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Pl as the Enterprise Data Infrastructure ;

Source devices will evolve
with nesy technologies and
cost effectiveness

Record I
(data streams not |
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SCEenario)
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Pl T&D Utility Trends

« EMS/DMS/SCADA Data for T&D Operations and
Reliability

* Synchrophasor and WAMS-Wide Area Measurement
System

» Power Quality/Transient/Disturbance

« Substation Automation

« Asset Management and Condition Based Maintenance

 Distribution Automation

 AMI/AMR Metering

« Smart City, Smart Grid and Microgrids
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1. Pl for Grid Operations
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CAISO-Where we are now....
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Solutions helped if you think this way

 EMS provides reality and a way to operate reality
« The market is the forecast of the reality to come

* We need to provide operators visualization to tie the past,
current, and the future

« QOperators’ confidence is increased as you provide the
visualizations and accuracy of the forecast

Pl is the continuum for operators to see and analyze the
past, operate the current, and proactively make
decisions to prevent a negative future

Courtesy: Hani Alarian, Director, Power Systems Technology Operations
Dr. Khaled Abdul-Rahman, Director, Power Systems Technology Development
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Example in Numbers only 6 hours of 24

Can you find the mistake?

4:30
4:45
5:00
5:15
5:30
5:45
6:00
6:15
6:30
6:45
7:00
7:15
7:30
7:45
8:00
8:15
8:30
8:45
9:00
9:15
9:30
9:45
10:00
10:15
10:30
10:45
11:00
11:15
11:30

1766.807
1782.593
1804.619
1851.697
1891.173

1918.68
1927.751
2001.637

2054.95
2112.258
2160.629
2232.516
2267.812
2294.774

2325.94
2370.621
2398.012
2427.269
2452.356
2490.627
2521.597
2551.844
2588.298

2619.03
2645.652
2668.184
2682.564
2705.387
2715.591

1770.041
1783.582
1804.311
1851.983
1889.403
1914.849
1928.128
2003.804
2058.036

2103.88
2137.386
2211.839
2254.537
2288.251

2322.89
2371.534
2401.169
2429.596
2457.249
2502.216
2540.463

2575.42
2611.475
2650.911
2678.506
2703.642
2718.079
2736.648
2742.262

1735.584
1740.005
1753.202
1775.265
1791.779
1803.538
1797.334
1827.463
1848.321
1872.549
1888.932
1943.359
1978.218
2006.233

2040.28
2099.076
2140.396

217.261
2208.352

2255.25
2288.521
2321.138
2350.499
2388.768
2411.097
2430.173
2442.608
2461.428
2472.007
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1712.094
1713.625
1722.105
1738.878
1749.428
1749.229
1736.343

1753.16
1764.349
1778.843
1790.602
1834.518
1865.147
1889.359

1920.23
1970.189
2007.306
2038.443
2074.063
2117.835
2151.365
2182.995
2213.857
2256.956
2283.247
2307.043
2324.405
2349.543
2365.656

1748.954
1763.2
1782.787
1833.121
1874.77
1901.105
1917.293
1994.741
2050.196
2095.131
2135.888
2220.943
2270.142
2308.142
2345.282
2400.857
2437.142
2468.24
2499.239
2544.785
2584.2
2621.057
2655.357
2699.702
2724.45
2749.066
2763.242
2780.964
2788.949

1760.249
1776.202

1798.3
1848.069
1890.169
1913.318
1927.759
2006.415
2060.041
2102.328
2143.732
2225.654
2268.746
2303.487
2336.993
2389.888
2420.344
2449.527
2478.301
2520.463
2557.204
2593.661
2626.772
2668.777
2695.779
2720.254
2733.837
2750.594
2764.653

1756.513
1772.523
1796.214

1846.02
1887.194
1905.974
1919.787
1996.289
2051.025
2094.292
2138.594
2219.614
2261.528
2294.172
2324.838
2377.086
2408.794
2436.273
2465.481
2509.126
2550.518
2588.434
2622.822
2666.828
2698.503
2725.196
2741.958
2762.598
2778.697

1746.818 17510224
1762.432  1765.907
1783.199  1785.155
1832.959  1832.181
1871.383  1867.261
1891.461  1883.946
1900.453 1889.87
1975221  1958.406

202824  2008.001
2072.529  2050.109
2116.436  2091.379
2192.266  2166.789
2233358  2211.937

2266.28  2249.907
2299.474  2286.259
2352.518  2342.512
2385.162  2377.984
2415.056  2409.495
2444.879 2441.46
2488.076  2487.573
2526.244  2525.164
2561.901  2560.209

2596.66  2594.748
2638.944  2637.933
2667.695  2667.878
2691.454 2693.37
2709.303  2710.661
2728.487 2728311

2743.69  2742.778
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Same Example in visual
Can you find the mistake? 'K
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Example in Numbers only 6 hours of 24

Can you find the mistake?

