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Introducing RAP and Rich

A RAP 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.

t Richard Sedano directs R/
commissioner of the Vermont Department of
Public Service from 19922001 and is an engineer.

Energy solutions

for a changing world




Vision
One Path: An Integrated Grid

Residential Microgrid Example'

Wall-mounted residential
electric vehicle charging
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US Interconnections

Three Synchronous Interconnections

Connections
between
Interconnections
are with DC
:,r\::es::cr)'t:nect , /___r' Iir_1es that can be
dispatched

Eastern
Interconnect

Texas
Interconnect

Source: USDOE http://www.eia.doe.gov/electricity/chg_stru_update/chapter3.html
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Renewable Integration

A Technical analysis of Interconnections
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Renewable Integration

Technical analysisi green lights

"he task Is to maintain reliability while intensive
renewables are deployed

{ Doable

{  Different
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Question: where will RE come from?

A A few years ago: large scale Midcontinent wind
dominant source
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Where is the Biggest Wind?

Figure 4-6:
Regional Transmission Organizations

Source: FERC www.ferc.gov/
industries/electric/indus-act/rto/rto-ma
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Question: where will RE come from?

A A few years ago: large scale Midcontinent wind
dominant source

A Emerging Deployment Rate Questions:
I Distribution deployment (especially solar PV)
I Offshore wind
I Storage
A Thermal (e.g. Grid Integrated Water Heaters, Ice)
A Electric (Battery, including Electric Vehicles)
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Integration Challenges:
Management, Policy alignment

A Wholesale/Transmission A Retail/Distribution

Three Synchronous Interconnections

Residential Microgrid Example'”

Wall-mounted residential
electric vehicle charging

station Wind

turbine

Community-
Western level solar troll
Interconnect /] panels

Eastern

Battery (local
Texas Interconneq storage for the
Interconnect micro grid)

Source: USDOE http://www.eia.doe.gov/electricity/chg_stru_u
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Wholesale/Transmission Topics

A RTO receptivity (regional transmission organization)
A Western Govs Association (WGA) measures

A Critical role of flexible resources and monetizing
their value

A CREZ (competitive renewable energy zones)

A Siting (single state, multi -state)
I Utility owned facilities vs. independent transmission

A Interconnection
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The Bulk Power System in Context

Bulk Power System
A Transmits power from
generators at extra high
voltage.
L A The higher the voltage,
L_ e the greater the amount
WiEin of power transmitted
® COMMERCIAL & INDUSTRIAL © DISTRIBUTION A Some CapaCity needs to
BUSINESS CONSUMERS - be reserved in case
something big fails

JBUTION A Transformers step
E_ . IMATION

“ES down the voltage for
= delivery to us.

% Ly

% L ’

@ RESIDENTIAL CONSUMERS
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United States
transmission grid
Source: FEMA
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RTOs/ISOs
Figure 4-6:
Regional Transmission Organizations Reliability
| | Markets
s Planning
' Cost Allocation
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Source: FERC www.ferc.gov/
industries/electric/indus-act/rto/rto-ma
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Regional Transmission Organizations

A Manage reliability

I Enough power -- adequacy

I Smooth operations -- stability
A Manage markets

I Energy
I Capacity Less revenue from energy Means
i Ancillary services More revenue needed from capacity

& ancillary svc
A Governance
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Challenges to Institutions

A From Large Scale RE

I Congestion, low prices, curtailment risk

I Operating during low demand, high RE periods

I New Contingencies

I Forecasting resources not under operator control

A From small scale RE

I Control, forecasting variability, contingencies,
replacing ancillary services

A New Transmission strengthens the system, but is
costly, we would hope to avoid it

Energy solutions

for a changing world




Meeting Renewable Energy Targets
in the West at Least Cost:
The Integration Challenge

Executive Summary




WGA Report: Nine Paths to Big RE

A Sub-hourly Dispatch and Scheduling

A Dynamic Transfers bet. Balancing Auth.
A Energy Imbalance Market

A Forecasting: Weather, Wind, Solar

A Geographic Diversity

A Reserves Management

A Demand Response

A Generation Dispatch

A Generation Flexibility
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http://www.westgov.org/images/dmdocuments/RenewableEnergyTargets2012-13.pdf

THE WEST'S ENERGY
IMBALANCE MARKET

~ Eight states
35.3 million customers
M estimated annual savings

Market Operator

I Colifornia 15O

EIM entitios

W Active parscipant
M Plonned entry 2015
M Plonned entry 2016

*2017 annual savings estimate (millions)
“2020 annual savings estimate (millions)

AMERICA'S
Source: “Energy Imbalance Market Overview,” CAISO (2015)



Existing and future Energy Imbalance Market (EIM) players
: € t Sound

'ay

B Colifornio 15O
B e ety
B Plonned EIM enky 2015
B Plonned EIM entry 2016
B cprossed interest in
jcining EIM

Source: IEPR, CEC, Oct 2015




Tenth Western Initiative

A Expansion of California ISO

Baloncing Authority Areas
Colfomia ISO
M PocifiCorp
Bl NV Energy
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Gross/net demand comparison

FIGURE 1: Denmark - Total Demand- First 8 weeks 2012

Gross Demand
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FIGURE 2: Denmark - Total Demand Minus Wind Power

7000

After taking all wind
and solar, this is the
operator 0s

1o Net Demand

Little demand for baseload, big
demand for mid -merit, demand
for peaking pretty much
unchanged




Flexibility cost

Flexible generation is just one piece of the puzzle

Existing hydro, pumped hydro
and natural gas storage
Electricity
Matural gas generation storage
and coal cycling

Flexible
generation

Heating and transportation

lee and heat

Improving pricing and demand response

Demand-side
flexibility

Supply-side
flexibility

Penetration of VRE

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

Supply-side
Hlexibility

Demand-side
Existing hydro, pumped hydro flexibility
and natural gas storage

Electricity
Matural gas generation storage

and coal cycling
Heating and transportation

Flexibility cost

Flexible
generation

Improving pricing an

{ demand response

Penetration of VRE

Source: IEA Energy Technology Perspectives 2014
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Principal Sources of Flexibility

A Customers
I Demand response
I Storage

A The Grid

I Load following capacity in thermal plants
I Storage
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Demand Response

A Progress

A Much more to do

I Markets for flexibility (ramping, cycling)
A Ancillary Services

I Better planning to identify valuable times and
locations

I Pricing to motivate customers

I Programs to connect services with customers and
monetize benefits

I Technology to operationalize DR benefits
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Eastern Wind

Integration and

Transmission
Study

20% wind
with no
offshore

Figure 4-12. EWITS Scenario 1 conceptual transmission plan
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