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2025 California DR Potential Study

Assess Demand Response (DR) Potential to facilitate long-
term clean energy goals with reliable and cost-effective support
for the grid.



Context: CPUC Rulemaking 13-09-011

DR Potential Study Timeline:

Summer 2015: Initiate work with CPUC

April 2016: Phase 1 “Interim” Report describing
load shed DR

November 2016: Draft Phase 2 Results Public
workshop with Stakeholders

March 2017: Final Report

April 2017: Public workshop on “pathways to new
models of DR”

full proposed decision: http://docs.cpuc.ca.gov/SearchRes.aspx?docformat=ALL&docid=195586659



“DR Futures” Framework & Model

¢ Public interest research led by LBNL 2015-2017
leveraging SmartMeter datasets for end-use DR estimates.

¢ Focused on 2 linked questions:

1.What DR service types will meet California’s future grid
needs as it moves towards clean energy & advanced
infrastructure?

2.\What is expected resource base size & cost for DR
service types?



Driven by the Challenges of a 50% RPS
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DR Service Across Timescales to
Meet Future Grid Needs



DR Service Across Timescales to
Meet Future Grid Needs
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”Shape” is how we
described price-based
response that results in
shifting and load shed.

We modeled TOU and
CPP in the study.

The term is from the
parlance of DR
intervenors and
stakeholders.




Shed and Shift

—LI-E \ Shed Service Type: Peak Shed DR

Shift Service Type: Shifting load from
hour to hour to alleviate curtailment/
overgeneration



Shape and Shimmy

Shape Service Type as modeled:
Accomplishes Shed & Shift with

prices & behavioral DR.

lllustrative pricing profile

Off-peak

Super
off-peak

Peak

Partial
Peak

AN

Shimmy Service Type: Load
Following & Regulation DR



Why a Simplified Framework?

Shape, Shift, Shed, Shimmy

Generalized, friendly nomenclature
enables clear conversations
about DR beyond peak capacity
DR, with less jargon. The goal
was to develop generalized system
modeling frameworks.

The policymaking challenge is
translating generalized results to
specific programs and market
structures.

T

DR Service Product

California Market

Peak Capacity

System and Local RA Credit

Economic DR

Economic DR / Proxy Demand
Resource

Contingency Reserve Capacity AS- spinning
Shed
Contingency Reserve Capacity AS- non-spin reserves
Emergency DR Emergency DR / Reliability DR
Resource
DR for Distribution System Distribution
Economic DR Comblnatlon.of En_ergy Market
Participation
Shift Flexible RA -- energy market
Flexible Ramping Capacity participation w/ ramping response
availability
Load Following Flexible Ramping Product (similar)
Shimmy
Regulating Reserve Capacity AS- Regulation
Shape Load modifying DR - Event-based CPP
Load Modifying DR - Load shaping TOU




Two DR Valuation Approaches

Supply & demand
Intersections represent a
procurement target or expected
market outcome assuming
business models & markets
reflect estimates in model.

Two methods for estimating
“demand curves.”



1. Price Referent Approach

Price Referent Approach: Compares DR Supply to cost of procuring an
alternative resource (e.g., NG combustion turbine for peak load). A “horizontal”
demand curve. This is only used for “Shed” in our study.
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2. System Levelized Value Approach

System Levelized Value Approach: Compare DR supply with estimated
“levelized value” to grid. Levelized value could be thought of as effective annual
demand curves. This is used for all resources in our study.
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Methodology

LBNL-Load analysis groups IOU-provided customer load (~220,000 customers) &
demographic data (~11 million customers) into 3,500 “clusters,” based on observable
similarities. We developed characteristic load profiles for total & end use-specific
load clusters. LBNL-Load forecasts loads for years 2020 & 2025 according to 2015
Integrated Energy Policy Report.

DR-Path estimates DR availability pathways based on load shape and quantity
forecasts from LBNL-Load. These pathways represent possible future DR supply
potential, given assumptions on technology adoption, DR participation & cost

projections for existing & emerging technologies.

