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https://emp.lbl.gov/publications/moving-beyond-direct-load-control

Housekeeping

All participants are muted.
If you have a comment or question, please use the Q&A box.
The webinar is being recorded.

The report is available on Berkeley Lab’s website. The recording and slides will be posted there in 2-
3 days. https://emp.lbl.gov/publications/moving-beyond-direct-load-control

When it is available, we will send the link to the recording and slides to everyone registered for the
webinar.
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Current State of Demand Flexibility
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What is demand flexibility?

- Demand flexibility (DF): “the capability provided by on-site
Distributed Energy Resources (DERSs) to reduce, shed, shift,

modulate, or generate electricity" (DOE 2021) Virtual
Power Plant
(VPP)
o DF includes any type of flexible behind-the-meter DER, including
solar, storage, electric vehicles, and traditional demand response (DR) ,leggi‘giﬂfy

(DF)

o DR and DF are used interchangeably in this presentation for
assessing progress, though DF can offer a broader range of grid
services

o Virtual Power Plants (VPPs) are DER aggregations that provide a
broad range of grid services, and may include front-of-the-meter
DER (DOE 2025)
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https://gebroadmap.lbl.gov/
https://liftoff.energy.gov/wp-content/uploads/2025/01/LIFTOFF_DOE_VirtualPowerPlants2025Update.pdf

Advanced meter penetration in the United States has increased from
about 5% in 2007 to 72% in 2022, with over 119 million meters nationwide

o Prior to this growth, FERC

v o estimated in 2006 that the
fz s total _poteptial resource
2 100 80% contribution from all existing
3 o - DR programs and rates
P . e nationwide was 37.5 GW
H W (153) " § - 2006 FERC study also found:
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3 40 30% growing
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0 0% organizations in all 50 states
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e i B D B W R R R electric delivery industry

Source: FERC (2024)
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https://www.ferc.gov/sites/default/files/2020-04/demand-response_4.pdf
https://www.ferc.gov/news-events/news/ferc-staff-issues-2024-assessment-demand-response-and-advanced-metering

DR programs have not grown substantially, even though potential has
increased with the adoption of advanced meters and connected devices

Retail DR Program Potential Peak

o U.S. Energy Information Administration (EIA) data shows _ ; _
Demand Savings in the United States

retail DR program capacity is at ~31 GW — the same as 10
years ago “ s

o EIA started collecting retail DR program data from utilities via Form
EIA-861 in 2013

o Potential peak demand savings estimates do not include dynamic
pricing programs, also known as time-based rates
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o Annual increase in retail DR program potential peak demand
savings in seven of the nine census divisions in 2022, but
consistent multi-year growth is not evident in any region
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n Based on an in-depth review of 148 programs, Murphy et al.
(2024) finds that most DF efforts focus on reducing demand I I ‘ | ‘
during summer peaks driven by air conditioning - I |
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Source: EIA (2023) and FERC (2024), based on Form EIA-861 data
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https://www.eia.gov/electricity/data/eia861/
https://emp.lbl.gov/publications/state-demand-flexibility-programs-and
https://www.eia.gov/electricity/annual/xls/epa_10_03.xlsx
https://www.ferc.gov/news-events/news/ferc-staff-issues-2024-assessment-demand-response-and-advanced-metering
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States and utilities are seeking novel approaches for driving DF progress

With surging load from data centers,

Berkeley Lab Demand Flexibility Maturity Model Overview manufacturing facilities, buildings
and transportation, DF is needed to

mitigate capacity constraints

Planning & Design

1

Berkeley Lab developed the DF
maturity model, based on well-

)
J

Evaluation, Distributed Energy documented industry best practices
Measurement & Resource (DER) Customer Engagement . L.
Verification (EM&V) Orchestration for utility administered DF programs

!

