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 48 
 49 

Disclaimer:  This report does not address every aspect of VGI, but rather provides a starting 50 
point for further Commission rulemaking on VGI. Recognizing that it serves only as a starting 51 
point, this report provides a collective expression of the Working Group rather than a record of 52 
individual participant positions. In converging on answers, Working Group participants mostly 53 
agreed, but not all materials, statements, and recommendations are agreed by all participants. 54 

 55 
 56 
  57 
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EXECUTIVE SUMMARY 143 
 144 
 145 
Overview 146 
 147 
To realize its vision of a carbon-free economy, California has set a target of 5 million zero-emission 148 
vehicles on the road and 250,000 charging ports in service by 20301 and expressed an intent to 149 
“reduce costs or mitigate cost increases for all ratepayers due to increased usage of electric vehicles by 150 
accelerating electric vehicle grid integration…”.2 151 
 152 
A definition of VGI is codified in California Public Utilities Code Section 740.6:   153 
 154 

“Electric vehicle grid integration” means any method of altering the time, charging level, or 155 
location at which grid-connected electric vehicles charge or discharge, in a manner that 156 
optimizes plug-in electric vehicle interaction with the electrical grid and provides net benefits to 157 
ratepayers by doing any of the following: (a) increasing electrical grid asset utilization; (b) 158 
avoiding otherwise necessary distribution infrastructure upgrades; (c) integrating renewable 159 
energy resources; (d) Reducing the cost of electricity supply; and (e) offering reliability services 160 
consistent with Section 380 or the Independent System Operator tariff. 161 

 162 
To help realize these goals and methods the California Independent System Operator, California Energy 163 
Commission, California Air Resources Board, and California Public Utilities Commission jointly created 164 
the Vehicle Grid Integration (VGI) Working Group. A 2019 Ruling of the California Public Utilities 165 
Commission (CPUC) tasked the Working Group with addressing the following questions:  166 
 167 

(a) What VGI use cases can provide value now, and how can that value be captured? 168 
(b) What policies need to be changed or adopted to allow additional use cases to be deployed in 169 

the future?  170 
(c) How does the value of VGI use cases compare to other storage or DER? 171 

 172 
The VGI Working Group worked collaboratively between August 2019 and June 2020 to address these 173 
questions. The Working Group was made up of diverse representatives of VGI stakeholders, including 174 
state agencies, utilities, community choice aggregators, the California ISO, electric vehicle 175 
manufacturers, battery manufacturers, charging network and energy service providers, advocacy 176 
groups, industry associations, and ratepayer interest groups. The California Investor Owned Utilities 177 
engaged Gridworks to facilitate the working group and create this report of its outcomes and 178 
recommendations. 179 
 180 
Why VGI Now? 181 
 182 
The Working Group was both mandated and motivated by a conviction that VGI affords many potential 183 
benefits, including:  184 
 185 

● Accelerating the adoption of EVs by providing additional revenue streams that lower the total 186 
cost of vehicle ownership for individual owners and fleet operators;  187 

 
1 Executive Order B-62-18 (https://www.ca.gov/archive/gov39/2019/01/04/executive-order-b-62-18/index.html);  
2 Public Utilities Code Section 740.6 (a)(D)(2) 
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● Reducing costs to electricity ratepayers by reducing congestion on existing power distribution 188 
infrastructure and costly distribution system upgrades, as well as reducing the need to invest in 189 
new fossil-fuel electricity generation; 190 

● Supporting further decarbonization of the electric sector by avoiding curtailment of renewables 191 
and providing grid services; and 192 

● Accelerating reduction of carbon and criteria pollutant emissions from the transportation sector.  193 
 194 
Opportunities to realize these benefits are available today and will grow rapidly as EV adoption expands. 195 
Shaping a customer’s attitude toward VGI may also be easier when they first adopt. Much depends on 196 
what happens in the next few years.  197 
 198 
 199 
VGI Use Case Definition and Valuation 200 
 201 
As summarized in Section A, the Working Group first collaborated to develop a VGI use case framework 202 
able to define, screen, evaluate and prioritize potential VGI use cases. The framework developed 203 
provides a first-of-its-kind organization of the potential VGI market. It recognizes comprehensively the 204 
key factors shaping VGI:  where the vehicle would be charged/discharged, services the resource 205 
provides, power flow to and/or from the vehicle, control mechanisms for charging or discharging, 206 
degree of alignment of actions by the vehicle and the charger, and the characteristics of charging 207 
technologies and vehicle types. The Working Group uses this framework to systematically explore the 208 
universe of VGI potential and answer the question “which VGI use cases can provide value now?” 209 
 210 
What emerged are over 300 different VGI use cases that, for the purposes of this report, should be 211 
considered as able to provide value by 2022. These use cases address VGI across a wide range of sectors 212 
(e.g., residential, commercial, single family, rideshare), applications (e.g., bill management, renewable 213 
energy integration, distribution upgrade deferral) and approaches (e.g., V1G, V2G). Both light-duty and 214 
medium-/heavy-duty vehicle types are represented by the use cases.  215 
 216 

V1G is single-direction charging-only that allows managed charging and flexible demand (“demand 217 
response”) 218 
  219 
V2G (vehicle-to-grid) is bidirectional charging and discharging, allowing vehicles to discharge stored 220 
energy back onto the grid or into a building or local power system. 221 

 222 
Although the Working Group did not conduct cost-benefit analysis nor rank these use cases explicitly, it 223 
did consider several ways to differentiate use cases that were scored highly by the Working Group in 224 
terms of high benefits, low costs, and easy low-risk implementation.  Such highly-scored use cases 225 
illustrate different aspects of value and present a robust overview. 226 
 227 
One key differentiator among these potential use cases is the benefits they provide through their 228 
application. The applications which were scored highest by the Working Group include: 229 
 230 

● Customer bill management 231 
● Avoiding or deferring investment in upgrading the power distribution grid 232 
● Home and building backup power 233 
● Daytime charging to support balancing and storing renewable energy 234 
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While the Working Group recognized the challenge of simultaneously advancing over 300 use cases, an 235 
important result is that there are many potential VGI use cases that can provide value, and that the 236 
potential market for VGI is diverse and interwoven across a broad swath of the transportation and 237 
power sectors. Given the use case assessment work performed by the Working Group, it appears that 238 
the work of developing VGI markets will demand persistent experimentation for the next several years, 239 
rather than simple broad, sweeping strokes that can happen quickly. California should take an inclusive 240 
approach to VGI opportunities until more insight about their relative value can be gained. 241 
 242 
Recommendations on how to capture the value of these use cases are addressed by the policy 243 
recommendations in the following section.  244 
 245 

There are several key distinctions within the VGI landscape that give shape to the Working Group’s 246 
policy recommendations: V2G as distinct from V1G, and medium-/heavy-duty as distinct from light-duty.  247 
Light-duty V1G use-cases such as a residential customer charging at a single-family house on a time-248 
differentiated rate are generally more familiar. The Working Group made a conscious effort to explore 249 
and promote medium-/heavy-duty and V2G use cases. Through this effort the benefits unique to these 250 
use cases were recognized and recommendations to overcome barriers were emphasized.   251 

 252 
 253 
Policy Recommendations 254 
 255 
The Working Group built off its successful definition and valuation of VGI use cases to consider what 256 
policies need to be changed or adopted to allow additional use cases to be deployed in the future? 257 
The overriding intent of this process was to create actionable specific recommendations for 258 
consideration by California’s state agencies, investor-owned utilities, community choice aggregators, the 259 
California ISO, and others. 260 
 261 
As summarized in Section B, the Working Group developed a set of 94 individual recommendations for 262 
policy actions that California state agencies, utilities, community choice aggregators, and CAISO could 263 
undertake to advance VGI in the short-term (2020-2022), medium-term (2023-2025), and long-term 264 
(2026-2030). These recommendations are separated into 11 different policy categories:  265 
 266 

# Category 
1 Reform retail rates 
2 Develop and fund government and LSE customer programs, incentives, and DER procurements 
3 Design wholesale market rules and access 
4 Understand & transform VGI markets by funding/launching data programs, studies & task forces 
5 Accelerate use of EVs for bi-directional non-grid-export power / PSPS 
6 Develop EV bi-directional grid-export power including interconnection rules 
7 Fund and launch demonstrations and other activities to accelerate & validate commercialization 
8 Develop, approve, and support adoption of other non-interconnection technical standards 
9 Fund and launch market education & coordination 
10 Enhance coordination and consistency between agencies and state goals 
11 Conduct other non-VGI-specific programs and activities to increase EV adoption 

 267 
Together, these categories broadly address virtually all aspects of policy support for the VGI use cases.  268 
 269 



 

 7 

Of the 94 policy recommendations made by the Working Group, the following 23 constitute the most 270 
urgent recommendations with the highest-level of support from participants: 271 
 272 

Policy Recommendations 
Create an "EV fleet" commercial rate that allows commercial and industrial customers to switch from a 
monthly demand charge to a more dynamic rate structure 
Require utilities to broadcast signals to a DER marketplace of qualified vendors (curtailment and load) 
V2G systems become eligible for some form of SGIP incentives. 
Enable customers to elect BTM load balancing option to avoid primary or secondary upgrades, either if 
residential R15/16 exemption goes away, or as an option for non-residential customers 
Consider coordinated utility and CCA incentives for EVs, solar PV, inverters, battery storage, capacity, and EV 
charging infrastructure to support resilience efforts in communities impacted by PSPS events 
Allow V1G and V2G to qualify for SGIP to level the playing field with incentives for other DERs, but V1G would 
get less incentive compared to V2G based on permanent load shift logic 
Incentive(s) for construction projects with coincident grid interconnection and EV infrastructure upgrade 
Enable customers, via Rules 15/16 or any new EV tariff, to employ load management technologies to avoid 
distribution upgrades, and focus capacity assessments on the Point of Common Coupling 
Use EPIC, ratepayer, US DOE, and/or utility LCFS funds for an on-going, multi-year program to convene VGI data 
experts to study a wide array of VGI topics 
Pilot funding for EV backup power to customers not on microgrids, including state-wide goals for at least 100 
EVs by 2021 and 500 EVs by 2022 
Develop standards and requirements for buildings which will support the use of the EV's main power batteries 
for customer resiliency 
Pilot funding for V1G and V2G for microgrid and V2M solutions, including a state-wide near-term goal; and 
utilities’ PSPS plans and microgrid frameworks should consider EVs for FTM grid services 
Leverage EPIC funding to pilot use-cases to better understand realistic costs and implementation challenges 
and to identify ways to reduce costs and streamline ease of implementation 
Create pilots to demonstrate V2G's ability to provide the same energy storage services as stationary systems 
and let V2G systems participate in pilots for stationary storage 
Special programs and pilots for municipal fleets to pilot V2G as mobile resiliency 
Demonstration to define the means to allow aggregators, EV network providers, and charge station operators 
to dynamically map the capacity and availability of EVSE resources, using open standards 
Use EPIC, ratepayer, US DOE, and/or utility LCFS funds in many competitively bid large-scale demonstrations of 
promising VGI use cases 
Study to understand the impact on the distribution grid and generation system from EVs based on over ten 
existing or planned mandates from CARB and AQMDs to meet California’s 2045 carbon neutral goal 
Create public awareness and education programs and materials on V2G systems and how to get them. This 
could particularly be focused toward government fleets 
State agencies coordinate and maintain consistency on TE and VGI across the different policy forums with no 
duplication of regulation, clear roles and vision on VGI and priority on state TE goals over VGI 
Incentivize use of multiple open standards for VGI communication, charging networks, cloud aggregators, and 
site hosts 
Permit streamlining 
Incentives for new construction -- public parking lot projects 

 273 
 274 
A number of these recommendations that recognized the need for strong cross-agency, jurisdiction and 275 
stakeholder coordination in support of VGI had particularly strong agreement and convergence among 276 
Working Group participants. 277 
 278 
Beyond the recommendations that received the highest level of support from Working Group 279 
participants, another 65 recommendations were made for the short-term, medium-term, and long-term. 280 
Section B gives a full account all policy recommendations made, as well as valuable dissenting 281 
perspectives on many of them. 282 
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Valuing VGI Relative to Other Distributed Energy Resources 283 
 284 
The Working Group was challenged by the question “how does the value of VGI use cases compare to 285 
other storage or DERs?” and does not offer a complete response at this time. Challenges included: 286 
 287 
• Lack of time and resources to conduct the necessary quantitative analytics  288 
• Limited expertise by many participants in storage and other DERs 289 
• Limited insight into the costs of VGI resources and limited availability of cost data, which is 290 

considered proprietary by potential vendors 291 
• Lack of a developed framework and analysis criteria for make true “apples-to-apples” comparisons  292 

 293 
While the Working Group could not respond in full, Section C of this report contributes substantially to 294 
resolving this question by organizing the challenge and potential approaches to achieve resolution. 295 
Further efforts to compare VGI use cases with other DERs can recognize and incorporate the wealth of 296 
work and perspectives on VGI use cases produced by the Working Group. 297 
 298 
 299 
 300 
 301 
 302 
  303 
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INTRODUCTION 304 
 305 
To realize its vision of a carbon-free economy, California has set a target of 5 million zero-emission 306 
vehicles on the road and 250,000 charging ports in service by 2030.3 California has also expressed an 307 
intent to “reduce costs or mitigate cost increases for all ratepayers due to increased usage of electric 308 
vehicles by accelerating electric vehicle grid integration.”4 Today California already leads the nation in 309 
electric vehicle (EV) adoption with over 700,000 EVs on the road.5  310 
 311 
Fueling millions of electric vehicles (EV) is both a challenge and an opportunity for California’s grid and 312 
customers. The California Independent System Operator (CAISO), California Energy Commission (CEC), 313 
California Air Resources Board (CARB), and California Public Utilities Commission (CPUC), along with 314 
other state agencies and organizations, have each invested significant effort to investigate how electric 315 
vehicles can be best integrated with the electric grid.6 316 
 317 
One key focus of California state agencies has been to understand the most valuable opportunities for 318 
integrating EVs with the grid and determining what that value is.  If charging occurs during existing peak 319 
periods, California may (1) need to invest in new distribution infrastructure and generation, (2) face new 320 
grid operational challenges, and (3) see increased emissions from the electric sector.7 Conversely, 321 
charging that avoids peak periods in favor of times that are optimal to both the customer and the grid 322 
presents an opportunity. If electric vehicle load can be managed or vehicles can be configured to export 323 
power to the grid, new investment, operational challenges and emission increases can be avoided, all 324 
while reducing emissions from the transportation sector and providing new, more affordable mobility.  325 
 326 
There are also challenges and opportunities for EVs in the context of wildfire risk and California’s Public 327 
Safety Power Shutoffs (PSPS). Some customers may be hesitant to adopt EVs for fear that charging 328 
during an outage would be impossible. Other customers may see an opportunity, using Vehicle-to-329 
Building (V2B) technology to provide onsite backup power or Vehicle-to-Grid (V2G) options to support 330 
grid resilience.  331 
 332 
Opportunities for integrating EVs with the grid have collectively been called Vehicle Grid Integration 333 
(VGI). California’s Public Utilities Code Section 740.16 defines VGI as follows: 8 334 
 335 

