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Overview

“Load flexibility” will address new challenges of an evolving power system
Demand response historically provided value through peak demand reductions
But system needs are evolving: renewables integration, grid modernization

Load now can be managed to provide additional high value services, such as
geographically-targeted demand reductions, load building, and system balancing

This is facilitated by rapid adoption of emerging consumer technologies

New methods for quantifying load flexibility value & market potential are needed
Assessing likely performance of nascent programs and technologies
Determining location-specific value of distributed energy resources
Estimating plausible value of providing multiple services from a single resource
Quantifying value streams not previously provided by demand-side options

This presentation provides an assessment of the value and market potential of
load flexibility opportunities in the U.S.
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Key Findings

Nearly 200 GW of cost-effective load flexibility potential in U.S. by 2030
This is 20% of the 2030 US peak (though not all will be used to reduce peak demand)
Under existing market conditions, current DR capability could double (to 120 GW)
Market transformation through 2030 enables a further increase of roughly 80 GW

National benefits of load flexibility could exceed $15 billion/year by 2030

Avoided generation capacity investment remains the dominant source of value over the next
decade, with energy benefits increasing in value during that time

T&D deferral and ancillary services are the “cherry on top of the sundae;” highly valuable
niche applications with limited need

Findings based on national average conditions; will vary significantly on a regional basis

Load flexibility benefits will be unlocked through creative planning and policies

Nearly 40% of the 2030 potential can be achieved simply by modernizing existing
conventional programs through revamped program design and customer engagement

The majority of potential is in new emerging load flexibility programs, which will be enabled
primarily by smart thermostats and Auto-DR - gateways to accessing electrified building load

Supporting policies, technology standards, regulatory incentives and analytical methods are
needed to facilitate this transition
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Introduction
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You can’t spell “DER” without “DR”

DR is the largest distributed energy resource (DER) in the U.S.

Total U.S. Installed Capacity (GW)

59
26
6
1
Demand Rooftop EV charging  Grid-connected
response solar PV demand batteries

Notes:
EV charging demand assumes 6 kW charging demand per EV, does not account for coincidence of charging patterns. Rooftop solar PV estimate is installed capacity, does not

account for derated availability during peak. Existing DR is the sum of retail DR from 2017 EIA-861 and wholesale DR from 2018 FERC Assessment of Demand Response and

Advanced Metering; values are not modified to account for possible double-counting between wholesale and retail DR.
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DR capabillity varies significantly by state

2017 Demand Response Capability (% of System Peak)

i onifi MN PUC Order requires NY utilities increasingly
S'gn'if,!ciggii\',fr' DR significant DR additions; ~ using DR for
developing in Xcel Energy developing dlstrlbu_tlo_n purposes;
Pacific Northwest innovative load also piloting natural
(e.g., BPA CTA-2045 flexibility portfolio gas DR programs
smart water heating
demonstration
project)

ol

In CA, DR is
increasingly
deployed to
address unexpected
local capacity
constraints; EV
managed charging
projects underway

Pepco and BGE bid
impacts of mass
market DR programs
directly into PJM
capacity market

\_S

APS is piloting a

program offering
free electricity to
loads that can be
shifted to daytime
hours with excess
solar PV output

DR Capability (% of Peak)
L] <1%

[ ]1-3%

] 3-6%

B 6-10%

B 10%

In Texas, retailers
have begun to
offer peak-time

rebates to attract
new customers

Notes and sources: Brattle analysis of data from 2018 FERC Assessment of Demand Response and Advanced Metering and 2017 EIA-861. Wholesale DR capability

from FERC Assessment allocated to states proportional to estimated state share of ISO peak demand (according to 2015-2017 EIA-861 data). Values are not modified 5| brattle.com
to account for possible double-counting between wholesale and retail DR. '




The “DR 1.0” market has matured

Once a rapidly growing resource, conventional DR is reaching a
saturation point in markets where peak capacity needs have stalled

Contributing Factors

Total U.S. DR Peak Reduction Capability

70,000 - . .

