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Pepco DC System Peak Demand
1950 to 1970: Rapid Growth

Avg. Annual

Growth: 9.2%
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Pepco DC System Peak Demand
1970 to 1990: Persistent expansion

Avg. Annual

Growth: 9.2% 3.1%
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Pepco DC System Peak Demand
1990 to 2010: Slowing Growth

Avg. Annual

Growth: 9.2% 3.1% 0.7%
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Pepco DC System Peak Demand
2010 to 2019: Multi-year decline

Avg. Annual

Growth: 9.2% 3.1% 0.7% -0.2%
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Pepco DC System Peak Demand
To 2050, without electrification: Continued decline

Avg. Annual

Growth: 9.2% 3.1% 0.7% -0.2% -0.8%
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Pepco DC System Peak Demand
To 2050, with electrification: Reversing the trend

Avg. Annual

Growth: 9.2% 3.1% 0.7% -0.2% +1.4%
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Load flexibility: Yoga for a decarbonized power grid

2050 Peak Day Hourly System Load, After Electrification

Unmanaged load
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Load flexibility: yoga for a decarbonized power grid

2050 Peak Day Hourly System Load, After Electrification

Unmanaged load ... with Energy Efficiency
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Load flexibility: yoga for a decarbonized power grid

2050 Peak Day Hourly System Load, After Electrification

Unmanaged load ... with Energy Efficiency ... and load flexibility
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Pepco DC System Peak Demand
To 2050, with EE and load flexibility: Sustainable growth

Avg. Annual

Growth: 9.2% 3.1% 0.7% -0.2% +0.9%
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Takeaways

e Electrification is an extraordinary

opportunity for electric utilities and society For more information

download from: DC PSC Website

* Load flexibility and EE are keys to affordable
and sustainable electrification

An Assessment of Electrification
Impacts on the Pepco DC System

EEEEEEEEEEEEEEEEEEEEEE

* Load flexibility will enable capital
investment, not compete with it S s 4 pepeo

Michael Hagerty
Julia Olszewski

¢ Innovative regulatory models and business % Brattle
strategies can make this work for utilities,
market participants, and consumers

brattle.com | 13


https://edocket.dcpsc.org/apis/api/Filing/download?attachId=140553&guidFileName=1211ecc8-254d-4fc1-9143-10c8442e3fbc.pdf
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COLD LOAD
PICKUP

Demand
response is
many things oo
which keep
the grid in

balance.




DEMAND RESPONSE

# Events 201? — # of Devices Savinqs per
Savings Device
TIME OF USE
TOU 2020, TOU ¥ of Devices Sav:nqs per
P owe r Events Savings Device

in real life.

COLD LOAD PICKUP

# Events S Fvent # of Devices Savmg.s per
Savings Device




RATE BASE TECHNOLOGY

I AVOIDED COST EVALUATION VALUE BASED ON RESILIENCY/UPDATE SAIFI
True grid
s u p p O rt SUPPORT & ENCOURAGE NON-WIRES

ALTERNATIVE UTILITY OWNED PLATFORM &

re q u i re s CUSTOMER CONTROL
flexible
reg u I a to ry DON'T PILOT TO DEATH VALUE AS O&M

approaches.
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Regulatory Approaches
for Advancing Demand
Flexibility

Lon Huber — SVP, Pricing & Customer Solutions
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Solutions




The How and the Why ’Q

—» Customers receive financial incentives to participate in DR programs; all
customers experience downward pressure on rates overtime due to avoided
utility capital investments and power purchases to ensure system reliability

* DR programs are included in integrated resource plans and utilities that operate in organized
electric markets can utilize DR to meet Firm Resource Requirements and monetize the
resource for the bene_fit of customers by participating in capacity auctions
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Constructive Regulatory Mechanisms to /"
Foster Demand Response “

Need complimentary business models to promote utility DR
programs and investments not accommodated by the traditional
utility business mode|

* Attract top talent
 Gain allocation of internal support and resources

There are several solutions with various combinations to advance
demand flexibility

* Return on expenses

- ROE adders

* Incentive bonuses

» Rapid prototyping

* Innovative pricing mechanisms
 Shared savings

f~ DUKE
T " ENERGY.



