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1 Executive Summary 

1.1 Need for a Fresh Approach to Demand Flexibility  

Californiaõs electricity system is undergoing rapid transformation on the pathway to 100% renewable 

power, with the expected high penetration of renewables, electrification of buildings and 

transportation, and deployment of behind-the-meter (BTM) distributed energy resources (DERs). 

Many stakeholders are concerned about potential adverse impacts of these trends on the Stateõs 

power grid (see section 3.1) and agree that going forward it is essential for California to leverage 

demand response (also referred to as load or demand flexibility management) as a critical resource in 

integrated resource planning (IRP) to meet the Stateõs aggressive GHG emissions reduction targets.  

Demand Response (DR) continues to play an important role in achieving Californiaõs clean energy 

goals. The California Public Utilities Commission (CPUC) has a long track record in developing 

policies to promote DR. These policies can be broadly grouped into two main strategies: 1) CAISO 

market-integrated DR programs (also referred to as supply-side DR (SSDR), and 2) load-modifying 

DR (LMDR) based on a range of time-differentiated rates or utility managed load reduction 

programs. 

Fortunately, some of the trends noted earlier, specifically the electrification of transportation and 

buildings and growth in customer deployment of BTM DERs, present significant demand-side 

potential (see section 3.2) to address the challenges associated with the Stateõs energy 

transformation, help integrate renewables, reduce GHG emissions, improve system reliability, and 

reduce or minimize cost of service. These trends are driving a substantial and rapid increase in 

electric end uses that are capable of being flexible in terms of when energy could be consumed or 

generated. Some stakeholders suggest that the flexible demand/generation nature of the electrified 

end uses and BTM DERs, if aggregated, coordinated, and shaped properly at scale (that is, large-

scale demand flexibility management), could play a major role in solving the anticipated challenges to 

the Stateõs electricity system.  

However, the CPUCõs current approach to demand response (SSDR and LMDR) is complex and 

may not be well positioned to address emerging grid needs. Additionally, current policies may have 

become a barrier to scaling demand management solutions to the levels necessary to support 

Californiaõs clean energy goals.  

With the experience gained through the CPUCõs efforts to integrate SSDR programs with CAISO 

markets, stakeholders have noted concerns (see section 3.3.1) about the high degree of complexity in 

SSDR program implementation, high level of confusion, high transaction costs, and limited 

flexibility. With respect to LMDR programs, other stakeholders have suggested that a 

comprehensive review of the underlying electricity rates policies is needed to address a range of 

serious issues (see section 3.3.2), including the proliferation of òboutiqueó technology-specific rates 

(e.g., for solar, electric vehicles, and storage), incentives for uneconomical load management, non-

equitable fixed cost recovery and related cost shifts, and inability to monetize DER capabilities. In 
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several proceedings, parties have provided testimony to encourage the adoption of rates based on 

real-time grid conditions to provide both customer bill benefits and system cost benefits.  

If the State is to fully capture the significant demand-side potential enabled by electrification and 

customer DERs, a key òchicken-and-eggó problem related to demand response and retail rates must 

be resolved. For large numbers of customers (both residential and commercial) to adopt flexible 

demand management solutions at the scale necessary to support the future electricity grid, 

automation technologies for controlling various end-uses and DERs must be inexpensive and 

ubiquitous. For this to be true, there must exist a robust and stable policy pathway that is 

standardized, easy to implement, and allows the industry to develop low-cost, flexible demand 

management capabilities and integrate them into smart end-use devices and DERs by default for use 

by all customer classes. 

1.2 Staff Proposal  

This Energy Division (ED) white paper proposes that the CPUC seek to significantly improve 

demand-side resource management through a more synergistic, scalable, and integrated demand 

response and retail rate strategy that can effectively address the emerging grid issues and 

opportunities associated with the growth of renewables, building and transportation electrification, 

and behind-the-meter DER deployment by electricity customers.  

The paper proposes a comprehensive vision, guiding principles, and a policy roadmap to drive the 

development of a universal approach to flexible demand and DER management and compensation 

solutions available to all customers, initially on an opt-in basis,1 throughout the state.  

Accordingly, ED Staff recommends that the CPUC initiate a Rulemaking, as referenced in the DER 

Action Plan 2.0 as Track 1,2 to take up this paperõs proposal. 

1.2.1 Vision Statement  

This paper recommends that the CPUC establish an ambitious policy vision: To achieve widespread 

customer adoption of low-cost, advanced flexible demand and DER management and compensation 

solutions across the state (and beyond) via a unified, universally accessible, dynamic economic signal. 

Policies in pursuit of this vision should help in addressing the following issues associated with the 

ongoing transformation of the electricity grid:  

1. Mitigate reliability and grid integration challenges associated with high growth in renewables, 

end-use electrification, and behind-the-meter DER deployment by customers, 

 
1 Note: Consistent with the objectives of Track 1 of the DER Action Plan 2.0, ED Staff recommends that CPUC explore whether 

and to what extent the demand flexibility framework proposed in this white paper should be adopted on an opt-out or default basis 

for certain customers at a later date following a conclusive evaluation. 

2 See CPUC DER Action Plan 2.0 at 8. (available at) 

https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M467/K470/467470758.pdf. 

https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M467/K470/467470758.pdf
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2. Minimize short- and long-term cost of service associated with the rapidly evolving electricity 

infrastructure, and 

3. Fully leverage capabilities of customer DERs to address grid needs while providing fair 

compensation for grid services provided by the DERs. 

1.2.2 Guidin g  Objectives  

In support of this policy vision, this paper proposes that the CPUC pursue the development of a 

policy roadmap or framework that should achieve the following objectives:  

1. Enhances scalability via standardized, universal mechanisms to enable demand flexibility 

management.  

2. Makes the value of energy and capacity services provided by the grid or DERs more 

transparent and based on real-time grid conditions. 

3. Seamlessly accommodates different and evolving pricing policies of utility distribution 

companies (UDCs) and load serving entities (LSEs), both inside and outside the CPUC 

jurisdiction.  

4. Ensures full recovery of costs associated with the infrastructure for electricity generation and 

delivery, consistent with cost-causation principles and avoidance of cost-shifts.  

5. Offers options to all customers for bill and demand management choices, protection against 

bill volatility, and forward planning of energy usage or generation.  

6. Encourages investment in BTM DERs, including vehicle-to-grid integration and microgrids, 

without cost-shifts to non-participating customers.   

1.2.3 Policy Roadmap  

In support of and consistent with the above vision statement and guiding objectives, this paper 

describes a comprehensive policy roadmap, the centerpiece of which is a unified, universally-

accessible, dynamic, economic retail electricity price signal. The roadmap consists of a three-pillar 

structure addressing 1) the presentation of electricity prices to customers and smart devices, 2) 

electricity rate reform, and 3) customer options to optimize energy consumption and generation. For 

convenience, this whitepaper refers to the roadmap is as òCalFUSEó (California Flexible Unified 

Signal for Energy).3 The proposed roadmap consists of six key policy elements, all intended to be 

available on an opt-in basis as follows: 

ELEMENT 1: DEVELOP STANDARDIZED, UNIVERSAL ACCESS TO THE 

CURRENT ELECTRICITY PRICE 

¶ Statewide, web-based portal to provide current electricity price specific to each customer. 

¶ Accommodate different pricing inputs from UDCs and LSEs. 

 
3 Note: The policy roadmap was previously referred to by Staff and stakeholders as òUNIDEó (unified, dynamic, economic signal). 
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¶ Engage tech / industry ecosystem in educating customers and developing energy 

management solutions. 

ELEMENT 2: INTRODUCE DYNAMIC ELECTRICITY PRICES BASED ON 

REAL-TIME WHOLESALE ENERGY COST 

¶ Real-time pricing tied to CAISO locational marginal price, reflecting the marginal cost of 

energy. 

ELEMENT 3: MODIFY ELECTRICITY PRICES TO INCORPORATE DYNAMIC 

CAPACITY CHARGES BASED ON REAL-TIME GRID UTILIZATION  

¶ Capacity fixed cost recovery linked to the degree of congestion relative to the available 

infrastructure capacity for electricity generation and delivery. 

¶ Implements the design principle that fixed cost recovery should be higher when the system 

utilization is higher. 

¶ Shift fixed cost recovery onto load driving capacity upgrades based on marginal cost of 

adding incremental capacity, while ensuring collection of approved revenue requirements 

and minimizing unintentional cost-shifts. 