60,000 Increasingly stringent

50,000 wholesale market

Satel Wholesal . . .

o Fesae participation rules
g 40,000 -
2 .
% 30,000 Low capacity market
= 20,000 - prices

10,000 - Flat/depressed hourly

0 energy price profile
[T (o] N~ [ee] [e))] o i (qV] o < Tp] (o] [
S 8 S &8 8 & EEEFEERE 5+ years of excess
14% 15% . .
eaking capacit
5-year rolling AAGR: 11% P - g P Y
I i projected by many
° 4% 5%
3% DD ofe .
Bl = = utilities

Source: Brattle analysis of FERC Assessment of Demand Response and Advanced Metering reports (2006-2018) and EIA-861 Data (2005 —
2017). Post-2012 values are not modified to account for possible double-counting between wholesale and retail DR across data sources.
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“Load flexibility” provides improved system
operational capabilities

DR can be repurposed to address three emerging industry megatrends

Renewables growth

Grid modernization

Electrification

Challenges

Low net load leads to renewables
curtailment and/or inefficient
operation of thermal generation
Intermittency in supply contributes to
increased need for grid balancing

Costly upgrades are needed to
improve resiliency and accommodate
growth in distributed energy resources

Rapid growth in electricity demand
may introduce new capacity
constraints

Load Flexibility Solution

Electricity consumption can be
shifted to times of low net
load

Fast-responding DR can
provide ancillary services

Geographically-targeted DR
can help to defer capacity
upgrades

Controlling new sources of
load can reduce system costs
while maintaining customer
comfort and adding value to
smart appliances and EVs

7 | brattle.com



lllustrating the potential for load flexibility

Electric water heating is a compelling example Water Heating Load Profile
of load flexibility

Electric resistance water heating load can be T @
controlled to provide several grid services. The 14
thermal energy storage properties of the water
tank work similar to a battery

1.2
Controlled

1.0 4

0.8 -

kw

Uncontrolled

While water heaters have been used to reduce
peak capacity for decades, recent technological 06 @
developments now allow for more flexibility in
load control, including the provision of

0.4 -

|®

frequency regulation °2 1

“ . >0 1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘13‘14‘15‘16‘17‘18‘19‘20‘21‘22‘23‘24‘
In the past few years, “grid-connected water Hour of Day
heating” programs have been introduced in (1) Heating element controlled with near-instantaneous
Arizona, Callfornla, Hawaii, Minnesota, Oregon, response to provide balancing services
Vermont, and across PIM @ Off-peak load building to reduce wind curtailments

or reduce ramping of thermal generation

!n recog_nition of ’Fhe potential renew.able_s @ Peak demand reduction to reduce need for
mtegratlon beneflts, 2015 federal Ieglslatlon generation capacity and/or T&D capacity, and to
made grid-connected water heaters exempt avoid peak energy prices

from prohibitive energy efficiency standards
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Consumer technologies drive the DR transition

Adoption of behind-the-meter (BTM) energy technology is accelerating;
these technologies are enabling the provision of load flexibility

BTM Storage
(U.S. capacity, MW)

8,500

0 100

2013 2017 2024

Source: Estimated from Wood Mackenzie
and Energy Storage Association, 2019

CAGR: 89% (2017-24)
85x total growth in 7 yrs

Electric Vehicles
(U.S. annual sales)

1,400,000
90
70
250,000
7
0
2007 2017 2020 2010 2017 2025

Source: Institute for Energy Innovation (IEl),

2017

Source: Edison Electric Institute and IEl,
2018

CAGR: 24% (2017-25)
6x total growth in 8 yrs

Smart Appliances
(U.S. homes, millions)

50

14

O .
T

2007 2017 2020

Source: Brattle estimate based on review of
various sources

CAGR: 53% (2017-20)
4x total growth in 3 yrs
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Quantifying Load Flexibility Potential
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Understanding load flexibility market potential & value

DR 1.0 market potential studies took a narrow view of DR capabilities.
They need to be expanded to capture the full value of load flexibility.

Scope of “DR 1.0” Market Studies

Generation | Reduced |System peak

capacity |peak energy|related T&D
avoidance costs deferral

X X X
X X X
X X X
X X X

Programs typically focus on
demand reductions during a
limited peak window and
are constrained to a small
number of hours per year

Direct load control

Interruptible tariff

Demand bidding

Time-of-use (TOU) rates

Quantified value and
associated market
potential are derived only
from reductions in system
peak demand

See appendix for a description of load flexibility programs. 11| brattle.com



Understanding load flexibility market potential & value

First, consider innovative new applications of DR. Load flexibility will
do more than just shave the peak.