Shared Savings Economics 'Q

Avoided Costs

Net Utility Benefits

Demand Response Utility
Program Costs

Shared 4
Savings

E&

Customers retain approximately 90% of the net benefits
realized (Avoided costs less costs of demand response

program costs {‘5 IE)Il\IJEIEGY



Innovative pricing mechanisms

QUTILITYDIVE Deep Dive Opinion Podcasts Library FEvents Topics v

NeWS Center Our Perspective Media Kit ~ Social Media Outagr
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Duke may offer some ™77 ~--~*~m oo

DUKE
it

'all you can charge' fc
$19.99/month (restri

Duke Energy wants to offer North Carolina res

charging subscription, in exchange for some ¢

Published Feb. 23, 2022

= Robert Walton
B’ Reporter

COOLING

[lluminating possibility: Duke Energy and Share This Story
Same Monthly Bill + Renewable Ford Motor Company plan to use F-150 W] f Jin)
Energy Bonus Lightning electric trucks to help power the
The Energy Service Subscription includes a fixed bill for 12 months &
with no year-end settle-up, regardless of drastic weather changes._ g rl d

Plus, we’ll match your electric energy usage with an equal amount of

renewable energy for an entire year — at no extra charge. August 16, 2022

For a limited time, when you register your smart thermostat in the
Energy Service Subscription, you'll get a $50 gift card!
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Pricing & Customer Solutions

Innovation | Strategy | Sustainable Solutions
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ELECTRICITY MARKETS & POLICY

BERKELEY LAB

Regulatory Options to Promote Efficiency & Demand
Flexibility

National Association of Regulatory Utility Commissioners Annual Meeting
November 14, 2022

Presented by Natalie Mims Frick
Contributions by Lisa Schwartz

This work was funded by the U.S. Department of Energy’s Building Technologies Office, under Contract No. DE-AC02-056CH11231.
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Rates that are reflective of hourly 0 oo @

system cost ___________________________________________________________________________________________________________________________ :
- lllinois: Commonwealth Edison offers a 00 Rt N B B SR O D S
Residential Real Time Pricing rate that BI A B R EEEE NN N B
provides participants with day-ahead and o LY E
real-time prices. ST T T T P T
] [ ] [ ] Source: Com Ed
Day-ahead price
18 | 106
o California: PG&E offers residential 104
customers a voluntary critical peak pricing s | 102
program that overlays a customer’s electric é 9:“';
rate and is designed to lower summer Fus e
electricity costs for customers and g | 0 £
conserve California’s power grid. e = 2
* | .
’ ~ & iy & 2 g s 3 5 3 a '; =
EHI’ W ENERGY TECHNOLOGIES AREA | ENERGY ANALYSIS AND ENVIRONMEN B 1020 IMPaCct  em—Avg. Event:‘mp,q R % °


https://hourlypricing.comed.com/live-prices/?date=20221005
https://www.calmac.org/publications/3._PGE_2020_SmartRate_Rpt_PUBLIC.pdf

Load management standards

o Load management is any utility program or activity that is intended to
reshape deliberately a utility’s load duration curve” (Public Resources
Code, section 25132).

o California adopted amendments to load management standards that
will increase statewide demand flexibility.

PEAK LOAD

ELECTRICAL
LOAD PROFILE

(A.K.A LOAD SHAPE)

A A.\<'
- -MORNING - - - - - MIDDAY NIGHT- -
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Utility planning related to demand flexibility includes
equity strategies

o Washington (SB 5116, 2019) requires utilities to file reports demonstrating how “all
customers are benefiting from the transition to clean energy.”