ELEMENT 4: TRANSITION TO BI-DIRECTIONAL ELECTRICITY PRICES 

¶ Customers import or export energy at the same dynamic composite price. 

¶ Fair, transparent, and rational compensation for grid services provided by customer owned 

DERs linked to avoided marginal costs. 

ELEMENT 5: OFFER A SUBSCRIPTION OPTION BASED ON CUSTOMER-

SPECIFIC LOAD SHAPES 

¶ Customers subscribe to a monthly load shape based on historic usage (and the associated 

hourly energy quantities) at a pre-determined monthly price. 

¶ Protect against bill and revenue collection volatility, while still encouraging opportunistic, 

beneficial load shift. 

¶ Ease customer transition from current rates to dynamic rate. 

ELEMENT 6: ENABLE TRANSACTIVE FEATURES ALLOWING LOCK IN OF 

FUTURE ELECTRICITY PRICES 

¶ Customer option to commit to future import or export of energy at pre-determined prices 

(based on forecasts) to control and optimize energy use or generation. 

¶ Improved visibility for planning and operations (for CAISO, UDCs/LSEs, and customers & 

their service providers). 
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The Figure 1-1 below illustrates the overall policy roadmap described above, referred to as the 

òCalFUSEó framework in this paper. 

Three Pillars of CalFUSE 

Framework 

 Six Elements of CalFUSE 

Framework 

Price Presentation  Element 1: Standardized price access 

Rate Reform  

(Three-prong strategy) 

Element 2: Real-time energy prices 

Element 3: Real-time capacity prices 

Element 4: Bi-directional prices 

Customer Options for  

Energy Optimization 

Element 5: Subscription option 

Element 6: Transactive option 

 
Figure 1-1: The CalFUSE Framework 

1.3 Structure of  This Paper  

The remainder of this paper is organized as follows: 

Chapter 2 summarizes the procedural background of policies in support of providing access to 

dynamic retail rates to customers and achieving greater demand/load flexibility.  

Chapter 3 presents the problem statement in detail and outlines the need for a more effective, 

synergistic, and scalable demand response and retail rate strategy to better address the emerging 

issues associated with the transformation of Californiaõs electricity system. 

Chapter 4 presents the staff proposal describing the vision, guiding objectives, and the policy 

roadmap focused on implementing a flexible, unified signal for energy in California (CalFUSE). 

Chapter 5 discusses the potential impacts of implementing the CalFUSE framework. 

Chapter 6 examines the learnings from various pilots and programs around the country that have 

implemented dynamic retail rates.  

Chapter 7 concludes the white paper and offers Staffõs recommendations for next steps in the 

implementation of a Statewide demand flexibility roadmap. 

Chapter 8 (Appendix) summarizes the DER Action Plan 2.0 and stakeholder feedback in response 

to ED Staffõs proposal previewed at the May 25, 2021, demand flexibility management workshop.4  

 
4 See https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-costs/demand-response-dr/demand-response-

workshops/advanced-der-and-demand-flexibility-management-workshop. 

https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-costs/demand-response-dr/demand-response-workshops/advanced-der-and-demand-flexibility-management-workshop
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-costs/demand-response-dr/demand-response-workshops/advanced-der-and-demand-flexibility-management-workshop
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2 Procedural History 

This section presents a brief overview of relevant procedural history, including proceedings, 

workshops, and studies undertaken at the behest of the CPUC and the CEC related to achieving 

greater demand flexibility through dynamic rates, demand charge reform, and demand response.  

1. CPUC Rate Design Principles. In Rulemaking (R.) 12-06-013 the CPUC adopted an update to 

its rate design principles, which are benchmarks to measure the success of ratemaking 

proceedings. The update preserved the CPUCõs commitment to conservation, equity, and 

marginal cost ratemaking, and reaffirmed the CPUCõs commitment to the òBonbright 

Principlesó.5  

 

The 10 CPUC Rate Design Principles: 

1. Low-income and medical baseline customers should have access to enough 

electricity to ensure basic needs (such as health and comfort) are met at an 

affordable cost. 

2. Rates should be based on marginal cost. 

3. Rates should be based on cost-causation principles. 

4. Rates should encourage conservation and energy efficiency. 

5. Rates should encourage reduction of both coincident and non-coincident peak 

demand. 

6. Rates should be stable and understandable and provide customer choice. 

7. Rates should generally avoid cross-subsidies, unless the cross-subsidies 

appropriately support explicit state policy goals. 

8. Incentives should be explicit and transparent. 

9. Rates should encourage economically efficient decision-making. 

10. Transitions to new rate structures should emphasize customer education and 

outreach that enhances customer understanding and acceptance of new rates and 

minimizes and appropriately considers the bill impacts associated with such 

transitions. 

 

2. DER Action Plan 1.0 (2016). In 2016, the CPUC released its DER Action Plan 1.0 to serve as a 
roadmap to facilitate proactive, coordinated, and forward-thinking development of DER policy 
for decision-makers, staff, and stakeholders.6 The DER Action Plan addressed strategies related 
to DER deployment using rates and tariffs, infrastructure and procurement, and DER market 

 
5 Bonbright, James C, òPrinciples of Public Utility Rates,ó Columbia University Press, 1961. 

6 California Public Utilities Commission, òDER Action Plan,ó May 3, 2017. (available at)  https://www.cpuc.ca.gov/-/media/cpuc-

website/Files/uploadedFiles/CPUC_Public_Website/Content/About_Us/Organization/Commissioners/MichaelJPicker/DER%20

Action%20Plan%205317%20CLEAN.pdf 

https://www.cpuc.ca.gov/-/media/cpuc-website/Files/uploadedFiles/CPUC_Public_Website/Content/About_Us/Organization/Commissioners/MichaelJPicker/DER%20Action%20Plan%205317%20CLEAN.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/Files/uploadedFiles/CPUC_Public_Website/Content/About_Us/Organization/Commissioners/MichaelJPicker/DER%20Action%20Plan%205317%20CLEAN.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/Files/uploadedFiles/CPUC_Public_Website/Content/About_Us/Organization/Commissioners/MichaelJPicker/DER%20Action%20Plan%205317%20CLEAN.pdf
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linkages. It also incorporated the reforms of CAISOõs 2006 Market Redesign and Technology 
Upgrade and the CECõs advances in real time price signal standards.7 

 

3. Advanced Rate Design Public Forum (2017). Pursuant to DER Action Plan 1.0, the CPUC 

held its Advanced Rate Design public forum in 2017 to consider innovative rates and tariffs.8 A 

key theme of this event was the incompatibility of demand charges (particularly non-coincident 

demand charges, or NCDCs) with the CPUCõs commitment to cost-causation. Participants 

argued that locational, marginal, real-time pricing is an efficient means to assess distribution-level 

cost causation, and to minimize the cost of electricity service while providing widescale grid 

benefits. 
 

4. Petition for Rulemaking for RTP and Demand Charges (2019). In November 2018, 

California Solar & Storage Association, California Energy Storage Association, Enel X, ENGIE 

Services, ENGIE Storage, OhmConnect, Inc., the Solar Energy Industries Association, and 

Stem, Inc., filed a Petition for Rulemaking (PFR) requesting the CPUC to open a rulemaking to 

address 2 topics: (1) to order stateõs 3 large IOUs to offer optional real time pricing tariffs to all 

customer classes, and (2) to request the CPUC to consider demand charge reform both for 

coincident and non-coincident demand charges.9 The PFR was denied on procedural grounds, 

but the CPUC has encouraged the parties to bring up these topics in individual GRC 

proceedings. 

 

5. CPUC Load Shift DR Working Group (2019). The CPUC Load Shift Working Group, 

established by (D.) 17-10-017, released a collection of product proposals intended to leverage 

CAISO market-based, i.e., òmarket-informedó, mechanisms for inducing peak load reduction 

and peak generation offtake.10 Common to these proposals was the use of unified signals for 

locational temporal prices and the incorporation of third parties to manage delivery of load 

change in conjunction with a utility price signal or other value proposition. 