@ Extend DR value streams
>

G ti Reduced | Syst k Targeted
eneration educe ystem pea argete Load shifting/| Ancillary

building services

capacity | peak energy | related T&D T&D capacity
avoidance costs deferral deferral

Direct load control

Interruptible tariff

Demand bidding

X [ X | X | X
X [ X | X | X
X [ X | X | X

Time-of-use (TOU) rates

Several new uses of DR are
possible, but existing
programs are limited in
their ability to provide those
services

See appendix for a description of load flexibility programs. 12| brattle.com



Understanding load flexibility market potential & value

Second, broaden the definition of DR. Load flexibility has the

potential to provide higher value at a lower cost.

@ Extend DR value streams
>

Generation Reduced |System peak Targeted
capacity | peak energy | related T&D T&D capacity

Load shifting/| Ancillary

avoidance costs deferral deferral building services
Direct load control X X X X
Interruptible tariff X X X
Demand bidding X X X X
Time-of-use (TOU) rates X X X
Dynamic pricing X X X
Behavioral DR X X X
EV managed charging X X X X X X
Smart water heating X X X X X
Timed water heating X X X X
Smart thermostat X X X X
Ice-based thermal storage X X X X X
V |C&I Auto-DR X X X X X X

See appendix for a description of load flexibility programs. 13| brattle.com



Brattle developed the LoadFLEX model to
comprehensively assess load flexibility potential

MARKET
POTENTIAL

Resource Planning

Optimized subject
to cost-effective
incentive payment
levels

against experience

The Load FLEX Model

1]

Maximizes DR
benefits subject
to operational
constraints

Calibrated to
characteristics of
utility customer

Accounts for
realistic “stacking”
of multiple
value streams

‘of other utilities

X Model Can Be Applied to

' el

DSM Budget
Applications

Renewables

: 7 | Palicy Development
Integration Studies gt i
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Load flexibility analytical challenges & solutions

Load Flexibility

Analytical LoadFLEX Approach
Challenge
*  Brattle maintains a database of load flexibility programs DR Enrollment vs Incentive Payment

Re|iab|y and their associated costs, impacts, and adoption rates

0 0 *  Supplementary interviews are conducted to fill in gaps
estimating where publicly available data is limited §
impaCtS of e Primary market research can establish tailored estimates [
nascent of customer adoption ué

& *  Participation is modeled as a function of the cost- g

[pliefze i effective participation incentive payment level

technologies *  Probabilistic analysis (i.e., Monte Carlo simulation) can
account for uncertainty

Participation Incentive Payment Level

. DR Value vs Quantity
*  Some of the new load flexibility value streams are

. sensitive to the quantity of the DR resource that is
Accountmg for participating; for instance, frequency regulation is
“depth” of valuable but has very limited need on most systems
resource need . Modellng‘establlshes thg “depth” of-each‘value

opportunity and quantifies the relationship between
incremental value and DR resource additions

DR Value

DR Market Penetration
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Load flexibility analytical challenges & solutions

Load Flexibility
Analytical
Challenge

Quantifying
deferred
distribution
capacity value

Accounting for
“stacked value”

LoadFLEX Approach

Distribution capacity deferral is a highly system-specific
calculation, requiring locational assessment of utility
distribution system data

Initial screening identifies grid locations at risk of capacity
constraints

The performance profile of the load flexibility resource is
compared to the load profile of the distribution system
component

Capacity deferral value is assigned based on the
probability that constraints can be relieved through
deployment of the load flexibility resource

Load flexibility can provide multiple sources of value, but
analysis must account for realistic operational constraints
associated with capturing this value

Each value stream is converted to an hourly price series
based on assessment of appropriate cost drivers

Load flexibility resource is “dispatched” against the price
series based on realistic utilization algorithms

DR Impact on Distribution System

Feeder Capacity

Load

Feeder
Load

Load
Flexibility
Impact

0O 2 4 6 8 10 12 14 16 18 20 22 24

Hour of Day

DR Stacked Value (lllustrative)

DR Value

Generation Distribution  Energy
capacity capacity

Ancillary Environmental
services
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The National Potential for Load Flexibility
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The national potential for load flexibility

A portfolio of load flexibility programs could triple existing DR
capability, approaching 200 GW (20% of system peak) by 2030