4:30
4:45
5:00
5:15
5:30
5:45
6:00
6:15
6:30
6:45
7:00
7:15
7:30
7:45
8:00
8:15
8:30
8:45
9:00
9:15
9:30
9:45
10:00
10:15
10:30
10:45
11:00
11:15
11:30

1766.807
1782.593
1804.619
1851.697
1891.173

1918.68
1927.751
2001.637

2054.95
2112.258
2160.629
2232.516
2267.812
2294.774

2325.94
2370.621
2398.012
2427.269
2452.356
2490.627
2521.597
2551.844
2588.298

2619.03
2645.652
2668.184
2682.564
2705.387
2715.591

1770.041
1783.582
1804.311
1851.983
1889.403
1914.849
1928.128
2003.804
2058.036

2103.88
2137.386
2211.839
2254.537
2288.251

2322.89
2371.534
2401.169
2429.596
2457.249
2502.216
2540.463

2575.42
2611.475
2650.911
2678.506
2703.642
2718.079
2736.648
2742.262

1735.584
1740.005
1753.202
1775.265
1791.779
1803.538
1797.334
1827.463
1848.321
1872.549
1888.932
1943.359
1978.218
2006.233

2040.28
2099.076
2140.396

2208.352

2255.25
2288.521
2321.138
2350.499
2388.768
2411.097
2430.173
2442.608
2461.428
2472.007
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1712.094
1713.625
1722.105
1738.878
1749.428
1749.229
1736.343

1753.16
1764.349
1778.843
1790.602
1834.518
1865.147
1889.359

1920.23
1970.189
2007.306
2038.443
2074.063
2117.835
2151.365
2182.995
2213.857
2256.956
2283.247
2307.043
2324.405
2349.543
2365.656

1748.954
1763.2
1782.787
1833.121
1874.77
1901.105
1917.293
1994.741
2050.196
2095.131
2135.888
2220.943
2270.142
2308.142
2345.282
2400.857
2437.142
2468.24
2499.239
2544.785
2584.2
2621.057
2655.357
2699.702
2724.45
2749.066
2763.242
2780.964
2788.949

1760.249
1776.202

1798.3
1848.069
1890.169
1913.318
1927.759
2006.415
2060.041
2102.328
2143.732
2225.654
2268.746
2303.487
2336.993
2389.888
2420.344
2449.527
2478.301
2520.463
2557.204
2593.661
2626.772
2668.777
2695.779
2720.254
2733.837
2750.594
2764.653

1756.513
1772.523
1796.214

1846.02
1887.194
1905.974
1919.787
1996.289
2051.025
2094.292
2138.594
2219.614
2261.528
2294.172
2324.838
2377.086
2408.794
2436.273
2465.481
2509.126
2550.518
2588.434
2622.822
2666.828
2698.503
2725.196
2741.958
2762.598
2778.697

1746.818 17510224
1762.432  1765.907
1783.199  1785.155
1832.959  1832.181
1871.383  1867.261
1891.461  1883.946
1900.453 1889.87
1975221  1958.406

202824  2008.001
2072.529  2050.109
2116.436  2091.379
2192.266  2166.789
2233358  2211.937

2266.28  2249.907
2299.474  2286.259
2352.518  2342.512
2385.162  2377.984
2415.056  2409.495
2444.879 2441.46
2488.076  2487.573
2526.244  2525.164
2561.901  2560.209

2596.66  2594.748
2638.944  2637.933
2667.695  2667.878
2691.454 2693.37
2709.303  2710.661
2728.487 2728311

2743.69  2742.778
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CAISO Typical Transmission Operator Views
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3 PI ProcessBook - [WSCC PATH MONITOR I1.PDI [Read Only]]
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PG&E (Pacific Gas & Electric)

Grid Operations

 Clearance Tool

— allows System Dispatchers to manage the impact of
maintenance activity on the transmission grid

— includes alarms to notify System Dispatchers of
maintenance activity that requires action
» Operational Procedures
— set screens verified by CAISO

— make weather data available for use in Pl ProcessBook
(PB)
— add data validity indicator to identify stale data

— create a tool to synchronize PG&E (PB) screens with
CAISO PB screens

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



The situation:

« Transmission facilities change

constantly
* 40 to 60 maintenance operations per
day

« Each chance removes grid
resources and increases power
flows in remaining resources

« Grid operators need:
« Agrid design that re-routes power

and reliable

In other words, every day Is a
new grid
OSISOft. |NDUSTRYSEM|NARS 2012 © Copyright 2012 OSlsoft, LLC.




Today — a spreadsheet H

F Moraga #1-230/115kV Bank (->) 77
r O l I l 0.29*Moraga #3-230/115kV Bank {->) 64 Limit
Total 141 Mw 180
San Mateo #7-230/115kV Bank Cleared SLIC 188188 4/22-6/30

Pre-Clearance Requirement - Flow Limit #1

A S r e ad S h e et Ravenswood-San Mateo 115kV Line (-> @ Ravenswood) =
p 0.11 * San Mateo 230/115kV Bank #5 o

0.11 * San Mateo 230/115kV Bank #7 0 Limit
Manua”y generated 47ps 1000 - 1900 Total 64 MW 115
1900 - 1000 Total 64 MW 100
30-060 times per day [Real Time Requirements - Flow Limit #1 T T e
| |Ravenswood-San Mateo 115kV Line {-> @ Ravenswood) 44
0.11 * San Mateo 230/115kV Bank #5 21
4 fps 1000 - 1900 Total 64 MW 115
1900 - 1000 Total 64 MW 100
TO 3l P! ProcessBook - [SLIC 300001 PEASE-RID 05O 115 K¥ CLEARED 8-8-2012 - 8-10-2012.PDI]
% File Edt “iew |nzet Tool: Draw Amange Window Help -
A Graphic i
Click and search data into Pl AF e
Automatically produce graphic
one-lines
flow trends
alarms _ . I

¥ Calyuln N 270 jir i Clguln
¥ Pularms Bk THRY' o jir ] Pularms|

Title, alarm, one-line and flow limit at a glance
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2. Pl for WAMS

Wide Area Measurement System
Synchrophasor Data

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft  LLC.



