daily Curtailments

H:

* |Lost Generation

* Multiple Tools




IBERDROLA

Approach with OSlisoft RENEWABLES

* Discussions with CoE representatives and EPM (Thanks Ruth Kendall,
John Stawiarski and Jack Fries)

* CoE workshops with Brandon Perry and Martin Bryant on AF
e vCampus and Dennis Kilgore help with ACE Calculations
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Approach with Users RENEWABLES

* Discuss approach with the user base
* Build the AF Backend
— This supports a number of other efforts




Process

Pl Asset Framework

e Structure the Park
*Build the Trigger

PI ACE

*Model Based on vCampus
Code

*Repeatable and flexible

Pl Event Frames

Structure the Curtailment
Event Frame

Structure the Results

IBERDROLA
RENEWABLES

Visualization

*PI CoreSight
*PI DataLink 2014 Beta
*P1 OLEDB Enterprise




Investment IBERDROLA

RENEWABLES

* AF, fundamental (if not necessary) for nearly everything (Element
Relative Displays - CoreSight - OLEDB Enterprise)

* Coded samples up and available at vCampus 2012 were utilized

* Improved ACE Code to trigger Pl Event Frames through an AF Attribute
simplifying maintenance
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Summ ary RENEWABLES

* Easily Updateable, Easily Recalcuable

Fermula Configuration
Operating Capacity S
Postal Code Parameters Equations |
A=Generation Setpoint G =badval{A) or badwval{B)or badwval(F)

(=4 Region Manager B=0perating Capadty if G==1thenC=-1gelseC=A-F
P=Paotential Generation{CORE)

if badval{A) or badval(B) or badval(C) then 2 elseif

& Template: Park Template - Core Data

HEE

-cﬁ Active Power

CORE Park Mame

)]

Curtailment Trigger




Working Results

Curtailment Event Frame

- Attribute Templates

FAilter o~ |
|f| i|Name A| [I DefauliS}.
B 2 Template: Curtaiment Event Frame
(ﬁ Active Power 0 MW
&7 Active Power Average omMw
[ domnenn s
(x Generation Setpoint HO
(z Generation Setpoint Average 0
Mfr Abbreviation
Operating Capacity oMW
¢ Potential Generation (CORE)  |FO MW
Potential Loss oMW
Real Loss oMW
State
& Wind Speed 0
(ﬁ Wind Speed Average 0

Mame: Expected Average Loss

Description: Loss of Power over the length of the curtailment

Configuration Item:

Categories:
Default UOM: ’ <MNone =
Value Type: [Dm.ﬂe

Default Value: a

Data Reference: ’Formda

Setting

A=Active Power;K=Potential Generation (CORE]);UOM=Mw; [K-A]; UOM =My

Park

Atrbutes [ports | Version

Filter

II H l|ﬁ| Name A| Value
Bl (f Template: Park Template
| = I State ISOUTH DAKOTA
Bl (f Template: Park Template - Metadata
L] Address 21006 486th Avene
L] Mfr Abbreviation Suz
o] Operating Capacity 50,4 MW
L] Postal Code 57028
B Region Manager Joe Melsha
Bl (f Template: Park Template - Care Data
B | ¢F Active Power 0.4834651 MW/
L] CORE Park Name BUFAL
) Curtailment Trigger 0
B | ¢ Generation Setpoint 52,92 MW/
L] Pointsource 0138
B | ¢F Potential Generation (CORE) 1.477854 MW/
B | ¢F Reactive Power 116.5956 VAr
5} Security MINNDAKOTA_CORE: A(r,
Bl (f Template: Park Template w/ Best Wdspd
B | ¢F Potential Generation (Domina) 0.543594604492188 MW
= Wind Speed - Best Available 4.170363 m/s




Results

IBERDROLA

RENEWABLES

* Easily pull in curtailment data for a specific park and use this to see how
long curtailments lasted and how much generation was lost.