U.S. Cost-Effective Load Flexibility Potential

198 GW
83 GW (20% of peak)

Demand Bidding + EV Charging
Dynamic Pricing
Auto-DR

Smart Water Heating

40 @ Smart Thermostats
2019-2030
59 GW 16 GW market transition:
(6.7% of peak) @ AM deployment,
Behavioral + Smart Tstat pe——— New load EV adoption,
DLC @ flexibilit customer growth,
Expanded exioiity T&D expansion,
. programs and : !
) ) conventional renewables Interruptible Tariff
Interruptible Tariff value streams .
programs adoption
Existing 2030
Capability Potential
Notes: Existing DR capability does not account for impacts of retail pricing programs, as fewer than 1% of customers are currently enrolled in dynamic pricing rates and the impacts
18 | brattle.com
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The national potential for load flexibility

Three factors drive the national potential estimate of 198 GW

(1) Expanded conventional programs

Existing conventional programs often have untapped potential that can be harnessed through revamped
customer marketing and outreach, modified program rules, and redesigned incentive structures

These programs generally only provide peak capacity value, but often can do so cost-effectively by leveraging
existing program infrastructure

Potential increase over existing DR capability: 16 GW (27% increase)

(2 New load flexibility programs

Relative to existing conventional programs, new load flexibility programs capture additional value streams and
leverage emerging load control technologies and sources of load

Under current national average market conditions, the most significant cost-effective potential is in smart
thermostat programs (residential) and dynamic pricing (all customer segments)

Potential increase over existing DR capability: 40 GW (67% increase)

(3) Market transition impacts (2019 — 2030)

Growth in adoption of AMI, EVs, smart thermostats and other smart appliances over the forecast horizon
enables expanded participation in load flexibility programs

Increased renewable generation development introduces more energy price variability and a greater need for
ancillary services, increasing the value of load flexibility programs with fast-response capability

Continued expansion and modernization of the T&D system introduces a growing opportunity for non-wires
alternatives

These market developments justify greater incentive payments for customer participation in load flexibility
programs and also justify the introduction of robust smart water heating and Auto-DR programs, among others

Potential increase over existing DR capability: 83 GW (140% increase)
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Load flexibility value

Avoided generation costs are the largest source of load flexibility value under national
average conditions. There is significant regional variation in this finding.

2030 Annual Benefits of National Load Flexibility Portfolio

Avoided Transmission & Distribution Capacity, $1.9 billion/yr (12%)

Avoided Generation Capacity, * Value includes system-wide benefits of peak demand reduction, plus
$9.4 billion/yr (57%) added benefit of geographically targeted T&D investment deferral
¢ Value based on avoided cost * Geo-targeted T&D deferral opportunities are typically high value but

of gas-fired combustion
turbine, assuming no near-
term peaking capacity need
in some regions

e Capacity remains the

limited in quantity of near-term need; this value is likely to grow as
utility T&D data collection and planning processes improve

Ancillary Services, $0.3 billion/yr (2%)

* Value accounts only for frequency regulation and assumes a
dominant source of load ‘__‘ need equal to 0.5% of system peak demand; additional value
flexibility value through at - may exist if considering other ancillary services products
least 2030  Frequency regulation provides very high value to a small

* Capacity value will vary amount of capacity; in our analysis, the full need for frequency
significantly by region; load regulation can be served through a robust smart water heating
flexibility poised to provide

program
most capacity value in

regions with pending
capacity retirements, supply
needs in transmission-
constrained locations, or
unexpected supply shortages

Avoided Energy Costs, $4.8 billion/yr (29%)

e Value accounts for reduced resource costs associated with shifting load
to hours with lower cost to serve; does not include consumer benefits
from reductions in wholesale price of electricity

e Energy value is best captured through programs that provide daily
flexibility year-round, such as Auto-DR for C&I customers, TOU rates, EV
charging load control, and smart water heating

Notes: Values shown in 2030 dollars. Values are gross benefits, before netting out costs of the load flexibility programs. 20| brattle.com



Regional differences

Our results are based on national average conditions. Conclusions will
vary significantly by region and should be evaluated accordingly

Case Study: Comparing Minnesota and California

. . System System System System
Primary Primary y ¥ y y
. value: Value: Value: Value:
drivers of source of Load
State need for renewable . . Flexibilit
. Generation Energy Ancillary T&D y
load generation . . Study
. .o capacity (load services deferral
flexibility additions icos
shifting)
Minnesota .
Pendlng The Brattle Group,
retirement of “The Potential for
. Load Flexibility in
1,400 MW of Wind Q C. @ @ Xcel Energy’s NSP
coal Service Territory,”
generation June 2019
California LBNL, “2015
Renewables California
integration Not Demand
L Solar PV .
local capacity @ G C. Quantified Response
traint Potential Study,”
constraints November 2016