Pl for PMU Synchrophasor Data

« Streaming Server: Very Fast Sampling (up to 120
samples/sec) and Synchronized Sampling with PI
Standard IEEE C37.118 Interface

* Real-time Analytics: Fast and Synchronized Real-
Time Calculations (phase angle difference and FFT-
Fast Fourier Transform, etc.)

* Visualization/Alerts: Enhance Operations and Early
Warning to Prevent Grid Instability and Cascade
Collapse

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft  LLC.



Pl ProcessBook -

Wall Display®]

@Eile Edit Yiew Insert Tools Draw Arrange Window Help
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Mexico Comision Federal de Electricidad (CFE)
Centro Nacional de Control de la Energia

MODICOSEN
(Dynamic Monitoring &
Control of the National Power System):

e =
E OETALLE EL AREA METROPOLITANA DF LA
CHANAD DE MEXCO | COBRERTORA L FFC)

© Copyright 2012 OSlsoft, LLC.




MODICOSEN Analytics

« Mexico — Guatemala Tie Line Event
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MODICOSEN Analytics

Pl FFT Interface - Low Frequency Oscillations Detection and Alarming

%Eile Edit View Insert Tools Draw Arrange Window Help
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Magnitud: 2574561
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WECC
Western Electricity Coordinating Council *g*

Promoting Bulk Electric System Reliability

Community outreach Continued reliability

Real-time data Interconnection mapping

Increased productivity Report studies

WECC Reliability Coordinator Website

—

Courtesy: Kirk Stewart — Manager Applications

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



Wide-Area View (WAV)

« Content (note all driven from PI):
— Path display (shows WECC paths loading)

— Mode display (shows damping for WECC major modes of
oscillations)

— Voltage display (major voltages)
— Frequency display (frequency within different BAs)
— PMUs display (shows PMUs and their status)

— Angle display (indicates angle differences
among preselected voltages)

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft  LLC.



dome * Reliability > WAWY

Settings | Overlays | | Configure - | |+| Paths Modes |_| voltage L
Map View ~ 3 X ||Map Click List
|| Time Clicked Name Description

|| 8/11/2812 18:39:18 AM WAUW 5

|| 8/11/2812 1@8:39:14 AM Phase Angle Difference We36COLSTRIP__ @81 Wad

Delete |

Alarms List

Alarm Date Alarm Text

9/11/2812 7:23:40 AM WESTHILL 238 KV LN STEG_WEST_1238
9/11/2812 7:21:43 AM MIGUEL S@a KV XF BNK_81
9/11/2912 7:28:40 AM ETIWANDA &6 KV XF BNK_7A
09/11/2812 7:19:11 AM ETIWANDA L1 KV XF BNK_7A
9/11/2812 7:15:09 AM BROCKLEHURST 138 KV LN BKL__ 5VA_ 1138
9/11/2812 7:15:09 AM MICA 588 KV LN MICA_NIC_ 23A
9/11/2812 7:11:08 AM MICA 588 KV LN MICA_NIC_ 23A
A19 679G 0 798,99 A nAc Canmn ciic £man

Mode Damping

AT
\‘.\'

s,

Alberta Mode

m

€ Local intranet | Protected Mode: Off

S v L 100%

-

OSisoft. INDUSTRY SEMINARS 2012
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@ Haorme - Windows Internet Explorer

[E=N =~
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- e[ x|
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~ B v ] = v Page~ Safety~v Toolsv @~

Browese

Site A Publish

Home Model Study Administration Historian Jeff*s Playground Reporting Outages
Status: Published and visible to all readers MNote: vou are wiewing a published wersion of this page, but this page is also being edited and is checked out exclusively to Widyadhar Ramanujapuram. Publication Start
Date: 5/9/2012 6:50 PM
Home = Reliability > WAW
—rere s vese Vet _ | Prasemngle _
Settings | Overlays I [ ACE ~ ] || Paths Modes || voltage
Map View * B x| Map Click List
Ve r ¥ Data Current as|of 6/26/2012 8:46:28 PM [] Time Clicked Name Description
2brait o
Geargia || 9/12/2012 9:56:52 AM P83 Northwest-B
Vancouver T [] 9/12/2812 9:56:4% AM P71 South of Al
Surrey
Ruf.lumnd— Y B - Blackfeet || 9/12/2812 9:56:45 AM P84 West of Cas
Cascades Wildermness . R 2 " -
Sreait of nith N.P Cohille C':*;';" o EBLE | @/12/2812 9:56:35 AM P@5 West of Cas |=
e, Colville LR
Olympic Flathead . eau
MLP. Seattle. .SPOkalﬂE Marshall
- Toeur Wilderness
acoma y 4 dlAlene
Vohmaist 7t D gctigieHLAEe . R. Delete |
\ - Grefing o Helena Alarms List
o Nez  celway-Bittafroot / aAlarm Date Alarm Text
v akama i K : rerce Wilderméss PEE
\E_i; " R, 9/12/2612 9:52:30 AM GREAT FALLS 238
Wang Hell Frank
Portlaiy ~——7~ o Church 9/12/2012 9:51:42 AM WECC LINK UP
P‘ﬁ Jreppner pu River of No
. 14 Return 9/12/2012 9:51:34 AM WECC LINK DOWN
':alem Warm Wilderness
Springs Area - ¥ 9/12/2812 9:48:37 AM WECC LINK UP
9/12/2812 9:48:30 AM WECC LINK DOWM
Hlorence JEugene T e 5-:-;“:“’ 9/12/2812 9:13:88 AM CAMPBELL RIVER 132
™ N
) .E“'se 9/12/2812 9:12:34 AM ELDORADO 238
3 A
.. CoosBay
. Mode Damping
2 e
® |
= Altamont
: 1 Sheldon i
Done Local intranet | Protected Mode: Off dg v H10% -