VWOTKDDOK VIEWS Inow L00m VY INnaow
| F129 - (" fe| =SUM(F2:F128)
A B = D E F
1 Event name Start time End time Duration  Event template Lost Generation Prii
122 USA All-Barton Chapel 1-Park-Curtailment-20140309 222040 09-Mar-14 22-:20-40 09-Mar-14 22-:21:21 0 0:00:41 Curtailment Event Frame 0.107968415 Pa

123 USA All-Barton Chapel 1-Park-Curtailment-20140309.224110
124 USA All-Barton Chapel 1-Park-Curtailment-20140309.231200
125 USA All-Barton Chapel 1-Park-Curtailment-20140309.231340
126 USA All-Barton Chapel 1-Park-Curtailment-20140309 232800
127 USA All-Barton Chapel 1-Park-Curtailment-20140309.232840
128 USA All-Barton Chapel 1-Park-Curtailment-20140309.233002
129

AN

09-Mar-14 22-:41:10
09-Mar-14 23:12:00
09-Mar-14 23:13:41
09-Mar-14 23:28:00
09-Mar-14 23:28:40
09-Mar-14 23:30:03

09-Mar-14 22-:41-30
09-Mar-14 23:13:11
09-Mar-14 23:14:01
09-Mar-14 23:28:20
09-Mar-14 23:29:40
09-Mar-14 23:30:20

0 0:00:20 Curtailment Event Frame
0 0:01:11 Curtailment Event Frame
0 0:00:20 Curtailment Event Frame
0 0:00:20 Curtailment Event Frame
0 0:01:00 Curtailment Event Frame
0 0:00:18 Curtailment Event Frame
0 2:00:58