Q = Primary source of value

O = Moderate source of value

@ = Modest source of value
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Operational implications

Deep load reductions will require significant changes to the way DR
programs have been utilized historically

Utility Load Duration Curve (Top 1,000 Hours)

system peak
demand from
load flexibility
portfolio

15% reduction in l

0 200 400 600 800
— Hours of Year

106 hours of DR dispatch
required to flatten peak

1,000

Required # Hours of Dispatch Over Year

Max consecutive hours
of dispatch required in

one day to achieve 15%
peak reduction =12 hrs

= =
o N

# dispatch events peryear
(o]

1 3 5 7 9 117 13 15 17 19 21 23
Hour of Day

Implications: Load flexibility programs will need to be dispatched much more frequently
and during a broader window of hours of the day. This requires new customer
engagement initiatives and advanced portfolio dispatch strategies.

22 | brattle.com
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Policy & market developments

The constantly evolving policy and market landscape will define new
load flexibility opportunities and challenges

Wholesale Market Design

Emerging Technologies

4

Policies are increasingly opening
wholesale markets to demand-
side participation (e.g., FERC
Order 745)

Existing market rules still
undervalue load flexibility (e.g.,
year-round, 10-hour performance
requirement for capacity credit)

Cost declines for smart home
technologies and EVs could
accelerate load flexibility
adoption

Batteries and solar PV could soon
become the technology that load
flexibility competes with, rather
than combustion turbines

Deep Decarbonization Policies

Codes and Standards

The transition to a fully decarbonized

t and electrified economy will create
massive fluctuations in power supply
and load, emphasizing the value of
load flexibility

Seasonal mismatches between

l supply and demand will be difficult
to mitigate through load flexibility
alone

Standards such as CTA-2045 can
significantly reduce load flexibility
technology costs for consumers

Policies prohibiting programs that
promote electrification, such as
the Three Prong Test in California,
will inhibit adoption of load
flexibility technologies

Regulatory Incentives

Performance incentive mechanisms

t will provide utilities with a financial
incentive to pursue load flexibility as
an alternative to capital investment
in grid infrastructure

Without accompanying incentives,
l traditional cost-of-service regulation

discourages utility investment in

demand-side resource options

Resource Planning

Some utilities are using increasingly
sophisticated modeling techniques
to account for the unique value of
load flexibility, putting it on a level
playing field with conventional
generation resources in planning
activities

Most traditional off-the-shelf
resource planning approaches de-
emphasize load flexibility
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http://files.brattle.com/files/14919_final_pbr_stakeholder_session_washington_dc_20180918.pdf
https://www.bpa.gov/EE/Technology/demand-response/Pages/CTA2045-DataShare.aspx
https://www.sierraclub.org/planet/2018/04/three-prongs-dont-make-right

The role of retall pricing

There are two competing views on how to incentivize load flexibility

Method 1:

Dynamic retail rates
(“Prices-to-Devices”)

Method 2:
Participation incentives
(“Flexibility Payments”)

Example of load
flexibility incentive

Sub-hourly real-time pricing with locational price variation

Fixed monthly incentive payment to participate
in smart thermostat program

Role of retail rates

Rates are the primary driver of customer investment in
various load flexibility technologies and/or arrangements
with third-party load flexibility service providers, in order
to capture electricity bill savings

Simple dynamic pricing rates are offered as
complementary, voluntary alternatives to
various incentive-based programs

Advantages

Equitable: All load flexibility is treated equal; no need to
develop program-specific incentive payments

Efficient: Once the necessary infrastructure is in place (a
big hurdle), ongoing implementation cost is relatively low
Dynamic: Real-time prices could provide a financial
incentive that is more closely aligned with the value of
load flexibility to the system

Simple: Fixed payments are predictable and
easy for customers to understand

Tailored: Each program can be designed to
optimize the characteristics of the specific end-
use it targets

Practical: Does not involve massive IT
investments or political complexity of
implementing highly granular retail pricing

Implications: Both methods can be used to achieve the potential identified in this study.
Utilities & regulators must determine their preferred position on the spectrum of options.