 

6. LBNL DR Potential Study (2020). Undertaken on behalf of the CPUC, this three-phase study 

was initiated in 2015 on the premise that meeting our clean energy and resource adequacy goals 

will fundamentally change the operational dynamics of Californiaõs grid. Over the course of this 

study, LBNL researchers have quantified the ability and the cost of using DR resources to help 

meet capacity needs at forecasted critical hours in the state.11, 12 The study introduced the 

concepts of Shape, Shift, Shed, and Shimmy as distinct forms of DR that could be economically 

 
7 California Energy Commission, ò08-DR-01,ó January 2, 2008. 

8 California Public Utilities Commission, ò2017 Electric Rate Forum - Presentations and Bios,ó December 11, 2017. (available at) 

https://www.cpuc.ca.gov/general.aspx?id=6442455548.  

9 California Public Utilities Commission, òP.18-11-004,ó February 8, 2019, 13. 

10 òFinal Report of the California Public Utilities Commissionõs Working Group on Load Shift.ó January 31, 2019. (available at) 

https://gridworks.org/wp-content/uploads/2019/01/LoadShiftWorkingGroup_report_final.pdf  

11 Alstone, Peter, et al., ò2015 California Demand Response Potential Study - Charting Californiaõs Demand Response Future. Interim 

Report on Phase 1 Results,ó April 2016, at 1, https://doi.org/10.2172/1421793.  

12 Id. at 2   

https://www.cpuc.ca.gov/general.aspx?id=6442455548
https://gridworks.org/wp-content/uploads/2019/01/LoadShiftWorkingGroup_report_final.pdf
https://doi.org/10.2172/1421793
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incentivized, and assessed that fully 20% of load is potentially shiftable to time periods 

associated with low wholesale energy prices and energy curtailment.13 

 

7. LBNL Study on the Potential Impacts of Dynamic Electricity Tariffs (2021). Building 

upon the results and tools from the DR potential study, LBNL is conducting a study that will 

examine the bill and revenue impacts of a transition to a dynamic tariff based on the CalFUSE 

framework proposed in this paper. The dynamic tariff will incorporate wholesale energy market 

prices, and scarcity pricing to recovery utility generation and distribution capacity costs. The 

study will also assess the impact of subscriptions on customer bill volatility and revenue 

recovery, and the evaluate different methodologies to assess the shape of customer load shape 

subscriptions. LBNL will utilize the database of IOU customer load shapes that was developed 

during the course of Phase 4 of the DR potential study to model the impacts of a dynamic tariff 

on customer electricity bills, system load shapes, and utility cost recovery.  

 

The research study will address the following scenarios: 

a) Impacts of dynamic rate on customer bills under an inelastic scenario, where customers 

do not change consumption patterns. 

b) Impacts under an elastic scenario, where customers are price responsive, to assess the: 

(1) amount of DR resource could be captured, (2) the bulk power system load shape and 

wholesale electricity price impact, (3) effect of automation on load response, (4) impacts 

on power sector emissions and system costs. 

8. CPUC Energy Divisionõs Advanced DER and Demand Flexibility Management 

Workshop (2021). On May 25, 2021, CPUC Energy Division Staff hosted a workshop to 

preview a Staff proposal for a comprehensive roadmap to facilitate widespread adoption of 

flexible demand management solutions while minimizing the cost of service through a unified, 

dynamic economic signal that is the focus of this white paper.14 Stakeholder comments to this 

workshop are included in Appendix 8.2.   

 

9. DER Action Plan 2.0 (2021). In December 2021, the first public draft version of the DER 

Action Plan 2.0 was released.  It recognizes the role of the CPUC in coordinating policies across 

regulatory bodies and IOUs in service to our state decarbonization and affordable energy goals. 

Further, it sets target dates to implement vetted rate design solutions such as RTP, policies to 

enable private sector products such as pay for load shape, and mechanisms to integrate 

underutilized resources such as EVs. 
 

 
13 Gerke, Brian, et. al., òThe California Demand Response Potential Study, Phase 3: Final Report on the Shift Resource Through 

2030,ó Lawrence Berkeley National Laboratory (LBNL), 2020. 

14 CPUC Energy Division, òAdvanced DER and Demand Flexibility Management Workshop.ó May 25, 2021. 

https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-costs/demand-response-dr/demand-response-

workshops/advanced-der-and-demand-flexibility-management-workshop. 

https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-costs/demand-response-dr/demand-response-workshops/advanced-der-and-demand-flexibility-management-workshop
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/electric-costs/demand-response-dr/demand-response-workshops/advanced-der-and-demand-flexibility-management-workshop
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10. SDG&E Commercial EV & Real Time Pricing Proposals (2021). On July 3, 2019, SDG&E 

filed Application (A.) 19-07-006 and proposed a new electric vehicle high power charging (EV-

HP) rate to serve medium-duty/heavy-duty (MD/HD) commercial EV and direct current fast 

charging (DCFC).  On April 24, 2020, the CPUC issued (D.) 20-04-009 to approve an interim 

rate waiver to serve separately metered MD/HD and DCFC electric vehicle customers of 

SDG&E. Subsequently, with (D.) 20-12-023, the CPUC approved (with modifications) 

SDG&Eõs proposal for a new rate for separately metered EV charging loads with an aggregated 

maximum demand of 20 kilowatts or greater, excluding single-family residential customers.  

 

On December 13, 2021, SDG&E filed A.21-12-006 for a Real Time Pricing Pilot Rate to be 

approved by the CPUC.  In its application, SDG&E proposed a 2-stage pilot based on hourly 

day-ahead CAISO pricing.  In stage 1 of its proposal, SDG&E proposes a pilot limited to M/L 

C&I customers only, with a minimum target of 25 participants and a cap of 100. CCA, NEM 

and DR customers are excluded from pilot participation.  In Stage 2, SDG&E proposed to 

include all customers classes except for street lighting customers. SDG&E has proposed to 

implement stage 1 by end of 2022.  For stage 2, SDGE has proposed to file a Tier 2 Advice 

Letter in Q2 2024 with final details, including eligibility, rate design, costs, and revenue 

requirement.  This is an open proceeding. 

 

11. PG&E Commercial EV & Real Time Pricing Proposals (2021).  In November 2018, PG&E 

filed A.18-11-003 for a new commercial EV (CEV) rate that included a òsubscription chargeó in 

lieu of NCDCs and proposed the creation of a new class of customers choosing to take service 

on the rate.  The CPUC issued (D.) 19-10-055, approving the application, with modifications 

that substantially reduced the amount of the subscription charge included in the new rates.  This 

Decision also required PG&E to file an application for a Real Time Pricing pilot within 12 

months.    

In October 2020, PG&E filed the A.20-10-011 for a Real Time Pricing (RTP) pilot based on the 

CAISO hourly day-ahead market (DAM) for commercial EV customers.  The CPUC issued (D.) 

12-11-017, authorizing PG&E to offer an optional day-ahead, hourly RTP rate, not as a pilot 

limited to 50 customers as originally proposed, but as an optional rate for any customer that is 

eligible to enroll in the utilityõs Business Electric Vehicle rates. The proceeding remains open for 

an additional study that PG&E needs to complete before deciding on the rate design 

components of the new rate. 

 

In addition to the above RTP rate for Electric Vehicles, PG&E as part of its GRC Phase 2 

application, has filed an application for a general RTP rate open to multiple customer classes.  

The decision for that portion of the proceeding is expected by July 2022. 

 

12. Summer Reliability Rulemaking and Authorized Dynamic Rates Pilots (2021). In 

response to the August 2020 rolling outages, the CPUC expanded the role of demand response 
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resources and dynamic rates in addressing mid-term reliability concerns.15 It established a 5-year 

pilot Emergency Load Reduction Program (ELRP) as a pay-for-performance demand response 

program that compensates voluntary incremental load reduction provided by a participating 

customer during a program event triggered in response to CAISO-declared grid emergencies. 

Program participation includes directly enrolled non-residential customers, virtual power plant 

aggregators, customers with Rule 21 exporting DERs, non-residential aggregators, EV/charging 

station aggregators (including both V1G - vehicle charging and V2G - vehicle discharging into 

the grid) and directly enrolled residential customers.  

 

Additionally, to test the efficacy of dynamic pricing rates to facilitate load shift, the CPUC 

directed PG&E and SCE to pilot rate designs based on the Staffõs CalFUSE Proposalñ

previewed at the May 25, 2021, workshop and described further in this white paperñwith 

locational- and marginal cost-based hourly dynamic rates that pass through real-time generation, 

capacity, and other costs to incentivize participants to shift consumption away from peak 

periods. 