“Electric vehicle grid integration” means any method of altering the time, charging level, or 336 
location at which grid-connected electric vehicles charge or discharge, in a manner that 337 
optimizes plug-in electric vehicle interaction with the electrical grid and provides net benefits to 338 
ratepayers by doing any of the following: (a) Increasing electrical grid asset utilization; (b) 339 
Avoiding otherwise necessary distribution infrastructure upgrades; (c) Integrating renewable 340 

 
3 Executive Order B-62-18 (https://www.ca.gov/archive/gov39/2019/01/04/executive-order-b-62-18/index.html) 
4 California Public Utilities Code Section 740.6 (a)(D)(2) 
5 https://www.veloz.org/wp-content/uploads/2020/02/12_Q4_2019_Dashboard_PEV_Sales_veloz.pdf; Executive Order B-48-
18; https://www.ca.gov/archive/gov39/2018/01/26/governor-brown-takes-action-to-increase-zero-emission-vehicles-fund-
new-climate-investments/index.html 
6 https://www.caiso.com/Documents/Vehicle-GridIntegrationRoadmap.pdf; https://ww2.energy.ca.gov/transportation/vehicle-
grid-integration/; https://www.cpuc.ca.gov/vgi/ 
7 Cutter, Eric (E3). “California Framework for Grid Value of Vehicle Grid Integration“ April, 2019. https://gridworks.org/wp-
content/uploads/2019/05/VGI_4.12-Slides.pdf 
8 California’s Public Utilities Code Section 740.16; 
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200AB983 



 

 10 

energy resources; (d) Reducing the cost of electricity supply; (E) Offering reliability services 341 
consistent with Section 380 or the Independent System Operator tariff" 9 342 

 343 
VGI can include a range of solutions, from passive interventions such as electric time-of-use rates which 344 
give customers pricing signals to incentivize or disincentivize charging during specific time windows, to 345 
active solutions that leverage the EV’s battery to modulate the vehicle’s charge or discharge into the 346 
grid. VGI has the potential to provide a wide range of benefits for the adopting customers, electricity 347 
ratepayers, their electricity service providers, grid operators and the overall environment and society.  348 
 349 
 350 
Scoping of the VGI Working Group 351 
 352 
As part of California’s continuing policy-making efforts for accelerating the adoption of EVs and for 353 
realizing the multiple benefits of EVs, the California Public Utilities Commission (CPUC) instituted in 2018 354 
an Order Instituting Rulemaking (OIR) to Continue the Development of Rates and Infrastructure for 355 
Vehicle Electrification (R.18-12-006), also called the “DRIVE OIR.”10 An associated May 2, 2019 Scoping 356 
Ruling and Memo ordered a new interagency, multi-stakeholder VGI Working Group to focus on 357 
identifying the costs and benefits of VGI use cases, tied to the goals set forth in the 2018 OIR.11    358 
 359 
The Working Group was scoped to evaluate use cases for managed charging and demand-response 360 
(commonly referred to as V1G), use cases in which vehicle batteries discharge stored energy back onto 361 
the grid (vehicle-to-grid or V2G), and use cases in which vehicle batteries discharge only behind-the-362 
meter (vehicle-to-building/home or V2B/V2H).12 As directed in the R.18-12-006 Scoping Ruling, the 363 
Working Group was to, at a minimum, cover the following questions: 364 
 365 

(a) What VGI use cases can provide value now, and how can that value be captured? 366 
(b) What policies need to be changed or adopted to allow additional use cases to be deployed 367 

in the future?  368 
(c) How does the value of VGI use cases compare to other storage or DER? 369 

 370 
The Working Group collaborated between August 19, 2019 and June 30, 2020 developing, discussing, 371 
and converging on answers to these three questions (“PUC Question (a)”, “PUC Question (b)” and “PUC 372 
Question (c)”). Over 90 organizations participated, including state agencies, Investor-Owned Utilities 373 
(IOUs), Community Choice Aggregators (CCAs), Municipally Owned Utilities (MOUs), the California ISO 374 
(CAISO), EV manufacturers, battery manufacturers, charging network and energy service providers, 375 
advocacy groups, industry associations, and ratepayer interest groups. This level of participation, 376 
expertise, and perspectives was fundamental to the success of the Working Group. The organization 377 
Gridworks, an experienced facilitator for VGI and DERs more broadly in California and elsewhere, 378 
facilitated the process.  379 
 380 
Participating organizations contributed through a regular series of workshops, conference calls, 381 
submissions of materials, and reviews. A broad range of experts and stakeholders conducted use case 382 

 
9 SB 676; http://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200SB676 
10 R.18-12-006 Development of Rates and Infrastructure for Vehicle Electrification and Closing OIR; 
https://docs.cpuc.ca.gov/SearchRes.aspx?DocFormat=ALL&DocID=252025566 
11May 2, 2019 Scoping Ruling and Memo; https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M285/K712/285712622.PDF 
12 Ibid 
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assessment, including group-based and individual-based use-case screening and scoring, developed 383 
policy recommendations, and took part in an extended survey on the policy recommendations. All 384 
together this generated hundreds of recommendation items and tens of thousands of individual data 385 
points on participant assessments, opinions, and comments.  386 
 387 
 388 
Community Choice Aggregation and VGI 389 
 390 
Community Choice Aggregators (CCAs) participated actively in the Working Group, supporting the 391 
creation of recommendations for all Load Serving Entities (LSEs). As nonprofit public entities governed 392 
by the cities, counties and towns that they serve, CCAs now represent a large driver of clean energy in 393 
California. As electricity suppliers to public sector, residential, business and industry customers, CCAs 394 
possess relevant customer data and are using that data to inform programs for transportation 395 
electrification. As CCAs continue to expand their transportation electrification programs, coordination 396 
and planning between CCAs and IOUs on VGI will be essential.  397 
 398 
 399 
Limits of the Report 400 
 401 
The Working Group provided extensive perspective on PUC Questions (a) and (b). However, due to time, 402 
data, and expertise constraints, the Working Group could only suggest ways in which the CPUC might 403 
pursue answers to PUC Question (c) in the future. Some participants recommended further quantitative 404 
work for both PUC Questions (a) and (c), given more time and funding for experts. 405 
 406 
This report does not address every aspect of VGI, but rather provides a starting point for further 407 
Commission rulemaking on VGI. Recognizing that it serves only as a starting point, this report provides a 408 
collective expression of the Working Group rather than a record of individual participant positions. In 409 
converging on answers, Working Group participants mostly agreed, but not all materials, statements, 410 
and recommendations are agreed by all participants. 411 
 412 
While focusing on the three PUC Questions, the Working Group deemed some issues out of scope or 413 
beyond its ability and time to address, including cost-benefit analysis (and net value); obtaining detailed 414 
cost data on use cases; technology and infrastructure development; comprehensive treatment of 415 
barriers to VGI; and assessment of customer interest, acceptance, and retention, and what is required 416 
(and associated costs) to get customers to participate in VGI programs (e.g., incentives, marketing, 417 
dealership education). 418 
 419 
 420 
Stages of the Working Group and Connection to Other VGI Efforts 421 
 422 
Over the ten-month period the Working Group proceeded in four distinct stages (Table 1).  The 423 
materials produced by the Working Group over these four stages are mapped and linked in Annex 1. The 424 
process through which the Working Group developed these materials and the organizations that 425 
participated are described in Annexes 2 and 3. And further reference material is provided in Annex 4.  In 426 
addition to answering PUC Questions (a) and (b), the Working Group produced a great wealth of 427 
materials containing recommendations, comments, frameworks, and perspectives on VGI for both the 428 
short-term and long-term.  429 
 430 
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The VGI Working Group conducted its work with the full recognition of the many other ongoing and 431 
planned efforts by California state agencies and other entities to address transportation electrification.  432 
These include the new mandates of SB676 for supporting transportation electrification to 203013, the 433 
Transportation Electrification Framework14, the updated CEC VGI Roadmap15, CALGreen building code 434 
updates16, SGIP program revisions17, the Rule 21 interconnection proceeding18, the microgrids 435 
proceeding19, rate proceedings20, CEC EPIC funding21, and many initiatives by private entities, IOUs, 436 
CCAs, and other Load Serving Entities (LSEs).  437 
 438 
 439 
Table 1:  Four Stages of the VGI Working Group 440 

Stage Dates Materials Produced 
1. Methodology 8/19/19-

10/31/19 
Developed and agreed upon a basic use-case assessment 
framework and methodology 

2. Use case assessment: 
PUC Question (a) 

9/30/19- 
1/30/20 

Identified and screened 1060 distinct use cases that could 
potentially provide value, using technology, market, customer 
acceptance, and data availability screens.  Scored use cases that 
passed screening in terms of benefits, costs, and ease/risk of 
implementation, and put forth over 300 distinct use cases deemed 
to provide value 

3. Policy recommendations:  
PUC Question (b) 

1/31/20- 
6/4/20 

Developed a set of 94 policy recommendations in 11 categories 
with extended supporting descriptions. Surveyed participants on 
their agreement with these recommendations, the clarity and 
relevance of the recommendations, and further comments. 

4. DER comparisons:  
PUC Question (c) 

4/16/20- 
5/15/20 

Suggested further action by the PUC in comparing VGI use cases 
with other DER use cases, but did not provide an answer to PUC 
Question (c). 

 441 
 442 
Why Is VGI Important? 443 
 444 
At the end of the Working Group, participants were asked why they had participated and why they 445 
thought that effort on VGI was worthwhile. Some responses were: 446 

 447 
VGI can provide key, material benefits to the EV driver:  from financial incentives/rewards that 448 
help to lower the total cost of ownership, to confidence and assurance that their charging needs 449 
will be taken into account across all charging venues, to helping align their EV charging with 450 

 
13 SB676 ; https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200SB676 
14 SB 350 Transportation Electrification Programs;  https://www.cpuc.ca.gov/sb350te/, 
(D.18-05-040); https://www.cpuc.ca.gov/WorkArea/DownloadAsset.aspx?id=6442457637 
15 CEC VGI Roadmap; https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=18-MISC-04 
16 CALGreen (CCR, Title 24, Part 11); https://www.dgs.ca.gov/BSC/Resources/Page-Content/Building-Standards-Commission-
Resources-List-Folder/CALGreen 
17 SGIP; https://www.cpuc.ca.gov/sgip/ 
18 Rule 21 Interconnection Proceeding (R.17-07-007); https://www.cpuc.ca.gov/Rule21/ 
19 Microgrids OIR (19-09-009); https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M314/K274/314274617.PDF 
20 Zero Emission Vehicle Rate Programs; https://www.cpuc.ca.gov/General.aspx?id=12184  
21 CEC Electric Program Investment Charge Program; https://www.energy.ca.gov/programs-and-topics/programs/electric-
program-investment-charge-epic-program 
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renewable availability (appeals to the ‘green’ conscience).  In this way, we see VGI as a key 451 
element in helping to enable and accelerate EV adoption. –Ford 452 
 453 
Intelligently marrying electric vehicle and the grid offers a significant opportunity to unlock 454 
value and benefits for EV drivers, ratepayers, industry stakeholders, and society overall.   455 
–General Motors 456 
 457 
VGI allows us to maximize the value of our EV charging technologies we are able to deliver to 458 
drivers, site hosts, utilities, and grid operators. –Enel X 459 
 460 
VGI is an integral part of ensuring that transportation electrification is clean, affordable, 461 
resilient, and simple. VGI should be proactively and thoughtfully included in transportation 462 
electrification strategies, plans, programs, and projects.  VGI is also a key venue for automakers, 463 
utilities, charging providers, and others to come together to ensure a successful transition to the 464 
mobility future we seek. –ENGIE Impact 465 
 466 
Our interest lies in developing the electric transportation market. We want to do everything 467 
possible to reduce barriers to adoption during its growth phase. Through VGI, both the EV 468 
driving public and ratepayers will ultimately benefit. –Southern California Edison 469 

 470 
The Working Group took note of the many benefits that VGI can provide. The comments above point to 471 
benefits that can include lowering total ownership costs for EV owners and fleet operators by providing 472 
additional revenue streams; reducing costs to electric ratepayers by limiting congestion on existing 473 
distribution infrastructure, the need for new fossil generation resources, and costly distribution system 474 
upgrades; supporting further decarbonization of the electric sector by avoiding curtailment of 475 
renewables and providing grid services; and accelerating reduction of carbon and criteria pollutant 476 
emissions from the transportation sector.  Many other potential benefits are explained in the literature 477 
provided in Annex 4. 478 
 479 
The Working Group also noted the ubiquitous nature of VGI potential across all customers and 480 
businesses, given the acceleration of EV adoption, and the unique role of VGI in fostering EV adoption.  481 
That is, VGI can reduce the total cost of ownership of electric vehicles, unlock new value propositions 482 
and revenue streams, and facilitate charging infrastructure investments. VGI-enabled EVs can also 483 
provide grid reliability services and help limit overall electricity system cost increases by providing lower-484 
cost alternatives to traditional supply-side resources, and by mitigating the cost impacts of rising EV and 485 
renewable energy adoption.   486 
 487 
And the Working Group also took note of several potentially unique attributes of VGI that can 488 
distinguish VGI from other traditional DERs and also provide complementary benefits to traditional 489 
DERs, although further understanding and experience is needed to confirm these attributes:22 490 
 491 

• Ubiquity. EVs are becoming ubiquitous so applications and benefits can apply to a broad 492 
segment of utility residential customers, workplaces, and destinations 493 

• Simplicity. For at least some use cases, load flexibility via VGI may be relatively simple to 494 
implement 495 

 
22 These bullets stem from a “targeted discussion” of the Working Group, but were not substantiated with data nor endorsed by 
the full Working Group as currently presented. 
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• Fast and flexible response. Workplace charging may respond quickly to event or price signals to 496 
provide high-capacity real-time flexibility to accommodate intra-day solar availability, 497 
responding to rapid changes in cloud cover, and intra-day ramping as needed to provide voltage 498 
and frequency support.  499 

• Load shift capacity. Residential charging represents long duration loads that are generally quite 500 
able to shift given how long cars are parked and be responsive to TOU rates 501 

• Leveraging of EV investments. Investment in EVs yields transportation and fuel cost benefits 502 
regardless of VGI, and the added or incremental costs of VGI given that EVs already exist may 503 
leverage or capture the large investments in the storage capacity of EVs already being made. 504 

• Leveraging of fleet capacity. Fleet charging facilities may serve as unique “virtual generators” 505 
with high capacity, fast ramping time, and the ability to provide a variety of system services 506 
cost-effectively 507 

• Multiple benefit streams. There is also the potential for “value stacking” in which multiple 508 
benefits or applications can be accrued simultaneously or at different times of day, so that there 509 
are multiple potential value streams from a single investment).23  510 

• Resiliency. There are unique resiliency benefits for the residential sector in particular, given the 511 
high battery capacity of an EV relative to typical residential battery capacity sizes and the ability 512 
of an EV in Vehicle-to-Building/Vehicle-to-Home (V2B/V2H) use cases to provide customer 513 
resiliency to counteract Public Safety Power Shutoffs (PSPS). 514 

• Cross-industry collaboration. VGI is also a unique and effective convening umbrella or venue for 515 
fostering collaboration among entities in the electric power and EV/charging industries. 516 