24 | brattle.com




Three predictions for the next decade

Prediction #1: Utility load flexibility programs will get smarter before they get bigge

-

Many existing programs have been underutilized for decades. There is low-hanging fruit in
simply modernizing these programs to serve the growing need for system flexibility

For example, transitioning compressor switch-based DLC programs to smart thermostat-
based programs. Or updating the rules, incentives, and operation of Interruptible Tariffs

Prediction #2: Residential load flexibility additions will exceed those of C&I

For reasons entirely unrelated to demand response, customers are increasingly adopting
technologies with load flexibility capabilities (e.g., electric vehicles, smart thermostats)

At the same time, mass market smart metering deployments continue and customers are
gradually being introduced to time-varying rates

While the C&lI sector has provided 70% of US retail DR up to this point, these factors will
combine to (finally) capitalize on the untapped potential of the residential sector

Prediction #3: New regulatory incentives will drive growth in load flexibility

There is a renewed industry-wide interest in regulatory models that provide utilities with
incentives to pursue demand-side options rather than infrastructure investments

Experience with these incentive mechanisms will ultimately instill industry stakeholders with
the confidence that both consumers and utilities can benefit from load flexibility

25| brattle.com




Conclusion

Improved assessment of load flexibility opportunities can reduce system
costs, facilitate grid modernization, and provide environmental benefits

Applications of Load Flexibility Market Assessment

Integrated Resource Plans

Renewables Integration Studies

Setting DR Targets / Policy Goals

“Value of DER” Proceedings

Ensures that the demand-side is fully reflected as a
complementary alternative to generation resources

Introduces load flexibility as an additional resource option for
addressing supply intermittency challenges

Establishes achievable and cost-effective levels of load
flexibility market penetration

Provides a comprehensive framework for quantifying the
value of a broad range of distributed energy resources

26 | brattle.com



Brattle’s load flexibility expertise

Market sizing &
resource planning

Regulatory support

Pilot program
design and
evaluation

Strategy
development

¢ What is the potential size of the load flexibility resource?
e What is the potential value of the resource?
e What barriers will prevent this potential from being realized?

e What regulatory developments are on the horizon?

* How should rates be redesigned to promote load flexibility?

* Are new regulatory incentives needed?

* How can markets be more effectively opened to the demand-side?

* How to design new pilots, programs, and participation incentives?
e What are the measured impacts of the new programs?
* How to communicate these findings to regulators & policymakers?

e |s the organization aligned around a consistent view of DR value?
e What are successful DR business models in other markets?
e What business models have failed and why?

27 | brattle.com



Selected Brattle load flexibility & DR work products

The Potential for Load Flexibility in Xcel Energy’s Northern States Power Service Territory,
prepared for Xcel Energy, June 2019.

The Hidden Battery: Opportunities in Electric Water Heating, prepared for NRECA, NRDC,
and PLMA, January 2016.

Demand Response Market Research: Portland General Electric, 2016 to 2035, prepared for
PGE, January 2016.

Valuing Demand Response: International Best Practices, Case Studies, and Applications,
prepared for EnerNOC, January 2015.

Exploring the Role of Natural Gas and Renewables in ERCOT, Part lll: The Role of DR, EE,
and CHP, prepared for the Texas Clean Energy Coalition, May 2014.

Demand Response Market Potential in Xcel Energy’s Northern States Power Service
Territory, prepared for Xcel Energy, April 2014.

PacifiCorp Demand-Side Resource Potential Assessment for 2015-2034, Volume 3: Class 1
and 3 DSM Analysis, prepared for PacifiCorp with EnerNOC Utility Solutions, May 2014.
Estimating Xcel Energy’s Public Service Company of Colorado Territory Demand Response
Market Potential, prepared for Xcel Energy with YouGov America, June 2013.

Bringing Demand Side Management to the Kingdom of Saudi Arabia, prepared for ECRA
with Global Energy Partners and PacWest Consulting, May 2011.

The Demand Response Impact and Value Estimation (DRIVE) Model, developed for FERC,
2010. Available on FERC website.

National Action Plan on Demand Response, prepared for FERC, June 2010.