 

13. CEC Load Management Standards Update (2021). The CEC initiated a rulemaking (CEC 

Docket Number 21-OIR-03) to amend existing load management standards (LMS) in order to 

address the concern that òexisting demand response programs are incapable of shifting loads to 

periods of high renewable generation, and thus are inadequate for supporting the carbon-free 

grid of the future.ó16  

As part of its updates to the LMS, the CEC has created an online, universally-accessible 

customer rate database, the Market Informed Demand Automation Server (MIDAS), and has 

proposed to adopt regulations to òform the foundation for a statewide system of granular time 

and location dependent signals that can be used by automation-enabled loads to provide real-

time demand flexibility on the electric grid.ó17 The proposed regulations will be considered and 

possibly adopted at a CEC Business Meeting in Q2/Q3 of 2022. The regulations will require 

utilities, including IOUs, CCAs, POUs and other LSEs, to:  

a) Develop retail rates that change at least hourly and reflect locational marginal costs, 

within one year of the effective date of the regulations (2023). 

b) Update the time-dependent rates in the CEC MIDAS database, within 3 months after 

the effective date of the standards (2022). 

c) Implement a standardized method for providing automation service providers with 

access to customersõ rate information, within one year of the effective date of the 

regulations (2023). 

 
15 See CPUC Rulemaking (R.) 20-11-003, (D.) 21-12-015, issued on December 2, 2021 

16 California Energy Commission. òAnalysis of Potential Amendments to the Load Management Standards,ó 21-OIR-03 Final Staff 

Report, November 2021. (available at) https://efiling.energy.ca.gov/GetDocument.aspx?tn=241067&DocumentContentId=74898 

17 Ibid. 

https://efiling.energy.ca.gov/GetDocument.aspx?tn=241067&DocumentContentId=74898
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d) Develop a list of cost-effective automated price response programs for each sector and 

integrate information about time-dependent rates and automation technologies into 

existing customer education and outreach programs, within 18 months after the effective 

date of the standards (2024). 

e) Offer voluntary participation in a marginal cost rate or cost-effective demand flexibility 

program for all customers, within 3 years of the effective date of these regulations 

(2025). 

 

14. CEC Flexible Demand Appliance Standards (2021). SB 49 required the CEC to set 

minimum standards for appliances sold or leased within California to promote flexible demand, 

support grid operations, and reduce greenhouse gas emissions by scheduling, shifting or 

curtailing appliance operations with customer consent, while maintaining feasibility and cost-

effectiveness.  

 

The CEC is updating flexible demand appliance standards in a series of phases for thermostats, 

pool pump controls, dishwashers, clothes dryers, electric storage water heaters, behind the meter 

batteries, and electric vehicle supply equipment. The CEC took public comment in the fall of 

2021 on their initial staff proposal and may issue a draft report before a formal rulemaking 

opens. [CEC Docket Number 20-FDAS-01]. 

 

15. CPUC 2022 Affordability Rulemaking Phase 3 En Banc. The CPUC held an Affordability 

En Banc (February 28-March 1, 2022) to consider proposals to limit and/or mitigate future 

electricity and gas rate increase from a diverse panel of experts from academia, the energy 

industry, the environmental justice community, and consumer advocates.18 Multiple electric rate 

reform proposals advocated for the use of real-time and marginal cost-based rates to incentivize 

electrification and contain costs.19, 20 In addition, the en banc explored opportunities for non-

ratepayer funding strategies as well as financing mechanisms for easing the transition away from 

natural gas and greater electrification.  This portfolio of reforms was examined using the metrics 

developed in this proceeding, including the affordability ratio, as well as evaluation criteria for 

assessing rate impacts and the feasibility of implementation.  

 
18 CPUC 2022 Affordability Rulemaking Phase 3 En Banc, held on February 28-March 1, 2022. En Banc materials available at: 

https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/affordability.   

19 See Brad Heavner (California Solar and Storage Association), òReforms to Contain Utility Costs and Rate Growth,ó February 28, 

2022. https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/en-banc/heavner-slides-w-alt-image-

and-link-texts.pdf.  

20 See Frank Wolak (Stanford University), òRetail Electricity Rate Reform,ó February 28, 2022. https://www.cpuc.ca.gov/-

/media/cpuc-website/divisions/energy-division/documents/en-banc/wolak-slides-w-alt-image-and-link-text.pdf.  

https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/affordability
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/en-banc/heavner-slides-w-alt-image-and-link-texts.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/en-banc/heavner-slides-w-alt-image-and-link-texts.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/en-banc/wolak-slides-w-alt-image-and-link-text.pdf
https://www.cpuc.ca.gov/-/media/cpuc-website/divisions/energy-division/documents/en-banc/wolak-slides-w-alt-image-and-link-text.pdf
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3 A Fresh Approach to Demand 

Flexibility 

This chapter makes a three-part case for a novel approach to demand flexibility management, 

expanding on the need described in the introductory section of the Executive Summary, as follows:  

1. The challenges associated with the ongoing transformation of the electricity system resulting 

from the expected high penetration of renewables, electrification of buildings and 

transportation, and deployment of behind-the-meter (BTM) distributed energy resources 

(DERs), 

2. The significant opportunity involving demand-side flexibility enabled by widespread 

electrification and customer DER deployment, and its potential to integrate renewables and 

reduce GHG emissions, improve system reliability, and reduce or minimize cost of service, 

and  

3. The limitations associated with the traditional approach to demand response and retail rate 

design that curtail the demand-side potential described above, suggesting a need for a fresh 

approach. 

3.1 Challenges Associated with the Ongoing 

Transformation of the Electricity System  

3.1.1 Increasing Penetration of Renewable Resources  

A. INCREASED CURTAILMENT OF RENEWABLE ENERGY 

Californiaõs climate goals will require the electric sector to transition to 100% clean electricity by 

2045. The least-cost pathway for achieving Californiaõs climate goals based on the 2019-2020 IRP 

model plans for a substantial increase in the building of renewable resources).21 As more renewable 

resources are added to the supply portfolio, Californiaõs system operator and utilities will be required 

to manage a grid with an increasingly dynamic supply profile and curtail growing amounts of 

renewable energy when supply exceeds demand or when ramping needs exceed the available flexible 

resources. Curtailment is already a year-round phenomenon, with average daily curtailment in 2020 

at about 4.3 GWh per day (Figure 3-1). By 2030, CAISO projects a rapid increase in renewables 

curtailment (Figure 3-2) due to export and ramping limitations.22 The average daily curtailment is 

estimated to increase by a factor of four to about 15 GWh by 2030 (and 100 GWh by 2045).  

 
21 Note: The IRP results referenced in this section were finalized in CPUC (D.) 20-03-028 in Rulemaking16-02-007, including detailed 

outcomes from the publicly available version of the RESOLVE model used to support the rulemaking. 

22 Mark Rothleder, òBriefing on Post 2020 Grid Operational Outlook,ó CAISO, 2019. (available at) 

https://www.caiso.com/Documents/BriefingonPost2020GridOperationalOutlook-Presentation-Dec2019.pdf 

https://www.caiso.com/Documents/BriefingonPost2020GridOperationalOutlook-Presentation-Dec2019.pdf
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Figure 3-1: Monthly curtailment of  wind and solar recorded by CAISO.23  

 

Figure 3-2: CAISOõs outlook for projected curtailment and max 3-hour system ramp in 

2030.24 

Large scale curtailment represents a significant opportunity cost in terms of both energy and system 

capacity. However, with widespread adoption of demand flexibility management equipment and 

 
23 See òCalifornia ISO - Managing Oversupplyó. (available at) http://www.caiso.com/informed/Pages/ManagingOversupply.aspx  

24 Mark Rothleder, òBriefing on Post 2020 Grid Operational Outlook,ó CAISO, 2019. (available at) 

https://www.caiso.com/Documents/BriefingonPost2020GridOperationalOutlook-Presentation-Dec2019.pdf 

http://www.caiso.com/informed/Pages/ManagingOversupply.aspx
https://www.caiso.com/Documents/BriefingonPost2020GridOperationalOutlook-Presentation-Dec2019.pdf
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techniques, customers would have the potential to shift significant load to counterbalance the 

projected curtailments. This could provide significant support to Californiaõs clean energy goals by: 

(a) increasing renewable integration and reducing GHG emissions, (b) reducing system ramping 

requirements and improving system reliability, and (c) reducing or minimizing cost of service 

system-wide. 