:é Horme - Windows Internet Explorer | =] ” = |@

| = | hittped Aend -wes01-an Reliabilitg Ao Pages/defaultaspx - | ":F| X i

@ s Bing 0 -
Faworites TS Suggested Sites v @ | Web Slice Gallery v
Harme )‘:I\ * B v & @ v Page~ Safety = Toaolsw Gv

site Actions ~ B B RECLE

Home Model Study Administration Historian Jeff's Playground Reporting Qutages

Status: Published and visible to all readers Mote: You are wiewing a published version of this page, but this page is also being edited and is checked out exclusively to Widyadhar Rarmanujapurarn. Publication Start

Date: 5/9/201Z2 6:50 PM

Home * Reliability * VWAW

||”~ Alarms Paths Modes Voltage Frequency Phase Angle ACE

Settings Overlays | | ACE ~ | || Paths Modes || PMu || voltage =

Map View * 0 x| Map Click List

|| Time Clicked Mame  Description
|| 9/12/2812 9:56:52 AM Pe3 Northwest-B
|| 9/12/2012 9:56:4% AM P71 South of Al

|| 9/12/2912 9:56:45 AM Pe4 West of Cas

m

|| 9/12/2912 9:56:35 AM PeS West of Cas

| Delete |

Alarms List

Alarm Date Alarm Text
9/12/2612 9:52:30 AM GREAT FALLS 23a
9/12/2812 9:51:42 AM WECC LINK UP
9/12/2812 9:51:34 AM WECC LINMK DOWHM
9/12/2812 9:48:37 AM WECC LINK UP
9/12/2812 9:48:30 AM WECC LINK DOWM
9/12/2812 9:13:88 AM CAMPBELL RIVER 132
9/12/2612 9:12:34 AM ELDORADO 238
i W s s T o B B W 1 = AR DOOWCL ) CLIING T 13

Mode Damping

€& Local intranet | Protected Mode:




{é Real Time Displays - Windows Internet Explorer EE

R

- | http:fAend-wsll-an/Reliabiliby/Pages Real-Time-Displays.aspx - | ‘1‘| b9 | |E Bing P v|

57 Favarites | sz | Suggested Sites v @] Web Slice Gallery -
| Real Tirme Displays | | ﬁ - > [ @; * Page = Safety v Tools - @v =

Site Actions -~ B B Browuse Publish

Reliability

Status: Checked out and editable. Publication Start Date: Irmmediately

Home * Relisbility * Real Time Displays

WECC GEMERATION WECC ACT OPER RESERVE

n

= 105637 ;

w Uperating Heserves

The WEZC R rne!intain_s a wast array of applications to perform the Reliability Coordination function. This section of the site makes available many of the same displays the RC -
4 | 1 ] »

Done Gﬂ. Local intranet | Pratected hode: OFf Fgow H100% v




@ Pages - WECC AGC Totals - Windows Internet Explorer EI@
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Site Actions = B

Home Model Re ity Study Administration Historian Jeff's Playground Reporting Outages
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é Pages - WECC Path Map - Windows Internet Explorer EI@
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site actions ~ M B Page Publish
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My Reporting

 Enables users to subscribe to events and be
notified via e-mail when they have occurred

« Generates automatic reports from pre-defined
events

* Provides download links to event-related data
for post-mortem analysis using offline tools

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft  LLC.



Subscribe Events Screen

Event Type Name

Loss of gen ration Loss of generation or load{1000MW or more)

Freguency eviation Greater than +/- 0.15 Hz frequency deviation

Bus volta  thange Large change, or rate of change, in bus veoltage.

Noise Large increase in system noise level

Unusual Oscillations in the system

Submt Cancel

M
v
Y/




View Events Screen

WISPViewer
Start-Date/Time End-Date/Time Select Events
[ View My Events +

Event Type Event Details DataFiles

N s )
Frequency Deviation Greater than +/- 0.15 Hz frequency deviation 9/27/2011 4:00:00 g ;
Bus voltage change Large change, or rate of change, in bus voltage 10/3/2011 4:00:00 g ;
Separation/Islanding System Separation/Islanding events 10/3/2011 4:00:00 g ;
Moise Level Large increase in system noise level 10/3/2011 4:00:00 g 1
Oscillations Unusual Oscillations in the system 10/3/2011 4:00:00 g ;




What Is a Signal Registry at its Core?

« WECC’s Registry Approach:

1. Alisting of Devices with an associated set of META
data that defines each device.

2. Alisting of Measurements with an associated set of
META data defining the measurement.

3. A hierarchy that defines how the Devices and
Measurements relate to each other.

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.
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Home m Reliability Study

Home * Model * Registry

Adminigtration Historian Jeff's Playground  Reporting Outages

@ Refresh Wifark Queue

4 Reqistry
4 freas
AESO
APS
AYA
BC-HYD
4 BPA
4 Assets
Lines

4 Substations

Ready

OSlsoft. INDUSTRY SEMINARS

m

+ 10 mw
+ 0 wmv
LD: T2 LD

| User Account: DEMSkstewart

2012 © Copyright 2012 OSlsoft, LLC.



0SISoft
FFT

OSISoft
Pl System
Phasor

OSlsoft. INDUSTRY SEMINARS 2012

Base Pl Systems

Oscilation Detection

Contingency Analysis
State Estimation
Study Network Analysis

Loss Distribution Factors
Network Sensitivities
Dispatcher Training Simulator

Microsoft Sharepoint
WECCRC.ORG

Port
TCP/IP

OSISoft OSISoft
Pl Server AF Server

SharePoint

0SISoft iccp

Pl Server <:>

Collective EMS

Microsoft
Sharepoint

© Copyright 2012 OSlsoft, LLC.