Program Operations

Serves as framework for assessing
current capabilities and developing a
Data Infrastructure . .
6 plan for improvement, similar to
utility capability maturity models for:
o Wildfire mitigation (OEIS 2020)
o Cybersecurity (DOE 2022)
o Smart grid (Carnegie Mellon 2018)

It
”’Ri
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https://energysafety.ca.gov/wp-content/uploads/docs/wmp-2020/news/2.-utility-wildfire-mitigation-maturity-model-copy-correction_clean_final.pdf
https://www.energy.gov/sites/default/files/2022-06/C2M2%20Version%202.1%20June%202022.pdf
https://insights.sei.cmu.edu/library/sgmm-compass-assessment-survey-version-20

Maturity model drives DF programs in the following direction

Low Maturity

Inflexible and
uninformed by grid
needs and data

Limited understanding
of performance

Infrequent, reactive
testing and iteration

Enrollment as the
primary success metric

New pilots and
initiatives that do not
scale efficiently

ENERGY TECHNOLOGIES AREA

High Maturity

Highly flexible and driven by grid needs and accurate, granular
data

Frequent, ongoing performance assessment that proactively
identifies scaling constraints and continuous improvements

Proactive testing and monitoring of key leading indicators, leading
to rapid iteration including “failing fast” when necessary

Customer-specific expected DF value based on projected net
benefits

Driving value at scale, with close integration of DF program
planning, operations, and external parties, including system
operators and third parties as needed to scale efficiently
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By measuring maturity across 34 DF capabilities, states and utilities can
prioritize investment, identify gaps, and drive continuous improvement

L Planine 8 Deslen 2. Customer 3. Program e, BESTE 6. Data - Each DF capability is scored at
y 8 8 Engagement Operations v erl:l:::::rﬂ?l:ﬂ &v) (DEn;’rgvr ch‘:s;:::;n Infrastructure . .
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B Strategy B -1 Viessaging B Forecasting | Ccounterfactual ™ Roadmap B Registry . .
2. Meets minimum expectations
3. Beyond minimum expectations, but
m={ 1.2. Valuation m={ 2.2. Targeting ={ 3.2. Event Trigger 4.2._Imp_act — 5.2. Agile L] 62 Prpcessing . H .
Estimation Development Time not consistent with best practice
4. Consistent with best practice
ncentive I .3. Resource .3. Effective 5.3 System .3. Security an .
1 o | 23 Recruitment 1 Tearesation o apacty g R | ek 5. Improvement over best practice
L 1.4. Bud_get L 4. Enrollmen 3.4. Monitoring u 44 _Customer 154, Standard;_and il 64 Quality_ and R
Allocation 2.4. Enroll t and Control Lifetime Value Interoperability Granularity n |nd ustry ||terature, Conference
presentations, and reviewer
| “enatiement” | Commanications | 35 Reporting | “improvement | " iegraton” = 6.5 Data sharing feedback have informed
maturity levels, including best
L6 Long e | 26 Thid-party L1 36, ettiement practices and reasonable
expectations of utility
17, Scalng capabilities
Initiatives
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Given increased interest in third-party DF, the maturity model draws from
recent key learnings and challenges with third-party participation

Challenges of DR Auction Mechanism (DRAM) in California

Applying key learnings from DRAM to
the DF Maturity Model

« 2015: DRAM begins with the promise that, "For the first time,
aggregations of customer-sited resources of at least 100 kW will
have access to the state’s electricity markets" (Walton 2015)

« 2022: First independent evaluation report could not affirmatively
find that DRAM met success criteria, particularly in the areas of
performance and reliability (Schellenberg et al. 2022)
oLack of availability during critical hours, such as the Aug. 2020 heatwave

oAdministrative burden, data errors and reporting inconsistencies, leading
to over-compensation and a lack of confidence and transparency

« 2024: After $100M+ allocated to the statewide DRAM
procurement budget, the CPUC decides to close the program,
citing evaluation report’s findings

-

Emphasis on close monitoring of
performance and availability during
critical hours, ensuring that avoided
costs are tied to demonstrably
offsetting grid investments