B. SYSTEM RELIABILITY UNDER D URESS 

In addition to the widespread curtailment of renewable energy, the ability of the bulk system 

operator to ensure system reliability is also under duress, due in large part to:  

1. Increasingly steep system ramping needs. The CAISO forecasts a 60% increase in the 

maximum three-hour ramp of system net load, from 15,600 megawatts in 2019 to 25,000 

megawatts in 2030 (Figure 3-2).  

2. Increasing reliance on use-limited and intermittent supply resources. The penetration 

of use limited resources, such as energy storage or SSDR resources, and intermittent 

resources, such as solar or wind, is growing rapidly. This, combined with adverse climate 

change impacts, such as extreme heat waves and drought, has contributed to increasing 

reliability challenges for Californiaõs grid. The 2020 rotating outages and the increasing 

frequency of grid emergencies called by CAISO could be considered manifestations of these 

reliability challenges, at least in part.25 

3.1.2 Increasing Electrification of End Uses 

A. TRANSPORTATION  

Senate Bill 35026 (de Le·n, 2015) requires the CPUC to accelerate statewide transportation 

electrification.  

Governor Newsomõs Executive Order (N-79-2027) directs California to require all new cars and 

passenger trucks sold by 2035 to be zero-emission vehicles. The recently issued CEC staff report, 

Assembly Bill (AB) 2127 Electric Vehicle Charging Infrastructure Assessment28, notes that 1.2 million EV 

 
25 See California ISO, òSummary of Alert, Warning, Emergency, and Flex Alert Notices Issued from 1998 to Present.ó (Updated 

1/19/2022). (available at) https://www.caiso.com/Documents/FlexAlertNoticesIssuedFrom1998-Present.pdf  

26 California State Senate, òSB 350 Clean Energy and Pollution Reduction Act of 2015,ó 2015, 

https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201520160SB350    

27 See https://www.gov.ca.gov/2020/09/23/governor-newsom-announces-california-will-phase-out-gasoline-powered-cars-

drastically-reduce-demand-for-fossil-fuel-in-californias-fight-against-climate-change/.  

28 Alexander, Matt, et. al., òAssembly Bill 2127 Electric Vehicle Charging Infrastructure Assessment: Analyzing Charging Needs to 

Support Zero-Emission Vehicles in 2030 ð Revised Staff Report,ó California Energy Commission, May 2021, Publication Number: 

CEC-600-2021-001-REV. 

https://www.caiso.com/Documents/FlexAlertNoticesIssuedFrom1998-Present.pdf
https://www.gov.ca.gov/2020/09/23/governor-newsom-announces-california-will-phase-out-gasoline-powered-cars-drastically-reduce-demand-for-fossil-fuel-in-californias-fight-against-climate-change/
https://www.gov.ca.gov/2020/09/23/governor-newsom-announces-california-will-phase-out-gasoline-powered-cars-drastically-reduce-demand-for-fossil-fuel-in-californias-fight-against-climate-change/
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chargers will be needed by 2030. Moreover, the stateõs transportation electrification goals are 

projected to drive an increase of net load by more than 10% by 2030.29  

 

Figure 3-3: Transition of  on-road vehicle sales to zero-emission vehicle technology in 

the CARB Draft 2022 Scoping Plan Proposed Scenario.30 

The expected increase in load from zero-emission vehicles, if not managed properly, could increase 

stress on the grid, aggravate reliability concerns, and drive up the cost of electric service, with 

utilities spending heavily to procure additional resources to ensure adequate supply and upgrade the 

grid itself to maintain reliability. This concern is highlighted in the CEC staff report, calling for 

greater alignment between pricing design, renewable electricity, and charging behavior: 

Charging millions of PEVs will introduce significant new load onto the electric 

grid. CEC models project that electricity consumption in 2030 from light-duty 

vehicle charging will reach around 5,500 megawatts (MW) around midnight and 

4,600 MW around 10 a.m. on a typical weekday, increasing electricity demand by 

up to 25 and 20 percent at those times, respectively. While current results indicate 

that nonresidential charging demand will generally align with daytime solar 

generation, more than 60 percent of total charging energy will still be demanded 

when sunshine is not abundantly available. Further, a projected surge of charging 

demand around midnight when off-peak electricity rates take effect may strain 

 
29 Kavya Balaraman, òThis will change the nature of load: what California's zero emission vehicle order means for the power sectoró, 

Utility Dive, September 23, 2020. (available at) https://www.utilitydive.com/news/this-will-change-the-nature-of-load-what-

californias-zero-emission-vehi/585793/  

30 See CARB Draft 2022 Scoping Plan Update, May 10, 2022, at 149. (available at) https://ww2.arb.ca.gov/sites/default/files/2022-

05/2022-draft-sp.pdf.  

https://www.utilitydive.com/news/this-will-change-the-nature-of-load-what-californias-zero-emission-vehi/585793/
https://www.utilitydive.com/news/this-will-change-the-nature-of-load-what-californias-zero-emission-vehi/585793/
https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf
https://ww2.arb.ca.gov/sites/default/files/2022-05/2022-draft-sp.pdf
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local distribution infrastructure. To fully realize the economic, air quality, and 

climate benefits of electrification, California must pursue greater vehicle-

grid integration, or coordination of charging with grid needs, to ensure that 

charging is better aligned with clean, renewable electricity without 

sacrificing driver convenience.31 

Simultaneous or òlockstepó price response behavior is another example of potential negative 

consequences of rapidly growing vehicle charging if not addressed properly. Since EV TOU rates 

incentivize charging beginning at midnight, a host of pre-scheduled smart chargers may 

simultaneously begin charging in lockstep to take advantage of the lower price. This instantaneous 

spike in load could stress distribution circuits and create challenges for the generation system as well. 

 

 

Figure 3-4: Projection of  2030 Statewide charging patterns of  light-duty vehicles under 

current rate structure and incentive schemes on a typical weekday.32  

Charging management strategies beyond TOU rates may be necessary to align EV charging with 

daytime solar generation. Additional coordination between residential chargers and the distribution 

system may also be necessary to mitigate the lockstep charging response that can occur at the onset 

of the super off-peak period (midnight).  

The imperative to pursue more effective vehicle-grid integration (VGI) is also a statutory obligation: 

the Legislature in Senate Bill 676 (Bradford, 2019) has directed the CPUC to òconsider how, or if, 

 
31 Alexander, Matt, et. al., òAssembly Bill 2127 Electric Vehicle Charging Infrastructure Assessment: Analyzing Charging Needs to 

Support Zero-Emission Vehicles in 2030 ð Revised Staff Report,ó California Energy Commission, May 2021, Publication Number: 

CEC-600-2021-001-REV. 

32 Ibid. 
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electric vehicle grid integration can mitigate any generation, transmission, or distribution costs, or 

increase the economic, social, or environmental benefits associated with transportation 

electrification.ó  The legislature defined VGI broadly to include òany method of altering the time, 

charging level, or location at which grid-connected electric vehicles charge or discharge, in a manner 

that optimizes plug-in electric vehicle interaction with the electrical grid and provides net benefits to 

ratepayers.ó33  

B. BUILDINGS 

Assembly Bill 3232 (Friedman, 2018) requires the CEC to work with other state agencies, including 

the CPUC, to assess how GHG emissions in buildings can be reduced, primarily by fuel switching 

from fossil fuels to electricity as the primary source of energy.34 Studies indicate that as customers 

adopt electrified end-uses (such as electric HVAC, heat pump water heaters, electric cooking, etc.), 

this could lead to a 60% increase in electric sales and a 40% increase in peak load by 2045.35 As more 

and more customers adopt smart home technologies and storage, cost-based rates that facilitate 

these goals, and leverage their DR capabilities, are needed.  

3.1.3 Deployment of C ustomer BTM DERs 

California has led the nation in adoption of customer-sited BTM DERs including rooftop solar PV 

and energy storage, with more than 11,000 MW of solar PV capacity and 700 MW of energy storage 

capacity installed to date (Figure 3-5).36  

Analysis from CECõs 2020 Integrated Energy Policy Report Update (IEPR) forecasts Statewide 

BTM PV production to grow from 21,000 GWh in 2021 to 41,200 GWh in 2030, and BTM energy 

storage capacity to grow from 700 MW in 2021 to 2,600 MW in 2030.37 Along with the anticipated 

growth in EVs that was highlighted above, there is a pressing need to integrate the forecasted DERs 

and EVs in a cost-effective manner.  