Other state equity policies affecting utility regulation (beyond planning)

 Massachusetts Department of Public Utilities is required to include equity as a priority for meeting statewide GHG
emission limits

« Colorado PUC is required to adopt rules for “all of its work” to “...consider how best to provide equity, minimize
impacts, and prioritize benefits to disproportionately impacted communities and address historical inequalities”

« Oregon PUC may consider for classifying utility services for retail rates: “differential energy burdens on low-
income customers and other economic, social equity or environmental justice factors that affect affordability for
certain classes of utility customers”

« Maine PUC is required to incorporate equity considerations in decision making at the PUC and other state
agencies

Photo by Harley Mac, Flickr CC
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http://lawfilesext.leg.wa.gov/biennium/2019-20/Pdf/Bills/Session%20Laws/Senate/5116-S2.SL.pdf?cite=2019%20c%20288%20%C2%A7%201
https://www.flickr.com/photos/harleymac/40668220992/in/photolist-24XHgf1-boWTVJ-aRyThP-rbe1Vj-5rHmXN-5RUFDw-6BpqWD-ePHLQP-4aqohC-fsK56b-aRzkFx-ePHM3Z-21GAawf-eT9XNJ-FtEqJK-aRzgAx-pWG6nP-rfAtJT-ePVckQ-eSXyuD-p22ynn-fC7N2A-7ji8T1-6aWP78-28H6h6x-oWCqbn-FMAc3e-GEMxyQ-eT9XSY-dbpZMW-7bM8wq-qkS9dE-q4eioV-qn34yw-AdHHMb-U7SHHk-GhLj5k-o8KVtZ-fsJwd1-fsv5gR-fsJTsG-fsJDFE-fsJKVC-dbXrxA-5MNAAh-aRzivH-qHyEKx-bWFdxy-HrSWG2-qmZ2SF

Mi: DTE, MEP::‘T:MT‘M
NH: PUC Guidance |
. - - | Mma: National Grid |
Distribution ,
planning "!’j T
' |m:u.mmzm&$ | DER
o Distribution system “ Compensation
plans ' ‘ |
: . Pepasi Source: LBNL
o Grid modernization Arizona Corporation
plans Commission
O Hosting capacity For more information see: required Arizona Public
analysis/maps o Integrated distribution planning Service to file a tariff for
- Non-wires overview (2022) demand-side resource
solutions/locational o State requlatory approaches for aggregation and
value distribution planning (2022) compensate
o Berkeley Lab’s Integrated aggregators for a wide
Distribution System Planning range of benefits.
page

7/
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https://edocket.azcc.gov/search/docket-search/item-detail/26369
https://eta-publications.lbl.gov/sites/default/files/schwartz-integrated-distribution-planning-overview-20220303-fin.pptx.pdf
https://eta-publications.lbl.gov/sites/default/files/schwartz_state_distribution_planning_20220616.pdf
https://emp.lbl.gov/projects/integrated-distribution-system-planning
https://emp.lbl.gov/publications/locational-value-distributed-energy

Financial incentives for achieving or

exceeding peak demand reduction targets

Minnesota (HF 124, 2021) authorizes incentive plans for utilities to
encourage investments in load management as well as EE;

addresses net benefits from integrated load management/EE actions.

Also in Minnesota, Xcel filed a DR financial incentive for Commission
consideration (Docket 21-101).

Michigan provides utility financial incentives for DR based on non-
capitalized costs for achieving DR capacity growth targets and
demonstrating DR for NWA solutions (e.g., see Case No. U-20164
and Case No. U-21080).

New Hampshire provides incentives for utilities that achieve 265%
reduction in summer or winter peak demand through EE and “Active
Demand Savings” (see recent settlement).

t!i ' g ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION

Xcel Energy’s Cost Effective Alignment of
Generation and Load Performance Metrics

Demand response, including (1) capacity available (MWh) and
(2} amount called (MW, MWh per vear)

Amount of demand response that SHAPES customer load
profiles through price response, ime varving rates, or
behavior campaigns.

Amount of demand response that SHIFTS energy
consumptions from tdmes of high demand to times when
teere is a :'ILLI.J.'ltLIﬁ of renewalile #‘I:J'Ilil:d.li.l.ﬂ].