 517 
 518 
Senate Bill 676 and the VGI Working Group 519 
 520 
During the course of the Working Group, Senate Bill (SB) 676 was enacted by the California legislature. 521 
SB 676 adds a new section 740.16 to the Public Utilities Code on the subject of transportation 522 
electrification.  With the passage of SB 676, the CPUC and other state agencies assumed further 523 
responsibilities with regard to charting and developing VGI policy in California to 2030.  Per SB 676, “the 524 
commission shall establish strategies and quantifiable metrics to maximize the use of feasible and cost-525 
effective electric vehicle grid integration by January 1, 2030.”24  526 
 527 
Although the scope of the VGI Working Group did not change in response to the passage of SB 676, the 528 
broad mandate of PUC Question (b) on policy recommendations allowed the Working Group to think 529 
longer term to 2030. Many of the use cases described in Section A and the policy recommendations 530 
described in Section B also address the medium-term and long-term and could well be relevant to 531 
agency responsibilities under SB 676. 532 
  533 

 
23 VGI Use Case Sub Group Final Report” California Public Utilities Commission. July 2018. 
http://www.cpuc.ca.gov/WorkArea/DownloadAsset.aspx?id=6442454524 
24 SB 676; http://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201920200SB676 
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SECTION A. PUC QUESTION (A):  WHAT VGI USE CASES CAN PROVIDE VALUE NOW, AND HOW CAN 534 
THAT VALUE BE CAPTURED? 535 
 536 
 537 
The Working Group put forth over 300 use cases which, for the purposes of this report, should be 538 
considered as “able to provide value now.”25 These use cases are given in Annex 6.  Although the 539 
Working Group did not prioritize or rank these use cases explicitly, it also put forth a number of smaller 540 
groupings of these 300 use cases (“subsets”) that were scored highly by the Working Group in terms of 541 
benefits, costs, and ease/risk of implementation.  And although the Working Group did not choose any 542 
single one of these subsets to recommend above any other, the subsets nevertheless show different 543 
aspects of value and present a robust overview. Most Working Group participants also agreed that the 544 
answer to “how can that value be captured” is answered by the policy recommendations put forth in 545 
Section B, also considering the specific use cases to which a given policy could apply. 546 
 547 
In order to assess use case value and answer PUC Question (a), one of the first tasks of the Working 548 
Group was to define and adopt a framework and methodology for assessing VGI use cases. The 549 
dimensions of the framework were purposely defined to be of most relevance to policy making, 550 
capturing those aspects of use cases that can be connected to, or are supported by, particular policy 551 
strategies. The framework also provides a foundation for connecting use cases to specific business 552 
models, although the Working Group in assessing use case value for PUC Question (a) did not consider 553 
business models associated with use cases. 554 
 555 
The framework adopted by the Working Group consists of six dimensions for characterizing a use case. 556 
These are: 557 
 558 
1. Sector.  The Sector pinpoints where the vehicle is used and charged/discharged. It could be broadly 559 
grouped into residential and commercial categories, or subsets thereof (e.g. commercial school bus, or 560 
commercial public destination).  The Working Group decided to employ 13 options for Sector. 561 

 562 
2. Application.  The Application refers to the service(s) VGI aims to provide. Applications can be broadly 563 
grouped into “customer applications” that focus on services to the electricity customer and/or EV 564 
owner/operator, and “system applications” that focus on services to the grid. The prospect of “stacking” 565 
these services and their values, such that multiple applications and services can be delivered, is 566 
important and relevant not only to VGI but also to other DERs such as battery storage. The Working 567 
Group decided to employ 17 options for Application. 568 

 569 
3. Type. The Type determines the power flow to and/or from the vehicle, whether uni-directional (V1G) 570 
or bi-directional (V2G). In this framework, “V2G” represents all bidirectional types including power flow 571 

 
25 Use cases receiving at least a benefit score means that at least one participant scored the use case for benefits, 
either for the $/EV/year benefit metric, and/or for the metric total population of EVs that could participate by 
2022. There was some debate about whether use cases scored on only one of these metrics be excluded, since the 
full benefit of multiplying the two metrics together could not be obtained, most participants agreed to include the 
use case if only one of these metrics was scored.  Also, the conclusion that all use cases with benefits should, for 
the purposes of this report, be considered as "able provide value now" should only be interpreted as an answer to 
PUC Question (a), and does not imply that programs to enable these use cases necessarily maximize benefits and 
minimize costs. 
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exporting from the vehicle that may not reach the grid, such as for non-export “vehicle-to-home” (V2H) 572 
and “vehicle-to-building” (V2B) use cases. 573 

 574 
4. Approach. Approach refers to the control mechanism through which the vehicle’s charge and/or 575 
discharge is managed. This could be either indirect (i.e. passive) or direct (i.e. active).  Fundamentally, 576 
indirect (passive) control involves adjusting the EV charge/discharge by responding to a “signal” only, 577 
without prescribing what the charge/discharge adjustment entails. The receiver of the signal chooses 578 
how exactly to respond to that signal, including possibly not responding at all. On the other hand, direct 579 
(active) control involves adjusting the EV charge/discharge by responding to both a “signal” as well as 580 
“dispatching instructions” that prescribes what the charge/discharge adjustment entails. In this case, the 581 
receiver of the signal is provided clear instructions on the requirements to respond to that signal. For 582 
both direct and indirect control, the signal can be economic (e.g. time-of-use price), environmental (e.g. 583 
GHG intensity), or reliability-based (e.g. distribution-grid congestion). Utility time-of-use rates are a good 584 
example of passive control mechanism, whereas demand response programs are a good example of 585 
active control mechanism. Embedded in this dimension is also the role of aggregation. 586 

  587 
5. Resource Alignment.  Resource Alignment specifies whether the “EV actor” and the “EVSE actor” are 588 
“unified” meaning both the EV and EVSE are controlled and/or operated by the same actor, or 589 
“fragmented” meaning controlled and/or operated by different actors.  If they are fragmented, then 590 
Resource Alignment further specifies whether the separate actors are “aligned” or not, meaning 591 
whether their intentions and incentives coincide or are different. Fragmented and misaligned use cases 592 
present the greatest potential for barriers.  The “EV actor” is the party that controls and/or operates the 593 
electric vehicle, and “EVSE actor” is the party that controls and/or operates the electric vehicle charger 594 
under the utility meter.  There are three logical options for Resource Alignment, shown in Table 2. 595 
 596 
6. Technology. Technology identifies the hardware and software needed to realize the VGI opportunity. 597 
Technology considerations include, but are not limited to electric vehicle type, charging rate, charging 598 
type (e.g. AC with mobile inverter, DC with stationary inverter), and communication requirements and 599 
pathways to EV and/or EVSE.   600 
 601 
For each of the first five dimensions, the Working Group defined a specific set of options that could be 602 
chosen to define a given use case (Table 2).  603 
 604 
For the sixth (technology) dimension, for medium-duty and heavy-duty vehicles (MHDV), the sector 605 
dimension covered the basic vehicle type -- large truck (class 6-8), small truck (class 2-5), airport shuttle 606 
bus, school bus, short-range transit bus, long-range transit bus, and transit shuttle van.  However, the 607 
Working Group extended the technology dimension to include the sub-type of vehicle and the type of 608 
service it is employed for. That is, trucks and buses were optionally delineated into several specific 609 
technology variants by battery capacity, charger power, duty cycle, average mileage per route, daytime 610 
vs. nighttime charging, and other technology notes.  This resulted in a number of discrete technology 611 
options (such as “Large Truck A”) when defining MHDV use cases. A similar delineation of discrete 612 
technology options was not done for LDV use cases, although different charger power levels were 613 
defined as technology variants for a handful of the LDV use cases. See Annex 5 for further details.   614 
 615 
 616 
 617 
 618 
  619 
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Table 2: Dimensions of the Use Case Assessment Framework and Use-Case-Definition Options 620 
Sector Application Type Approach Resource 

Alignment 
Residential-SFH 

Residential-SFH Rideshare 

Residential-Multi-Unit Dwelling 

Residential-Multi-Unit Dwelling 
Rideshare 

Commercial-Workplace 

Commercial-Public, Destination 

Commercial-Public, Destination 
Rideshare 

Commercial-Public, Commute 

Commercial-Public, Commute 
Rideshare 

Commercial-Fleet, Transit Bus 

Commercial-Fleet, School Bus 

Commercial-Fleet, Small Truck 

Commercial-Fleet, Large Truck 

Customer-Bill Management 

Customer-Upgrade Deferral 

Customer-Backup, Resiliency 

Customer-Renewable Self-Consumption 

System-Grid Upgrade Deferral 

System-Backup, Resiliency 

System-Voltage Support 

System-Day-Ahead Energy 

System-Real-Time Energy 

System-Renewable Integration 

System-GHG Reduction 

System-RA, System Capacity 

System-RA, Flex Capacity 

System-RA, Local Capacity 

System-Frequency Regulation Up/Down 

System-Spinning Reserve 

System-Non-Spinning Reserve 

V1G 
 
V2G 

Indirect 
(passive) 
 
Direct 
(active) 

Unified and 
Aligned 
 
Fragmented 
and Aligned 
 
Fragmented 
and 
Misaligned 

 621 
 622 
 623 
Steps to Assess Use Case Value 624 
 625 
The process adopted by the Working Group to assess use case value within this framework consisted of 626 
four steps.26 The Working Group methodically went through each of these steps. The results are 627 
described below. See Annex 5 for more details of this process. 628 
 629 

Step (a) Identify use cases potentially providing value 630 
Step (b) Screen use cases based on technological, market, customer, and data considerations 631 
Step (c) Score use cases in terms of potential benefits, costs, and ease/risk of implementation 632 
Step (d) Rank use cases based on the scoring results of Step (d) 633 

 634 
Step (a) Use case development (submissions from participants). Participants were invited to submit any 635 
number of use cases they believed should be considered, by providing the five dimensions of a specific 636 

 
26 The original methodology developed by the Working Group consisted of six steps, the first being the selection of 
the framework and the sixth being creating policy recommendations.  The first step on selection of the framework 
is documented in the material provided in Annex 1 and further explained in Annex 2. This “first step” is not 
elaborated here because the focus of this report is on answering the PUC Questions and not on developing a 
methodology. The sixth step of the methodology is covered by the work described in Section B. The four steps (a)-
(d) outlined here correspond to Steps 2-5 of the formal methodology referenced in Annexes 1 and 2. 
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recommended use case from those shown in Table 2.  There were a total of 2,652 possible use cases to 637 
choose from in making submissions, defined by all possible permutations. In total, nineteen Working 638 
Group participants submitted a total of 1,060 unique use cases. 639 
 640 
Step (b) Screening.  All 1,060 submitted use cases were then screened as either “pass” or “fail” for the 641 
short-term (“now”) timeframe to 2022, consistent with PUC Question (a).27 This was done according to 642 
the methodology’s seven screens for technology (Screen 1), wholesale and retail market participation 643 
rules (Screens 2a-2b), consumer adoption/acceptance (Screens 3a-3b), and data availability (Screens 4a-644 
4b).  Use cases were screened specifically in relation to PUC Question (a) as providing value in California 645 
by 2022. The screening resulted in approximately 340 use cases “passing” as potentially providing value 646 
“now.”28 There were also over 1000 individual comments on screening of individual use cases, for 647 
example to explain reasons for failing particular screens or to provide supplementary information. 648 
 649 
Step (c) Scoring. The use cases that passed screening were then “scored” on their relative benefits, 650 
costs, and ease/risk of implementation.  Benefits were scored according to ranges defined by the 651 
Working Group, in terms of two dimensions: (1) The assessed benefit in dollars per EV per year from 652 
VGI, and (2) the assessed aggregate number of vehicles that “could participate” (are able to participate) 653 
in VGI-enabled charging by 2022.29 Costs and ease/risk of implementation were scored on relative scales 654 
of 1-5 for “very high” costs to “very low” costs and for “easy and low risk” to “difficult and high risk.” A 655 
low score for ease/risk of implementation was also intended to point to unsolvable barriers or 656 
conversely solvable barriers that should garner policy-maker attention. In total, 310 use cases were 657 
scored with at least a partial benefit score. There were also over 500 individual text comments 658 
submitted with the numerical scoring. For example, some comments on the scoring pointed to why 659 
specific use cases received a high or low score for ease/risk of implementation. 660 
 661 
Step (d) Ranking. The Working Group did not agree upon one specific ranking of the 310 use cases as to 662 
which would provide higher or lower value. However, participants also recognized that policy-making 663 
would be difficult if all 310 use cases were left undifferentiated, so the Working Group defined several 664 
“subsets” of use cases that might be considered “higher value” or “high scoring” or “priorities” or 665 
“favorable.”   All of these subsets were assessed by the Working Group as having merit and useful for 666 
further work.   667 
 668 

 
27 PUC Question (a) asks for use cases that can provide value “now.” The Working Group engaged in considerable 
discussion of the meaning of “now” during the use case submission, screening, and scoring steps, and confirmed 
an understanding that “now” was the short-term period 2020-2022 for purposes of use case assessment. Beyond 
“now,” the Working Group defined “medium-term” as 2023-2025 and “long-term” as 2026-2030 for the purposes 
of policy recommendations in Section B. 
28 Note that some of the use cases that passed screening were designated as “disputed passes” by the Working 
Group. This meant one participant or scoring team deemed the use case to pass, and at least one other participant 
or scoring team deemed it to fail. See the “Stage 1 Report” linked in Annex 1 for details. 
29 The scoring of benefits of each use case was based on either customer benefits for customer applications, or 
system benefits for system applications.  System benefits include benefits to ratepayers, and could account, for 
example, for potential downward pressure on electricity rates to the benefit of all customers as VGI allows electric 
power system infrastructure to be used more efficiently. The factors taken into account by participants in scoring 
use cases were partially but not fully documented in their comments on scoring, which are available online (see 
Annex 1).  
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During the scoring step, there was considerable discussion of the availability of cost data and the need 669 
to score costs on a relative rather than an absolute basis in the absence of cost data.  Many participants 670 
emphasized that the Working Group could not make true cost-benefit comparisons when scoring 671 
because of the absence of cost data. See references in Annex 3 for further discussion of this issue. A 672 
number of policy recommendations in Section B also support further work on cost data and cost-benefit 673 
comparisons, including recommendations 4.01, 4.06, 7.03, and 7.09. 674 
  675 
 676 
Working Group Answers to PUC Question (a) 677 
 678 
The conclusion of the Working Group was that all use cases that passed screening and received at least a 679 
benefit score should, for the purposes of this report, be considered as “able to provide value now.”30 680 
These 310 use cases are given in Annex 6.  681 
 682 
Most Working Group participants agreed that no scored use case should be excluded from being 683 
considered as “able to provide value now,” since all scored use cases indicated at least some value. Also, 684 
since the scoring was relative, meaning that costs could not be compared with benefits, the Working 685 
Group was unable to arrive at any assessment of “net value.”  686 
 687 
However, some participants dissented, saying that some of the 310 use cases, although scored, 688 
represented high-cost and low-benefit use cases and should not be viewed the same as those scored 689 
low-cost and high-benefit. Scoring for ease/risk of implementation also can contribute to or detract 690 
from an assessment of “value.” 691 
 692 
Most Working Group participants also agreed that the answer to the second half of PUC Question (a), 693 
“how can that value be captured” would be answered by the policy recommendations put forth in 694 
Section B, combined with specific use cases to which a policy action could apply. The policy 695 
recommendations in Section B contain “relevant use cases” information that point to the value, through 696 
supporting those relevant use cases, that can be “captured” via that policy recommendation. 697 
 698 
As noted above, during the ranking step of the process, the Working Group solicited and documented a 699 
number of “subsets” of use cases that might be termed “higher value” or “high scoring” or “favorable,” 700 
although no such terms were agreed upon by the Working Group.  All of these subsets were assessed by 701 
at least some participants as having merit and useful for further work. Even though there was no full 702 
agreement, these subsets are provided as part of the Working Group’s answer to PUC Question (a), and 703 
are summarized below. 704 
 705 