Stakeholders have highlighted the need for a scalable, long-term strategy for aligning the dispatch of 

customer DERs to both contain utility costs and address the challenges of a high renewables grid.38 

In the adopted Version 2.0 of its DER Action Plan, the CPUC has presented its goal of ensuring 

 
33 California State Senate Bill No. 676, Bradford, òTransportation electrification: electric vehicles: grid integrationó, October 02, 2019. 

34 California State Assembly Bill No. 3232, Friedman, òZero-emissions buildings and sources of heat energy,ó September 13, 2018. 

35 See òPathway 2045: Update to the Clean Power and Electrification Pathway,ó Southern California Edison, November 2019. 

(available at) https://www.edison.com/home/our-perspective/pathway-2045.html  

36 See California Distributed Generation Statistics. (Accessed on March 15, 2022). (available at) https://www.californiadgstats.ca.gov  

37 See CEC Self Generation and Overall Electricity Demand Forecast Update ð Commissioner Workshop on Updates to the California 

Energy Demand 2019-2030 Forecast. (available at) https://www.energy.ca.gov/event/workshop/2020-12/session-2-self-generation-

and-overall-electricity-demand-forecast-update  

38 See Brad Heavner (California Solar and Storage Association), òReforms to Contain Utility Costs and Rate Growth,ó 2022 CPUC 

Affordability Rulemaking Phase 3 (R.18-07-006) En Banc. (available at) https://www.cpuc.ca.gov/industries-and-topics/electrical-

energy/affordability.  

https://www.edison.com/home/our-perspective/pathway-2045.html
https://www.californiadgstats.ca.gov/
https://www.energy.ca.gov/event/workshop/2020-12/session-2-self-generation-and-overall-electricity-demand-forecast-update
https://www.energy.ca.gov/event/workshop/2020-12/session-2-self-generation-and-overall-electricity-demand-forecast-update
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/affordability
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/affordability
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that DERs can be more effectively and equitably integrated into the grid through cost-based 

dynamic rates that improve grid resource utilization.39  

 

 

 

Figure 3-5: Customer-sited energy storage installed in California as of  March 2022. 

 

 

3.2 Growing Potential for Demand Flexibility  

3.2.1 Growth in Flexible Loads  

Recent studies40 that have analyzed the costs and benefits of DERs, and flexible resources show that 

a co-optimized systemñi.e., a system that optimizes both the planning and dispatch of DERsñcan 

 
39 Note: Summary of DER Action Plan 2.0 is described in the Appendix, Section 2.1. 

40 Reeve, Hayden, et. al., òDistribution System Operator with Transactive (DSO+T) Study Volume 1: Main Report,ó Pacific 

Northwest National Laboratory (PNNL), 2022. (available at) https://doi.org/10.2172/1842485.  

https://doi.org/10.2172/1842485
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achieve significant long-term cost savings and partially mitigate the curtailment of renewable 

resources (Figure 3-6). 

 

Figure 3-6: The impact of  enhanced f lexible resources (e.g., DERs, EV charging, DR, 

BTM storage) in reducing the curtailment of  projected renewable generation in 

California in 2030.41 

Lawrence Berkeley National Laboratoryõs (LBNLõs) California DR Potential Study Phase 3 Report 

found that the quantities of flexible loads available at low cost would be sufficient to significantly 

reduce the amount of renewable energy that is curtailed: 

In 2020, the [potential Shift] resource that is available at or below the battery 

benchmark amounts to 5.3 GWh of Shift resource, primarily provided by 

commercial HVAC, industrial process, and agricultural pumping loads. A single 

dispatch of this entire resource would be sufficient, in principle, to utilize much 

or all of the otherwise-curtailed energy on an average day in spring 2019 [é] The 

available Shift resource could also shrink the typical evening generation ramp by 

as much as 50%, reducing the need for costly flexible generation resources.42 

The LBNL DR Potential Study found that by 2030, California could shift 2-5% of daily load (10-20 

GWh) and save $200-500 million (2015$) in annual costs associated with curtailing renewable 

generation (Figure 3-7). Analysis of the 2019-2020 IRP model showed that without DERs and 

customer load shift resources providing necessary demand flexibility, installing additional renewable 

resources will lead to higher levels of curtailment and more extreme ramping requirements.  

 
41 Brinkman, Gregory, et.al. òLow Carbon Grid Study: Analysis of a 50% Emission Reduction in California.ó No. NREL/TP-6A20-

64884. National Renewable Energy Laboratory (NREL), 2016.  

42 Gerke, Brian, et. al., òThe California Demand Response Potential Study, Phase 3: Final Report on the Shift Resource Through 

2030,ó Lawrence Berkeley National Laboratory (LBNL), 2020.  
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Figure 3-7: Potential Shift resources identified by end use and sector in LBNLõs 

California DR Potential Study Phase 3.43  

 

3.2.2 Transportation Electrification Potential  

The potential of EVs to provide system-wide benefits is further enhanced if EVs can also sell back 

their stored energy to the grid (i.e., vehicle-to-grid or V2G). V2G can be used as a reliability resource 

during high-demand periods. For example, stakeholders have highlighted the ability of 

 
43 Id. Note: The dotted grey horizontal lines show the cost of BTM battery storage for each year. The available quantity of shift 

resource is shown as the amount of energy (in GWh) that is available per average shift event. There can be multiple shift events in a 

day. 
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medium/large vehicles (e.g., school buses in summer months) to be mobile storage resources that 

can be dispatched to provide locational grid support during critical events. However, export 

limitations in current utility tariffs need to be addressed along with assessing the appropriate time 

and location-varying prices that reduce the potential for cost-shift from EV owners to non-owners. 

3.2.3 Potential of Buildings and Other End Uses  

California has an aggressive set of building and end-use electrification goals to further decarbonize 

major end-uses of energy in the state. Multiple cities and counties have adopted building codes that 

require new buildings and/or retrofits to existing buildings to reduce their reliance on gas for 

heating, cooking, and other end-uses. The use of electric heat pumps for both water heating and 

HVAC systems is expected to grow significantly. These resources can significantly enhance 

customer demand flexibility, especially if integrated with smart home or automation technologies.  

3.2.4 Conclusion s 

Californiaõs climate goals achieved through electrification will significantly increase the use of 

electricity for a variety of end-uses and create new classes of loads with significantly more flexibility. 

End-use electrification provides opportunities to reduce household energy costs. Electrified 

buildings can store energy by pre-cooling/pre-heating and can reduce customer energy bills by 

responding to the price of energy to schedule their HVAC and water heating operations. The 

scheduling of electric water pumping can be a major source of load shift in the agricultural sector. 

Managed charging (V1G and V2G) of EVs and optimized dispatch of energy storage can provide 

system-wide benefits while reducing customer energy bills. 

It is important to highlight that most of the load shift potential discussed in this section should be 

available at little or no reduction in the value of service or comfort to consumers. Traditional load 

shedding programs that are focused on a limited number of events for the year typically involve a 

trade-off between the available incentive through the DR program and the utility or comfort of the 

end-use load. Load shift through pre-cooling/heating buildings or scheduling of EV charging does 

not impact the value of the service associated with the loads. As the LBNL report notes: 

For many shiftable end-uses, a multi-hour shift can often be executed with a 

minimal impact on the customerõs perceived level of energy service: for instance, 

delaying the operation of an appliance for a few hours, or pre-cooling a building 

to enable an evening load reduction, may not have noticeable impacts on 

customer convenience or comfort.44 

As discussed in the next section, the current approaches to most DR programs and rate structures 

are unlikely to provide a streamlined path to unlocking the full value-stack of end-use electrification. 

 

 
44 Gerke, Brian, et. al., òThe California Demand Response Potential Study, Phase 3: Final Report on the Shift Resource Through 

2030,ó Lawrence Berkeley National Laboratory (LBNL), 2020. 
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3.3 Issues with Current DR Strategies and Retail Rates  

As noted earlier, there appears to be some stakeholder sentiment that the current bifurcated 

approach to demand response policies (SSDR and LMDR) taken together has become overly 

complex and confusing, is not well positioned to address the emerging grid needs and is a barrier to 

scaling demand management solutions to the levels necessary to support Californiaõs clean energy 

goals. 

