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Introducing RAP and Rich

ÅRAP is a non-profit organization providing 
technical and educational assistance to 
government officials on energy and 
environmental issues. RAP staff have extensive 
utility regulatory experience. RAP technical 
assistance to states is supported by US DOE, US 
EPA and foundations.

ʈ Richard Sedano directs RAPôs US Program. He was 
commissioner of the Vermont Department of 
Public Service from 1991-2001 and is an engineer.
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Vision
One Path: An Integrated Grid
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US Interconnections

Connections 
between 
interconnections 
are with DC 
lines that can be 
dispatched
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Renewable Integration

ÅTechnical analysis of Interconnections
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Renewable Integration

ÅTechnical analysis ïgreen lights

ÅThe question is no longer ñis there a reliability 
threat from high penetration renewables?ò

ÅThe task is to maintain reliability while intensive 
renewables are deployed

ʈ Doable

ʈ Different
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Question: where will RE come from?

ÅA few years ago: large scale Mid-continent wind 
dominant source
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Where is the Biggest Wind?
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Question: where will RE come from?

ÅA few years ago: large scale Mid-continent wind 
dominant source

ÅEmerging Deployment Rate Questions:

ïDistribution deployment (especially solar PV)

ïOffshore wind

ïStorage

ÅThermal (e.g. Grid Integrated Water Heaters, Ice)

ÅElectric (Battery, including Electric Vehicles)

9



Integration Challenges: 
Management, Policy alignment

ÅWholesale/Transmission ÅRetail/Distribution
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Wholesale/Transmission Topics

ÅRTO receptivity (regional transmission organization)

ÅWestern GovsAssociation (WGA) measures 

ÅCritical role of flexible resources and monetizing 
their value

ÅCREZ (competitive renewable energy zones)

ÅSiting (single state, multi -state)

ïUtility owned facilities vs. independent transmission

ÅInterconnection
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The Bulk Power System in Context
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Bulk Power System
Å Transmits power from 

generators at extra high 
voltage.

Å The higher the voltage, 
the greater the amount 
of power transmitted

Å Some capacity needs to 
be reserved in case 
something big fails

Å Transformers step 
down the voltage for 
delivery to us.
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RTOs/ISOs

Reliability
Markets
Planning
Cost Allocation
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Regional Transmission Organizations

ÅManage reliability

ïEnough power -- adequacy

ïSmooth operations -- stability

ÅManage markets

ïEnergy

ïCapacity

ïAncillary services

ÅGovernance
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Less revenue from energy Means 

More revenue needed from capacity 

& ancillary svc



Challenges to Institutions

ÅFrom Large Scale RE

ïCongestion, low prices, curtailment risk

ïOperating during low demand, high RE periods

ïNew Contingencies

ïForecasting resources not under operator control

ÅFrom small scale RE

ïControl, forecasting variability, contingencies, 
replacing ancillary services

ÅNew Transmission strengthens the system, but is 
costly, we would hope to avoid it
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WGA Report: Nine Paths to Big RE

ÅSub-hourly Dispatch and Scheduling

ÅDynamic Transfers bet. Balancing Auth.

ÅEnergy Imbalance Market

ÅForecasting: Weather, Wind, Solar

ÅGeographic Diversity

ÅReserves Management

ÅDemand Response

ÅGeneration Dispatch

ÅGeneration Flexibility
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http://www.westgov.org/images/dmdocuments/RenewableEnergyTargets2012-13.pdf
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Tenth Western Initiative

ÅExpansion of California ISO
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Gross/net demand comparison
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Little demand for baseload, big 
demand for mid -merit, demand 
for peaking pretty much 
unchanged

Gross Demand Net Demand

After taking all wind 
and solar, this is the 
operatorôs task



Flexible generation is just one piece of the puzzle
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Source: IEA Energy Technology Perspectives 2014



Flexible generation is just one piece of the puzzle
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Source: IEA Energy Technology Perspectives 2014



Principal Sources of Flexibility

ÅCustomers

ïDemand response

ïStorage

ÅThe Grid

ïLoad following capacity in thermal plants

ïStorage
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Demand Response

ÅProgress

ÅMuch more to do

ïMarkets for flexibility (ramping, cycling)

ÅAncillary Services 

ïBetter planning to identify valuable times and 
locations

ïPricing to motivate customers

ïPrograms to connect services with customers and 
monetize benefits

ïTechnology to operationalize DR benefits
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Eastern Wind 
Integration and 
Transmission 

Study

20% wind 
with no 
offshore
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