 
30 Use cases receiving at least a benefit score means that at least one participant scored the use case for benefits, 
either for the $/EV/year benefit metric, and/or for the metric total population of EVs that could participate by 
2022. There was some debate about whether use cases scored on only one of these metrics be excluded, since the 
full benefit result of multiplying the two metrics together could not be obtained, most participants agreed to 
include the use case if only one of these metrics was scored.  Also, the conclusion that all use cases with benefits 
should, for the purposes of this report, be considered as "able provide value now" should only be interpreted as an 
answer to PUC Question (a), and does not imply that programs to enable these use cases necessarily maximize 
benefits and minimize costs. 
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“Consensus use cases.”  Most Working Group participants agreed that priority sectors and applications 706 
for use cases providing value in the short-term (“now”) include the following:31 707 
 708 

o Customer bill management 709 
o Distribution upgrade deferrals 710 
o Home and building backup power (V2H and V2B) 711 
o Commercial sector demand-charge management (customer bill management) 712 
o V2G that can provide value now, including V2G use cases in the bullets above 713 
o System applications easily implementable for vehicle locations with daytime charging ability 714 
o Vehicle types with excess battery capacity relative to duty cycle, such as school buses 715 
o All system and customer applications that defer charging away from peak periods 716 
o Residential sector broadly, for LDV use cases 717 
o Commercial workplace sector broadly, for LDV use cases 718 

 719 
Honda value metric subset.  Honda defined a “value metric” that integrated all three metrics of 720 
benefits, costs, and ease/risk of implementation, as a simple way to rank the scored use cases 721 
considering all three metrics. This metric gives a means to focus on a set of high-value use cases for 722 
more in-depth analysis. The metric Honda developed was the simple multiplication of the benefit score 723 
times the cost score (inverted so lowest cost gives the highest score) times the score for ease/risk of 724 
implementation.  This three-item product gives a single value that can be ranked. See Annex 7 for a list 725 
of the top 25% ranked use cases according to this value metric. Honda also pointed to the over 1,000 726 
text comments that participants made while scoring the use cases, and suggested that comments for 727 
the high-value use cases identified through this metric be examined in depth, as to commonalities, 728 
context, trends, and drivers for specific use cases based on existing policies and programs. 729 
 730 
Ford assessment approach. Ford suggested filtering for high-value use cases that provide at least $150 731 
in value per EV per year, and that received a score for ease/risk of implementation of either “very easy 732 
and not risky” (score of 5 on scale of 1-5) or “easy or not risky” (score of 4).  See Annex 7 for a list of the 733 
use cases included in this subset. Ford suggested that after such filtering, each of the high-value use 734 
cases should be reviewed to brainstorm the policy and industry actions required to catalyze 735 
implementation and capture that value. 736 
 737 
Nissan ranking by application and sector.  Nissan analyzed average benefit scores by application, to 738 
come up with a ranking of the 17 defined use case applications with the highest benefits. See Annex 7 739 
for details of this ranking. The highest-ranked LDV applications were customer bill management, system 740 
real-time energy, system day-ahead energy, and system grid upgrade deferral.  The highest-ranked 741 
MHDV applications were customer bill management, customer renewable self-consumption, system RA 742 
(system capacity), system day-ahead energy, and customer backup/resiliency.  Nissan also analyzed 743 
average benefit scores by sector. The highest-ranked sectors were residential single-family home, 744 
residential single-family-home rideshare, commercial public commute, and commercial workplace.   745 
 746 
Karim Farhat “Prime” subset.  This subset defined a “favorable” use case if there was at least some 747 
benefit from the use case, at minimum an aggregated state-wide benefit of at least $100,000 per year 748 
from the estimated EV population that could participate by 2022, and if the cost was low and the 749 
ease/risk of implementation was favorable.  The exact criteria defined by this subset are:  an average 750 

 
31 The Working Group agreed to call these “consensus use cases” even though a few participants were not in full 
agreement with this term or with every aspect of the subset definition. 
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benefit score of 5.0 or greater (on a logarithmic scale with all scoring results falling into the range of 4.8-751 
8.3), an average cost score of 2.0 or lower (on a scale of 1-5), and an average score for ease/risk of 752 
implementation of 4.0 or higher (also on a scale of 1-5). The cost threshold gives use cases with an 753 
average cost score of “low” or “very low.” The ease/risk of implementation threshold gives use cases 754 
with average scores of either “very easy and not risky” or “easy or not risky.”  755 
 756 
Gridworks “above-median” subset.  This subset defines a use case as providing higher value if all three 757 
metrics for a given use case -- benefits, costs, and ease/risk of implementation -- were each scored 758 
above the median value of all use cases scored for that metric.  The medians were segregated for 759 
customer applications vs. system applications and for LDV vs. MHDV use cases.  “Above median” is 760 
a standard method of distinguishing “high” from “low” in any groupings, and Gridworks as the 761 
Working Group facilitator applied this standard method to compare against the other subsets. 762 
 763 
Any one of these subsets could be chosen and analyzed, in terms of linkages to policy recommendations, 764 
value of the use cases, and detailed understanding of benefits, costs, and ease/risk of implementation. 765 
The over 1,000 text comments provided with scoring submissions provide a further pool of insight on 766 
the use cases within these subsets.  767 
 768 
To illustrate the conclusions and insights possible from a subset, an example is shown in Table 3. These 769 
28 use cases are included in the “consensus use cases” subset and are also included in at least three of 770 
the other subsets defined above. Thus, the agreement across multiple subsets for considering these use 771 
cases to be of higher value is quite robust. Half of the use cases in this example are for residential single-772 
family homes, plus others for residential multi-unit dwellings, commercial workplaces, and rideshare 773 
sectors. And half are for customer bill management applications, with others for customer renewable 774 
self-consumption, system grid upgrade deferral, system resource adequacy, and renewable integration.   775 
 776 
Table 3. Illustration #1:  Multiple-Subset LDV Use Cases* 777 

ID Sector** Application Approach Type Resource** 
1 Residential-SFH Customer-Bill Management Indirect V1G Unified 
4 Residential-SFH Customer-Bill Management Direct V1G Unified 
13 Residential-SFH Customer-Upgrade Deferral Indirect V1G Unified 
16 Residential-SFH Customer-Upgrade Deferral Direct V1G Unified 
37 Residential-SFH Customer-RE Self-Consumption Indirect V1G Unified 
49 Residential-SFH System-Grid Upgrade Deferral Indirect V1G Unified 
85 Residential-SFH System-Day-Ahead Energy Indirect V1G Unified 
88 Residential-SFH System-Day-Ahead Energy Direct V1G Unified 
109 Residential-SFH System-Renewable Integration Indirect V1G Unified 
121 Residential-SFH System-GHG Reduction Indirect V1G Unified 
133 Residential-SFH System-RA, System Capacity Indirect V1G Unified 
148 Residential-SFH System-RA, Flex Capacity Direct V1G Unified 
160 Residential-SFH System-RA, Local Capacity Direct V1G Unified 
205 Residential-SFH, Rideshare Customer-Bill Management Indirect V1G Unified 
208 Residential-SFH, Rideshare Customer-Bill Management Direct V1G Unified 
410 Residential-MUD Customer-Bill Management Indirect V1G Fragmented 
413 Residential-MUD Customer-Bill Management Direct V1G Fragmented 
458 Residential-MUD System-Grid Upgrade Deferral Indirect V1G Fragmented 
614 Residential-MUD, Rideshare Customer-Bill Management Indirect V1G Fragmented 
617 Residential-MUD, Rideshare Customer-Bill Management Direct V1G Fragmented 
817 Commercial-Workplace Customer-Bill Management Indirect V1G Unified 
818 Commercial-Workplace Customer-Bill Management Indirect V1G Fragmented 
820 Commercial-Workplace Customer-Bill Management Direct V1G Unified 
853 Commercial-Workplace Customer-Renewable Self-Consumption Indirect V1G Unified 
854 Commercial-Workplace Customer-Renewable Self-Consumption Indirect V1G Fragmented 
1226 Commercial-Public, Rideshare Customer-Bill Management Indirect V1G Fragmented 
1228 Commercial-Public, Rideshare Customer-Bill Management Direct V1G Unified 
1430 Commercial-Public, Commute Customer-Bill Management Indirect V1G Fragmented 
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(*) This table shows use cases that are included in the “consensus use case” subset and also included in at least three of the 778 
other subsets. (**) SFH stands for single-family home and MUD stands for multi-unit dwelling. Resource includes resource 779 
alignment, but is “aligned” for all entries so is omitted from the table. 780 
 781 
 782 
As another illustration of the subsets, Table 4 shows LDV “above-median” (highly-scored) use cases. 783 
From this subset it can be seen that: 784 
 785 
• The majority of LDV customer applications are for bill management applications across both the 786 

residential and commercial sectors, for both residential single-family homes and multi-unit 787 
dwellings, and for commercial workplaces.  788 

• Some use cases also cover commercial public destination charging for rideshare vehicles and 789 
commercial public charging for commuting (i.e., daytime parking lots).  790 

• There are also residential upgrade deferral use cases, and residential and commercial renewable 791 
self-consumption use cases.   792 

• For residential MUD, the resource is fragmented for all use cases shown. This means that scoring 793 
deemed the most favorable use cases for multi-unit dwellings are those in which the building owner 794 
or association, or a third party, provides the charging infrastructure or service. 795 

• Commercial workplace bill management and renewable self-consumption are both unified and 796 
fragmented, meaning scoring deemed both options to be high-value – charging infrastructure 797 
operated by the workplace entity, and charging operated by a third party or aggregator. 798 

• Use cases for LDV system applications are for a broad array of sectors--residential single-family 799 
homes, residential multi-unit dwellings, and commercial workplace, also with a few commercial 800 
rideshare and commute sector use cases.   801 

• LDV system applications for these high-scoring use cases are for a wide range of system services, 802 
including grid upgrade deferral, day-ahead energy, real-time energy, RA system, RA flex, RA local, 803 
renewable integration, and GHG reduction.   804 

• Commercial workplace is both indirect and direct, unified and fragmented, meaning a range of 805 
options for managed charging or rate incentives, and ownership and management options were all 806 
scored highly.  807 

 808 
Table 4:  Illustration #2: Above-Median LDV Use Cases* 809 

ID Sector** Application Approach Type Resource** 
1 Residential - SFH Customer - Bill Management Indirect V1G Unified 
4 Residential - SFH Customer - Bill Management Direct V1G Unified 
13 Residential - SFH Customer - Upgrade Deferral Indirect V1G Unified 
16 Residential - SFH Customer - Upgrade Deferral Direct V1G Unified 
37 Residential - SFH Customer - Renewable Self-Consumption Indirect V1G Unified 
49 Residential - SFH System - Grid Upgrade Deferral Indirect V1G Unified 
85 Residential - SFH System - Day-Ahead Energy Indirect V1G Unified 
88 Residential - SFH System - Day-Ahead Energy Direct V1G Unified 
100 Residential - SFH System - Real-Time Energy Direct V1G Unified 
109 Residential - SFH System - Renewable Integration Indirect V1G Unified 
112 Residential - SFH System - Renewable Integration Direct V1G Unified 
121 Residential - SFH System - GHG Reduction Indirect V1G Unified 
133 Residential - SFH System - RA, System Capacity Indirect V1G Unified 
136 Residential - SFH System - RA, System Capacity Direct V1G Unified 
148 Residential - SFH System - RA, Flex Capacity Direct V1G Unified 
160 Residential - SFH System - RA, Local Capacity Direct V1G Unified 
205 Residential-SFH, Rideshare Customer - Bill Management Indirect V1G Unified 
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208 Residential-SFH, Rideshare Customer - Bill Management Direct V1G Unified 
253 Residential-SFH, Rideshare System - Grid Upgrade Deferral Indirect V1G Unified 
256 Residential-SFH, Rideshare System - Grid Upgrade Deferral Direct V1G Unified 
292 Residential-SFH, Rideshare System - Day-Ahead Energy Direct V1G Unified 
313 Residential-SFH, Rideshare System - Renewable Integration Indirect V1G Unified 
316 Residential-SFH, Rideshare System - Renewable Integration Direct V1G Unified 
328 Residential-SFH, Rideshare System - GHG Reduction Direct V1G Unified 
337 Residential-SFH, Rideshare System - RA, System Capacity Indirect V1G Unified 
340 Residential-SFH, Rideshare System - RA, System Capacity Direct V1G Unified 
410 Residential-MUD Customer - Bill Management Indirect V1G Fragmented 
413 Residential-MUD Customer - Bill Management Direct V1G Fragmented 
458 Residential-MUD System - Grid Upgrade Deferral Indirect V1G Fragmented 
542 Residential-MUD System - RA, System Capacity Indirect V1G Fragmented 
545 Residential-MUD System - RA, System Capacity Direct V1G Fragmented 
617 Residential-MUD, Rideshare Customer - Bill Management Direct V1G Fragmented 
817 Commercial-Workplace Customer - Bill Management Indirect V1G Unified 
818 Commercial-Workplace Customer - Bill Management Indirect V1G Fragmented 
820 Commercial-Workplace Customer - Bill Management Direct V1G Unified 
821 Commercial-Workplace Customer - Bill Management Direct V1G Fragmented 
853 Commercial-Workplace Customer - Renewable Self-Consumption Indirect V1G Unified 
854 Commercial-Workplace Customer - Renewable Self-Consumption Indirect V1G Fragmented 
901 Commercial-Workplace System - Day-Ahead Energy Indirect V1G Unified 
902 Commercial-Workplace System - Day-Ahead Energy Indirect V1G Fragmented 
937 Commercial-Workplace System - GHG Reduction Indirect V1G Unified 
938 Commercial-Workplace System - GHG Reduction Indirect V1G Fragmented 
950 Commercial-Workplace System - RA, System Capacity Indirect V1G Fragmented 
953 Commercial-Workplace System - RA, System Capacity Direct V1G Fragmented 
976 Commercial-Workplace System - RA, Local Capacity Direct V1G Unified 
977 Commercial-Workplace System - RA, Local Capacity Direct V1G Fragmented 
1226 Commercial-Public, Rideshare Customer - Bill Management Indirect V1G Fragmented 
1228 Commercial-Public, Rideshare Customer - Bill Management Direct V1G Unified 
1310 Commercial-Public, Rideshare System - Day-Ahead Energy Indirect V1G Fragmented 
1430 Commercial-Public, Commute Customer - Bill Management Indirect V1G Fragmented 
1514 Commercial-Public, Commute System - Day-Ahead Energy Indirect V1G Fragmented 