Amount of demand response that SHEDS loads that can be
curtailed to provide peak capacity and supports the system in
contingency events:
a. For available load
b. For actual load reduction
¢. Metrics that measure the effectiveness and suecess of
(a & b) individually and in agprepate

Docket 17-401

ELECTRICITY MARKETS & PoLicy



https://www.revisor.mn.gov/bills/text.php?number=HF164&type=bill&version=2&session=ls92&session_year=2021&session_number=0
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showeDocketsSearch&showEdocket=true&userType=public
https://mi-psc.force.com/sfc/servlet.shepherd/version/download/068t0000005H6uYAAS
https://mi-psc.force.com/s/case/500t000000kuNGqAAM/in-the-matter-of-the-application-of-consumers-energy-company-for-reconciliation-of-its-2020-demand-response-program-costs
https://www.puc.nh.gov/Regulatory/Orders/2019Orders/26323e.pdf
https://www.puc.nh.gov/Regulatory/Docketbk/2020/20-092/LETTERS-MEMOS-TARIFFS/20-092_2021-01-19_EVERSOURCE_REV_PLAN_NARRATIVE_INCORPORATE_SETTLEMENT_TERMS.PDF
https://www.edockets.state.mn.us/edockets/searchDocuments.do?method=showeDocketsSearch&showEdocket=true&userType=public

Integrated resource plans (IRP) consider efficiency
and demand flexibility on par with other resources

o Oregon PUC requires modeling EE and DR on a par
with other resources (Order 07-047)

Com Value-Based Supply Curve Comparison - 50% Incentive

o Georgia PSC required Georgia Power to include a 5600
sensitivity case where DR and EE are modeled “head-
to-head” with supply side options in the Company’s next $500

IRP (Docket No. 41160)

- Hawaii PUC requires demand-side resources to be
treated on a consistent and comparable basis with
supply-side resources, in part by developing supply
curves for EE; modeling supply curves as portfolio
options that compete with supply-side options; and
explicitly analyzing cost and risk (Order 37419; Order
37730)

- Xcel Energy modeled EE and DF as bundles that were
treated as supply side resources rather than ” -
adjustments to load in their most recent IRP (Docket 0 100000 200000 300000 400000 500,000 600,000
EOOZ/RP-1 9_368) Cumulative Potential (MWh)

Source: Georgia Power

z £
3 8

8

Levelized Cost (5/MWh)

5100

’
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https://apps.puc.state.or.us/orders/2007ords/07-047.pdf
https://psc.ga.gov/search/facts-document/?documentId=191010
https://dms.puc.hawaii.gov/dms/DocumentViewer?pid=A1001001A20K05B61158J00380
https://dms.puc.hawaii.gov/dms/DocumentViewer?pid=A1001001A21D14B32642J00166
https://www.edockets.state.mn.us/edockets/searchDocuments.do?method=showeDocketsSearch&showEdocket=true&userType=public
https://psc.ga.gov/search/facts-document/?documentId=185485

Contact information

Natalie Mims Frick nfrick@|bl.gov, 510-486-7584

For more information

Download publications from the Electricity Markets & Policy Department:
https://emp.lbl.gov/publications

Sign up for our email list: htips://emp.lbl.gov/mailing-list

Follow Berkeley Lab’s Electricity Markets & Policy Department on Twitter:
@BerkeleyLabEMP
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https://emp.lbl.gov/publications
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Disclaimer

This document was prepared as an account of work sponsored by the United States Government. While this document is believed to contain
correct information, neither the United States Government nor any agency thereof, nor The Regents of the University of California, nor any of
their employees, makes any warranty, express or implied, or assumes any legal responsibility for the accuracy, completeness, or usefulness
of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by its trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof, or The Regents of
the University of California. The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof, or The Regents of the University of California.

Ernest Orlando Lawrence Berkeley National Laboratory is an equal opportunity employer.

Copyright Notice

This manuscript has been authored by an author at Lawrence Berkeley National Laboratory under Contract No. DE-AC02-05CH11231 with
the U.S. Department of Energy. The U.S. Government retains, and the publisher, by accepting the article for publication, acknowledges, that
the U.S. Government retains a non-exclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of this
manuscript, or allow others to do so, for U.S. Government purposes
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Energy
Efficiency
and Demand
Flexibility
Typology (1)

States can use this
typology to assess their
status and consider
paths to enable greater
building demand
flexibility and energy
efficiency to meet their
own goals. Each policy
category includes
examples of actions
states are taking today