3.3.1 Critical Is sue Areas  for Supply -Side Demand Response   

Over the last 20 years, the CPUC has pursued a multipronged approach to demand response and 

worked systematically to improve its reliability and scale.  

Perhaps one of the most significant milestones in the CPUCõs evolution of demand response came 

in 2015 with the development of the supply-side DR (SSDR) pathway involving the integration of 

utility load shed programs into the CAISOõs wholesale energy market, allowing them to compete 

directly on an economic basis with conventional fossil-based generation. Working closely with the 

CAISO, which developed market models to allow DR resources to participate in the CAISO market, 

the CPUC developed Rules 24 & 32 governing retail customer participation in wholesale markets via 

DR market products.  

In addition, a òclick-throughó tool was developed by the IOUs for customers electing to enroll in 

competing DR programs offered by third-party DR providers and grant those third-party DR 

providers access to their data while protecting customer privacy. Complementing this was the 

cultivation of a competitive ecosystem of third-party DR providers through the Demand Response 

Auction Mechanism (DRAM), and IOU òall sourceó solicitations where DR and other clean energy 

resources compete against conventional generation. More recently, Community Choice Aggregators 

(CCAs) have become active in procuring SSDR resources.  

Tremendous accomplishments have been achieved in the development of supply-side demand 

response over several years. However, experience with SSDR programs has revealed significant 

challenges and costs and DR capacity procurement has not scaled as hoped. At the same time, the 

needs of the grid have evolved significantly, and there are indications that the market integrated DR 

products may have limited flexibility in addressing the emerging grid challenges.  

Some stakeholders have expressed concerns that the incentive based SSDR pathway appears 

inherently limited in scalability. As further elaborated below, major issues with the SSDR framework 

include high complexity, high costs, misalignment between system needs and customer expectations, 

and limited flexibility.  

While the SSDR program portfolio is expected to continue playing an important role in system 

reliability, the proposed CalFUSE framework described in Chapter 4 is designed to scale demand 

flexibility to the levels needed to address emerging grid challenges discussed earlier in this chapter. 
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A. HIGH COMPLEXITY 

Stakeholders have noted concerns about high complexity associated with SSDR resource 

procurement mechanisms and program implementation. 

Procurement M echanisms 

The SSDR procurement landscape in California has been evolving and has been criticized as 

complex and confusing. Below is a summary of the various mechanisms currently in play to procure 

SSDR resources among CPUC jurisdictional service areas. 

Programs administered by IOUs include: 

a) Emergency programs (with participation by directly enrolled customers or third-party 

aggregators), which can be dispatched by the CAISO for emergencies only. 

b) Capacity bidding programs (with participation by third-party aggregators enrolling mostly 

commercial customers), where the DR resources are bid into the CAISO market by the 

IOUs on an economic basis in competition with generators. 

c) A/C cycling programs (with participation by directly enrolled customers), which can be 

dispatched for emergencies or bid economically by the IOUs into the CAISO market. 

d) All-source solicitations run by the IOUs to procure longer term (multi-year) contracts 

(e.g., Local Capacity Requirement contracts) for resource adequacy capacity to address 

projected insufficiency in supply portfolio - SSDR resources offered by third-party 

aggregators are eligible to compete in the solicitations and have sometimes been selected. 

Programs administered by third-party DR providers45 include: 

a) DR resources selected and contracted by the IOUs via the DR Auction Mechanism 

(DRAM) to meet short-term resource adequacy obligations. DRAM has been in progress 

for 8 years as a pilot program, with its ultimate future to be decided by the CPUC in a 

pending DR proceeding. 

b) DR resources selected and contracted by the Community Choice Aggregators (CCAs) to 

meet their resource adequacy obligations. 

c) DR resources contracted bilaterally by the IOUs, pursuant to the summer reliability 

decision D.21-12-015.  

Each procurement vehicle listed above involves various evolving policies (such as eligibility, 

incrementality, dual participation, etc.), different program design elements, including incentive 

structure and dispatch parameters, variations in performance & penalties, and unique contractual 

terms and conditions.  

 
45 Note: A key difference between third-party DR aggregators and third-party DR providers is that the CAISO market bidding 

strategy for resources offered by aggregators is controlled by the IOUs. In the latter case, the market bidding strategy for the 

underlying resources is controlled by the third-party.  
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This patchwork procurement situation creates confusion in the marketplace and complexity for 

market participants and fails to inspire confidence that any single procurement mechanism (or all 

mechanisms in aggregate) could scale DR to the level needed to address the evolving grid needs 

associated with high renewables, electrification, and DER deployment. 

Program I mplementation 

In addition to the differences in policies and rules associated with different mechanisms to 

procurement SSDR resources, many aspects of SSDR program implementation could be perceived 

as highly complex by market participants, including (but not limited to):  

a) ex-ante qualifying capacity determination,  

b) customer enrollment and disenrollment processes,  

c) integration with CAISO and IOU processes and IT systems, including challenges in 

access to customer data,  

d) demand response resource integration with and participation in CAISO markets,  

e) ex-post performance measurement and settlement processes, and 

f) regulatory compliance with CPUC, CAISO, and CEC policies and processes, etc. 

Limited Growth 

As a result of above complexities involving SSDR procurement and implementation, the learning 

curve required to participate in the California market is perceived to be steep for potential DR 

providers. This discourages new market entrants and reinforces market concentration, limiting 

growth in the DR market.  

B. HIGH COSTS 

The complexities discussed above contribute to high transaction costs involving substantial efforts 

in customer education and marketing to recruit customers and maintain customer enrollment, and 

substantial investment in IT systems and staff resources to support the complex program 

administration and implementation. Below are some areas where costs add up for DR providers 

(DRPs), which could be an IOU or third-party DR provider, as they integrate a program with the 

CAISO market: 

a) A DRP must either hire a scheduling coordinator46 or become one. 

b) A customer cannot participate in more than one CAISO demand response òresource,ó 

and all customers within the resource must be located within a single sub-LAP47, limiting 

 
46 Note: Only scheduling coordinators are certified to transact business directly with CAISO. See 

http://www.caiso.com/Documents/SCCertificationOverview.pdf. 

47 Note: A sub-LAP is an area within a default load aggregation point (LAP) that group buses with similar grid impacts. See 

http://www.caiso.com/Pages/glossary.aspx 

http://www.caiso.com/Documents/SCCertificationOverview.pdf
http://www.caiso.com/Pages/glossary.aspx
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the size of a DR resource aggregation, meaning integration costs are spread over a 

smaller resource. 

c) The DRP must navigate a multi-step technical process to register a resource aggregation 

with the CAISO. 

d) A third-party DRP must pursue a parallel process with the utility distribution company 

to obtain customer authorization for release of data and then secure that data on an 

ongoing basis for settlement of customer performance. 

e) Expanding the capacity of IOU IT systems to accommodate more Rule 24/32 CAISO 

registrations, and data provision, has required the CPUC to authorize ongoing upgrades 

at incremental costs. 

Counterfactual assessment and settlement: this ongoing complex process uses baselines derived 

through stakeholder working groups and CPUC proceedings and involves substantial investment in 

data collection and IT systems. 

Determination of DR resource qualifying capacity eligible for resource adequacy: Program 

administrators must follow an annual rigorous load impact protocols process to report ex-post 

resource performance. This exercise typically forces a DRP to contract with highly specialized 

independent program evaluators and incur significant expense in the process. 

The accumulation of costs associated with various aspects of market integrated DR could be 

regarded as a serious issue in limiting the scalability of DR programs. 

C. MISALIGNMENT  BETWEEN SYSTEM N EEDS AND CUSTOMER 

EXPECTATIONS 

While SSDR programs directly compete with conventional generation to meet electricity demand, 

the SSDR resources are inherently different. Unlike a generator, these resources are clean, have no 

startup time, have no minimum runtime, and are not affected by transmission failures or line losses. 

However, customers providing demand response may experience temporary disruption or reduction 

in service level or inconvenience from turning down lighting, HVAC and other end uses ð 

sometimes referred to as being òhot and dark.ó This disruption is often associated with customer 

complaints and attrition.  

Capacity payments for SSDR programs can be an attractive incentive to customers for inducing 

them to be available on call to reduce demand when the system experiences high prices or stress. 

