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From Historical to Actionable:
ERCOT’s Changing Use of the OSIsoft Ecosystem
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Agenda

• ERCOT overview

• Review PI System usage

– Asset Framework buildout

– Data integration

– Prototyping

– Control room visualizations and tools

• Questions
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The ERCOT Region

The interconnected electrical 
system serving most of Texas, 
with limited external connections

• 90% of Texas electric load

• 75% of Texas land 

• 71,110 MW peak, August 11, 2016 

• >46,500 miles of transmission lines

• 570+ generation units

ERCOT connections to other grids 
are limited to ~1,250 MW of direct 
current (DC) ties, which allow 
control over flow of electricity

SPP 

820 MW

CFE

430 MW
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So What Exactly Are ERCOT’s Goals?

• Maintain a reliable power grid for the ERCOT 
interconnection

– Coordinate planned and unplanned outages

– Ensure the balance between load and 
generation

• Provide a competitive wholesale and retail market

– Allow for retail switching (pick your power 
provider)

– Dispatch generation at the least cost while 
accounting for transmission and temporal 
constraints
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ERCOT PI System Metrics

• Started using PI in 2004

• ~ 530k tags

• ~ 40k assets modeled

– Units, loads, lines, shunts

• Update tags and AF model on a weekly 

basis

• Multiple production environments

– Secure and corporate
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Control Room Visualizations: Now
50% Wallboard

ProcessBook and Browser-

Based Tools
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ERCOT Control Room Wallboard

Display data sources include…

• Excel

• EMS displays

• Macomber Map

• ProcessBook displays

Roughly 50% of the 

wallboard real estate is 

ProcessBook
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Ownership Change
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Grid Application Development’s Role

Grid Management Tools

Corporate 

Apps

Reporting 

Tools

Outward 

Facing 

Tools

Monitoring

Website

Business’ Application Needs

Business requires a wide 

variety of tools and services 

to effectively do their job

IT does a good job of creating 

applications and groups to 

fulfill these requirements

However there will always be 

gaps in what is needed and 

what is delivered

Gaps!
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GAD Works To Fulfill The Remaining Needs

Grid Management Tools

Corporate 

Apps

Reporting 

Tools

Outward 

Facing 

Tools

Monitoring

Website

• Grid Applications Development (GAD) 

reports to Business as opposed to IT

• 4.5 person group

• Work directly with engineers and operators

• Iterative approach to deliveries

• Example tools

– Report (Excel) management

– User-developed-application monitoring

– And now, OSIsoft-related applications
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Asset Framework
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Developing Asset Framework: Foundational Work

A well-crafted and accurate Asset 

Framework model is key to ERCOT’s 

current and future successes.
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Initial Asset Framework Buildout

• ERCOT began working on the Asset Framework model in 

2015

• First activities were to attend the “Building PI System 

Assets and Analytics” training in Houston

• Had to design model which “fit” into existing PI tag 

structure

– Not all devices had the same tags

– Creating template hierarchies was key to future 

success
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Creating the Power Systems Model

Grid Model 
Management Tool

Market 
Participants

Model Files

XML

Grid Reliability 
Tools

Grid Market Tools

• ERCOT’s grid model is maintained by the “Market 
Participants”

• Changes are submitted with an effective date

• A new model is created every week
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AF Data Is Created In The Weekly Model Build Process

Grid Model 
Management Tool

Market 
Participants

Other Model 
Files

XML

Asset Framework 
Model Data

XML

• Piggyback on the model build process

• An XML file containing assets is created for 

each model

“Model 

Driven”

“Hand 

Crafted”
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Loading “Model-Driven” Assets

• Removing and then importing the 
“Model” section takes too long

– Calculations are down during this 
time

• Developed scripts to create an 
incremental AF model file

• Utilize Extended Properties to capture 
renames

• AF model “guaranteed” to match 
source systems

– Calculations and displays driven by 
these assets stay up-to-date
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Same Element Is Accessible Through Multiple Hierarchies

• Allows for easier user navigation

• Key to providing new aggregate calculations

• Allows displays to be “model driven“ by different hierarchies
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Asset Framework – ERCOT Takeaways

• Invest the time to carefully design 

your templates, analyses, and 

hierarchies.

• A programmatic approach to 

maintaining the AF model is a must

• Take advantage of existing 

modeling tools wherever possible 
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Future AF Plans: Converting Operations…
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…To Planning

• Familiar naming 

conventions

• Aggregate load and unit 

values

• More customers!
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Data Integration
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Original Data Source: Energy Management System

Grid Reliability 
Tools

(Energy Management System)

PI

• Flows from Units, Transformers, 
Lines, etc.