Standalone categories for DER
orchestration and data infrastructure to
highlight the importance of data
accuracy and reducing administrative
burden for all parties involved

Proactive testing and identification of
key leading indicators, leading to rapid
iteration including “failing fast” when
necessary

12
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https://www.utilitydive.com/news/californias-new-demand-response-future-begins/407966
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M502/K977/502977264.PDF
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Assessing Targeting capability within the Customer Engagement category

1. Planning & Design

1.1. Dispatch
Strategy

2. Customer
Engagement

2.1. Messaging

= 1.2. Valuation

2.2, Targeting

1.3. Incentive
Design

1.4. Budget
Allocation

1.5. Third-party
Enablement

1.6. Long-term
Forecasting

2.3. Recruitment

2.4, Enrollment

2.5. Event
Communications

1.7. Scaling
Initiatives

2.6. Third-party
Involvement

ENERGY TECHNOLOGIES AREA

3. Program
Operations

3.1. Short-term
Forecasting

3.2. Event Trigger

3.3. Resource
Aggregation

3.4. Monitoring
and Control

3.5. Reporting

3.6. Settlement

4, Evaluation,
Measurement &

Verification (EM&V)

5. Distributed
Energy Resource

(DER) Orchestration

6. Data

Infrastructure

4.1, 5.1. Technology || 6.1. Resource
Counterfactual Roadmap Registry
4.2. Impact 5.2. Agile 6.2. Processing
Estimation Development Time
4.3. Effective 53' System 6.3. Security and
Capacity B perator Tracking
Integration

4.4, Customer
Lifetime Value

| 5.4. Standards and
Interoperability

6.4. Quality and
Granularity

4.5, Continuous
Improvement

5.5. Third-party
Integration

6.5. Data Sharing

ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION
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Assessing Targeting capability within the Customer Engagement category

2. Category: Customer Engagement
2.2. Capability: Targeting — Process of identifying and focusing efforts on high value customers
Maturity Level

Maturity 1 2 3 4 5
Indicator Below expectations Meets minimum expectations Beyond minimum expectations Consistent with best practice Improvement over best practice
Basis of No customer targeting Propensity to enroll in the DF  Propensity to enroll in the DF  Propensity to enroll, Same as level 4, with sub-
targeting program, regardless of program, with rudimentary customers that are known to  hourly interval data to
customer-specific potential screening criteria based on have eligible devices and estimate customer-specific
to deliver load impacts overall usage and customers  hourly interval data to expected DF value, using
that are known to have estimate customer-specific randomized groups to inform
eligible devices expected DF value propensity model for
different program options
Customer Marketing personas based Same as level 2, with minor Marketing personas based Customers are individually
segments on predefined groups, adjustments based on DF on DF program enrollment ranked based on estimates
regardless of outcomes program enrollment and propensity, hourly usage of customer-specific
related to DF program usage profiles, and target segments expected DF value, aligning
enrollment and usage (such as low income with grid needs
customers)
Device Analyze hourly interval data  Same as level 4, with the
adoption and other customer support of third-party data
One example of 34 capabilities in appendix of report: characteristics to estimate (e.g., DMV or dealer lists for
https://emp.Ibl.gov/publications/moving-beyond-direct-load-control device adoption likelihood EVs)

(such as the percent chance
of a customer having an EV
or central AC)
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Assessing Targeting capability within the Customer Engagement category

2.2. Capability: Targeting — Process of identifying and focusing efforts on high value customers

Maturity Level

| — Capability definition

Maturity 1 2 3 4 5
Indicator Below expectations Meets minimum expectations Beyond minimum expectations Consistent with best practice Improvement over best practice
Basis of No customer targeting Propensity to enroll in the DF  Propensity to enroll in the DF  Propensity to enroll, Same as level 4, with sub-
targeting program, regardless of program, with rudimentary customers that are known to  hourly interval data to
customer-specific potential screening criteria based on have eligible devices and estimate customer-specific
to deliver load impacts overall usage and customers  hourly interval data to expected DF value, using
that are known to have estimate customer-specific randomized groups to inform
eligible devices expected DF value propensity model for
different program options
Customer Marketing personas based Same as level 2, with minor Marketing personas based Customers are individually
segments on predefined groups, adjustments based on DF on DF program enrollment ranked based on estimates
regardless of outcomes program enrollment and propensity, hourly usage of customer-specific
related to DF program usage profiles, and target segments expected DF value, aligning
enrollment and usage (such as low income with grid needs
customers)
Device Analyze hourly interval data Same as level 4, with the
adoption and other customer support of third-party data