However, available energy payments associated with program dispatches can fail to incentivize the 

customers ongoing participation in events if the customers perceive the compensation to be low 

relative to the service degradation experienced by them (that is, customers may perceive their 

marginal or opportunity cost to be higher than the compensation). To minimize attrition, program 

operators seek to avoid dispatch and mitigate service disruption to the customer by bidding high 

prices into the CAISO market, which in turn reduces the value and effectiveness of the SSDR 

resources from the CAISOõs perspective.  
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D. LIMITED FLEXIBILITY  

Looking forward, the SSDR pathway appears to be limited in flexibility. Stakeholders have identified 

at least three limitations discussed below. 

Limited Load Management Potential Beyond Highest Cost Hours 

The SSDR programs focus primarily on load shed during perhaps 30 to 60 hours of highest market 

prices in the year and are not readily adaptable to encourage the 8760-load shape and shift, the type 

of DR needed to address the grid challenges identified earlier. The lack of flexibility is highlighted by 

the CECõs recently initiated rulemaking (CEC Docket Number 21-OIR-03) to amend existing load 

management standards (LMS). The related CEC Staff Report notes that the rulemaking intends to 

address the concern that òexisting demand response programs are incapable of shifting loads to 

periods of high renewable generation, and thus are inadequate for supporting the carbon-free grid of 

the future.ó48 This observation is particularly notable given Lawrence Berkeley National Laboratoryõs 

estimation of an annual average potential of 5.3 GWh of non-battery Shift DR as of 2020 in 

California IOU service territories, at a cost equivalent to or less than that of BTM batteries ð a 

resource they estimate could shift over several hours, and be utilized twice per day to mitigate both 

the morning and evening ramps.49 

L imited Reach in Addressing Local Condit ions  

While SSDR programs respond to CAISO system needs, they lack the flexibility to address local 

distribution needs even though prices, scarcity and congestion vary throughout the system, and 

customers may be able to respond dynamically to local conditions. 

Barriers to Compensation of  DER Services 

Presently, available SSDR pathways involve various barriers that prevent customer DERs from fully 

monetizing their capabilities. For example, as some parties have noted, òMost DERs are 

interconnected under Rule 21, and the only CAISO tariff for these resources is PDR, which does 

not credit energy exported to the grid.ó50 

3.3.2  Critical Issue Areas for Load -modifying Demand 

Response and Retail Rates  

Parallel to the development of SSDR, the CPUC has pursued the development of the load-

modifying DR (LMDR) pathway involving time varying rates, encouraging customers to reduce 

electricity use during events with energy price spikes or shift consumption from periods of higher 

energy prices to periods of lower energy prices. The use of time differentiated rates on a large scale 

 
48 California Energy Commission. òAnalysis of Potential Amendments to the Load Management Standards,ó 19-OIR-01 Final Staff 

Report, November 2021, at iii. (available at) 

https://efiling.energy.ca.gov/GetDocument.aspx?tn=241067&DocumentContentId=74898. 

49 Gerke, Brian, et. al., òThe California demand response potential study, phase 3: final report on the shift resource through 2030,ó 

LBNL, 2020. at 64. 

50 Joint Solar/Storage Parties (SUNRUN, CESA, CALSSA, TESLA, CEERT, VOTE SOLAR, AND ENELX) Track 4 Proposal, 

January 28, 2021, at 4, in R.19-11-009.  

https://efiling.energy.ca.gov/GetDocument.aspx?tn=241067&DocumentContentId=74898
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was enabled by the deployment of over 13 million electric smart meters by the California IOUs 

between 2008 and 2014 at the direction of the CPUC, making them the first utilities in the nation to 

install smart meters. The IOUs began rolling out mandatory time-of-use (TOU) rates for non-

residential customers in 2009. By 2010, the utilities implemented event-based rates for nonresidential 

customers, referred to as Critical Peak Price (CPP), offering relatively low energy prices during most 

hours with markedly high prices during a limited number of events.  

As noted earlier, stakeholders have suggested that a comprehensive review of the electricity rates 

policies underlying the LMDR approach is needed to address a range of serious issues, including the 

proliferation of òboutiqueó technology-specific rates (e.g., for solar, electric vehicles, and storage), 

incentives for uneconomical load management, non-equitable fixed cost recovery and related cost 

shifts, and inability to monetize DER capabilities. The proposed CalFUSE framework described in 

Chapter 4 is designed to address these issues. 

A. INACCESSIBILITY, INEFFICIENCIES, AND CONFUSION ASSOCIATED 

WITH PROLIFERATION OF SPECIAL PURPOSE RATES 

In recent years, the retail electric rates ecosystem has experienced a proliferation of specialized rate 

structures to support disparate policy goals, and the manner in which this has occurred can fairly be 

characterized as ad-hoc and piecemeal. Customers and service providers face challenges in 

navigating tariff options and discovering the appropriate price signals to respond to due to a lack of 

transparency and availability. Customer choice in establishing the right rate offering based on 

consumption patterns is an important goal, but the eventual phasedown, elimination or 

consolidation of older tariff offerings will be required to minimize confusion and promote 

accessibility, scalability, and uniformity of price signals and cost recovery mechanisms.  

A proliferation of rate structures can result in increased overhead (e.g., in revenue cycle services, 

maintenance and adaptation of rate schedules, migration of customers) that translates to an 

incremental fixed cost.  While maintaining an appropriate menu of rate options is a longstanding 

ratemaking goal for the CPUC, managing an ever-expanding slate of tariff options across IOUs can 

be burdensome and carry unintended consequences. 

Furthermore, the confusion associated with rate structure proliferation impedes customer awareness 

of the current electricity prices as well as automation options and wider-scale adoption of demand 

flexibility solutions.  Most utility customers in California do not have any access to the current price 

of electricity (Figure 3-8). Traditional tiered retail rates further remove the link between the actual 

price of electricity and the cost to serve a specific customer. Certain programs enable select 

customer segments access to some real-time information. For instance, the Self-Generation 

Incentive Program (SGIP) provides customer access to a real-time GHG signal, though not real-

time prices. In addition, this program is limited in scope with a small userbase.  

Staff suggests that universal access to the current price of electricity is a critical step in enabling 

customer load shift, load management practices and other behaviors that are needed to meet the 

stateõs climate goals reliably and economically. The state should promote electricity pricing 
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information via a standardized platform with machine-readable prices and technologies that support 

automation of load management, including smart inverters and EV charging hardware.51  

 

Figure 3-8: Present status of  load management in California.52 

B. MISALIGNMENT BETWEEN RETAIL RATES AND GRID ECONOMICS 

Most retail rates deployed currently in California do not reflect real-time, locational energy costs or 

grid conditions such as scarcity or congestion in utilization of capacity limited infrastructure (e.g., 

distribution circuits and generation portfolio). Hence, the actual economic cost to deliver reliable 

and low-carbon electric service is not conveyed in price signals. This encourages customers to 

pursue economically inefficient demand management in response to the price signal, potentially raising 

the cost of service. In addition, distribution and system peaks can occur at different times; some 

circuits can peak during super off-peak hours. The lack of a locationally-informed price for capacity 

cost recovery encourages inefficient outcomes, such as EV charging while circuits are already 

peaking, resulting in sub-optimal grid utilization, which in turn leads to adverse and inequitable 

impacts on cost of service.  

Historically, there was limited motivation to consider the responsiveness of demand-side resources 

because there was limited BTM flexibility that could significantly impact operations and planning at 

the circuit or system level. In addition, conventional supply-side resources were able to operate 

flexibly to meet system demand. As variable output renewable resources have started to become a 

larger share of the available generation mix, conventional (centrally-dispatchable) supply-side grid 

flexibility has become more constrained, and system reliability has been stressed during peak 

demand periods and extreme weather events.53 However, the proliferation of renewable generation 

has also been accompanied with the adoption of demand-side resources that, as highlighted in prior 

sections, can be more flexible than in the past and can modify a customerõs net load profile. Multiple 

 
51 Note: The CEC has outlined a vision for a universal price portal (MIDAS) as part of the LMS proceeding.  

52 See CEC staff presentation from Workshop on Draft Load Management Standards Staff Report on April 12, 2021. 

https://www.energy.ca.gov/proceedings/energy-commission-proceedings/load-management-rulemaking.  

53 D.21-12-015, at 5-6. 

https://www.energy.ca.gov/proceedings/energy-commission-proceedings/load-management-rulemaking













































































































































































