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Problem

Unpredictable variability of wind and solar 
generation affects grid operation. Higher the 
penetration of renewables, greater the effect on 
grid operation.

Some combination of a multitude of solutions 
needed.

We focus on a probabilistic approach to forecast 
errors and how to incorporate them into the grid 
operations
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Problem

Generation: “Ramp Tool”
Capacity (MW), Ramp (MW/min), Ramp Duration
Transmission Congestion: “Congestion Tool”
Power, voltage, reactive power

Algorithms
Alerts and Alarms
Remedies

Visualization

3



Wind Integration and Visualization

Funded by California Energy Commission  
Time: 03/2009 – 10/2011
Objective: facilitate wider penetration of renewable 
resources without compromising system reliability 

Develop EMS integrated tools
Work closely with the CAISO engineers
Install the tools at CAISO

Some tools developed/being developed under a DOE project are 
implemented
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CAISO has more urgent need for the “Ramp Tool”.
Have much more to say about it.

Work continues on the “congestion tool”. A few slides 
about  it:

Visualization based on Google Earth
Network reduction
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Visualization of Congestion

6



7

Visualization of Wind Forecast
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Wind Farm Locations



Wind and Congestion Visualization
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Wind and Congestion Visualization
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Wind and Congestion Visualization
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Ramping Tool
CAISO Timeline
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Flying brick method

Capacity, ramp rate, ramp duration
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Uncertainty Models Development

Uncertainties in forecast generation
Load forecast uncertainties
Wind generation forecast uncertainties
Forced Outage

Contingency Reserve Activation
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Data from CAISO 
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Data from CAISO - continued
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Data from CAISO – Transmission Congestion
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CAISO feedback

Working with CAISO for a mechanism for getting 
the most useful feedback on the ramp tool.

Developed specifications for a simplified version 
of the ramp tool
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CAISO Feedback – 1 hour ahead and 5-hour 
ahead Ramping and Capacity Probabilities 
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CAISO Feedback – 1 hour ahead and 5-hour 
ahead Ramping and Capacity Probabilities 
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Summary - I

Ramping Tool

Draft Specifications

Simplified Tool designed for CAISO feedback 
under development

Many models developed
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Summary - II

Schedule:
Development of System Specifications - draft
System Development – Aug 2010

Simplified Ramp Tool for CAISO feedback – Dec 
2009

Offline testing and evaluation using historical data –
Sept 2010
On-Line Testing, Linked with EMS  - Jan 2011
Installation of System and Operator training –Sept 
2011
Operating Manual Sept 2011
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Summary - III

Emphasis on 
good specifications (use cases)

Feedback
Design (sequence diagrams)
Database
Validation with historical data
Testing
Documentation
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Questions/Comments?
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Forecasted Capacity Requirement
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Main Tasks

Development of System Specifications (6 months)
System Development (12 months)
Offline testing and evaluation using historical data (6 
months)
On-Line Testing, Linked with EMS  (4 months)  
Installation of System and Operator training (5 months)
Operating Manual (3 months)
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Development of System Specifications

Develop a detailed requirements document and functional 
specification for the online analysis and visualization 
system  

User requirements  
External systems interface requirements (export from and import 
to CAISO EMS system) 
System database design 
Desired system functionality     
Conceptual system screens  
Etc. 
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System Development

Development of methods and algorithms for the 
underlying functions, along with a database, user 
interface, etc., as described in the system specifications
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Offline Testing and Evaluation

Test and demonstrate the system and test plan using 
CAISO system historical data
Make necessary modifications and improvements based 
on comments and opinions from power system operators 
and advisory board members
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On-line testing and Link with EMS

Link the developed system with the CAISO EMS to obtain 
real-time data 
Test the system in a real-time environment
Make modifications and improvement as necessary 
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Installation of System and Operator training

Install the developed system into the CAISO control room
Provide training and maintenance
Make modifications and improvement as necessary 
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Advisories and Alarms

Advisories and Alarms
“Within the next hour xx MW must be committed with a 
ramp rate of at least yy MW/min”
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Data Request, Network Reduction, Models, 
CaISO request, Specs Document,AVI, VB

Ppt in C:\Documents and Settings\d3x998\My Documents
Docx in C:\Documents and Settings\d3x998\My 
Documents\Wind\DeliverableAugust2009\Wind\Integratio
n

Sequence diagrams, use cases
AVI
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Wind Integration and Visualization
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EMS integrated tools will be developed to accomplish the 
following:

Make power grid operators aware of ramping requirements, compare 
them to available capability
Predict future ramping requirements (2-3 hours ahead) and provide 
alternative strategies, to help grid operators mitigate possible related 
problems

System should work with 5 minute resolution and provide confidence 
intervals and probabilities for meeting the expected ramps 

Predict the impacts of intermittent generation on congested transmission 
paths, voltage levels and reactive power margins and provide re-
dispatch options