Renewable Energy Solutions (RESOLVE) model estimates a set of value
benchmarks for each DR type based on avoided investment & operation costs when
DR is available for use. DR availability scenario ranges are run to establish DR’s value

for two benchmark cases: low & high renewable energy curtailment levels.



End Uses and Enabling Technologies



We used Technology Advancement Scenarios to
compare a range of trajectories in the DR Market.

4 )
BAU:
Business-as-
Usual Progress

\ J

(" )
“Medium”
Accelerated
Progress

g J

4 )
“High”

Faster Progress
(NOT a ceiling)
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DR Supply Curve Estimation
Unit of analysis is at the cluster level, for each end use...

1. Estimate quantity and cost of DR service for many options,
including possible combinations of:
d DR control and communications technology
d Market participation
d Incentives / payments offered, changing propensity to adopt

2. Sweep through a range of price ceilings, and for each choose the
highest quantity of DR at each cluster based on the options available
below each price.






Trace potential estimates over many cost options

At each price ceiling,
a portfolio of DR
that maximizes the
quantity available

Sweep across a range of
price ceilings and find a
quantity-maximizing
portfolio for each.

VAN




Many Possible Supply Curves for Each Resource:

Weather, DR Market Scenarios, Forecast Year and Monte Carlo

= Monte Carlo analysis
introduces variability in
technology advances & site-to-
site variability trajectory.

= DR potential can be increased
if market participants can
identify & target highest-value
sites & technology.

** Phase 2 focuses on results
that include variability, NOT
static technology runs **



Mean Monte Carlo Results are Shown
on Supply Curve Plots

= Mean of Monte Carlo
results (bold colored
lines) are expected
“average” quantity/cost
supply curves.

= Black lines represent
what expected supply
curve would be without
site-to-site variation.



E3 RESOLVE model to estimate DR Value

for two “Futures” of Renewable Integration

RESOLVE is an E3 model that selects least-cost portfolios of renewable
resources and integration solutions within the CAISO region between 2015 —

2030. We investigated two “Futures” based on CPUC’s 2016 LTPP Assumption
scenarios:

High Curtailment Future
@ More utility-scale and BTM PV, which would increase curtailment & thus DR value

@ Represented by High BTM PV Scenario in 2016 LTPP

Low Curtailment Future

@ More regionalization, more wind, & less behind-the-meter PV. Leads to less curtailment
than High Curtailment Future, thus lower DR value

@ Represented by Out of State Wind Scenario in LTPP



Savings from Shifted L.oad Increase
As Over Time as Renewables Come Online

Diminishing marginal value as additional load is shifted in each day & hour — saturation is
reached at ~20% shift in 2025+

Value increases significantly between 2020 & 2025 as large increase in renewable build takes
advantage of expiring federal tax credits

Marginal Savings per MWh Shifted, by year
High Curtailment Future, Mid-AAEE Case



Shift Supply Curves

2025 Supply + Demand
(Net ISO Rev and Co-Benefits)

Shown with ~2 GWh Shape-Shift

10-20 GWh cost-effective supply
(~ 2-5% of daily load shifted)




Shift Technologies

Key Technology Options
at $50 /kWh-year cost:
= Industrial process & pumping

- Commercial HVAC Loads

Electric Vehicles & Batteries could
be significant if prices fall.

‘\ X} <$50/kWh-y |
Ind. Pumping

Ind. Process
Comm. HVAC
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Phase 2 DR Quantity Findings:
By 2025, Medium DR Scenario Suggests...

Shape: Conventional TOU / CPP rates effectively provide 1 GW Shed &
2 GWh Shift at ~zero cost. Deeper potential?

Shed: Generation overbuild means ~zero need for system-level shed,
but 2-10 GW in cost-effective local Shed & distribution system
service.