ENERGY TECHNOLOGIES AREA

characteristics to estimate
device adoption likelihood
(such as the percent chance
of a customer having an EV
or central AC)
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(e.g., DMV or dealer lists for
EVs)
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Assessing Targeting capability within the Customer Engagement category

2. Category: Customer Engagement

2.2. Capability: Targeting — Process of identifying and focusing efforts on high value customers

Maturity Level

capability maturity

is assessed

ENERGY TECHNOLOGIES AREA

characteristics to estimate
device adoption likelihood
(such as the percent chance
of a customer having an EV
or central AC)
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Maturity 1 2 3 4 5
Indicator Below expectations Meets minimum expectations Beyond minimum expectations Consistent with best practice Improvement over best practice
Basis of No customer targeting Propensity to enroll in the DF  Propensity to enroll in the DF  Propensity to enroll, Same as level 4, with sub-
targeting program, regardless of program, with rudimentary customers that are known to  hourly interval data to
customer-specific potential screening criteria based on have eligible devices and estimate customer-specific
to deliver load impacts overall usage and customers  hourly interval data to expected DF value, using
that are known to have estimate customer-specific randomized groups to inform
eligible devices expected DF value propensity model for
different program options
Customer Marketing personas based Same as level 2, with minor Marketing personas based Customers are individually
segments on predefined groups, adjustments based on DF on DF program enrollment ranked based on estimates
regardless of outcomes program enrollment and propensity, hourly usage of customer-specific
related to DF program usage profiles, and target segments expected DF value, aligning
enrollment and usage (such as low income with grid needs
customers)
Device Analyze hourly interval data Same as level 4, with the
adoption Areas in which and other customer support of third-party data

(e.g., DMV or dealer lists for
EVs)
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Assessing Targeting capability within the Customer Engagement category

2. Category: Customer Engagement

2.2. Capability: Targeting — Process of identifying and focusing efforts on high value customers

Maturity Level

Maturity 1 2 3 4 5
Indicator Below expectations Meets minimum expectations Beyond minimum expectations Consistent with best practice Improvement over best practice
Basis of No customer targeting Propensity to enroll in the DF  Propensity to enroll in the DF  Propensity to enroll, Same as level 4, with sub-
targeting program, regardless of program, with rudimentary customers that are known to  hourly interval data to
customer-specific potential screening criteria based on have eligible devices and estimate customer-specific
to deliver load impacts overall usage and customers  hourly interval data to expected DF value, using
that are known to have estimate customer-specific randomized groups to inform
eligible devices expected DF value propensity model for
different program options
Customer Marketing personas based Same as level 2, with minor Marketing personas based Customers are individually
segments on predefined groups, adjustments based on DF on DF program enrollment ranked based on estimates
regardless of outcomes program enrollment and propensity, hourly usage of customer-specific
related to DF program usage profiles, and target segments expected DF value, aligning
enrollment and usage (such as low income with grid needs
customers)
Device Analyze hourly interval data Same as level 4, with the
adoption and other customer support of third-party data

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

Many capabilities
have no requirements
for maturity level 1

characteristics to estimate
device adoption likelihood
(such as the percent chance
of a customer having an EV
or central AC)

(e.g., DMV or dealer lists for
EVs)
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Assessing Targeting capability within the Customer Engagement category