3. Pl for Asset
Management and
Proactive Maintenance

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft  LLC.



Sempra Energy Utilities OpEx 20/20

- In 2006, a team of employees developed a roadmap to prepare
company for future success. The plan includes a renovation of
the systems that support our operations. These initiative were

OpExzo

.® A Clear Vision for Continuing Operational Excellence

* The program’s technology and process improvements will
enable our utilities to continue to deliver our commitment of
Operational Excellence.

- 20/20 symbolizes a clear, sharp vision guiding our efforts.

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



OpEx 20/20: Smart Grid Program

Smart Grid

Program

l

Condition Based
Maintenance (CBM)

OSisoft. INDUSTRY SEMINARS 2012

Outage Management System /
Distribution Management System
(OMS/DMS)




CBM — Data Integration

* Weekly general inspections
— LTC operations
— Alarms, temperature, visual
* Monthly equipment inspections
— Operation counters
— Temperature, Pressure
— Voltage
— Functional check
* General asset
— Rating
— Age, Type, Design
— Operating limits
« Operational
— Relays & Digital fault recorders

— PQ Monitors

OSlsoft. INDUSTRY SEMINARS 2012

Specific equipment .K‘

— Operating conditions
— Stress factors

— Trouble history

— Maintenance data

— Oil test data

— Electrical test data

— Operating speed
Real-time

— Voltage & Current

— Temperature

— Bushing On-line Power
Factor

— Hydrogen in Oil
Simulated
System & Engineering

© Copyright 2012 OSlsoft, LLC.



Operations Decision Support
Transformer at Emergency Rating ? TRANSEORM E\,‘ Ith

"—JE i £ i Indices
GAER & ‘ = = * Insulation Power Factor
551 b POWER « LTC Application & Design
. TRANSFORMER |, i conditions
l * Bushing & Accessories
1ZEB E
L1 he L * Operating History &

Paper Insulation Health

Conditions
Location of Paper Sample Degree of Polymerization (DP) |

NLTC - Phase A 586

NLTC - Phase B 737 ’3‘?{3273“"

69kV Bushing C 688 o
New Insulation Paper: 1000 < DPv < 1300 DGA,DP & T‘gw%g
Middle Aged Insulation Paper: DPv = 500 e
Old Age Insulation Paper: DPv < 251 e ot evny
Severely Degraded Insulation Paper: DPv < 151 oo
OSlsoft. INDUSTRY SEMINARS 2012




s PTLOAD-Design - ...ion_ Assessmentleprisoft\tl Cajon Bk33 64 mva.run
File Edit Tools Options Help

Transformer Operating Limits

El % M:\Transformer_Condition_ AssessmentleprisoftAEl Cajon Bk33 64 mva.run

Arnbignt
Cycle

Load
Cycle

Bubhles | Calz

Type

Transfarmer | Cooling Results

A. OUTPUT SUMMARY
Iate of Calculstion
Nubber Iterations
Limiting factor

05/12/2005 10:Z2:35 AM
3
Fixed upper limit

Contingency Load [Amps) 2963.145
Peak Load (MWL) 64

Peak Load [Lmps) 2963.145
Peak Load (PU) Z2.2585714

% Warnihg: ratings in excess of 2.0 P.U. are not supported
hy IEEE guidelines ahd the results may be unreliable.

Max Hot Spot (Deg C) = 131.64 [}S
Wax Top ©il (Deg C) = 106.19

Peak bLge Lcocoel Factor = §.1065
Cunalative % Loss of Life = 0.01401

Max Bubble Risk (mmHg) = -799.5175

Eubble=s sre not likely to form given the temperature and load profile

Comparison of hot spot rise over top oil
simulated versus actual

Top Oil Hot Spot LOL
105 176 .149
105 145 .039
106 131 .014

IEEE
Ptload
Actual HS rise

OSlsoft. INDUSTRY SEMINARS 2012

B

05/12/2005 10:22:35 AL

Hat spot

Temperature Profiles
El Cajon BE33 64 mva.nun
Tap ail
Max=1317 C

EPRI PTLoad 6

Armbient

hax=106.3 C

.
=
[}
|

TrT T T T T T 1T

Max =706 C

=
——

Time (Hours)

% M:\Transformer_Condition_ Assessmentleprisoff\El Cajon Bk33 64 mva.run

MVA Load Profile
El Cajon Bk33 64 mwa run

SE=E

EPRI PTLoad 6

H Load (mva)

05/12/2005 10:22:35 A1

Max load = B4 MW

[
15
Time (Hours)

[
—

-

" Decision: Based on Transformer Unit
Health and Real Time Conditions

© Copyright 2012 OSlsoft, LLC.