A National Assessment of Demand Response Potential, prepared for FERC with Freeman
Sullivan and Global Energy Partners, June 2009.
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https://brattlefiles.blob.core.windows.net/files/16525_the_potential_for_load_flexibility_in_northern_states_powers_service_territory.pdf
https://www.electric.coop/wp-content/uploads/2016/07/The-Hidden-Battery-01-25-2016.pdf
https://www.portlandgeneral.com/-/media/public/our-company/energy-strategy/documents/2016-02-01-demand-response-market-research.pdf
http://files.brattle.com/files/5766_valuing_demand_response_-_international_best_practices__case_studies__and_applications.pdf
http://www.texascleanenergy.org/Brattle%20III%20Final.pdf
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId=%7BC967DCD3-7FBF-4CF8-BC3D-005688E8ABE8%7D&documentTitle=20151-105859-07
http://www.pacificorp.com/es/dsm/dpssm.html
https://www.brattle.com/news-and-knowledge/publications/estimating-xcel-energys-public-service-company-of-colorado-territory-demand-response-market-potential
https://www.brattle.com/news-and-knowledge/publications/bringing-demand-side-management-to-the-kingdom-of-saudi-arabia
https://www.ferc.gov/industries/electric/indus-act/demand-response/dr-potential/action-plan.asp
https://www.energy.gov/oe/downloads/national-action-plan-demand-response-june-2010
https://www.ferc.gov/legal/staff-reports/06-09-demand-response.pdf

Other load flexibility potential studies

Abdisalaam, Ahmed, loannis Lampropoulos, Jasper Frunt, Geert P.J. Verbong, and Wil L. Kling, “Assessing the economic benefits of
flexible residential load participation in the Dutch day-ahead auction and balancing market,” Conference paper: 2012 9th International
Conference on the European Energy Market, May 2012.

Alstone, Peter, Jennifer Potter, Mary Ann Piette, Peter Schwartz, Michael A. Berger, Laurel N. Dunn, Sarah J. Smith, Michael D. Sohn,
Arian Aghajanzadeh, Sofia Stensson, Julia Szinai, Travis Walter, Lucy McKenzie, Luke Lavin, Brendan Schneiderman, Ana Mileva, Eric
Cutter, Arne Olson, Josh Bode, Adriana Ciccone, and Ankit Jain, “2025 California Demand Response Potential Study — Charting California’s
Demand Response Future: Final Report on Phase 2 Results,” March 1, 2017.

D’hulst, R., W. Labeeuw, B. Beusen, S. Claessens, G. Deconinck, and K. Vanthournout, “Demand response flexibility and flexibility
potential of residential smart appliances: Experiences from large pilot test in Belgium,” Applied Energy, 155, 79-90, 2015.

De Coninck, Roel and Lieve Helsen, “Bottom-up Quantification of the Flexibility Potential of Buildings,” Conference paper: Building
Simulation, 13th International Conference of the International Building Performance Simulation Association, January 2013.
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Description of load flexibility programs

Direct load control (DLC): Participant’s central air-conditioner is remotely cycled using a switch on the compressor.

Smart thermostats: An alternative to conventional DLC, smart thermostats allow the temperature setpoint to be
remotely controlled to reduce A/C usage during peak times. Customers could provide their own thermostat, or
purchase one from the utility.

Interruptible rates: Participants agree to reduce demand to a pre-specified level and receive an incentive payment
in the form of a discounted rate.

Demand bidding: Participants submit hourly curtailment schedules on a daily basis and, if the bids are accepted,
must curtail the bid load amount to receive the bid incentive payment or may be subject to a non-compliance
penalty.

Time-of-use (TOU) rate: Static price signal with higher price during peak hours (assumed 5-hour period aligned with
system peak) on non-holiday weekdays. Modeled for all customers as well as for EV charging.

Critical peak pricing (CPP) rate: Provides customers with a discounted rate during most hours of the year, and a
much higher rate (typically between 50 cents/kWh and $1/kWh) during peak hours on 10 to 15 days per year.

Behavioral DR: Customers are informed of the need for load reductions during peak times without being provided
an accompanying financial incentive. Customers are typically informed of the need for load reductions on a day-
ahead basis and events are called somewhat sparingly throughout the year. Behavioral DR programs have been
piloted by several utilities, including Consumers Energy, Green Mountain Power, the City of Glendale, Baltimore Gas
& Electric, and four Minnesota cooperatives.
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Description of load flexibility programs (cont’d)

EV managed charging: Using communications-enabled smart chargers allows the utility to shift charging
load of individual EVs plugged-in at home from on-peak to off-peak hours. Customers who do not opt-out of
an event receive a financial incentive.