2. Category: Customer Engagement

2.2. Capability: Targeting — Process of identifying and focusing efforts on high value customers

Maturity Level

Maturity 1 2 3 4 5
Indicator Below expectations Meets minimum expectations Beyond minimum expectations Consistent with best practice Improvement over best practice
Basis of No customer targeting Propensity to enroll in the DF | Propensity to enroll in the DF  Propensity to enroll, Same as level 4, with sub-
targeting program, regardless of program, with rudimentary customers that are known to  hourly interval data to
customer-specific potential screening criteria based on have eligible devices and estimate customer-specific
to deliver load impacts overall usage and customers  hourly interval data to expected DF value, using
that are known to have estimate customer-specific randomized groups to inform
eligible devices expected DF value propensity model for
different program options
Customer Marketing personas based Same as level 2, with minor Marketing personas based Customers are individually
segments on predefined groups, adjustments based on DF on DF program enrollment ranked based on estimates
regardless of outcomes program enrollment and propensity, hourly usage of customer-specific
related to DF program usage profiles, and target segments expected DF value, aligning
enrollment and usage (such as low income with grid needs
/ customers)
T
Device Analyze hourly interval data Same as level 4, with the
adoption Must meet all and other customer support of third-party data

indicators to
achieve a higher
maturity level

ENERGY TECHNOLOGIES AREA

characteristics to estimate
device adoption likelihood
(such as the percent chance
of a customer having an EV
or central AC)
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(e.g., DMV or dealer lists for
EVs)
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Assessing Targeting capability within the Customer Engagement category

2. Category: Customer Engagement

2.2. Capability: Targeting — Process of identifying and focusing efforts on high value customers

Maturity Level

Maturity 1 2 3 4 5
Indicator Below expectations Meets minimum expectations Beyond minimum expectations Consistent with best practice Improvement over best practice
Basis of No customer targeting Propensity to enroll in the DF | Propensity to enroll in the DF | Propensity to enroll, Same as level 4, with sub-
targeting program, regardless of program, with rudimentary customers that are known to  hourly interval data to
customer-specific potential screening criteria based on have eligible devices and estimate customer-specific
to deliver load impacts overall usage and customers | hourly interval data to expected DF value, using
that are known to have estimate customer-specific randomized groups to inform
eligible devices expected DF value propensity model for
different program options
Customer Marketing personas based Same as level 2, with minor Marketing personas based Customers are individually
segments on predefined groups, adjustments based on DF on DF program enrollment ranked based on estimates
regardless of outcomes program enrollment and propensity, hourly usage of customer-specific
related to DF program usage profiles, and target segments expected DF value, aligning
enrollment and usage (such as low income with grid needs
/ customers)
r 4
Device . Analyze hourly interval data Same as level 4, with the
adoption Matu l'lty may and other customer support of third-party data

ENERGY TECHNOLOGIES AREA

build from the
prior level

characteristics to estimate
device adoption likelihood
(such as the percent chance
of a customer having an EV
or central AC)
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(e.g., DMV or dealer lists for
EVs)
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Assessing Targeting capability within the Customer Engagement category

2. Category: Customer Engagement

2.2. Capability: Targeting — Process of identifying and focusing efforts on high value customers

Maturity Level

Maturity 1 2 3 4 5
Indicator Below expectations Meets minimum expectations Beyond minimum expectations Consistent with best practice Improvement over best practice
Basis of No customer targeting Propensity to enroll in the DF  Propensity to enroll in the DF | Propensity to enroll, Same as level 4, with sub-
targeting program, regardless of program, with rudimentary customers that are known to  hourly interval data to
customer-specific potential screening criteria based on have eligible devices and estimate customer-specific
to deliver load impacts overall usage and customers | hourly interval data to expected DF value, using
that are known to have estimate customer-specific randomized groups to inform
eligible devices expected DF value propensity model for
different program options
Customer Marketing personas based Same as level 2, with minor Marketing personas based Customers are individually
segments on predefined groups, adjustments based on DF on DF program enrollment ranked based on estimates
regardless of outcomes program enrollment and propensity, hourly usage of customer-specific
related to DF program usage profiles, and target segments expected DF value, aligning
enrollment and usage (such as low income with grid needs
customers)
Device Analyze hourly interval data  Same as level 4, with the
adoption Levels 4 and 5 can be a hlgh and other customer support of third-party data
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bar, given that achieving or —"
improving over best practice
iIs meant to be a stretch goal

characteristics to estimate
device adoption likelihood
(such as the percent chance
of a customer having an EV
or central AC)