(*) This table shows use cases included in the “above median” subset.  (**) SFH stands for single-family home and MUD stands 810 
for multi-unit dwelling. Resource includes resource alignment, but is “aligned” for all entries so is omitted from the table.  811 
 812 
 813 
Towards Further Development of Use Case Understanding 814 
 815 
The summary provided above is but a slice of the total insight possible–the Working Group generated a 816 
wealth of information on over 1,000 VGI use cases.  The use cases that were screened out from this 817 
initial set of 1,000 could still provide value in the future, and text comments on screening and further 818 
documented screening insights generated by the screening teams can help further distinguish high-value 819 
use cases beyond the short-term (see Annex 1 for links to all this material).  Of the 310 use cases that 820 
received scores for benefits, costs, and/or ease/risk of implementation, many can be ranked or 821 
prioritized in different ways to give particular perspectives on value, also considering the over 1,000 822 
individual text comments generated by participants while scoring use cases. 823 
 824 
The good news is that there are many potential VGI use cases which can provide value. And the 825 
potential market for VGI is diverse, complex and interwoven across a broad swath of the power and 826 
transportation sectors. Given the use case assessment work performed by the Working Group, it 827 
appears that the work of developing VGI markets will demand persistent experimentation for the next 828 
several years, rather than simple broad, sweeping strokes that can happen quickly. Importantly, leaders 829 
from both the demand and supply sides of the nascent VGI market agree California should take an 830 
inclusive approach to potential VGI opportunities until more insight about their relative value can be 831 
gained. Neither those who would buy or sell have yet settled on the best deals to be had. These are 832 
characteristics of a nascent, but promising market. 833 
  834 
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SECTION B. PUC QUESTION (B) WHAT POLICIES NEED TO BE CHANGED OR ADOPTED TO ALLOW 835 
ADDITIONAL USE CASES TO BE DEPLOYED IN THE FUTURE? 836 
 837 
 838 
The Working Group developed a set of 94 individual recommendations for policy actions that California 839 
state agencies, LSEs, and CAISO could undertake to advance VGI in the short-term, medium-term, and 840 
long-term. These recommendations are separated into 11 different policy categories (Table 5).  841 
 842 
 843 
Table 5. Policy Categories 844 

# Category 
1 Reform retail rates 
2 Develop and fund government and LSE customer programs, incentives, and DER procurements 
3 Design wholesale market rules and access 
4 Understand and transform VGI markets by funding and launching data programs, studies and task forces 
5 Accelerate use of EVs for bi-directional non-grid-export power and PSPS resiliency and backup 
6 Develop EV bi-directional grid-export power including interconnection rules 
7 Fund and launch demonstrations and other activities to accelerate and validate commercialization 
8 Develop, approve, and support adoption of technical standards not related to interconnection 
9 Fund and launch market education & coordination 
10 Enhance coordination and consistency between agencies and state goals 
11 Conduct other non-VGI-specific programs and activities to increase EV adoption 

 845 
 846 
Together, these categories address virtually all aspects of policy support for the VGI use cases providing 847 
value in the short-term, as well as many use cases which could potentially provide value in the medium-848 
term and long-term: 849 
 850 
• Category 1, reforming retail rates, can support both “indirect” use cases, for which charging 851 

decisions can be based on time-varying price signals, and “direct” use cases where new rates can 852 
improve cost-effectiveness or provide new incentives for managed charging  853 

• Category 2, public and ratepayer funds for government and LSE customer programs, incentives, and 854 
procurements, can support scaling up already-commercial solutions for the “direct” (managed 855 
charging) customer-application use cases, including customer bill management, distribution upgrade 856 
deferrals, and renewable self-consumption.  857 

• Category 3 recommendations addressing wholesale market rules and access can support use cases 858 
for system applications, including a wide variety of grid services, from day-ahead and real-time 859 
energy to resource adequacy, renewable energy integration, grid upgrade deferrals, and frequency 860 
regulation.  861 

• Category 4 for market transformation can support market-based knowledge and information usable 862 
for supporting additional use cases that may be under-employed currently but that have the 863 
promise of high value if market barriers can be removed.   864 

• Category 5, for power generation not exported to the grid, can support behind-the-meter V2B and 865 
V2H use cases for customer backup and resiliency, including resiliency to counteract Public Safety 866 
Power Shutoffs (PSPS).  867 
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• Category 6, for power generation exported to the grid, can support grid-facing V2G use cases, such 868 
as system backup and resiliency, renewable energy integration, system resource adequacy, and 869 
frequency regulation.  870 

• Category 7, for public funding of demonstrations and commercialization activities, can support 871 
expanding markets for VGI solutions that are near-commercial or not yet commercial.  872 

• Categories 8-11 can support other activities that can contribute to market development, technical 873 
standards, research-based decisions, and coordination to address VGI in an integrated manner 874 
across state agencies. 875 

 876 
 877 
Policy Recommendations Classification (Degree of Agreement) Based on Survey Results 878 
 879 
To gain further insight into the policy recommendations and to classify the recommendations by degree 880 
of agreement from participants, the Working Group conducted a survey of participants and asked them 881 
four questions about each of the 94 recommendations (see Annex 2 for survey details): 882 
 883 

Question #1. Do you agree or disagree that this recommendation will advance VGI in California?  884 

Question #2. How clear, understandable, and policy ready is this recommendation? 885 

Question #3. How critical and relevant is this policy to meeting your organization's own VGI 886 
objectives?  887 

Question #4. Any other comments on this recommendation?   Include any notes about how you see 888 
this recommendation connected to any of the other recommendations, including overlaps or 889 
complementarities. 890 

 891 
The Working Group then utilized the survey results of Question #1 (Q1) to classify the short-term policy 892 
recommendations into “strongest agreement,” “good agreement,” “majority neutral,” and “majority 893 
disagree.”32 Medium-term and long-term recommendations were put into a separate classification to 894 
allow a sharper focus on the short-term given the large number of short-term recommendations. Table 895 
6 shows the numbers of recommendations in each classification. Tables 8-13 in the following sub-896 
sections list the policy recommendations within each of these classifications.   897 
 898 
 899 
Table 6. Classification of Policy Recommendations 900 

Classification Count 
Short-term strongest agreement 23 
Short-term good agreement 15 
Short-term majority neutral 16 
Short-term majority disagree   7 
Policy action already underway 16 
Medium-term and long-term 17 
Total 94 

 
32 The Working Group did not use the results of Questions #2 or #3 in assessing recommendations, but full survey results are 
available for further analysis, see Annex 1. Annex 10 lists the roughly 1200 comments received in response to Question #4. 
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The “strongest agreement” classification was based on the principle of supermajority, in which at least 901 
two-thirds of respondents either agreed or strongly agreed, and no more than 20% of respondents 902 
strongly disagreed.33 The “good agreement” classification indicates greater agreement responses than 903 
disagreement responses and also greater agreement responses than neutral responses. The “majority 904 
neutral” classification indicates that at least half of responses were neutral, and likewise the “majority 905 
disagreement” that more than half of respondents disagreed or strongly disagreed.34 906 
 907 
The divergence or convergence of survey responses, whether respondents agreed with each other in 908 
rating a policy, is also noted in the sub-sections below.35 909 
 910 
 911 
Policy Recommendations Classifications by Category 912 
 913 
The number of policy recommendations within each policy category and the classification of those 914 
recommendations are shown in Table 7. Some characteristics of each category: 915 
 916 
• More than half of Category 1 recommendations point to retail rate policy actions that are already 917 

underway or should be further considered for the medium-term and long-term. Rate applications 918 
that are not already in progress would have to be medium-term to allow time for submission. 919 

• Most Category 2 recommendations on programs and procurements had strong or good agreement, 920 
with a number also related to action already underway  921 

• Three-quarters of Category 3 recommendations on wholesale markets relate to the medium-term 922 

• Recommendations in Category 4 on studies and data have mostly good to neutral agreement 923 

• Category 7 on demonstrations and pilots has the highest share of strongest-agreement 924 
recommendations of any category 925 

• All Category 8 recommendations on technical standards relate to policy action already underway 926 

• More than half of the recommendations in Category 10 on inter-agency coordination are classified 927 
as majority-neutral, meaning most survey respondents were neutral on these recommendations 928 

• Category 2 on programs and procurements had the largest number of policy recommendations, 929 
while Category 5 (bidirectional non-export/V2B), Category 8 (technical standards), and Category 9 930 
(market education) had the fewest number of recommendations.  931 

 932 

 
33 The following 16 recommendations were re-worded by the original submitters after the survey was taken, so 
survey results on these recommendations may not be as valid as results on the remaining recommendations 
whose wording remained unchanged:  1.01, 1.10, 1.12, 1.16, 2.02, 2.12, 2.16, 2.19, 2.23, 4.03, 6.01, 7.11, 10.01, 
10.04, 10.05, and 10.09. In final stages of the Working Group, most participants deemed that it was better to serve 
the needs of state agencies by accepting the updated wording at the risk of invalidating some of the survey results.  
There was no time to repeat the survey for these recommendations.  The classification of recommendations in this 
section (i.e., “strong agreement”) is based on survey results for the original wording at the time of the survey. 
34 “Majority neutral” also includes five cases where neutral is not an absolute majority, but rather total neutral 
responses are both greater than total disagreement response and greater than total agreement responses (1.06, 
1.17, 3.01, 4.04, 7.01). These cases are noted in the text as having higher divergence of responses. 
35 For purposes of this section, “strong convergence” was defined as a standard deviation of Question #1 responses 
to a given policy recommendation as less than 0.6, and “good convergence” was defined as between 0.6 and 1.0. 
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Table 7. Policy Recommendation Classifications by Category 933 
Cat # Short-term 

Strongest 
Agreement 

Short-term 
Good 
Agreement 

Short-term 
Majority 
Neutral 

Short-term 
Majority 
Disagree 

Short-term 
Action 
Already 
Underway 

Medium-
Term and 
Long-Term 

Total  
Count 

1 1 3 1 2 5 6 18 
2 7 6 2  5 3 23 
3   1   3 4 
4 1 2 1 1   5 
5 2  1   1 4 
6 1 1 1  1 1 5 
7 6 1 1 1  2 11 
8     2  2 
9 1    1 1 3 
10 2 1 8 2 1  14 
11 2 1  1 1  5 

 934 
 935 
 936 
Digging Deeper:  Participant Comments on Policy Recommendations  937 
 938 
There were over 1200 detailed comments on the policy recommendations, provided by 28 respondents 939 
in response to a survey of the whole Working Group.  Annex 10 provides all of the survey comments.  In 940 
addition, comments by some participants on recommendations made after the survey are also available 941 
as part of the Working Group materials, see Annex 1. Together all of these comments provide a wealth 942 
of further insight into the recommendations and can be utilized by agency staff and others to help 943 
further understand and consider policy actions. 944 
 945 
 946 
 947 
  948 
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Short-Term Recommendations with Strongest Agreement 949 
 950 
There are 23 short-term recommendations with the strongest agreement (Table 8).36  951 
 952 
 953 
Table 8. Short-Term Policy Recommendations with Strongest Agreement 954 

Rec # Policy Recommendation 
1.07 Create an "EV fleet" commercial rate that allows commercial and industrial customers to switch from a 

monthly demand charge to a more dynamic rate structure 
2.01 Require utilities to broadcast signals to a DER marketplace of qualified vendors (curtailment and load) 
2.02 V2G systems become eligible for some form of SGIP incentives. 
2.04 Enable customers to elect BTM load balancing option to avoid primary or secondary upgrades, either if 

residential R15/16 exemption goes away, or as an option for non-residential customers 
2.08 Consider coordinated utility and CCA incentives for EVs, solar PV, inverters, battery storage, capacity, 

and EV charging infrastructure to support resilience efforts in communities impacted by PSPS events 
2.12 Allow V1G and V2G to qualify for SGIP to level the playing field with incentives for other DERs, but V1G 

would get less incentive compared to V2G based on permanent load shift logic 
2.15 Incentive(s) for construction projects with coincident grid interconnection and EV infrastructure 

upgrade 
2.17 Enable customers, via Rules 15/16 or any new EV tariff, to employ load management technologies to 

avoid distribution upgrades, and focus capacity assessments on the Point of Common Coupling 
4.06 Use EPIC, ratepayer, US DOE, and/or utility LCFS funds for an on-going, multi-year program to convene 

VGI data experts to study a wide array of VGI topics 
5.02 Pilot funding for EV backup power to customers not on microgrids, including state-wide goals for at 

least 100 EVs by 2021 and 500 EVs by 2022 
5.03 Develop standards and requirements for buildings which will support the use of the EV's main power 

batteries for customer resiliency 
6.07 Pilot funding for V1G and V2G for microgrid and V2M solutions, including a state-wide near-term goal; 

and utilities’ PSPS plans and microgrid frameworks should consider EVs for FTM grid services 
7.03 Leverage EPIC funding to pilot use-cases to better understand realistic costs and implementation 

challenges and to identify ways to reduce costs and streamline ease of implementation 
7.04 Create pilots to demonstrate V2G's ability to provide the same energy storage services as stationary 

systems and let V2G systems participate in pilots for stationary storage 
7.05 Special programs and pilots for municipal fleets to pilot V2G as mobile resiliency 
7.07 Demonstration to define the means to allow aggregators, EV network providers, and charge station 

operators to dynamically map the capacity and availability of EVSE resources, using open standards 
7.09 Use EPIC, ratepayer, US DOE, and/or utility LCFS funds in many competitively bid large-scale 

demonstrations of promising VGI use cases 
7.11 Study to understand the impact on the distribution grid and generation system from EVs based on over 

ten existing or planned mandates from CARB and AQMDs to meet California’s 2045 carbon neutral goal 
9.02 Create public awareness and education programs and materials on V2G systems and how to get them. 