Appliance and
equipment
standards

Building codes

Value EE measures
based on when
savings occur

Include provisions for
equipment capable
of automated load
management in
response to a signal
from the utility,
aggregator, or
regional grid
operator

Provide credit for DF
measures through
compliance paths

Include
grid-interactive
requirements and
open standards for
communication and
automated load
management

Allow use of a carbon
emissions-based
metric for
compliance, based
on predicted energy
consumption and
CO2 emission factors

Incorporate new
ASHRAE standards
(e.g., 90.1,189.1)

Source: Schwartz, Nemtzow and Frick

ENERGY TECHNOLC

Resource Standards

EE resource
standards (EERS)
include peak demand
targets ora
multiplier for energy
savings during peak
demand hours

States requiring
utilities to acquire all
cost-effective EE
account for the
time-sensitive value
of EE

DRis included in
EERS or is eligible to
meet clean energy
standards

Load management
standards encourage
shifting electricity use
to times with lower
carbon emissions

Storage
requirements include
thermal technologies

Utility Planning

Integrated resource
planning considers
DF measures and
time-sensitive value
of EE

Electricity system
planning accounts
for interactions
between DERs and
between DERs and
other resources

Distribution system
planning considers
EE, DR, and other
DERs as non-wires
alternatives

Utilities provide
access to system
level data to support
customer and
third-party solutions

Planning for DR is
coordinated with the
regional grid
operator

Utility planning
related to DF
includes equity
strategies

Utility Programs

EE program goals
include peak demand
reduction

Cost-effectiveness
assessments of EE
programs consider
time-sensitive value
of savings

EE program
performance metrics
include carbon
emissions

Requirements for DR
programs include
DR/DF potential
studies

DR program goals
include significant
increases in peak
demand savings over
time

Requirements are
established for new
utility programs to
reduce peak demand

Programs for utility
customers address
equity

Pay for performance
programs reduce
peak demand
through EE + DF

DR programs
regularly tracked and
evaluated

Locational value
informs incentive
rates for EE and DR

Programs address
multiple DERs to
achieve DF

Utility programs are
coordinated with
state and local
government
programs and
electricity markets

34


https://emp.lbl.gov/publications/how-build-connected-community

Energy
Efficiency
and Demand
Flexibility
Typology (2)

Advanced metering
infrastructure and
metering data

Grid modernization plans
provide a business case
for AMI deployment, with
costs and benefits
monetized to the fullest
extent possible

AMI is in place, or
deployment has been
approved, for most utility
customers

Customers and their
designated third party
have granular and timely
access to meter data

Utilities provide energy

management tools on web
portal or customer mobile

devices

Rate Design

Demand charges for
commercial customers are
applied only to peak
demand periods, or
charges are higher during
peak demand periods

Time-based rates provide
strong price signals for
peak demand reductions

Retail rates are more
reflective of hourly system
costs and location

Robustness of approved
programs is regularly
tracked and evaluated

Source: Schwartz, Nemtzow and Frick

State Programs

State EE incentive and
financing programs
incorporate DF or new DF
mechanisms are
established

State lead by example
programs demonstrate
enabling technologies for
DF and widely share
results

Benchmarking and
transparency programs
track and report on
metrics for energy use,
energy savings, peak
demand reduction, and DF

Home energy rating
programs include DF
measures

State RD&D programs test
approaches for increasing
DF and quantifying
benefits and costs

State Energy
Planning

DF is included as an
explicit means to reach
broader state energy
goals in state master
energy plans, resilience
plans, renewable energy
goals, decarbonization
goals, and electrification
plans

ENERGY TECHNOLOGIES AREA | ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION | ELECTRICITY MARKETS & PoLicy

Related State Policies
and Regulations

Utilities and other
program administrators
have an opportunity to
earn financial incentives
for achieving or exceeding
peak demand reduction
and DF targets

Revenue decoupling is in
place for electric utilities

Climate change policies
consider the role of DF in
reducing GHG emissions
from buildings