(e.g., DMV or dealer lists for
EVs)
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States and utilities can adapt the DF maturity model as needed

Maturity levels are generalized, with limited use of terms specific to certain jurisdictions or technologies,
so that the maturity model can apply to varying regulatory environments and market structures

o “Device makers” may include everything from a smart thermostat to an electric vehicle

o “DER orchestration platform” may include DER Management Systems, or DERMS, or other orchestration platforms

DF maturity model is not necessarily a progression with a higher level clearly being more appropriate
than a lower level for every jurisdiction

o States and utilities can skip levels or stay at current maturity if that is what is cost-effective based on grid needs, market
conditions, and the relative cost of meeting or exceeding best practices

o It also may be cost-effective to have a mix of maturity levels within a DF portfolio, such as a legacy air-conditioning direct
load control (DLC) program that focuses on load shedding along with battery storage aggregations that deliver a wider
range of grid services

Remainder of this section summarizes the six DF maturity model categories, including how each
jurisdiction can apply (and adapt) the model to their region

23
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Planning & Design (1) overview and considerations

~N
» Create DF programs that are operationally effective, economically justified, and adaptable over time
* Includes involvement of third-party DER aggregators and device makers
J
\
* DF programs are well-positioned to support grid needs, strategic goals, and regulatory requirements
» Cost-effective DF resources that demonstrably offset other types of grid investments
J
\

Key considerations for adapting this category include projected grid needs, expected role of third parties,
and state objectives, priorities and valuation frameworks

Can be adapted and applied on its own for new initiatives, including pilots and new programs

Adapting
Category )

-- 24
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Customer Engagement (2) overview and considerations

Adapting
Category

~N
Strategies, tools, and processes that enable utilities to attract, onboard, and retain program participants

Create an effective customer experience that drives participation and performance, while also leveraging
third parties to expand reach and enhance engagement

J
DF programs deliver compelling value propositions, maximize participation from high-value customers,
and foster sustained engagement
Highest level of maturity commonly features the use of “randomized groups,” which draws from best
practices for causal inference in the utilities industry and other fields )
\

Key considerations for adapting this category include program objectives, customer demographics, and
the anticipated role of third parties

Applicability spans from pilots to full-scale programs, enabling tailored strategies for outreach,
recruitment, and event communications that align with specific regulatory and market contexts

25
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Program Operations (3) overview and considerations

Adapting
Category

I
EHIQ oW

Capabilities necessary to effectively manage the ongoing operations of DF programs

Implement DF events from initial short-term forecasting to dispatch and settlement, emphasizing
operational efficiency, reliability, and performance optimization

Streamline the operational aspects of DF programs, enhance coordination with grid operators, and
ensure that DF resources deliver reliable value

Build confidence among participants, stakeholders and regulators; enable continuous improvement
through performance monitoring and reporting

Key considerations for adapting this category include grid needs and resource availability

Particularly useful for mature programs with established participants, but its principles can also guide
pilot operations to test and refine processes before scaling

ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION ENERGY MARKETS & PoLicy
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Evaluation, Measurement & Verification (4) overview and considerations

Adapting
Category

I
EHIQ oW/

~N
Methodologies and processes used to assess the effectiveness of DF programs
Assess how to validate performance, optimize program design, and demonstrate the value of DF
investments
J
)
Enhance program accountability, refine planning, and maximize customer and grid benefits
Support regulatory compliance by ensuring transparency in program results and foster trust among
stakeholders
J