0.003172459 Pa
0.011066379 Pai
0.041107899 Pa

0 Pai
0.017858902 Pai
0.002027318 Pai
3. 751676853
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IBERDROLA

Resu ItS RENEWABL

{EFTL{PELActive Power, Active Power Average,Duration,Expected Average =
v

S

“ | Explore Events x
Database Event name
- —3 =
- - S @ 4 Settings ¢ \ -
G @ OB B T e 9 ; Jectne: G | \\FDXPIAFD1\Iberdrola Renewables
Current Archive  Compressed Sampled Timed | Calculated Time | Evplore Compare | Search | Properties  Update Notification
Value Valuew | Data~  Datav Data Data- Filtered~ | = M - @) Help Search Search start Event template
Single Value Multiple Value Calculation Events Search | Properties | Update | Resources | otifications
H58 - fe|(=PIEFDat("\PDXPIAF01Uberdrola Renewables AF”,"3/1 urtailment Event Frame ctive in range”,"start time ascending’ EN}L{ST}{EET}.{DUL{ 3N Curtailment Evert Frame h
= A B E D E F G H i J K -
1 Event name Start time End time. Duration _ Event template Primary element _ Active Power _ Active Power Ave Duration _ Expected , Generat Search end Element name
53 USA All-Cayuga Ridge 1-Park-Curtailment-20140301 054000 01-Mar-14 05:40:00 01-Mar-14 06:30-00 0 0.50.00 Curtailment Event Fr Park 5645131683 6083175111 1900037 6476358 w10 -
54 USA All-New Hanvest 1-Park-Curtailment-20140301.055056 01-Mar-14 05:50:56 01-Mar-14 05:55:50 0 0.04:54 Curtailment Event Fr Park 5158390808 44.05021116 4 21 10.39464 41
55 USA All-Providence Heights 1-Park-Curtailment-20140301 055317 01-Mar-14 05 01-Mar-14 06:01-36 0 0:08:19 Curtailment Event Fr Park 349811821 1553033582 4474365 15
56 USA All-Barton Chapel 1-Park-Curtailment-20140301.060910 01-Mar-14 06 01-Mar-14 06:09:31 0 0:00-20 Curtailment Event Fr Park 2613036304 2254264686 -0.80082 1 Element template
57 USA All-Barton Chapel 1-Park-Curtailment-20140301.063250 01-Mar-14 06 01-Mar-14 06:34:10 0 0:01:20 Curtailment Event Fr Park 3834177017 3.78538921 0.13989  3.209: [7] Search only top-level events
58 USA All-New Harvest 1-Park-Curtailment-20140301.064059 01-Mar-14 06- 01-Mar-14 07:00:49 0 0:19:50 Curtailment Event Fr Park 7722096252 438786348 3604721 : - %
59 USA All-Leaning Juniper 28-Park-Curtailment-20140301 064310 01-Mar-14 06 01-Mar-14 08:59:00 0 2:15:50 Curtailment Event Fr Park 8638543701 20.01143015 422961 61
60 USA All-Farmers City 1-Park-Curtailment-20140301.064630 01-Mar-14 06 01-Mar-14 06:56:20 0 0:09:50 Curtailment Event Fr Park 7135799408 67.46078477 4599266 : " h onti
61 USA All-Leaning Juniper 24-Park-Curtailment-20140301 064830 01-Mar-14 06:48:30 01-Mar-14 06:49:10 0 0:00:40 Curtailment Event Fr Park 65289156405 6335469716 016:00:50 535265 616 lore search options
52 USA All-Barton Chapel 1-Park-Curtailment-20140301.064350 01-Mar-14 064851 01-Mar-14 06:49:41 0 0.00-50 Curtailment Event Fr Park 0614835024 0548552458 0195057 -0.03828 0.893:
63 USA All-Top Of lowa 2-Park-Curtailment-20140301.065150 01-Mar-14 06:51:60 01-Mar-14 07:07:00 0 0:16:10 Curtailment Event Fr Park 2687037849 25.90381407 026313 22 Preview
64 USA All-Pebble Springs 1-Park-Curtailment-20140301.065230 01-Mar-14 06:52-30 02-Mar-14 17-38-30 110-46:00 Curtailment Event Fr Park 7332769775 6642743608 -1.03462
85 USA All-Leaning Juniper 2A-Park-Curtailment-20140301 074719 01-Mar-14 074719 01-Mar-14 08:59-09 0 11150 Curtailment Event Fr Park 5758228302 3652821938 573947 |- Events (894 found) -
66 USA All-Barton Chapel 1-Park-Curtailment-20140301.075030 01-Mar-14 07:5031 21 00:00:50 Curtailment Event Fr Park 0303168207 -0.264955254 0.57107 ) X e 2 ——
67 USA All-Barton Chapel 1-Park-Curtailment-20140301.085350 01-Mar-14 08:53-50 10 00:01:20 Curtailment Event Fr Park -0.067967042  -0.043294358 0.335869 : '?' USA All-Maple: Ridge 2-Park Cutailment 20130304.085134 A