This could particularly be focused toward government fleets 
10.04 State agencies coordinate and maintain consistency on TE and VGI across the different policy forums 

with no duplication of regulation, clear roles and vision on VGI and priority on state TE goals over VGI 
10.09 Incentivize use of multiple open standards for VGI communication, charging networks, cloud 

aggregators, and site hosts 
11.03 Permit streamlining 
11.05 Incentives for new construction -- public parking lot projects 

 955 
 956 

 
36 This Section B and Tables 8-13 contain “short” text versions of the “policy action” associated with each policy 
recommendation. Full details of the extensive additional information available for each policy recommendation, 
along with the full-text versions of all 94 policy recommendations, are given in Annex 8. 
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 957 
Of these 23 short-term recommendations with strongest agreement, virtually all had broad 958 
“convergence” among all policy survey respondents.  Such convergence means that all respondents 959 
agreed with each other – that there was a high degree of consistency among the responses.  960 
Recommendations 2.08 on coordinated incentives, 7.05 on municipal fleet pilots, and 9.02 on public 961 
awareness had particularly strong convergence. The exceptions to this pattern were 2.12 on V1G and 962 
V2G qualifying for SGIP and 7.11 on grid impact studies, which had weaker convergence than the others. 963 
For 2.12, four respondents strongly disagreed with the recommendation. Policy makers and any future 964 
working groups should examine the recommendations and comments to better understand the sources 965 
of the divergence. 966 
 967 
While there was strong agreement for all of these recommendations, survey comments also pointed to 968 
considerations and questions that might need to be addressed, for example: 969 
  970 
• Some policies might be considered medium-term rather than short-term, such as 2.01 on signaling a 971 

DER marketplace, 2.02 on SGIP incentives, 6.07 on pilots for microgrid-related solutions, and 7.07 on 972 
mapping EVSE resources. 973 

• One comment also questioned how 2.01 on signaling a DER marketplace differs from existing DR 974 
programs.  975 

• Mapping of EVSE resources is already part of the job and business models of aggregators (7.07) 976 

• The perceived need for 2.04 on behind-the-meter load balancing varied widely from critical to 977 
unnecessary 978 

• Some questioned whether it was appropriate to extend SGIP to VGI (2.02) 979 

• Some said there was a lack of existing incentives related to 2.15 on construction projects and also 980 
pointed to alternative and cheaper approaches to guide siting.  981 

• Leveraging EPIC funding (7.03) will require collaboration between CPUC and CEC 982 

• Studies to understand grid impacts of TE are already underway (7.11) 983 

• Open standards (10.09) could be controversial and is possibly out-of-scope for the VGI Working 984 
Group to recommend 985 

• Public awareness (9.02) should be expanded beyond just V2G to also include V1G and the benefits 986 
of electrification in general, and should not be a stand-alone policy but part of a larger outreach, 987 
vehicle replacement and infrastructure planning effort. 988 

• Permit streamlining (11.03) received the highest agreement level of all recommendations across all 989 
policy categories. However, one commenter was not clear of the potential CPUC role. CPUC Energy 990 
Division staff noted that section 11.3 of the draft TEF identifies one possible answer: “Utilities could 991 
potentially also provide training to support other types of PEV Readiness activities beyond building 992 
code adoption and implementation, such as permit streamlining.” 993 

 994 
 995 
 996 
 997 
 998 
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Policy Action for Medium- and Heavy-Duty Vehicles 999 
 1000 
The Working Group discussed what makes Medium- and Heavy-Duty Vehicles (MHDVs) distinct from 1001 
light-duty vehicles (LDVs) in terms of VGI use cases and policy actions. While MHDV use cases were 1002 
assessed distinctly from LDV use cases in answering PUC Question (a), some participants suggested that 1003 
MHDVs are something of an “overlay” for policy rather than a distinct category of policy action. Policies 1004 
for LDVs can also apply to MHDVs, including commercial rates, interconnection, and aggregation.  1005 
However, the differences between MHDVs and LDVs also need to be understood by policy-makers, 1006 
including a smaller number of customers with higher loads, rigid duty cycles, the special potential of 1007 
school buses because of their duty cycle, clustering of large loads for MHDV charging, and the need to 1008 
upgrade distribution system capacity to accommodate and accelerate MHDV charging. Some policy 1009 
recommendations directly mention MHDVs, notably for programs related to school buses and transit 1010 
vehicles. But most of the policy recommendations will apply to both LDVs and MHDVs. 1011 
 1012 
 1013 
 1014 
Short-Term Recommendations with Good Agreement 1015 
 1016 
There are 15 short-term recommendations with good agreement (Table 9).  1017 
 1018 
 1019 
Table 9. Short-Term Policy Recommendations with Good Agreement 1020 

Rec # Policy Recommendation 
1.01 Rate design for demand charge mitigation to be enabled by stationary battery storage coupled to EV 

charging 
1.09 Allow customers with on-site solar and/or storage to utilize commercial EV rates 
1.10 Improve Optional Residential and Commercial TOU rates designed to encourage EVs (e.g., whole house 

rate), fund outreach efforts on the rate, and set target to secure 60% level of participation 
2.03 Establish "reverse EE" rebates (pay for performance?) for EVSE installations that build permanent 

midday load 
2.13 Allow V1G (Smart Charging/Managed Charging) to be counted as storage for Storage Mandate 
2.16 Encourage low-cost, multiple VGI communication control pathways and cloud aggregators and put to-

be-determined VGI communication requirements on the cloud aggregators, not on the EVSE or EV 
2.18 Incentivize multiple EVs using a single charging station in long-dwell AC charging locations to keep 

charging load spread across as many vehicles as possible 
2.19 Create utility programs to site higher-level kW charging for commercial applications in the best 

locations to encourage high utilization using grid planning studies, routes, demographics & other tools 
2.20 Consider funding opportunities and rate design reform for stationary batteries co-located with DCFC 

chargers 
4.01 Initiate a voluntary task-force to help gather, model, and analyze data related to these use-cases' 

benefits and costs. Prioritize the analyses within the VGI Data Program initiative proposed by CalETC 
4.03 Better understand the trend toward 10-19 kW home charging and explore long-term solutions to 

mitigate the impact (e.g. studies, pilots, task forces looking at incentives and disincentives) 
6.01 Continue to provide funding for demonstration of V2G market participation with future school bus 

pilots, including both technical capabilities and operational and accounting rules 
7.06 Grant funding opportunities can be amended to provide “plus-up” funding for DER arrangements that 

optimize grid conditions 
10.05 State agencies should recognize that stakeholder's specialized VGI staff resources are limited and avoid 

workshops and hearings on the same day, and hold no more than 2-3 VGI and TE events per month 
11.04 Investigate ADA and other obstacles to charger installation at MUDs and some high-density C&I 

locations 
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Of these 15 short-term recommendations with good agreement, half had broad “convergence” among 1021 
all policy survey respondents.  Such convergence means that all respondents agreed with each other – 1022 
that there was a high degree of consistency among the responses.  The exceptions to this pattern were 1023 
recommendations 2.03, 2.13, 2.18, 2.19, 4.01, 6.01, 10.05, and 11.01, which had more divergence of 1024 
agreement than the others. Policy makers and any future working groups should examine the 1025 
recommendations and comments to better understand the sources of the divergence. 1026 
 1027 
Again, while there was good agreement for these recommendations, survey comments also pointed to 1028 
considerations and questions that might need to be addressed, for example: 1029 
 1030 
• Recent EV rate design changes have looked to reduce demand charges, which would reduce 1031 

the potential benefit from stationary batteries for demand charge mitigation (1.01) 1032 

• Many details need to be worked out for 1.09 commercial rates for on-site solar 1033 

• “Reverse EE” rebates (2.03) seems contrary to state mandates or need better definition of 1034 
relevance and market segments 1035 

• Some comments questioned whether V1G can be considered “storage” (2.13) 1036 

• Need to clarify the eligibility of battery-backed DCFC for SGIP (2.20) 1037 

• Rules 15 and 16 should adequately address grid impacts of high-kW charging in residences, 1038 
otherwise policy should accommodate and not stifle customer choice (4.03) 1039 

• There were concerns about cost impacts on schools related to 6.01 on school bus pilots 1040 

• ADA issues are unrelated to VGI and outside the scope of the Working Group (11.04) 1041 

  1042 
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Connecting the Dots:  Lead and Supporting Agencies/Entities in Recommendations 1043 
 1044 
Most of the 94 policy recommendations identify who the lead agencies/entities for implementing the 1045 
recommendation would be, and some also identify agencies/entities in supporting roles. 1046 
 1047 
• The CPUC is given as the lead agency in about two-thirds of the policy recommendations 1048 

• LSEs are given as the lead entities for five recommendations that all received strongest or good 1049 
agreement:   1.15 on time-varying rates, 2.21 on performance-based incentives for building owners, 1050 
7.13 on quick approval of demonstrations, 9.03 on ME&O budgets, and 11.01 on demand charges 1051 
for DCFC.  Many other recommendations give LSEs supporting roles in carrying out programs and 1052 
actions established or mandated by the CPUC or other organizations. 1053 

• The CEC is given as the lead agency for thirteen recommendations, relating to state-funded charging 1054 
infrastructure, data and analysis, shared charging infrastructure, standards and requirements for 1055 
buildings, the School Bus Replacement Program, EPIC funding, demonstrations and pilots, and public 1056 
awareness and education programs. All but one (10.07 on over-regulation of specifications) received 1057 
strongest or good agreement. 1058 

• CAISO is given as the lead entity for four recommendations:  3.01 on ESDER tariffs, 3.03 on real-time 1059 
and ancillary markets, 3.04 on pathways for day-ahead and RA system services, and 3.05 on BTM EV 1060 
charging for ancillary markets.  The last three are all medium-term recommendations with strongest 1061 
or good agreement. CPUC is given as the supporting agency for three of the four recommendations, 1062 
consistent with supporting the outcome where wholesale market rules are aligned with the highest-1063 
value opportunities for VGI. 1064 

• CARB is given as the lead agency for three recommendations:  2.24 on LCFS smarting charging, 7.02 1065 
on LCFS credits, and 11.02 on a shared benefit structure for LCFS. 1066 

   1067 

 1068 
 1069 
Short-Term Recommendations with Majority Neutral   1070 
 1071 
There are 16 short-term recommendations with majority neutral (Table 10). Some examples of 1072 
comments that point to the sources of such neutrality include: 1073 
 1074 
• Many comments said the recommendation was not clear, more details are needed, it is not policy 1075 

ready, and/or the problem addressed by the recommendation needs better definition:  1.06 on 1076 
consistent price signals, 2.07 demand reduction performance incentives, 6.03 on prioritizing use 1077 
cases for PRP or EPIC, 7.01 on TNC/rideshare, 10.06 on a virtual genset model, and 10.07 on 1078 
avoiding over-regulation of EVSE specifications 1079 

• Implementing cost effective use cases for every plan, project, or program (2.14) may not add value 1080 
in every case, and requires coordination between many agencies 1081 

• Allowing limited discharge under warrantee (5.01) was seen as out of CPUC jurisdiction, the decision 1082 
of individual automakers, and is not a clear-cut topic 1083 

• There were concerns about being too prescriptive for 10.02 on using the VGI Working Group use-1084 
case framework and 10.03 on prioritizing collaboration between LSEs and automakers 1085 
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• Comments on 10.12, 10.13, 10.14, and 10.15 on volunteer task forces were mostly similar and 1086 
supportive across all four recommendations, but many said this idea should be combined with other 1087 
recommendations. 1088 

 1089 
Of these 16 short-term recommendations with majority neutral, more than half had broad 1090 
“convergence” among all policy survey respondents.  Such convergence means that all respondents 1091 
agreed with each other – that there was a high degree of consistency among the responses.  The 1092 
exceptions to this pattern were recommendations 1.06, 2.14, 3.01, 4.04, 5.01, 6.03, 7.01, which had 1093 
more divergence of agreement than the others. Policy makers and any future working groups should 1094 
examine the recommendations and comments to better understand the sources of the divergence. 1095 
 1096 
 1097 
Table 10.  Short-Term Policy Recommendations with Majority Neutral 1098 

Rec # Policy Recommendation 
1.06 The pricing signal received by the EV and that received by the EVSE should be aligned and consistent 

with one another and should incentivize and de-incentivize the same charging/discharging action 
2.07 Create a strategic demand reduction performance incentive mechanism, include EVs as technology that 

can reduce and shift peak demand. 
2.14 Prioritize, document and implement cost-effective use-case(s) for every transportation electrification 

plan, project, or program that is supported or subsidized by public funds, applied at commercial scale, 
and to be deployed within five years 

3.01 Authorize new tariffs in CAISO ESDER Phase 4 that allow utilities to pay V1G aggregators to use 
managed charging to reduce the local distribution grid impacts of EV charging. 

4.04 Perform detailed cost-effectiveness analysis for specific VGI use-cases in programs/measures that are 
ratepayer funded 

5.01 Bring automakers to the table to agree to allow limited discharge activity for resilience purposes to be 
kept under warranty if customers are willing to pay for upgraded bi-directional charging hardware. 

6.03 Explicitly prioritize these use-cases to be included in the next cycle of PRP submissions by one or more 
of the IOUs and other LSEs, as well in the next phase of EPIC funding. 

7.01 Dedicate specific efforts that allow TNC/rideshare drivers to reduce their costs by benefiting from 
utility and other publicly-funded programs and rates 

10.02 Use the proposed Joint IOU VGI Valuation Framework (6 dimensions) and associated use-cases to 
reference, articulate, and communicate about VGI in policymaking across CA state agencies. 

10.03 Public funding of VGI use-cases should prioritize initiatives, projects, and programs that involves formal 
collaboration between at least one LSE and at least one automaker or EV service provider.   

10.06 Develop a Virtual Genset model and reference implementation pilot. 
10.07 Avoid over-regulation of EVSE specifications 
10.12 Establish a voluntary task-force to convene on regular basis to discuss technological barriers, including 

potential recommendations and topics related to interoperability and communication pathways and 
protocols 

10.13 Establish a voluntary task-force to convene on regular basis to discuss barriers related to retail market 
design, including potential recommendations 

10.14 Establish a voluntary task-force to convene on regular basis to discuss barriers related to wholesale 
market design, including potential recommendations 

10.15 Establish a voluntary task-force to convene on regular basis to discuss barriers impacting customer 
adoption and participation, including potential recommendation 

 1099 
 1100 
 1101 
 1102 
 1103 
 1104 
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Public Funds for VGI 1105 
 1106 
Working Group participants noted that implementing policy recommendations in several of the policy 1107 
categories will require public funds (i.e., budgetary funds, grants, or loans) and/or ratepayer funds (as 1108 
approved in IOU rate cases).  For recommendations in Category #2 “develop and fund government and 1109 
LSE customer programs, incentives, and DER procurements,” public funds and/or ratepayer funds are a 1110 
primary source of funding, potentially along with private funds.  These programs and procurements will 1111 
typically be for commercially-mature or market-ready VGI solutions. Recommendations in Category #7, 1112 
“fund and launch demonstrations and other activities to accelerate and validate commercialization,” will 1113 
likely also require public or ratepayer funds, and typically these funds are spent on solutions not yet 1114 
commercialized or market-ready. Good examples are VGI activities funded under the Electric Program 1115 
Investment Charge (EPIC) Program. Categories #4 and #9 may also require public and/or ratepayer 1116 
funds, for data programs, studies, and analyses that can inform further decision-making and support 1117 
market growth, and for market education and outreach. 1118 
 1119 
 1120 
 1121 
Short-Term Recommendations with Majority Disagreement   1122 
 1123 
There are 7 short-term recommendations with majority disagreement (Table 11). Some examples of 1124 
comments that point to the sources of such disagreement include: 1125 
 1126 
• Questions about whether utilities should own charging infrastructure and how that can be justified 1127 

(1.02) 1128 

• Each LSE has its own cost recovery structure and there are limits to rate harmonization (1.05) 1129 

• “This will destroy the developing EVSE industry in California” (4.02) 1130 

• It may be difficult for LCFS to cover EV drivers and may be difficult to administer (7.02) 1131 

• Concerns about relevance, technical standards, over-specification, and whether equipment and 1132 
hardware specifications are in-scope for the Working Group, for both 10.10 and 10.11 on medium-1133 
level and high-level EVSE charging stations. 1134 

• Some said a shared benefit structure for LCFS is not really a VGI policy (11.02) 1135 

 1136 
Of these recommendations, two had broad “convergence” among all policy survey respondents as to 1137 
their common disagreement – 10.10 and 10.11.   The other recommendations -- 1.02, 1.05, 4.02, 7.02, 1138 
and 11.02 -- had high divergences of agreement and disagreement even as the majority disagreed with 1139 
the recommendation. Policy makers and any future working groups should examine the 1140 
recommendations and comments to better understand the sources of the divergence. 1141 
 1142 
 1143 
  1144 
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Table 11. Short-Term Policy Recommendations with Majority Disagreement 1145 
Rec # Policy Recommendation 
1.02 EV drivers across all sectors guaranteed direct access to their utilities' time-variant (e.g. TOU) rates 
1.05 Price signals received by EV customers should be relatively consistent (not necessarily identical) at a 

given time of day, across different sectors and price-setting entities 
4.02 Any Level 2 EVSE sold within the next two years should be capable of responding to external event or 

price signals, or user-defined criteria, and support OCPP, OpenADR, or IEEE 2030.5. 
7.02 Improve the allocation of LCFS credits such that EVs with higher vehicle-miles earn higher credits, 

claiming credits is streamlined for EV drivers or their agents, and most credits are channeled back to 
driver/agent 