Key considerations for adapting this category include regulatory requirements, data availability, and the
maturity of other interconnected capabilities, most notably within the Data Infrastructure category

Apply across pilot evaluations to ongoing assessments of established DF programs, enabling continuous
improvement and alignment with evolving grid and customer needs )
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DER Orchestration (5) overview and considerations

~N
» Develop the technological frameworks necessary to enable coordination among utilities, system
operators, and DER aggregators
» Ensure that DF resources can be effectively monitored, dispatched and controlled to meet grid needs
J
* Integrate a robust DER orchestration platform into the DF program portfolio, supporting real-time 0
operations, enhancing grid reliability, and maximizing the value of DERs
» Ensure that utilities integrate the software required to scale DF resources efficiently while maintaining
adaptability to new technologies and evolving requirements )
~
» Key considerations for adapting this category include status of existing technologies, scale required to
meet grid needs, and the expected number and type of DF programs, third parties, and devices
AeEleM . particularly useful for jurisdictions that expect to scale multiple DF programs and technologies
Category )
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Data Infrastructure (6) overview and considerations

« Systems and processes needed to collect, manage, and share high-quality, secure, and detailed data
about DF resources and performance

» Ensures that utilities and third parties can efficiently exchange validated information, enabling effective
program management and decision-making

J
\
 Build reliable, secure, and scalable data systems that support accurate dispatch, robust analysis, and
third-party integration
* Forms backbone of successful DF programs
J
\

» Key considerations for adapting this category include status of existing technologies, scale required to
meet grid needs, and the expected number and type of DF programs, third parties, and devices

Adapting [ Particularly useful for jurisdictions that expect to scale multiple DF programs and technologies (though

Category mature Data Infrastructure is important to ensure transparency and accountability for any DF program)
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Considerations for applying the DF maturity model

Maturity model primarily applies to retail DF programs run by utilities, with involvement of
third-party technology providers and DER aggregators

o Could also apply to many aspects of dispatchable time-varying pricing programs (e.g., Critical Peak Pricing)
o Though it does not include all pricing-related capabilities such as rate design

In combination with other metrics, states can also use the maturity levels as indicators of DF
progress as part of utility financial incentives

Any utility, including municipal and cooperatives, can also use the DF maturity model to
conduct a self-evaluation, which is how the Cybersecurity Capability Maturity Model (DOE
2022) and Smart Grid Capability Maturity Model (Carnegie Mellon 2018) are implemented

This section includes two example maturity model applications, though there are many more
potential applications, such as minimum filing requirements and DF roadmap development
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https://www.energy.gov/sites/default/files/2022-06/C2M2%20Version%202.1%20June%202022.pdf
https://insights.sei.cmu.edu/library/sgmm-compass-assessment-survey-version-20/

Selecting DF maturity model capabilities to use as metrics for a utility
Performance Incentive Mechanism (PIM)

For example, consider a utility’s Dispatch Strategy capability within the Planning & Design category
o Low maturity: Lack of alignment with system needs (inflexible resources that are rarely dispatched)

o High maturity: Close alignment with the needs of the distribution and bulk power systems (highly flexible resources that
are frequently dispatched, both locally for a subset of DF program participants and for all DF program participants)

PIM associated with the DF portfolio could have metrics that initially focus on Planning & Design
capabilities and then evolve over time

As the utility achieves a higher level of maturity for Dispatch Strategy and other capabilities in the
Planning & Design category, the metric weighting could change to emphasize a different category (e.g.,
Program Operations or DER Orchestration), including third-party provider integration

Metrics could also start to emphasize outcome-based performance tied to shedding, shifting and
shaping load
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Using a maturity model to benchmark capabilities

Wildfire Mitigation Maturity Model benchmarks three
California utilities — within the vegetation management

and inspections category in this example Comparison across Utilities for Vegetation

Management and Inspections Category

4

By assessing underlying capabilities within vegetation sot gam mm m
management and inspections, each utility identifies B
how to improve and can prioritize changes accordingly 2