58 USA All-Leaning Juniper 28-Park-Curtailment 20140301 030000 01-Mar-14 03-00-00 40 0 4:05:40 Curtailment Event Fr Park 3914934921 1734182482 2208778 30 - =2 USA All-Klondike 3A-Parc-Curtailment-20131125.111445
69 USA All-Buffalo Ridge 2-Park-Curtailment-20140301 090100 01-Mar-14 03:01:00 50 000450 Curtailment Event Fr Park 3915859222 3415339026 6625024 35 |2 USA All-Buffalo Ridge 2-Park Curtaiment-20131125.111810
70 USA All-Barton Chapel 1-Park-Curtailment-20140301.091450 01-Mar-14 09:14:50 00 00:01:10 Curtailment Event Fr Park -0.048568059  -0.030226237 0.31647 @ P ) ¥ —
71 USA Al saning Juniper 2A-Park-Curtailment-20140301 032140 01-Mar-14 08:21-40 30 05:02:50 Curtailment Event Fr Park 4382411957 20 18412242 051029 41 = USA AllProvidence Heights 1-Paric Curtaliment 2DL31125 112840
72 USA All-Barton Chapel 1-Park-Curtailment-20140301.095020 01-Mar-14 09:50:20 01-Mar-14 09:51:50 0 0:01:30 Curtailment Event Fr Park 0040804599 0.018613855 1 11:59:40 0.308508 == USA All-Maraine 2-ParkCurtaiment-20140223.063740
74 USA Al Baon hapel ot Caaiment 20140301 101400 O a4 10-1:01 011l 14 101520 0 D115 Gt Evert P ot oOTtwsSTl O agme0 174502 12199 "4 USA AlBatton 2-Pak Cutalmert- 20140225 212640
-Barton Chapel 1-Park-Gurtailment- 5 Mar- Mar- :01:19 Curtailment Event Fr Par 0. - ¥ o p
75 USA All-Barton Chapel 1-Park-Curtailment-20140301.101530 01-Mar-14 10:15:30 01-Mar-14 10:16-10 0 0:00:40 Curtailment Evert Fr Park 0015056092 -0.023548417 0.252958 = USA All-New Harvest 1-ParcCutaiment-20140228.212642 .
76 USA All-New Harvest 1-Park-Curtailment-20140301.104558 01-Mar-14 10:45:58 01-Mar-14 10:50:45 0 0:04:47 Curtailment Evert Fr Park 67.79508209  64.57774481 9.611923 61 LB LIS A A B 4 Do bl I1ANG30 345700,
77 USA All-Barton Chapel 1-Park-Curtailment-20140301.105400 01-Mar-14 10:54:00 01-Mar-14 10-55:01 0 0:01:00 Curtailment Event Fr Park 0319674581 0201085703 0157935
78 USA All-Barton Chapel 1-Park-Curtailment-20140301.110650 01-Mar-14 11:06:51 01-Mar-14 11:07:51 0 0.01.00 Curtailment Event Fr Park 0003739737 -0.0287015 0.580043 Colurmnn headers
79 USA All-New Harvest 1-Park-Curtailment-20140301.111557 01-Mar-14 11:16:67 01-Mar-14 11:21:64 0 0.06:67 Curtailment Event Fr Park 56.60844803  61.35817499 7.493063 69
80 USA All-New Harvest 1-Park-Curtailment-20140301.113100 01-Mar-14 11:31-00 01-Mar-14 11-40-48 0 0-09:48 Curtailment Event Fr Park 6548699188 6113607771 6.175629 62 Select all
81 USA All-Barton Chapel 1-Park-Curtailment-20140301.113440 01-Mar-14 11:34:41 01-Mar-14 11:35:01 0 0.00-20 Curtailment Event Fr Park 0.364206612 0110661175 0.819459
82 USA All-Barton Chapel 1-Park-Curtailment-20140301.114030 01-Mar-14 11:40:31 01-Mar-14 114061 0 0.00-20 Curtailment Event Fr Park 0125787586 0.083358659 0621475
83 USA All-New Hanvest 1-Park-Curtailment-20140301.115050 01-Mar-14 11:50:50 01-Mar-14 11:55:44 0 0.04:54 Curtailment Event Fr Park 63.86874771  59.89259793 4.665768 57 Event name -
84 USA All-Barton Chapel 1-Park-Curtailment-20140301.121520 01-Mar-14 121521 01-Mar-14 12:16:11 0 0:00:50 Curtailment Event Fr Park 0188324392 -0.140606298 0.893982 Start time
85 USA All-Barton Chapel 1-Park-Curtailment-20140301.123050 01-Mar-14 123051 01-Mar-14 12:31:30 0 0.00-39 Curtailment Event Fr Park 0030736591 -0.021894451 1.018995 =l ¢
86 USA All-Barton Chapel 1-Park-Curtailment-20140301.123920 01-Mar-14 12:39:20 01-Mar-14 12:39:40 0 0.00:20 Curtailment Event Fr Park 0.260118157  0.24615248 0.65629 End time
87 USA All-New Harvest 1-Park-Curtailment-20140301.124100 01-Mar-14 12:41-00 01-Mar-14 12:50:49 0 0:09:49 Curtailment Event Fr Park 7385337067 59.07962848 3504875 45 m
88 USA All-Barton 2-Park-Curtailment-20140301 124100 01-Mar-14 12:41:00 01-Mar-14 1346:20 0 03620 Curtailment Event Fr Park 3961187744 1111657867 1490681 8 Durztion <
aor T 108 A8 oten % ook o oI s 504 #7nd 4410 e T e By Sy S T e e e Event template
Primary element
Active Power
Active Power Average