Time-based to CBM — Circult Breakers

Data Available

 Weekly safety inspections Maint Int |
 Monthly equipment insp. alntenance Intervals — pjgnned

« Asset Data Approach
« Historical Data

— Operating conditions

— Stress factors

— Trouble

— Maintenance data

— Test data (insul & elec)
 Operational data

— Relays & Digital fault
recorders

— PQ Monitors
e Real-time data

— Voltage & Current
— 1°T and Contact Wear
— Operations Counter

<)

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



Circuit Breaker Operations
concerns Substation Relays .El

Circuit Breaker Monitor

* Proper fault clearing

* Fault testing with a circuit
breaker

Solution
* Verity the health of CB

— Contact wear

— Insulation medium integrity
— Bushings and accessories
— Operating history

. . . On-li
» Use historical and real-time Monitors
contact wear data (I°T) to
make a decision Ops. & Maintenance Server
Algorithms
Email Alerts i

OSlsoft. INDUSTRY SEMINARS 2012




CBM Process Flow

Substation KI

Monitoring A|1Daz1;as . Aler

Email/Text
Notifications

Technical
=21 Analysis

Condition-Based
Maintenance

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



Pl as the CBM Server & Analytics

e Controls communication from Enterprise Gateway to Pl
 Maps new data points automatically from Enterprise Gateway
e Collects and stores all time-series data

* Provides Analytics (Pl ACE) and Visualizations (Pl WebParts)
« Visualizes graphing, trending and analytics

 Integrates with other internal Pl Systems

« Integrates with Legacy applications

« Sends Pl Notifications and Acknowledgement

« Serves as a CBM Model server

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft  LLC.



CBM CIM (Common Information Model)
Asset Model

=] substation
56 maintenanceStatusTag - String

0::1
+ memberOf_substation

& transformerType2 + contains_voltagel evel
1 --*
+ memberOf_voltagelLevel

\ﬁ 0.1 Q voltagel evel
| ——<A

El transformerType1 | & transformer -

+ memberOf_voltagelevel

£

1
+ memberOf_transformerType

+ contains_transformer

7
memberOf_transformerType1

+ contains_xfrThermal

+ contains_xfrLTC 0.1 i
+ contain 0.1 O xfrThermal + gontalns__breaker
= xfriLTC E breaker
+ contains_xfrBushing 75

& xfrBushing

L] SF6GasBreaker

A
L asset

=

contains_asset
+ memberOf_assetCollection

x

] assetCollection

OSisoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



Pl Asset Framework Modeling

i®8 CBM - PI System Explorer

File Edit Wiew G0 Help

'ﬁDatabase [ Query Date - Back. lﬂ,r CheckIn %2 « [#] | |3 Mew Element - 4~ Search -
% Elements CEr Group b [~ Categore [T Template
& [#] 51500 Managed Models — o

b £F Lapers
=- SDGE_CEM |E| M arne < Descriphion Cateqgony Type Template
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PI ACE Calculation and Analytics e

Server Executable Module Context Tag Help
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« Background Calculation Jobs
— Alarm Tags Generation
— Transformer Oil Analysis
— Alarm Summary
— Alarm Increase Reports
— Alarm Decrease Reports
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Pl Notifications Management
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Pl Notifications Email Alert

From: opex 2020chm @semprautilities, com
To: CBM-XfmrLv4 Ack
5 -

Subject: SX_BK71 THER Alarmlievel4

Name: SX BK71 THER Alarmleveld

Description: || NGz Bk 71 Thermal Alarm Level 4

Server: AP-CBMINT-P01

Database: CEMI

Start Time: 1/21/2009 11:36:24 AM Pacific Standard Time (GMT-08:00:00)
Trigger Time: 1/21/2009 11:56:24 AM Pacific Standard Time (GMT-08:00:00)

Sent: Wed 1/21/2009 11:57 AM

Target: AP-CBEMINT-PO1'CEM2'SISCO Managed Models SDGE_CEM ClassView thermal $X 71 Thermal

Value: Alarm 4
Priority: Normal

Link:
SX - BK71 - Thermal

Attions:
Acknowledee
Aclknowledze with comment

OSlsoft. INDUSTRY SEMINARS 2012

© Copyright 2012 OSlsoft, LLC.
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Condition-Based Maintenance e

* June 2, 2011, DGA alert level 3 on LTC tank

* June 6, 2011, inspection resulted in
replacement of LTC contacts from heating
and coking
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'+ 2008 test = 0.3 power factor
*+ 2011 test = 2.25 power factor

* Transformer was removed from service and
all three hushings were replaced
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CBM Enterprise Integration
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SDG&E Distribution Plans

* Interfacing weather data into CBM (Condition Based
Maintenance) Pl to make better operational decisions

* Installing dynamic line rating sensors to calculate conductor
tension, sag, and real-time conductor

» Modifying existing distribution transformers, to allow for control
of both customer load and distributed generation

« Maximizing transformer capacity by monitoring the current
consumption, and scheduling electric vehicle charging and
smart appliances during low loading periods

* Helping demand response and energy efficiency programs for
customer and residential programs

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



SDG&E Load Curtallment Screen

e Enter total MW's

required to be
dropped

Show circuit
breakers status
and MW load

Automatically
calculate how
many breakers
need to be
opened and total
customers are
out

