
© Copyr igh t  2012  OSIso f t ,  LLC. 1



Presented by

© Copyr igh t  2012  OSIso f t ,  LLC.

PI as a real-time 
Infrastructure 

covering the entire 
T&D spectrum: from 

grid operations 
support to asset 

management
Ann Moore and Martin Levionnois - OSIsoft
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PI as the Enterprise Data InfrastructurePI as the Enterprise Data Infrastructure
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PI 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. PI 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
• Operators’ confidence is increased as you provide the 

visualizations and accuracy of the forecast 

PI 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 1766.807 1770.041 1735.584 1712.094 1748.954 1760.249 1756.513 1746.813 1751.224
4:45 1782.593 1783.582 1740.005 1713.625 1763.2 1776.202 1772.523 1762.432 1765.907
5:00 1804.619 1804.311 1753.202 1722.105 1782.787 1798.3 1796.214 1783.199 1785.155
5:15 1851.697 1851.983 1775.265 1738.878 1833.121 1848.069 1846.02 1832.959 1832.181
5:30 1891.173 1889.403 1791.779 1749.428 1874.77 1890.169 1887.194 1871.383 1867.261
5:45 1918.68 1914.849 1803.538 1749.229 1901.105 1913.318 1905.974 1891.461 1883.946
6:00 1927.751 1928.128 1797.334 1736.343 1917.293 1927.759 1919.787 1900.453 1889.87
6:15 2001.637 2003.804 1827.463 1753.16 1994.741 2006.415 1996.289 1975.221 1958.406
6:30 2054.95 2058.036 1848.321 1764.349 2050.196 2060.041 2051.025 2028.24 2008.001
6:45 2112.258 2103.88 1872.549 1778.843 2095.131 2102.328 2094.292 2072.529 2050.109
7:00 2160.629 2137.386 1888.932 1790.602 2135.888 2143.732 2138.594 2116.436 2091.379
7:15 2232.516 2211.839 1943.359 1834.518 2220.943 2225.654 2219.614 2192.266 2166.789
7:30 2267.812 2254.537 1978.218 1865.147 2270.142 2268.746 2261.528 2233.358 2211.937
7:45 2294.774 2288.251 2006.233 1889.359 2308.142 2303.487 2294.172 2266.28 2249.907
8:00 2325.94 2322.89 2040.28 1920.23 2345.282 2336.993 2324.838 2299.474 2286.259
8:15 2370.621 2371.534 2099.076 1970.189 2400.857 2389.888 2377.086 2352.518 2342.512
8:30 2398.012 2401.169 2140.396 2007.306 2437.142 2420.344 2408.794 2385.162 2377.984
8:45 2427.269 2429.596 217.261 2038.443 2468.24 2449.527 2436.273 2415.056 2409.495
9:00 2452.356 2457.249 2208.352 2074.063 2499.239 2478.301 2465.481 2444.879 2441.46
9:15 2490.627 2502.216 2255.25 2117.835 2544.785 2520.463 2509.126 2488.076 2487.573
9:30 2521.597 2540.463 2288.521 2151.365 2584.2 2557.204 2550.518 2526.244 2525.164
9:45 2551.844 2575.42 2321.138 2182.995 2621.057 2593.661 2588.434 2561.901 2560.209
10:00 2588.298 2611.475 2350.499 2213.857 2655.357 2626.772 2622.822 2596.66 2594.748
10:15 2619.03 2650.911 2388.768 2256.956 2699.702 2668.777 2666.828 2638.944 2637.933
10:30 2645.652 2678.506 2411.097 2283.247 2724.45 2695.779 2698.503 2667.695 2667.878
10:45 2668.184 2703.642 2430.173 2307.043 2749.066 2720.254 2725.196 2691.454 2693.37
11:00 2682.564 2718.079 2442.608 2324.405 2763.242 2733.837 2741.958 2709.303 2710.661
11:15 2705.387 2736.648 2461.428 2349.543 2780.964 2750.594 2762.598 2728.487 2728.311
11:30 2715.591 2742.262 2472.007 2365.656 2788.949 2764.653 2778.697 2743.69 2742.778
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Same Example in visual
Can you find the mistake?
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CAISO Typical Transmission Operator Views
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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 PI ProcessBook

(PB)
– add data validity indicator to identify stale data
– create a tool to synchronize PG&E (PB) screens with 

CAISO PB screens
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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:
• A grid design that re-routes power 
• Assurance that re-routed power is safe 

and reliable 

In other words, every day is a 
new grid
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Today – a spreadsheet
From

A Spreadsheet
Manually generated
30-60 times per day

To

A Graphic
Click and search data into PI  AF
Automatically produce graphic

one-lines
flow trends
alarms

Title, alarm, one-line and flow limit at a glance
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2. PI for WAMS
Wide Area Measurement System

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

Mexico Comision Federal de Electricidad (CFE) 
Centro Nacional de Control de la Energía (CENACE)
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MODICOSEN Analytics
• Mexico – Guatemala Tie Line Event
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MODICOSEN Analytics
PI FFT Interface - Low Frequency Oscillations Detection and Alarming
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WECC
Western Electricity Coordinating Council

Promoting Bulk Electric System Reliability

WECC Reliability Coordinator Website

Courtesy: Kirk Stewart – Manager Applications
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• 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)

Wide-Area View (WAV)
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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
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This screen enables users to subscribe to pre-defined events and 
have email notifications  delivered to their email address when the 

event occurs.

Check to subscribe. 
Event will show up 

using My Events Filter 
on View Events Screen.

Click the check box to 
have email notifications 

sent to your inbox.