10.10 A ML EVSE or charging station must be capable to provide energy services and may provide regulation 
services, and must support OCPP or an equivalent standard that supports an external energy 
management system for grid interactions 

10.11 A HL Charging Station must provide energy services and must be capable of providing regulation 
services 

11.02 Institute shared benefit structure for LCFS or similar funding between host site and EV 
driver/operator/owner 

 1146 
 1147 
 1148 
Connecting the Dots:  Policy Recommendation Overlaps and Connections 1149 
 1150 
Many of the 94 policy recommendations overlap with each or are connected to each other. Working 1151 
Group participants, in policy survey comments (Annex 10) and in further discussions noted these 1152 
overlaps and connections and recommended that related policies be considered together. Examples of 1153 
these overlaps and connections include: 1154 
 1155 
• Building up midday load behind-the-meter is addressed by 2.03 on reverse EE rebates and 6.07 on 1156 

pilots for microgrids 1157 

• Submetering is addressed by 1.04, 1.12, and 8.02 1158 

• Four recommendations relate to opening up new value streams that can be captured by EV load 1159 
management technology, and also provide an additional type of “incentive” or benefit-enabler:  2.04 1160 
on BTM load balancing, 2.17 on customer load management, 2.18 on multiple EVs sharing a single 1161 
charging station, and 6.05 on smart charging functionality 1162 

• Cost-effectiveness and cost-benefit analyses are addressed by both 4.01 and 4.04 1163 

• Stationary batteries co-located with EV charging is addressed by 1.01, 2.20, and 7.06 1164 

• Market participation of V2G resources is addressed by 3.04 on system services from V2G and 3.07 on 1165 
participation options for V2G 1166 

• Backup power and resiliency (vehicle-to-building V2B and vehicle-to-microgrid V2M), including pilots 1167 
and incentives, are addressed in different ways by 2.08, 2.09, 4.05, and 5.02  1168 

• Extending SGIP to VGI is addressed by 2.13, 2.23, and 7.04 1169 

 1170 
 1171 
 1172 
 1173 
 1174 
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Policy Recommendations Related to Policy Action Already Underway 1175 
 1176 
There are many policy actions and venues already underway related to VGI. The Working Group took 1177 
note of a full array of policy actions already underway that related to its policy recommendations.   In 1178 
particular, there are 16 recommendations flagged as relating to “policy action already underway” by the 1179 
CPUC Energy Division (Table 12).   1180 
 1181 
However, even though action is already underway related to a policy recommendation, the Working 1182 
Group recommends that such policy recommendations still be considered in strengthening or extending 1183 
any existing or planned policies, and that other proceedings that may be addressing these policies take 1184 
note of these recommendations.   1185 
 1186 
This is underscored by the fact that almost all of the 16 recommendations in Table 12 have strongest or 1187 
good agreement.  For example, both policies related to submetering, 1.12 and 8.02, have good 1188 
agreement, indicating that the CPUC may wish to further consider sub-metering policy development. 1189 
There is also strongest agreement for 1.13 on time-variant charging rates, 2.09 on pilots, 2.11 on dealer 1190 
incentive programs, and 9.03 on ME&O budgets. Only 2.24 on LCFS smart charging and 6.04 on NEM 1191 
tariffs received “majority neutral” classifications.  1192 
 1193 
Many others of the 94 recommendations put forward by the Working Group may also relate to actions 1194 
already underway and Table 12 is by no means comprehensive. The detailed information on policy 1195 
recommendations (Annex 8) contains further notes on related proceedings and other venues. Table 12 1196 
only represents partial information collected from participants and comments by CPUC Energy Division 1197 
staff. Further comments by Working Group participants on other actions already underway and the 1198 
need to strengthen actions already underway are linked in Annex 1. 1199 
 1200 
Table 12. Recommendations Related to Policy Action Already Underway 1201 

Recommendations CPUC Energy Division Staff on  
Action Already Underway 

Establish EV TOU rates that don't require separate metering or 
submetering (1.04).   

If dynamic rate is unavailable, increase the differential between 
standard and EV TOU off-peak charging rate (CPUC comment: 
already adopted) (1.08).   

Develop a standard implementation guide for utilities to provide 
real-time price and event (control) signals to EVSEs, Charging 
Station Management Systems (CSMSs) and EV drivers (1.11).   

Enact time-variant EV charging rates starting with default TOU 
rates and moving to dynamic rates that provide time- and 
location-specific price signals (1.13).   

Reduce or eliminate demand charges for DCFC, but scale up with 
utilization to create more demand-responsive rate. (11.01) 

Multiple rate cases are already considering 
these policies, or some policies are 
addressed through recently implemented 
rates or proposed commercial EV rates 
under review 

Re-examine alternative approaches to submetering in 
residences for transportation electrification, and other DERs and 
demand responsive appliances (1.12).   

Finalize submetering protocols/standards to increase 
accessibility to more favorable EV TOU rates. (8.02) 

These are already being addressed through 
ongoing submetering work in the DRIVE OIR 
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Require managed charging capability in utility customer 
programs, incentives, and DER procurements. (2.05) 

All IOU programs currently require load 
management participation for customers to 
be eligible 

Require all government-funded charging infrastructure to have 
smart functionality (2.06).   

Leverage existing pilots to identify bottlenecks for increasing 
deployment and reducing costs. Encourage utilities, in 
partnership with private entities, to establish dedicated 
programs for school bus charging (2.09) 

These are already a goal in the TEF 

Create an EV Dealership VGI upfront incentive program whereby 
utilities can reward dealers for installing or enabling VGI 
functionality at point of sale (2.11) 

SDG&E and Plug-in America are already 
testing this in a pilot and results are pending 
and other similar testing of this concept will 
occur as more dealers sign up to participate 
in the LCFS upfront rebate program 

Align LCFS smart charging framework with IOU TOU rates. (2.24) 
** 

Aligning the LCFS incremental incentives 
with IOU TOU periods is already a 
requirement in CARB’s regulation. The smart 
charging pathway is currently based on the 
CPUC avoided cost calculator. ** 

Drastically simplify NEM tariffs and streamline NEM applications 
for EVs; and encourage better communication of EV TOU and 
NEM rates to the general public and businesses (6.04) 

There is already a NEM 3.0 effort underway, 
and multiple efforts to streamline/simplify 
EV rates to ensure they can be combined 
with solar-plus-storage. 

Incentives for Title 24 new construction – residential multi-unit 
dwellings and some commercial and industrial parking facilities 
(especially workplace and large destination) (8.01) 

Consistent with a CPUC staff proposal; new 
construction incentives are addressed in 
Section 5 of the TEF 

Utilities develop coordinated ME&O budgets through 
transportation electrification plans, to inform EV customers of 
the lower cost of fueling EVs using dynamic rate options and 
other VGI opportunities. (9.03) 

Every IOU program budget already includes 
ME&O, and the draft TEF proposes a new 
aligned ME&O effort. The draft TEF section 
11.2 mentions TOU rate education, and this 
could be re-focused to provide direction and 
alignment. Non-IOU ME&O is also stated in 
draft TEF. 

Prevent policies that make VGI a primary goal over the needs of 
drivers or CARB and AQMD mandates to support 2045 carbon 
neutrality and 2030 air quality requirements; don’t add net cost 
to TE end users or hinder EV adoption or equity goals due to VGI 
and fund efforts to study and monitor this issue (10.01) 

This is a goal for all CPUC programs 
approved for IOU ratepayer funding, 

** Recommendation 2.24 on LCFS smart charging falls under the jurisdiction of CARB as the lead agency. The 1202 
inclusion of this recommendation is based upon CPUC Energy Division staff comments confirmed by CARB. 1203 
 1204 
 1205 
 1206 
Digging Deeper:  Policy Strategy Tags 1207 
 1208 
Each of the 94 recommendations has one or more “policy strategy tags” that the Working Group 1209 
assigned. This mapping of tags can show the collective contribution of policies to achieving distinct 1210 
policy strategies and goals.  Annex 9 shows which recommendations in which categories are associated 1211 
with 16 different policy strategies and goals. 1212 
  1213 
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Medium-Term and Long-Term Policy Recommendations 1214 
 1215 
There are 17 medium-term and long-term recommendations (Table 13).  All of these are either strongest 1216 
agreement (1.15, 1.18, 3.03, 5.03, 7.13, 9.01) or good agreement, with just one classified as majority 1217 
neutral (1.19 on performance-based ratemaking). 1218 
 1219 
 1220 
Table 13. Medium-Term and Long-Term Policy Recommendations 1221 

Rec # Policy Recommendation 
 
Medium-Term 
1.15 Prompt CPUC approval of time-varying EV rates applications 
1.16 Expand the definition of eligible customer-generator under current NEM tariff option to include 

customers that own and/or operate EVs and/or EVSE with bi-directional capabilities. 
1.17 Create tariffs specific to electric school buses that potentially account for V2G 
1.18 Establish voluntary “critical peak pricing” tariffs for non-residential charging that offer reduced TOU 

rates except during event-based flex alert or critical peak periods, while providing significantly increased 
on-peak prices 

2.21 Provide a performance-based incentive to temporarily provide grid services, for building owners or 
EVSP providers who recruit a certain fraction of EV drivers to opt in, implemented as a long-term 
contract through procurement 

2.22 Issue non-wires alternative competitive procurements (RFOs) targeted to EVs/EVSPs that can limit 
demand during peak times 

2.23 AB 2514 storage mandates, if expanded, should have a level playing field for both V1G and V2G 
3.03 Enable aggregations of EVs on managed charging to participate as resources in real-time energy 

markets and ancillary services market 
3.05 Alternative PDR participation model or new capacity-only designation for resources to provide ancillary 

services only, to allow BTM charging to participate, single site or aggregated 
3.07 Coordinated effort by state agencies and IOUs and other LSEs to establish market rules and 

participation options for separately metered V2G customers. 
5.03 Develop standards and requirements for buildings which will support the use of the EV's main power 

batteries for customer resiliency 
7.13 Create a mechanism which allows for quick approval of demonstrations for technology and for 

determining market interest 
7.14 Pilots for shared charging infrastructure for commuter-based fleets, both public and private, including 

transit commuter buses and company fleets and shuttles. 
9.01 Optimize CALGreen codes for VGI and revise to require more PEV-ready parking spaces and expand to 

existing buildings.  
 
Long-Term 
1.19 Performance-based ratemaking 
1.20 Create tariffs specific to medium/heavy duty vehicles, fleets, and rideshare 
6.11 Coordinate the development of interconnection and technical standards with the VGI Working Group 

effort 
 1222 
 1223 
As the CPUC and other agencies and entities move forward with the short-term recommendations, and 1224 
also begin to address the mandates of SB 676, these medium-term and long-term recommendations 1225 
will be relevant.  The Working Group’s suggested next steps in this report’s Conclusion section address 1226 
this further. 1227 
 1228 
  1229 
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SECTION C. PUC QUESTION (C):  HOW DOES THE VALUE OF VGI USE CASES COMPARE TO OTHER 1230 
STORAGE OR DERs 1231 
 1232 
 1233 
The Working Group did not provide a direct answer to PUC Question (c), “how does the value of VGI use 1234 
cases compare to other storage or DERs,” but does offer guidance on how to complete this work going 1235 
forward.37 1236 
 1237 
Discussions revealed that this is a complex topic which can require a great deal of analytical resources.  1238 
To answer the question quantitatively in the manner originally envisioned would require rigorous cost-1239 
benefit analysis. Cost-benefit analysis was considered out of scope by the Working Group and was not 1240 
performed even for VGI use cases, let alone other DER use cases.  Given the Working Group was 1241 
comprised entirely of volunteer participants, many of whom did not have direct expertise in storage and 1242 
other DERs, there was insufficient time, volunteer availability, and expertise to consider the value of 1243 
storage and other DER use cases.   1244 
 1245 
Instead, the Working Group recommends that the PUC address this question through further efforts 1246 
with the necessary expertise, including paid experts, for both VGI and other DERs. These further efforts 1247 
can recognize and incorporate the wealth of work and perspectives on VGI use cases produced by the 1248 
Working Group (see Annex 1). 1249 
 1250 
 1251 
Guidance on How to Compare VGI with Other DERs 1252 
 1253 
The Working Group suggests that further efforts consider three approaches to comparing VGI with 1254 
storage and other DERs: quantitative cost-benefit comparisons, qualitative comparisons, and use-case-1255 
based comparisons.  Each of these approaches has its merits and difficulties, as noted in Table 14. The 1256 
Working Group also identified some potential resources and references related to costs, benefits, and 1257 
value comparisons that could be considered in further efforts, although these resources were not 1258 
reviewed or assessed (see Annex 3). 1259 
 1260 
 1261 
Table 14:  Recommended Approaches for Comparing VGI with other DERs 1262 

Approach Merits Difficulties 
1. Quantitative 
cost-benefit 
comparisons 

• Provides numerical comparisons of 
value 

• Can also incorporate the value of 
managed charging vs. unmanaged 
charging  

• Satisfies direction from CPUC in 
DRIVE OIR; complies with CPUC D.19-
05-019 

• Cost data difficult to obtain or not available; 
may require demos or pilots to provide data 

• Potential disagreement over the methodologies 
and assumptions employed in conducting 
numerical comparisons 

• Specifying equivalent VGI vs. DER use cases for 
true apples-to-apples comparisons 

• Defining VGI “costs” (i.e.  incremental vs. total) 
2. Qualitative 
comparisons 

• Can provide insight for policy making 
in supporting VGI and in having the 
value of VGI complement the value of 
other DERs 

• There are many possible scenarios to compare, 
and the results of one scenario cannot 
necessarily be compared to the results of 
another scenario 

 
37 The Working Group notes that VGI is considered as one form of DERs and is defined as a DER in Assembly Bill 
327. 
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• Can also give insights into the first 
and third approaches 

• Does not comply with CPUC direction in DRIVE 
OIR that VGI be compared to other DERs; does 
not comply with CPUC direction on comparative 
analysis in D.19-05-019 

3. Use-case-
based 
comparisons 

• Leverages the use-case work of the 
Working Group and potentially allows 
a simplified apples-to-apples 
comparison 

• Can provide insight for policy making 
in supporting policies associated with 
specific use cases 

• Can also be quantitative with similar 
merits and difficulties as the first 
approach 

• Lack of cost data to support comparisons; may 
require demos or pilots to provide data, or 
relative cost comparisons as was done by the 
Working Group for VGI use cases 

• There are many distinct VGI use cases and 
comparing on an individual basis can be time-
consuming 

• Requires developing the equivalent DER use 
cases to match VGI use cases, which the 
Working Group has not done 

• What metrics would be measured?  What does a 
positive or negative comparison look like? 