Shift: 10-20 GWh of cost-effective daily Shift (2-5% of daily load), with
opportunity for system value at ~$200-500+M/year.

Shimmy: 300 MW Load-following & 300 MW Regulation. Opportunity for
system-level total value is ~$25 M/year.



ﬂ Opportunities for Local Shed

50% of Shed located in
currently constrained %
“local capacity areas”
(S} in photos and map)

X
X



| Advanced Shift DR and Ongoing Activity

Shift could also be framed as a combination of (separate) load building and
shed events, or a price response. Some current work streams to highlight:

- CAISO: ESDER 3 Straw Proposal (Oct 2017) includes bi-directional DR
that would expose participating customers to real-time energy prices
through bids. The Baseline Analysis Working Group is exploring more
robust baselines through statistical regression and control group methods.

- Utilities: Excess Supply Pilots are developing lessons learned in dispatch
of load to consume. Modified TOU rates to fill mid-day solar peak.

- CPUC: Load Consumption Working Group: Starting in January 2018,
convened by CPUC to inform the design of new models for DR



f 3 Challenges for achieving Shift in both
Market and Price-based approaches

& Shift is likely a frequently dispatched resource (the value to

the system is through accumulated dispatch), thus baseline
measurement is inherently challenging.

@ Interactive effects between retail and wholesale market
jurisdiction mean that customers effective price for
consumed electricity is the retail price minus wholesale

payments. This may reduce the price ratio experienced by
customers compared to a true dynamic price.




%M DR Going Forward

€ Behind the meter storage, electric vehicles, new automation
technology ("loT”), and monetized distribution system service
are all wild cards for future DR potential and role.

4 Shift is fundamentally different from Shed — frequently
dispatched, accumulating value, and could require bidirectional
communication and control.

¢ Shimmy markets are thin, but if energy neutral could be
key elements of combined portfolios with other DER/DR
resources.



% 3 WP

Keys to Achieving DR Potential

Opportunities for Each Resource

Shape: Could there be deeper potential for energy shift with more
aggressive rates & dynamic pricing, combined with automated
DR? Design pricing to Shift rather than Shed.

Shed: Targeted Shed for local capacity & distribution system service,
which may require faster DR technology. Half of statewide Shed
resources are in a locally constrained capacity area.

Shift: Explore transitioning conventional DR automation to Shift. ISO
integration presents baseline & settlement challenges for daily
resources — consider retail price pathways (“Shape”).

Shimmy: Ancillary services markets are “thin” but high value for grid.
Explore portfolios with Shimmy & other services that can be
provided with fast-responding automation technology.




Transitioning from Conventional to U
Advanced DR N

Policy Considerations:

@ Integration between policy at the CPUC and CAISO to ensure that market designs are
matched with most cost-effective pathways for DR services.

# Continued work on how integrated energy efficiency (EE), behind-the-meter storage & DR
can amplify value — integrated demand-side management (IDSM).

@ Continued work to build portfolios of value streams at the system scale, on the distribution
system, and at the site level—distributed resource planning (DRP).

A Our model included first-order estimates for distribution system service.

4 With distribution system service, the result is an increase of about 4 GW of
additional Shed DR capacity compared to a model run without portfolio approach



Thank you!

@ Energy+Environmental Economics

g E SCHATZ

Zin\ ENERGY
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Shift:

Most Sensitive to Tech. Advances & Renewable Integration



T 2025 Shed DR Potential Supply Curve
vs. Price Referent

Supply Curves compared
to conventional price
referent suggest 6-10 GW
of cost-effective Shed.

\

= Take Home:
Significant Shed
potential with price
referent approach that
assumes capacity
[ tments are offset.
k Inves j

Supply Curve Notes: Rate Mix 3,
Mid AAEE, Net Revenue + Site
Co-Benefits




T 2025 Shed DR Potential Supply Curve
Vs. Levelized System Value

Supply Curves compared to
levelized system value
suggest 0-1 GW of cost-
effective Shed.