Timed water heating: The heating element of electric resistance water heaters can be set to heat water
during off-peak hours of the day. The thermal storage capabilities of the water tank provide sufficient hot
water during peak hours without needing to activate the heating element.

Smart water heating: Offers improved flexibility and functionality in the control of the heating element in
the water heater. Multiple load control strategies are possible, such as peak shaving, energy price arbitrage
through day/night thermal storage, or the provision of ancillary services such as frequency regulation.
Modeled for electric resistance water heaters, as these represent the vast majority of electric water heaters
and are currently the most attractive candidates for a range of advanced load control strategies.

Ice-based thermal storage: Commercial customers shift peak cooling demand to off-peak hours using ice-
based storage systems. The thermal storage unit acts as a battery for the customer’s A/C unit, charging at
night (freezing water) and discharging (allowing ice to thaw to provide cooling) during the day.

C&lI Auto-DR: Auto-DR technology automates the control of various C&I| end-uses. Features of the
technology allow for deep curtailment during peak events, moderate load shifting on a daily basis, and load
increases and decreases to provide ancillary services. Modeled end-uses include HVAC and lighting (both
luminaire and zonal lighting options).
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The LoadFLEX modeling framework
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Key modeling assumptions

To illustrate the national potential for load flexibility, we modeled the
potential for a utility with characteristics that are roughly representative of
the national average. Results were then scaled up to the national level.

2019 2030
Power Supply Mix 74% fossil, 15% nuclear, 9% renewable, 54% fossil, 29% renewable, 12% nuclear,
2% hydro 2% hydro, 3% EE
Henry Hub Gas Price S3/MMBtu S8/MMBtu
U.S. System Peak Demand 881 GW 987 GW
Marginal Generation Capacity Cost S45/kW-yr S74/kW-yr
Allocated across top 100 hours of Allocated across top 100 hours of
hourly system load shape hourly system load shape
Marginal Energy Cost Forecasted hourly prices Forecasted hourly prices
Average: $25/MWh Average: $41/MWh
Avoided System-wide T&D Cost S10/kW-yr Same as 2019
Geo-targeted Distribution Investment $35/kW-yr average, S45/kW-yr average,
Deferral Value limited to 8,800 MW limited to 29,600 MW (2019 — 2030)
Frequency Regulation Value $11/MWh average, $14/MWh average,
limited to 2,400 MW limited to 5,300 MW
DR Technology Costs Varies by technology 30% reduction from current levels
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Key modeling assumptions (cont’d)

Eligibility: Determined based on a review of appliance saturation data and independent forecasts.
E.g., 19 million EVs on the road by 2030, 64% of households with central A/C, 75% of households with AMI

Participation: Based on a review of market research studies, actual participation in existing DR programs, and
assumptions from various DR potential studies. Participation is calibrated to the maximum incentive payment
level that allows the program to pass the benefit-cost screen. At the portfolio level, participation is reduced to
account for overlap that would otherwise exist in competing programs.

E.g., Approximately 70% of eligible customers participating in smart thermostat program (i.e., those with
smart thermostat and central A/C), 14% of eligible customers participating in opt-in CPP (i.e., those with AMI)

Program performance: Operational parameters (hourly load impacts, allowed timing and frequency of dispatch
events) based on review of pilot studies and full-scale utility programs

E.g., 0.34 kW avg peak impact from residential CPP, based on simulation using Brattle’s Arcturus database,
with up to 75 hours of dispatch per summer

Program costs: Include startup costs, marketing and customer recruitment, utility share of equipment and
installation, program administration and overhead, churn, and participation incentives. Based on review of utility
programs, demonstration projects, and conversations with vendors.

E.g., Smart thermostat program/equipment cost of $27/participant-year and incentive cost of $25/participant-
year

Dispatch: Simulated using Brattle’s LoadFLEX model. Load flexibility programs are dispatched against the
“stacked” marginal hourly cost series to maximize benefits, subject to each program’s unique operational
constraints.

For additional information about the LoadFLEX modeling methodology, see The Brattle Group, “The Potential for Load Flexibility in Xcel Energy’s Northern States

Power Service Territory,” prepared for Xcel Energy, June 2019.
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