• Status of breakers and switches

• Field telemetry updating every 4-10 
seconds

• Estimator values updating every 5 
minutes

• Tools could only show EMS data
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If the Report Needs More Than PI…

• Excel spreadsheets!

– Combines Oracle and PI 

data

– Ugly

• IT reporting tools?

– Potential for ~8 hour lag

– Unacceptable staleness

7-Day Outlook Report
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There are More

Rio Grande Valley Outlook Report 
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…and More
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…and More
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Replacing Excel in the Control Room

• 2018 goal is to reduce the amount of Excel in the Control 

Room

• To do so we need a tool which can:

– Integrate disparate data sources

• PI System data

• Oracle data

• Static data

– Create decent charts and tables



© Copyright 2017 OSIsoft, LLCAUSTIN REGIONAL SEMINAR 2017

First Step in Data Integration: Asset Framework 

Grid Reliability 
Tools

(Energy Management System)

PI

Asset Framework

Grid Reliability 
Tools

(Energy Management System)

PI
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New Data Sources: Oracle Data Via Table Queries

Grid Market Tools
(Market Management System)

Grid Reliability 
Tools

(Energy Management System)

PI

Oracle

Oracle

Asset Framework

Table Queries
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Table Queries

• Query source database at a regular interval

• Bring results into an Asset using table lookups

• Write results to a PI tag using analytics

• First time we were able to historize Market-sourced 

information in PI

Periodic Analysis
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New Data Sources: Oracle to PI Tag

Grid Market Tools
(Market Management System)

Grid Reliability 
Tools

(Energy Management System)

PI

RDBMS-PI
Oracle

Oracle

Asset Framework

Table Queries
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RDBMS-PI: Put Query Results into PI

• Multiple values can be written to the same tag

• First time we introduced future data on a single tag

Query Results Written to Tag
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Combining Future and Historical Data

Past Future

ERCOT System Load
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Starting the Transition: Valley Outlook Replacement

Past Future
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Data Integration: ERCOT Takeaways

• Integrating external data into the PI System is easy with 

Table Queries and RDBMS

• Table Queries are useful for lookup attributes or single 

values

• RDBMS is a great tool for incorporating future forecasts 

into PI
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(Fast) Prototyping
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Custom Development In Core Applications

• ERCOT creates custom code and 
calculations for the Reliability and Market
applications

• 6 major releases a year

• Changes to these systems often have a lead time of 5-6 
months

• Fixing oversights and tweaking calculations can extend 
projects/enhancements unnecessarily

• Missed requirements are not found until implementation 
starts
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Asset Framework For Prototyping

• Due to the carefully created AF structure we can very 

rapidly create analyses and prototype solutions

• GAD’s changes do not have a long lead time like the core 

applications

– AF model/calculations are updated weekly.

• Calculations “hide” is AF instead of the changing the core 

applications.

• AF is able to use and combine different data sources
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Prototyping New Tools: Reliability Risk Desk

• In 2015 ERCOT determined a new 

desk, the Reliability Risk Desk, was 

needed

• Main goal is to manage more-

infrequent but potentially severe risks

– Inertia, Renewable ramping 

events, forecast errors

• New desks require new tools!
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New Desk = New Requirements

• New Calculations

– Example: Curtailed MWs for Wind and Solar Units

MW Output

Max Output

Curtailed MWs
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New Desk = New Requirements

• New Wind Regions

– Different geographical 

regions behave differently.

– Need aggregated values 

for each region.
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New Desk = New Requirements

• New Data Sources

– Forecast and Future Operating Plans do not exist in EMS.

Energy 
Management 

System
PI

Forecast Data

Operating Data

Δ 
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Renewables Templates Allowed For Focused Implementation

• Fully modeled representation of Solar and Wind Units
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New AF Calculations Only Applied to Desired Units

• Generating unit assets define complex analyses

• Results are written to PI and rolled up for high-level view

• Example: curtailed generation calculates how much 

wind/solar was “held back” due to a constraint on the grid
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New AF Hierarchies Modeled With AF

• Texas counties grouped into “wind 

regions” with common meteorological 

characteristics

• Rollup analyses to county and wind 

levels for key quantities:

– Wind/solar generation and HSL

– Curtailed wind/solar generation

– Number of turbines on
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Rollup Analyses with OLEDB Queries

• OLEDB queries used for more complicated rollups

• Useful when history/backfilling is not needed

• Allows multi-level rollups with less “clutter”

EMS/MKT 

database

Table 

Lookup

PI 

OLEDB
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Overview Page: Renewable Forecast vs. Planned Output
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Coastal Wind Drill Down Display: Renewable Forecast vs. Planned Output