/ A

= Take Home: Essentially
zero potential with
RESOLVE model approach
that incorporates expected
capacity surplus

- 4

Supply Curve Notes: Rate Mix
3, Mid AAEE, Net Revenue +
Site Co-Benefits




RESOLVE: Renewable Energy Solutions Model

RESOLVE is an E3 model that selects least-cost portfolios of renewable resources
and integration solutions within the CAISO region between 2015 - 2030

A Selects portfolio of solar, wind, geothermal, biomass, and small hydro

 Adds cost-effective integration solutions such as energy storage and flexible
conventional resources, in combination with the renewable portfolio, to minimize total
cost over the analysis period

d Meets energy, capacity, RPS, GHG and other constraints
Jd RESOLVE performs capacity expansion modeling function to support IRP

Resources are added to meet RPS target, overbuilding renewable portfolio if
necessary

d Renewables are curtailed if the output cannot be consumed in California or exported
due to oversupply or insufficient flexibility

A Resources added if necessary to replace curtailed output; replacement cost increases
geometrically with curtailment



RESOLVE Provides a Framework for Valuation of
Flexible Resources

Economic curtailment & renewable overbuild are default
solution to flexibility challenges, & form “avoided cost”
of power system inflexibility

.. . . Optimal investment point:
= Slzmg electric SyStem to deliver Marginal avoided cost of renewable

every MWh of renewable generation overbuild
is cost-prohibitive =

(1 Reduction of renewable curtailment
& overbuild provide value to
ratepayers

1 Flexible resources are selected
when their benefits—primarily
reduced renewable overbuild—are
greater than their costs



Smart Meters enable high-resolution potential estimates and
targeting best sites



Modeled Uncertainty in Technology Assumptions

Monte Carlo Analysis starts
Technology A:

with Baseline Assumption Baseline cost &
i performance
Looks at two uncertainty levels: assumption

(1) Expected market-wide cost &

emerging DR teChnOIOgieS, Revised estimate for ¢I I*

performance average site

(2) Site-specific variation in

Site 1 Site 2 Site 3
technology cost & performance . ite ite ¢ ite

variation around |/4 f¢ 4
average I I




Cluster Summary

Customer Count Avg. Number
Clusters of Time Series
Sector (Quantity) (S5th Percentile) (Median) (95th Percentile) per Cluster
Residential 493 1,450 11,148 56,530 201
Commercial 1,402 9 247 2,639 55
Industrial 1,614 4 43 619 15
Other 68 345 831 2,308 23
Total 3,577




DR Service Type Table
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The Phase@ scope
was expanded and

enhanced in PhaseO

Phaseo also included:
Improved input
estimates

« Expanded TOU
analysis — 3 Rates

« Monte Carlo error
analysis approach.

Phase 2 built on Phase 1

Valuation Approaches

Price
Referent
(typ.
$200/kW)

Levelized
Demand
Curve
(RESOLVE)

Limited
evidence,
using notional
value.

Systemwide Service

Shift

O

Shimmy

O

Shed (systemwide capacity)

00

O

Shed (spin/non-spin reserves)

Local Service

Shed (local capacity)

00

Shed (distribution system)




From Load Modifying to Load Consumption



T Shimmy Resources Create Savings by

Freeing Storage to Dispatch for Shift

Note: Storage shown is from 1,325 MW CA Storage mandate
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Shimmy Results

= Load following supply curves &
system value

 Many DR technology scenarios
with zero cost-effective resource.

* Medium & High DR Scenario
combined with High Curtailment
leads to 100’s - 1000 MW

potential.



Shimmy Load Following:
Sensitive to Portfolio Options & Technology Advances



L Shimmy Results

= Regulation supply curves &
system value

» Higher value resource leads to non-
zero potential for every expected DR
technology scenario.

» Range in potential from 100-500 MW.



Shimmy Regulation:
Sensitive to Portfolio Options & Technology Advances