Automatically
publish to
SDG&E public
website and
report to CPUC
and Regulator

OSlsoft. INDUSTRY SEM

Microsoft Excel e
- Haome Insert Page Layout Formulas Data Review View Developer Add-Ins 7]
de 9-3 -
= x
| Recale Run #2 | Run #3 | o
Ready jinl- 150 Requested MW- | 2500 2500[ 25.00][ |
Daily Totals" Include non-5CADA SDG&E Contribution: 3062 27.30
i0 Requested M 0.00 _Project | PGP: 0 [ [ |
SDGEE MW Total 0.00 Test Mode s Run Start Time: 3
PGP MV Total: 0.00 Send | | Fun End Time:
MY Dropped: 000 Don't Send to Web j Firm M¥ Dropped:
Cust Affected: [ Customers Affected:
1 Stati; Total Pl Breaker Status Tag (51 Beal Time BER Status | Breaker
? Customers o . Tag MW Time ‘Status
58 2470 |D:S5_CIR_#34-BRKR_3PH D:55_CIR_#34-M¥_3PH 4.60 CLOSE
MR 1808 |D:MR_CIR_229-BRKR_3FPH D:MR_CIR_229-MV¥_3PH 287 CLOSE
LI 1517 |D:LL_CIR_350-BRKR_IPH D:LI_CIR_350-MWw_3FPH 350 CLOSE
SYO 1760 |D:5Y0_CIR_463"BRKR_3FH D:5YO_CIR_463-M¥_3PH 5.76 CLOSE
AS 2407 | D:AS_CIR_456"BRKR_3PH D:AS_CIR_#56-M¥_3FH 3.05 CLOSE
ESCO 914 D:ESCO_CIR_516-BRKR_3FH D:ESCO_CIR_516-M¥_3FH [XE] CLOSE
NCW 4465 |D:-NCW_CIR_831-BRKR_3PH D:NCW_CIR_831-MV¥_3FH 546 CLOSE
LML 3163 |D:LNL_CIR_311"BRKR_3PH D:LNL_CIR_311-MV_3FH 263 CLOSE
DM 7524 | D:DOM_CIR_63"BRKR_3PH D:DM_CIR_63-M¥_3FH 373 CLOSE
MY 2354 |D-MY_CIR_83-BRKR_IFH D:MY_CIR_83-MV¥_3FH 179 CLOSE 179
EC 2587 | D:EC_CIR_72-BRKR_3FH D:EC_CIR_72-MW_3PH 199 CLOSE 193
EL 169 |D:EL_CIR_382-BRKR_IFPH D:EL_CIR_382-MW_3PH 768 CLOSE 768
MAR 1243 |D:MAR_CIR_388-BRKR_3PH D:MAR_CIR_388-M¥_3PH 192 CLOSE 192
TC 1735 |D:TC_CIR_344-BRKR_IFH D:TC_CIR_344-MV¥_3FH 157 CLOSE 157
PO 1335 |D:PO_CIR_i77-BRKR_3FH D:PO_CIR_177-MV_3PH 7.00 CLOSE 7.00
CcC 2761 |D:CC_CIR_500-BRKR_3PH D:CC_CIR_500-MW_3FH 347 CLOSE 3AT
PL 2452 | D:PL_CIR_740-BRKR_3FPH D:PL_CIR_740-M¥_3PH 5.20 CLOSE 5.20
MG 2 D:MG_CIR_258-ERKR_3FH D:MG_CIR_258-M¥_3FH 1.02 CLOSE 102
SH 410 D:5H_CIR_#50-BRKR_3FH D:5H_CIR_850-MW_3PH 460 CLOSE 460
20(7A 1153 EG 2 D:EG_CIR_1153-BRKR_3PH D:EG_CIR_1153-MV_3FH 0.00 CLOSE 0.00
21[7a 1166 LL 314 D:LL_CIF_1166-BRKR_3FH D:LL_CIR_1166-MY¥_3PH 0.26 CLOSE 026
22[8A 358 AL 1184 [D:AL_CIR_358"BRKR_3FH D:AL_CIR_358-MV¥_3FH 442 CLOSE 442
23[8A 23l BE 2051 |D:BE_CIR_291-BRKR_3PH D:BE_CIR_291-MV_3PH 182 CLOSE 382
24[2B 210 VR 192 D:¥R_CIR_210-BRKR_3FH D:¥R_CIR_Z10-MV¥_3PH 0.88 CLOSE 088
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27[3A 512 DM 2578 | D-OM_CIR_512-BRKR_3PH D:DM_CIR_512-MV_3FH 342 CLOSE 342
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0[10B |77 MSH 779 D:MSH_CIR_775"BRKR_3FH D:MSH_CIR_775-M¥_3FH 672 CLOSE
3[1A 737 LML 2767 |D-LNL_CIR_737-BRKR_3FH D:LNL_CIR_737-MV_3FH 218 CLOSE
22| 11A 588 PAR 10 D:PAR_CIR_588-BRKR_IFPH D:PAR_CIR_588-MW_3FH 344 CLOSE
33| 1B Tt MSH 478 D:MSH_CIR_774-BRKR_3FH D:MSH_CIR_774-M¥_3PH 6.84 CLOSE
4[12a [452 AS 302 |D:AS_CIR_#452-BRKR_IFH D:AS_CIR_452-MV¥_3FH 235 CLOSE
35[12a 517 ESCO 459 D:ESCO_CIR_517-BRKR_3PH D:ESCO_CIR_517-MV_IPH 215 CLOSE
6128|487 MH 1667 |D:MH_CIR_487-BRKR_3FH D:MH_CIR_487-MV¥_3PH 224 CLOSE
3T[13A |74 GE 17 D:GE_CIR_745-BRKR_3FH D:GE_CIR_745-MY¥_3FH 450 CLOSE
38[13A  |986 MAR 2843 | D:MAR_CIR_386-BRKR_3FH D:MAR_CIR_986-MW¥_3FH 220 CLOSE
N E CRE 1341 |D:CRE_CIR_375-BRKR_3FH D:CRE_CIR_375-MV_3FH 143 CLOSE
40[14n  |530 PY 2637 |D-PY_CIR_530-BRKR_3PH D:PY_CIR_590-MV¥_3PH z2.94 CLOSE
114 (468 UB 12 D:UB_CIR_#68-BRKR_3FH D:UB_CIR_#68-MY¥_3FH 221 CLDSE
4Z[1an |7 BQ 3865 |D-BQ_CIR_17-BRKR_3FH D:BQ_CIR_1117-MV¥_3FH 430 CLOSE
43[15A  |296 SM 3175 |D:5M_CIR_296"ERKR_3PH D:SM_CIR_296~MV_3PH 277 CLOSE
44[15a 438 58 4058 | D:S5_CIR_438-BRKR_IFH D:55_CIR_438-MV_3FPH 454 CLOSE
45[15A |68 DM 1473 |D:DM_CIR_68-BRKR_IPH D:DM_CIR_68-M¥_3FH 377 CLDSE
46[16A |12 B 2 D:B_CIA_112-BRKR_3FH D:B_CIR_112-MV¥_3PH
4716A |47 GA [ D:GA_CIR_947-BRKR_IPH D:GA_CIR_947-MV_3PH
4z[16A 510 DM 1806 | D:DM_CIR_510-BRKR_3PH D:DM_CIR_510-MV_3PH
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Load Curtailment for SDG&E Public Website