Grid modernization
policies and regulations
consider DF

35
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Examples of States Action on Key Indicators
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Demand flexibility is an explicit means to reach 4

broader state energy goals " T

o Executive Order 28 required the New Jersey Board
of Public Utilities (BPU) to update New Jersey’s
Energy Master Plan to achieve 100% clean energy

by 2050. The plan includes DF strategies:

o Pilot alternative rate designs to manage EV charging and 2y

ENERGY

encourage customer controlled DF

o Pilot and implement modified rate design to encourage

customer-controlled DF, manage EV charging, and support
DR programs

o Develop DR-ready building codes for new multi-unit
dwellings and commercial construction

o Explore establishment of distribution-level retail DR

programs that can complement wholesale electricity
markets

MASTER PLAN
PATHWAY TO 2050

1

£ NS ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION ELECTRICITY MARKETS & PoLicy


https://nj.gov/infobank/eo/056murphy/pdf/EO-28.pdf
https://nj.gov/emp/

Code values efficiency measures based on when savings occur

Bullding codes

o California’s Title 24 building energy
code includes a Time Dependent SUILDING ENERGY EFFICIENCY
Valuation (TDV) compliance metric STANDARDA FOR RESIDEWHAL.
(section 100.2).

FOR THE 2022 BUILDING ENERGY
EFFICIENCY STANDARDS

TITLE 24, PART 6, AND ASSOCIATED

ADMINISTRATIVE REGULATIONS
IN PART 1

\5 ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL



https://www.energy.ca.gov/sites/default/files/2021-06/CEC-400-2018-020-CMF_0.pdf

Code includes grid-interactive requirements
and open standards for communication and
automated load management

PNNL-26605

o Appendix D of California’s 2022
nonresidential code requires that certain
types of buildings are DR capable.

- Additional Title 24 standards:

o Occupant Controlled Smart
Thermostats (Appendix JA5)

o Heat Pump Water Heater Demand
Management Systems (Appendix
JA13)

Source: PNNL

Building Energy Codes
and Grid-Interactive
Efficient Buildings

How building energy codes can

enable a more dynamic and energy-
efficient built environment

October 2021

U.5. DEPARTMENT o
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Bullding codes


https://www.energy.ca.gov/publications/2022/2022-nonresidential-and-multifamily-compliance-manual-2022-building-energy
https://www.energycodes.gov/sites/default/files/2021-10/GEB_in_Codes_PNNL_28605.pdf

Equipment capable of automated load management || S
In response to a signal P

uipment
s

o Washington requires new electric storage water
heaters to include a grid-communications port that
meets CTA-2045 or similar communication

standards. @ @

o Oregon adopted a similar requirement, pursuant to s 4G % s
an executive order to establish new appliance E;H%g
standards that promote load management strategies. B e
The CTA-2045 standard is now in statute (HB 2062, —

2021).
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https://apps.leg.wa.gov/wac/default.aspx?cite=51-56-0500
https://www.oregon.gov/energy/Get-Involved/rulemakingdocs/2020-08-31-Appliance-Standards-Permanent-Rules-Filing.pdf
https://www.oregon.gov/gov/Documents/executive_orders/eo_17-20.pdf
https://olis.oregonlegislature.gov/liz/2021R1/Measures/Overview/HB2062

EE resource standards (EERS) include peak demand target ﬁ

n Colorado (HB 1227, 2017) required
the Public Utilities Commission

(PUC) to set goals for DSM N 202
programs to achieve 25% peak 1
demand reduction from 2019-2028, 14
compared to a 2018 baseline ié
o Efficiency Maine is required to 8
reduce “peak-load demand for 6
electricity by the maximum j l I
achievable cost-effective amount” _ ] L] . —
(M RS 35_A S’] 01 04 (4)) C&I Custom C&I | Di.st.rib.utor Betgil Home.Energy LO\.'.V.Inc.:ome
Program Prescriptive Initiatives Intiatives Savings Initiatives
Initiatives Program

Efficiency Maine Summer Peak Electric Load Reduction (MW)
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https://capitol.texas.gov/tlodocs/82R/billtext/pdf/SB01125F.pdf#navpanes=0
https://leg.colorado.gov/bills/hb17-1227
https://legislature.maine.gov/statutes/35-A/title35-A.pdf
https://www.efficiencymaine.com/docs/A_Budget-and-Performance-Metrics.xlsx
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