. L] ngugn !
Using the DF maturity model, utilities can also
benChmark Capabllltles to Identlfy Improvements ’ 2024 2025 2026 2023 2024 2025 202 2023 2024 .}l))‘: 2026
o For example, three utilities may find that they have widely PGEE SDGRE

varying average maturity levels within Program Operations Source: Office of Energy Infrastructure Safety (2023)

o Digging deeper, the utility with relatively low maturity may find
that its low score for the Monitoring and Control capability is
driving down its overall Program Operations score

o Reviewing the capability maturity indicators and levels, the
utility can identify specific improvements
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https://efiling.energysafety.ca.gov/eFiling/Getfile.aspx?fileid=56134&shareable=true
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Advancing DF maturity in an era of surging load

Despite the widespread adoption of advanced meters and connected devices, utilities have
generally not moved beyond traditional direct load control (DLC) programs

With surging load from data centers, manufacturing facilities, buildings and transportation, DF
Is urgently needed to mitigate capacity constraints and power interruptions

Vast potential remains for existing BTM technology to alleviate grid constraints at a low cost

Berkeley Lab has developed the DF maturity model, based on well-documented industry best
practices and barriers to broader DF adoption

o By measuring maturity levels across 34 DF capabilities, states and utilities can prioritize investment, identify gaps,
and drive continuous improvement

o This detailed, practical guidance based on a wide range of lessons learned fills a gap in the literature by providing
an extensive tool to help utilities and regulators realize the promise DF and move beyond DLC

35
ENERGY TECHNOLOGIES AREA ENERGY ANALYSIS AND ENVIRONMENTAL IMPACTS DIVISION ENERGY MARKETS & PoLicy



Resources

Utility Capability Maturity Models

o Carnegie Mellon (2018). Smart Grid Capability Maturity Model Compass Assessment Survey.
o DOE (2022). Cybersecurity Capability Maturity Model (C2M2).

o OEIS (2020). Utility Wildfire Mitigation Maturity Model.

Best Practices and Barriers to Adoption

o Delurey, Dan (2013). Demand Response: The Road Ahead.

o DOE (2021). A National Roadmap for Grid-Interactive Efficient Buildings.

o Potter, Jennifer, Elizabeth Stuart, and Peter Cappers (2018). Barriers and Opportunities to Broader
Adoption of Integrated Demand Side Management at Electric Utilities: A Scoping Study.

o Schellenberg et al. (2022). Demand Response Auction Mechanism Evaluation.
State of Demand Flexibility
o NARUC (2023). Demand Flexibility within a Performance-Based Regulatory Framework.

o Murphy, Sean, Cesca Miller, Jeff Deason, Diana Dombrowski, and Portia Awuah (2024). The State of
Demand Flexibility Programs and Rates.
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https://insights.sei.cmu.edu/library/sgmm-compass-assessment-survey-version-20
https://www.energy.gov/sites/default/files/2022-06/C2M2%20Version%202.1%20June%202022.pdf
https://energysafety.ca.gov/wp-content/uploads/docs/wmp-2020/news/2.-utility-wildfire-mitigation-maturity-model-copy-correction_clean_final.pdf
http://www.wedgemere.com/wp-content/uploads/2013/03/Evolution-of-DR-Dialogue-Project-Report.pdf
https://gebroadmap.lbl.gov/
https://emp.lbl.gov/publications/barriers-and-opportunities-broader
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M502/K977/502977264.PDF
https://pubs.naruc.org/pub/2A466862-1866-DAAC-99FB-E054E1C9AB13
https://emp.lbl.gov/publications/state-demand-flexibility-programs-and
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Contacts
Name: Josh Schellenberg, jschellenberg@lbl.gov
Natalie Mims Frick, nfrick@lbl.gov

For more information
Download publications from the Energy Markets & Policy: https://emp.lbl.gov/publications
Sign up for our email list: https://emp.Ibl.gov/mailing-list
Follow the Energy Markets & Policy on Twitter: @BerkeleyLabEMP
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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.
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