] Rotating Electric Outages - Microsoft Internet Explorer provided by Sempra Energy - Elgl
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4. Pl as the platform for
reporting and Bl across
and beyond the
Enterprise

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft  LLC.



Business Intelligence by leveraging real-time

data from OSlsoft PI 'K‘

What is Business Intelligence?

Business Intelligence is the ability to transform data into
information and information into knowledge, so as to
optimize the process of making business decisions

Knowledge

Infermation

CFE Bl Project Vision

* CFE had no Business Intelligence (Bl) applications in the
information system infrastructure that is currently
supported by OSIsoft Technology

OSlsoft. USERS CONFERENCE 2011 BEE R " ENE NH

* As Bl applications are required to achieve rapid and
sustained growth of CFE Energy Market

* Utilizing the real-time infrastructure provided by the
OSlsoft Pl System and Microsoft latest technology
offerings

OSlsoftt USERS CONFERENCE 2011 BEE R BEE R

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



Leveraging OSlsoft & Microsoft alliance to
deliver best-of-breed Bl

OSlsoft/Microsoft Integration

Pl for Office 2010

. Office 2010

Pl System 2010 Pl Analytics
ol SOL Serverzo € Visual Studio

SharePoint »
] A ‘ —
& Windows Server n . %QL?%T':"?"‘ e B Office Communications
ATERYL e Q0TI lj r

RN =

COMMECT MAMAGE AMNALYIE

dafa from hundreds b Syrresy resl-tirres o hetoncs|

INTERFACES ANALYTICS VISUALS

EMTERPRISE AGREEMEMNTS SGHWEFE +

Managed
Pl System

SERVICES Services

OSlsoft. USERS CONFERENCE 2011
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Using PI-AF to create an contextual model for
an easier access to data

Pl AF Hierarchy

il Energy MMarket BI - PI Systern Explorer
File Edit Wiewwr Lo Taaols Help
T Database [ Querny Date - | 3 Back H, CheckTn %3} « [&] 3 Mew Elermnent -
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: — i C1FOzZ
L= coner M ¥ Energiahleta 26.4350008392334 KW
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i
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Built Complete Hierarchy e @ ROPPY

For Area, Central, Type of Generation Unit
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Web Portal strategy to make data readily
available in a contextual manner

SharePoint Site Implementation
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Easy access to data for end users

End Users PowerPivot Reports

e Internet Explorer 8

e Silverlight

¢ PowerPivot for Office 2010 == |
* PISQL Commander

—

e P| System Explorer 2010

e Pl Datalink 2010 IJ LL L

OSlsoft. USERS CONFERENCE 2011 B

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



Intangible benefits...

Intangible Benefits

* To provide the users with a single channel to operate
comprehensive information brought from different data sources

* Users can generate their own reports and analyze data
* Users can publish their own reports

* Users can download reports to the local machines for their own
further analysis

* Have a common repository for all reports
* Provide analysis in time

* Provide the mass data storage but with excellent response time
(in seconds)

OSlsoft. USERS CONMFERENCE 2011 B © Copyright 2001 OSlsom, i~ 28]

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft, LLC.



5. Pl as the backbone for
SmartGrid

OSlsoft. INDUSTRY SEMINARS 2012 © Copyright 2012 OSlsoft  LLC.



SDG&E Enterprise Initiatives

o |
A [d" sempra Energy vty

............ i EE RS

SDGEE EA Initiatives 2012 2013

Consolidate Pl Systems
ENG
CBi
Power Generation
AF Modeling
New Data Collection
Sustainable Community PV
Substation PV
Weather
AES
On Ramp Wireless
Synchrophasors
Smart Meters [Cell Relays)
Use Cases
Borrego Springs Microgrid
Dynamic Voltage Support
EV Detection
Dynamic Line Rating

Draft of recent activity for illustration purposes



Sﬂﬁ'f

a@ Sernpra Energy uiiy

'«Ili"lll'I'IIIII".II-il-'l-'-l«lll....‘,-" ITIT T T S sssesassseaw FEa A EEEEEFEEEeEEEEsEEEEEEsEEEEEEs

BM CEC plus matching funds from SDG&E and partners

Benefits: * Integrate and leverage various generation and storage configurations
*Reduce the peak load of feeders and enhance system reliability
* Enable customers to become more active participants in managing their energy use

Other Microgrid Types and Variations

* Loads and/or generation with special needs

* Residential (e.g. HAN)

+  Commercial or industrial facilities

+  Commercial or industrial campuses (multiple
facilities/loads)

*  Larger campuses (e.qg. Universities)

*  Clearly delineated distribution systems
and/or generation (e.g. portions of cities,
military bases)

+  Utility/Grid integrated

*  Primary distribution system for developing or

remote areas




Electric Vehicles: Smart Grid Will
Encourage Off-Peak Charging

Example Summer Daily Load Profile
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