The event type such as 
Breaker Trip or Frequency 

Deviation

Subscribe Events Screen



© Copyr igh t  2012  OSIso f t ,  LLC.

By default, it displays only events that 
have occurred that you have subscribed 

to. Clicking and Selecting View will 
display all events.

Select a start and 
end date to restrict 
the  event list to a 

specific time period.

Click to view reports.

Click to view  data files.

View Events Screen
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• WECC’s Registry Approach:
1. A listing of Devices with an associated set of META 

data that defines each device.
2. A listing 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.

What is a Signal Registry at its Core?
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PMU META Data
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3. PI for Asset 
Management and 

Proactive Maintenance
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• 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 
named:

• 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. 

Sempra Energy Utilities OpEx 20/20
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OpEx 20/20: Smart Grid Program

Smart Grid 
Program

Condition Based 
Maintenance (CBM)

Outage Management System / 
Distribution Management System

(OMS/DMS)
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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

• Specific equipment 
– 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



© Copyr igh t  2012  OSIso f t ,  LLC.

Operations Decision Support

POWER 
TRANSFORMER

TRANSFORMER Health 
Indices

• Insulation Power Factor

• LTC Application & Design

• Oil Conditions

• Bushing & Accessories

• Operating History &    

Conditions
Location of Paper Sample Degree of Polymerization (DP)

NLTC – Phase A 586

NLTC – Phase B 737

69kV Bushing C 688

New Insulation Paper: 1000 < DPv < 1300
Middle Aged Insulation Paper: DPv = 500
Old Age Insulation Paper: DPv < 251
Severely Degraded Insulation Paper: DPv < 151

Paper Insulation Health

LTC Application 
and design 
analysis.

20%

Bushing & 
Accessories

20%

History Data 
Review (Oil 

testing records, 
maintenance 

records, 
overloading and 

short circuit event)
20%

DGA, DP & 
DOBLE TESTS

20%

Oil Analysis
20%

Transformer at Emergency Rating ?Transformer at Emergency Rating ?
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Transformer Operating Limits

Top Oil Hot Spot LOL
IEEE 105 176 .149
Ptload 105 145 .039
Actual HS rise 106 131 .014

Comparison of hot spot rise over top oil 
simulated versus actual

Decision: Based on Transformer Unit 
Health and Real Time Conditions
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Time-based to CBM – Circuit Breakers
Data Available
• Weekly safety inspections
• Monthly equipment insp.
• Asset Data
• Historical Data

– Operating conditions
– Stress factors
– Trouble 
– Maintenance data
– Test data (insul & elec)

• Operational data
– Relays & Digital fault 

recorders
– PQ Monitors

• Real-time data
– Voltage & Current
– I2T and Contact Wear
– Operations Counter

Planned
Approach

Maintenance Intervals

3               6             9    Yr.

3              6              9     Yr.
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Circuit Breaker Operations
Concerns
• Proper fault clearing
• Fault testing with a circuit 

breaker
Solution
• Verify the health of CB

– Contact wear
– Insulation medium integrity
– Bushings and accessories
– Operating history

• Use historical and real-time 
contact wear data (I2T) to 
make a decision

Substation Relays with
Circuit Breaker Monitor

Algorithms
Email Alerts

Ops. & Maintenance Server

Gateway 

On-line
Monitors



© Copyr igh t  2012  OSIso f t ,  LLC.

CBM Process Flow 

Data 
Analysis

Alerts

Email/Text 
Notifications

Technical 
Analysis

Substation 
Monitoring

Condition‐Based 
Maintenance 
Schedules
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PI as the CBM Server & Analytics

• Controls communication from Enterprise Gateway to PI
• Maps new data points automatically from Enterprise Gateway
• Collects and stores all time-series data
• Provides Analytics (PI ACE) and Visualizations (PI WebParts)
• Visualizes graphing, trending and analytics
• Integrates with other internal PI Systems
• Integrates with Legacy applications
• Sends PI Notifications and Acknowledgement
• Serves as a CBM Model server
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CBM CIM (Common Information Model) 
Asset Model



© Copyr igh t  2012  OSIso f t ,  LLC.

PI Asset Framework Modeling
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PI ACE Calculation and Analytics

• Background Calculation Jobs
– Alarm Tags Generation
– Transformer Oil Analysis
– Alarm Summary
– Alarm Increase Reports
– Alarm Decrease Reports
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PI Notifications Management



© Copyr igh t  2012  OSIso f t ,  LLC.

PI Notifications Email Alert
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CBM Visualization and Reporting
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CBM Enterprise Integration

CBM PI
Server

CBM PI
Analytics

SCADA
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SDG&E-San Diego Gas & Electric
Distribution Control Center
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SDG&E Distribution Plans
• Interfacing weather data into CBM (Condition Based 

Maintenance) PI 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
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SDG&E Load Curtailment Screen
● 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 
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Load Curtailment for SDG&E Public Website

● Show what circuits and 
communities are 
currently affected

● Show what circuits 
and communities 
will be affected in the 
next run

● Let customers know the 
rolling blackout status
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4. PI as the platform for 
reporting and BI across 

and beyond the 
Enterprise
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Business Intelligence by leveraging real-time 
data from OSIsoft PI
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Leveraging OSIsoft & Microsoft alliance to 
deliver best-of-breed BI
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Using PI-AF to create an contextual model for 
an easier access to data
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Web Portal strategy to make data readily 
available in a contextual manner
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Easy access to data for end users
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Intangible benefits…
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5. PI as the backbone for 
SmartGrid
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Electric Vehicles: Smart Grid Will 
Encourage Off-Peak Charging
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