ummary

@) PiIcoresignt”
homepage

Eilofc|m

ndo Redo  Messages

@ Duration - 181.83 min

@ Total Active Power - 10649 MW

@ Lost Generation - 220.54 MWh

@b Active Power - 11075 MW

@ Active Power Average - 35.14 MW

@b Expected Average Loss - -2.8365 MW

@b Generation Setpoint - 173 MW

(@ Generation Setpoint Average - 152.27 MW
@ Mir Abbreviation -

@b Operating Capacity - 199.5 MW

@ Potential Generation (CORE) - 107.01 MW
@ Potential Loss - 265 MW

@ State - WASHINGTON

@ Wind Speed - 22952 m/s

@ Wind Speed Average - 41823 m/s

Drag symbols here for later use

14022118591 Average | O USA All-Big Hi
@ I MW 10751
10
Events & @ @
Events from 12/2/2013 12:00 AM - 3/2/2014 12:00 AM
A i A 1

IBERDROLA
RENEWABLES

Pl Coresight”
homepage

Kis|c|m

E] Assets
W\PDXPIAFOL\berdrolz Renewables AF
A [.T\Reqion 1 - West\Ria Horn 1

Events 2 'l @

Events from 3/20/2014 1:33 AM - 3/20/2014 2:39 AM
P (D USA All-Leaning Juniper 2A-Park-Curtailmen|

3/20/2014 2:35:40 AM - 3/20/2014 2-53:50 AM (13

P (D USA All-Leaning Juniper 2A-Park-Curtailmen)
3/20/2014 2:32:50 AM - 3/20/2014 2:33:30 AM (4‘]

P (D) USA All-Leaning Juniper 2A-Park-Curtailmen
3/20/2014 2:25:30 AM - 3/20/2014 226:30 AM  (1nj

P (D USA All-Leaning Juniper 2A-Park-Curtailmen|
3/20/2014 1-55:30 AM - 3/20/2014 2-17-20 AM (2]_

.

® USA All-Leaning Juniper 2A-Park-Curtailment-20140320.180310}Active Power | © USA All-Leaning Juniper 2A-Park-Curtailment-20140320.180310|Active Power Average | *  USA All-Leaning Juniper 2A-Park-Curtaiiment-201 .
20048 MW 20048 MW 25324
100 A
20 I —— —|
1 — 1
-20
3/20/2014 6:03:10.06601 PM 28m 9s 3/20/2014 6:31:19.03 PM I
®  USA All-Leaning Juniper 2A-Park-Curtailment-20140320.015530)4ctive Power | ©  USA All-Leaning Juniper 2A-Park-Curtailment-20140320.015530|Active Power Average | #  USA All-Leaning Juniper 24-Park-Curtailment- 20140320,
52558 MW 52558 MW 13678
20 l
—
-20
3/20/2014 1:55:30.07201 AM 21m 50s 3/20/2014 2:17:20.01901 AM I
® ParActive Power | ©  USA All-Leaning Juniper 2A-Pari-Curtailment-20140320.174300[Total Active Power | #  USA All-Leaning Juniper 24-Park-Curtailiment- 20140320, 174800{Active Power | ©  UsA All-Leaning Juniper 2A-| -
43997 MW 0012245 MW 43997 MW 43997




Iberdrola Renewables: Real-time View of
Curtailments Across the Fleet

* “Current curtailment event and lost generation analysis relies
on a course 10 minute average dataset, although the
evolving nature of curtailment events into higher frequency,
shorter duration events, a capability of capturing events
faster is required. The Pl event frame capability has been
demonstrated to capture the sub 10 minute eventsin a
systematic and repeatable way and accurately captures lost
generation associated with curtailments....and enhances our
understanding of all types of curtailment events.”

* Nick Johansen, Iberdrola Renewables, LLC Technical

Search start Event template
10113

Search end Element name

El
seney e ere 1

[&2] Mere search options

Division IBERDROLA I
: . RENEWABLES :
Business Challenge Solution Results and Benefits
* Lost generation is only . L : :
calculated Monthly e Event Frame Site High Resolution view of

Curtailments the lost generation

* The process for the calculation _ .
is semi-manual * Calculate relevant information

in PI AF and Pl ACE response time
A better starting point for

Improved accessibility/

* Time delay makes it too late to
use data proactively * Real-Time Event Generation




IBERDROLA

Next StepS RENEWABLES

* Full DataLink 2014 Rollout once released
* Expansion from site curtailment reporting to turbine level curtailment
reporting (Easily expanded through Pl Analytics)
* Additional Calculated Attributes
— (Start in development database, then Production after business
consensus)




One Benefit Among a Multitude RENEWABLES

* PI CoreSight (and Mobile)

* Pl AF AutoTag Creation

* Externally
Available
SharePoint Site

5 C 1) phintOSwosrpLus/coresiaht/s/Displays/63/Gamesa- Rear-Hain-Bear

Opcomar  Ri|o|~|B (] it ¥ ) T—

T Do - Ve fme et b Mo Mamom S0 farge
N ne nn -a a2 )
wn snausnnm s - e e . £

‘ Fiter P~ | Name: Cument Phi
I Iil i Name O Description:

Ohio State Ureversity ¥

IBERDROLA
RENEWABLES

Substatic

Fmin | PlPoral > Blue Creek

Welcome to your Iberdrola Renewables PI Portal

Blue Creek
@ Turbines and Wind Direction
|/ Deseriptor Yime Value  Average
@ Trend Time Range Biue Creek 1, park, num turbines resdy 3/20/2014 6:40:00 AM 138 12
Number of Turbines at Site 3/20/2018 6:57:13 A% 152
Time nd Time * g »
swrrind o e b EEEE Vind peed Viviois sota oo sass
@ Meter Time Range
@ Trending Data
Start Time y-1d [ endTime y
o TETLSVABXTOEL STURW
54
¥ s
= o gL @ et vakes -
o ot T \\PT1-SV-PIEXTO1\BL1.ST.FD123. HMTR.SupWh
e Value

Y
3/18/2014 4:00:00 AM
¥

/18201
2/18/2014 8:00:00 AM
3/18/2014 9:00:00 AM
/18/2014 10:00:00 AM
/2014 13:00:00 AM

Showing 1.t0 12 of 25
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Brandon Lake
Brandon.lake@iberdrolaren.com

Ld./Sr. Pl System Analyst
Iberdrola Renewables, LLC

Kevin Sohal
Kevin.Sohal@iberdrolaren.com
Pl System Analyst

Iberdrola Renewables, LLC
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Screenshot

 Easily pull in curtailment data for a specific park
and use this to see how long curtailments lasted

and how much generation was lost.

VWOTKDOOK VIEWS anow

LZoom

winaow

| F129 - fe| =SUMF2:F128)

A
1 Event name

B
Start time

Cc
End time

D E
Duration  Event template

F
Lost Generation Pril

122 USA All-Barton Chapel 1-Park-Curtailment-20140309.222040
123 USA All-Barton Chapel 1-Park-Curtailment-20140309.224110
124 USA All-Barton Chapel 1-Park-Curtailment-20140309.231200
125 USA All-Barton Chapel 1-Park-Curtailment-20140309.231340
126 USA All-Barton Chapel 1-Park-Curtailment-20140309.232800
127|USA All-Barton Chapel 1-Park-Curtailment-20140309.232840
128 USA All-Barton Chapel 1-Park-Curtailment-20140309.233002
129

492n

OSlsoftt USERS CONFERENCE 2014

09-Mar-14 22:20:40
09-Mar-14 22:41:10
09-Mar-14 23:12:00
09-Mar-14 23:13:41
09-Mar-14 23:28:00
09-Mar-14 23:28:40
09-Mar-14 23:30:03

09-Mar-14 22:21:21
09-Mar-14 22:41:30
09-Mar-14 23:13:11
09-Mar-14 23:14:01
09-Mar-14 23:28:20
09-Mar-14 23:29:40
09-Mar-14 23:30:20

(® @0SlsoftUC | #UC2014

0 0:00:41 Curtailment Event Frame
0 0:00:20 Curtailment Event Frame
0 0:01:11 Curtailment Event Frame
0 0:00:20 Curtailment Event Frame
0 0:00:20 Curtailment Event Frame
0 0:01:00 Curtailment Event Frame
0 0:00:18 Curtailment Event Frame
02:00:58

0.107968415 Pai
0.003172459 Pal
0.011066379 Pai
0.041107899 Pai
0 Pal
0.017858902 Pai
0.002027318 Pai
3.751676853

© Copyright 2014 OSlsoft, LLC.
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Screenshots.. .

Database Event name

‘WPDXPIAFD1 berdrola Renewables “providence™
Search start Event template

11714 Curtailment Event Frame
Search end Element name

2114 -

Element template
Search only top-level events = |
Meore search options

Preview

h@ Events {157 found) -

i 12y USA All-Providence Heights 1-Park-Curtailment-20131125.112840 3

|2y USA All-Providence Heights 1-Park-Curtaiment-20140103.141356
|2 USA All-Providence Heights 1-Park-Curtaiment-20140103.164855
|2 LISA All-Providence Heights 1-Park-Curtaiment-20140103.205306
|2 USA All-Providence Heights 1-Park-Curtaiment-20140103.223452
|2 USA All-Providence Heights 1-Park-Curtaiment-20140104.025214
|2 USA All-Providence Heights 1-Park-Curtaiment-20140105.101348

@ISR AN Do Unicbtn 1 Oode M ibmilennet 911 ANINE 104017

Event name o
Start time

End time

Duration

Evert template

Primary element

m

(] [«] %]

Active Power

Active Power Average

I EEEEE

F]
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