© Copyright 2017 OSIsoft, LLCAUSTIN REGIONAL SEMINAR 2017

Future Prototyping Plans: Reactive Power Displays

• In 2018 we will start work on Dynamic Reactive Power 

displays
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Prototyping in AF: ERCOT Takeaways

• Reduces implementation time in “core” systems

– Less rework

– Requirements are in the prototype

• Easier to integrate new data sources for new 

calculations

• Testing “core” deliverables easier against 

prototypes



© Copyright 2017 OSIsoft, LLCAUSTIN REGIONAL SEMINAR 2017

Control Room Visualizations
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Not Too Long Ago…Excel and EMS Displays
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Another View
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Pushing the Limits of Excel
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Slowly Removed Excel



© Copyright 2017 OSIsoft, LLCAUSTIN REGIONAL SEMINAR 2017

Transitioned From Excel To ProcessBook
The most visible use of the PI System in on the Control Room wallboard
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Basic ProcessBook Framework

• All displays are located within a 
single ProcessBook file

– 60 MB file

– 132 unique displays

– Easy to share “global” 
Datasets between displays

• Operators “share” a read-only 
copy

• Same file can be used in the 
non-Secure network by using a 
Server Alias
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Basic ProcessBook Framework

• Displays use a combination of MultiState and VBA logic to 

highlight issues

• Significant amount of code

used to keep text aligned

• Heavy use of error protection

to handle failovers

• 37 separate “deployments” in 

2017 (through October)
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Wallboard Display - Alarms
Alarm display spans across middle of Wallboard and is divided by Operator role
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Desktop Tools: Main Operator Dashboard
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Next Steps: Transitioning Beyond ProcessBook

• ProcessBook does not natively work with AF

• Cannot fully utilize the AF model

– For example: Have to create a separate display for each County in the 
state.

• Maintenance is difficult

– Source control is hard

– Layout is done by hand as opposed to programmatically
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Transitioning to ERCOT’s OpsTools Framework
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What is The OpsTools Framework

• Framework to:

– Create browser-based dashboards

– Use the PI WebAPI to access the AF 

model and PI data

– Utilize the best-of-breed technologies

• Angular

• Highcharts

• Bootstrap
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Benefits of The OpsTools Framework

• Easier deployment

– Everyone uses the same version

– No software installs (besides the browser)

• More powerful presentation-layer capabilities

• PI Web API allows for “querying” of AF data

• The same display can be used for many different contexts

• Larger talent pool
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Reliability Risk Desk: Curtailment Display

Double-Click
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Double-clicking on the Solar chart

Takes you to a details page of Solar 

resources
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Double-Click
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Double-clicking on 

the County

Brings up a county 

display with 

Resources

Double-Click
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Double-clicking on 

the Sparkline

Brings up a more 

detailed view of the 

Resource
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All Drill Down Capabilities Follow the AF Hierarchy
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Longest Living Spreadsheet at ERCOT: Real Time Values

Displays generation output in a geographic manner
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Replacing In OpsTools Framework
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Additional Data Available

Hover for more details

Double-click for past data
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Color Scheme Can Be Changed: Pricing
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Filter on various attributes 

(contained in the AF model)

Wind Resources 

in ERCOT
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Visualizations: ERCOT Takeaways

• ProcessBook can take you a long way

• Transition to browser-based displays to stay current

– IE 11 is slow

– Chrome is not

• AF provides a centralized location for all display data

• Utilize your AF hierarchy to allow for different data “slices”
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Picture / Image

RESULTSCHALLENGE SOLUTION

COMPANY and GOAL

Company 

Logo

Using the PI System to monitor the 

ERCOT Interconnection

ERCOT is using AF, ProcessBook, and the 

WebAPI to help Operators visualize and 

diagnose events on the electric grid 

Data spread across different 
systems and technologies 
did not allow for a cohesive 
display approach

ERCOT integrated the 

different datasets using 

Asset Framework

ERCOT can replace old 
displays and tools with 
Asset Framework-driven 
displays

• Market, Modeling, and EMS data 

located in a single system

• Used Table Queries, RDBMS-Int, 

and PI OLEDB to gather the data

• Excel tools are being replaced and 

retired from the Control Room

• Higher quality displays have never 

been easier to create

• Excel was constantly being used 

to “integrate” the different systems
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Contact Information

Joel Koepke
Joel.Koepke@ercot.com

Supervisor, Grid Applications 
Development

Electric Reliability Council of Texas

mailto:Joel.Koepke@ercot.com
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Questions

Please wait for the 

microphone before asking 

your questions

Please don’t forget to…

complete the Post 

Event Survey

State your 

name & company