 1263 
 1264 
1. Quantitative cost-benefit comparisons. A variety of potential studies are available that could address 1265 
quantitative comparisons; see Annex 2.  However, the Working Group did not assess or endorse any 1266 
quantitative studies, given time and expertise limitations.  It is not clear the extent to which existing 1267 
studies provide cost-benefit comparisons of VGI with other DERs that would be relevant to California. 1268 
Thus, even identifying and selecting such studies will be a significant effort.  One next step would be to 1269 
establish the criteria that should be used for selecting, assessing, and utilizing such studies, including the 1270 
relevance to California.   1271 
 1272 
Participants noted a number of methodological issues that would need to be considered and addressed 1273 
in conducting quantitative cost-benefit comparisons.  On the costs side, participants noted there is a 1274 
scarcity of publicly-available cost information, underlined by the difficulties the Working Group faced in 1275 
getting private-sector participants to share cost information during the process to score use cases on 1276 
costs, benefits, and ease of implementation (see Section B). There is a need to first develop better cost 1277 
information, such as from large-scale demonstrations and competitive solicitations, and to further 1278 
identify existing public sources of cost data.  This may be a case when “an ounce of commercial activity 1279 
would be worth a pound of research.” 1280 
 1281 
The definition of “costs” itself is not straightforward, considering the different costs (and prices) to 1282 
different parties involved in a particular use case, such as equipment and vehicle providers, customers, 1283 
electricity providers, and aggregators (see Annex 1 sub-section on “cost methodologies”). Also, there is 1284 
the important issue of defining and selecting incremental vs. total costs. Participant CESA said, for 1285 
example, that if only the incremental costs of an EVSE being bidirectional rather than unidirectional are 1286 
counted, this would not result in a true “apples-to-apples” comparison of costs and benefits. 1287 
 1288 
On the benefits side, there is a need for a consistent set of assumptions for the benefits from the same 1289 
service utilizing VGI compared to other DERs. This will ensure that “apples-to-apples” comparisons are 1290 
being made, not just for costs, but also in terms of capturing the incremental or total benefits of VGI.  1291 
The benefits of VGI can also come from complementary roles with other DERs, in which the value of the 1292 
other DERs may also increase. Such complementary roles need further understanding when making 1293 
comparisons between VGI and other DERs. 1294 
 1295 
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Further, there is considerable scope for determining the best metrics for reporting on cost-benefit 1296 
comparisons of VGI with other DERs, including such metrics as gross bill savings, net customer savings, 1297 
customer benefit/cost ratio, and other standardized cost-benefit metrics including those that address 1298 
ratepayer impacts and societal costs. Some participants of the Working Group said some metrics should 1299 
be prioritized over others. 1300 
 1301 
2. Qualitative comparisons. A qualitative comparison of a VGI use case with another DER use case can 1302 
highlight the uniqueness and potential benefits of VGI in both complementary and substitution roles 1303 
relative to other DERs.  Qualitative comparisons can be developed in terms of characteristics such as 1304 
location, resource availability, market participation and pricing, application, size/scale, ownership, 1305 
capital investment, lifetimes of equipment and contract periods, and environmental benefits.  For 1306 
example, a stationary battery for a residential or commercial building might be compared with an EV for 1307 
personal use along these dimensions, with the following possible conclusions:38 1308 
 1309 

• Location and resource availability: continuous availability but fixed location for a stationary 1310 
battery vs. non-continuous availability but variable location for an EV that can be optimized for 1311 
grid purposes dependent on managed charging controls 1312 

• Market participation and pricing: retail pricing for both and differences in participation in 1313 
wholesale market 1314 

• Application:  demand-charge reduction and customer bill management possible with both, but 1315 
differences in ability to offer system RA  1316 

• Size/scale:  for residential, EV battery larger than typical stationary battery, while for 1317 
commercial, EV battery is smaller than a typical stationary battery; EV batteries must typically 1318 
be aggregated to a larger scale for participation in wholesale markets, while commercial 1319 
batteries may participate individually. 1320 

• Ownership:  for an EV, the VGI model will mainly be business-to-customer for charging or 1321 
aggregation, while for a stationary battery it could be either business-to-customer or business-1322 
to-business. 1323 

• Capital investment:  EVs don't have to be purchased or leased by distribution utilities and LSEs 1324 
to obtain the benefits of storage for their distribution grids and load-serving needs, in contrast 1325 
to utility-scale stationary storage owned by distribution utilities and LSEs. 1326 

• Lifetimes of equipment and contract durations:  an EV will typically have a lifetime of 5-10 years 1327 
and contracts durations with aggregators or utilities/LSEs may extend down to a single year, 1328 
while a stationary battery will typically have a lifetime of 10-20 and equivalent contractual 1329 
periods. 1330 

• Environmental benefits:  EVs directly reduce gasoline and diesel consumption and associated 1331 
emissions, while stationary batteries reduce emissions in more complex ways that are 1332 
dependent on the emissions characteristics of load-shifting on the electric power system. 1333 

 1334 
This illustrates possible insights from quantitative comparisons, for example that EVs may provide 1335 
greater locational flexibility relative to stationary storage, as EVs can be charged where and when 1336 
needed by utilizing incentives that could be based on real-time locational value. And the ubiquity of EVs 1337 
may allow for greater location-based incentive opportunities than stationary storage. In terms of size, EV 1338 
battery capacity is likely to be smaller than utility-scale storage, and might be commentary for finer 1339 
levels of grid services, while in homes, VGI may provide a higher storage capacity than behind-the-meter 1340 

 
38 Annex 1 gives a further resource by Sumitomo provided to the Working Group as an example of a qualitative 
comparison. 
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stationary storage. Stationary batteries typically are associated with fixed long-term contracts or 1341 
investments, so applications are likewise more fixed, while VGI is associated with shorter-duration 1342 
lifetimes/investments and flexible programming and operation, potentially providing greater flexibility.   1343 
 1344 
3. Use-case-based comparisons.  Some storage and other DER use cases could be characterized along 1345 
some of the same six dimensions of the use case assessment framework that Working Group employed 1346 
to assess VGI use cases (see Section B). These dimensions include Sector, Application, Type, Approach, 1347 
Resource Alignment, and Technology (see Section B). Participants noted in particular the potential 1348 
overlap of the Sector, Application and Approach (direct vs. indirect) dimensions of VGI use cases with 1349 
other DER use cases.  If VGI and other DER use cases can be put into the same framework, then storage 1350 
and other DER use cases could potentially be scored (by DER experts) in the same manner that the 1351 
Working Group scored VGI use cases.  The resulting scoring of both VGI use cases and other DER use 1352 
cases could be compared on a similar basis, for benefits, costs, and ease of implementation.  Such 1353 
comparisons should: 1354 
 1355 
• Configure the comparisons to compare “apples-to-apples” as much as possible 1356 
• Minimize all-volunteer scoring by using paid experts plus peer review 1357 
• Compare based on which DERs provide which grid functions/services (applications) 1358 
• Compare by market—home, fleet, workplace, public, large MUD, etc.; and for different viewpoints—1359 

customer, ratepayer, utility, CCA, etc. 1360 
• Identify which VGI use-cases have higher vs. lower potential benefits for utilities & ratepayers, how 1361 

low technology costs would have to be to enable those use-cases, and how much value would arise 1362 
from spending a similar amount of customer/ratepayer dollars for other DERs that can provide the 1363 
same services.   1364 

• Map out dimensions of sector-based “complex” or “multi-use application” use cases (i.e. one sector, 1365 
many applications) from the perspective of existing utility and other LSE DER programs – such as 1366 
NEM, SGIP, EE, CPP/BIP.  See which use cases from the VGI Working Group map to which use cases 1367 
supported by these other DER incentive programs. 1368 

 1369 
 1370 
Other Viewpoints 1371 
 1372 
Some Working Group participants disagreed with the emphasis on quantitative comparisons and cost-1373 
effectiveness for VGI implied by PUC Question (c). Rather, they favored a focus on PUC Question (b) and 1374 
continuing to focus on policies for “leveling the playing field” for VGI, and understanding and prioritizing 1375 
the highest-value activities and policies by the Commission for EV adoption and managed charging for 1376 
both near-term and long-term. 1377 
 1378 
Some Working Group participants also emphasized that the PUC should pursue further comparative 1379 
analyses of scenarios with managed charging via VGI, compared to scenarios with continued unmanaged 1380 
charging.  In their view, the most informative and relevant comparisons are to be made between 1381 
scenarios with VGI (containing direct managed charging and/or adoption of time-varying rates) and 1382 
counterfactual scenarios of unmanaged charging without VGI.  For such scenarios, VGI value can be 1383 
discovered or determined based on cost-effectiveness assessments (i.e.  usually within technology-1384 
specific programs) where benefits exceed costs of the VGI investment or service, or based on market-1385 
derived cost-competitiveness information, where the relative cost-effectiveness of different resources 1386 
or bids are ranked (e.g.  auctions or competitive solicitations). 1387 
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CONCLUSION AND NEXT STEPS 1388 
 1389 
The VGI Working Group is proud to present this report and associated materials. This work provides a 1390 
solid foundation for the next stages of VGI in California. The Working Group was both mandated and 1391 
motivated by a conviction that VGI affords many potential benefits. Many opportunities to realize these 1392 
benefits are available today and will grow rapidly as EV adoption expands, as shown by the extensive 1393 
work completed by the Working Group on use case assessment and policy recommendations.  1394 
 1395 
The high degree of cooperation and collaboration achieved among over 90 organizations during the ten-1396 
month course of the Working Group also demonstrates that VGI is a unique and effective convening 1397 
umbrella or venue for fostering collaboration across the electric power and EV/charging industries. 1398 
 1399 
The next steps for the Commission beyond this report could include: 1400 
 1401 

• Assess customer interest, acceptance, and retention, and what is required (and associated costs) 1402 
to get customers to participate in VGI programs (e.g., incentives, marketing, dealership 1403 
education). 1404 

• Undertake a focused and detailed review of the 94 policy recommendations produced by the 1405 
Working Group, including the 1200-plus detailed comments generated by the Working Group on 1406 
these recommendations, to develop and enact further policy actions for VGI. 1407 

• Lead an inter-agency effort to conduct the demonstrations and pilots recommended by the 1408 
Working Group based on collaborative and coordinated actions across agencies. 1409 

• Map the use cases put forth by the Working Group onto existing and planned California policies 1410 
and programs for transportation electrification, and identify gaps in policies and programs for 1411 
addressing priority use cases 1412 

• Building on the single-application use cases defined in Section A, further define and explore 1413 
“complex” or “multi-use application” (multiple application) use cases that can “stack” or 1414 
combine the values of multiple services and benefits for single use case  1415 

• Convene a further working group or other venue composed of both VGI and DER experts and 1416 
industry representatives, along with hired experts, to conduct comparisons of VGI use cases 1417 
with other DER use cases, perhaps starting with “net value” analysis on the use cases put 1418 
forward by the Working Group 1419 

• Conduct cost-effectiveness tests and cost-benefit analyses in support of public and ratepayer 1420 
funds for VGI, as part of further answers and understanding of all three PUC Questions. 1421 

• Further explore and understand the implications and relevance of this report for the 1422 
development of the Transportation Electrification Framework (TEF) 1423 

• Use the policy recommendations and other materials from this report to inform development of 1424 
the strategies and quantifiable metrics called for by SB 676.   1425 

 1426 
Broadly, most Working Group participants believe that public funds should continue to support a wide 1427 
range of VGI solutions and initiatives in all policy categories. Participants noted that other DERs such as 1428 
energy efficiency, demand response, solar and stationary storage have received large amounts of public 1429 
funding, which has allowed these DERs to become mature. However, cost-effectiveness tests and cost-1430 
benefit analyses in support of public and ratepayer funds for VGI were not performed by the Working 1431 
Group. Many participants called for such tests and analyses to be performed beyond the scope of the 1432 
Working Group as part of further answers and understanding of all three PUC Questions (a) (b) and (c) 1433 
on use cases, policies, and comparisons with other DERs. 1434 
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GLOSSARY  1435 
 1436 
 1437 
Aggregator – a body that aggregates and coordinates multiple DER to provide energy services. 1438 
 1439 
Ancillary Services – energy services that do not directly feed load, but keep a power system functional; 1440 
e.g. – voltage and frequency regulation, reactive power injection.   1441 
 1442 
Behind the Meter (BTM) Storage – energy storage systems that operate “behind the meter,” i.e not on 1443 
the transmission or distribution system, but onsite with an electricity customer. 1444 
 1445 
Curtailment – the intentional reduction of output of a renewable energy system below what it could 1446 
have otherwise produced.  1447 
 1448 
Demand Charge – a charge for the maximum capacity that a customer uses during a billing period.  1449 
 1450 
Demand Response – a DER strategy wherein loads are taken offline or curtailed in order to lower system 1451 
demand.  1452 
 1453 
Distributed Energy Resource – energy resources - including small scale power generation, energy 1454 
storage, energy efficiency, energy demand response, and electric vehicles – that operate on the 1455 
distribution level of the power system.   1456 
 1457 
Distribution Upgrade Deferral – any investment in a distribution system that allows for the delay or 1458 
nullification of planned system upgrade investments.  1459 
 1460 
Electric Vehicle Service Equipment – any equipment that is used directly to charge electric vehicles, or is 1461 
used to connect vehicle chargers to the power grid or other energy resources.  1462 
 1463 
Electric Vehicles – Vehicles that use electric engines alone, or in coordination with internal combustion 1464 
engines, to power themselves.  1465 
 1466 
Electricity Service Providers – a non-utility entity that offers electric service to customers within 1467 
the service territory of an electric utility 1468 
 1469 
Grid Interconnection – the point of connection between a DER and the distribution grid.  1470 
 1471 
Inverter – A device that converts DC (battery) power to AC (grid) power. 1472 
 1473 
Load Serving Entities – entities that have been granted authority pursuant to state, local law or 1474 
regulation to serve their own load directly through wholesale purchases of electric energy and that have 1475 
chosen to exercise that authority; Privately owned and municipal utilities, as well as electric co-ops and 1476 
community choice aggregators are load serving entities in California.  1477 
 1478 
Managed Charging – EV charging with layers of control beyond the connection to a power source; 1479 
managed charging can be controlled by the consumer, LSE, a third party or by a set of parameters (e.g. – 1480 
price signals) programmed into a charging application.  1481 
 1482 
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Microgrid – an integrated AC grid system that can operate independently from connection to the larger 1483 
grid. Microgrids can vary in size from home to regional scales. 1484 
 1485 
Peak Period - the period in a given time frame at which the power system is experiencing its peak 1486 
demand.  1487 
 1488 
Peak Demand – the greatest level of energy needed within a given time period;  1489 
 1490 
Point of Common Coupling – the point where the generating facility's local electric power system 1491 
connects to the electrical company's electric system, such as the electric power revenue meter or at the 1492 
location of the equipment designated to interrupt, separate or disconnect the connection between the 1493 
generating facility and electrical company. 1494 
 1495 
Resiliency – the ability of a power system to operate while experiencing disruption. 1496 
 1497 
Resource Adequacy – a set of regulatory and planning constructs used to ensure that there will be 1498 
sufficient resources available to serve electric demand under all but the most extreme conditions 1499 
 1500 
Submetering – the measurement of electricity consumed (metering) by an EV within a customer’s 1501 
existing, metered account.   1502 
 1503 
Telemetry – the collection of measurements or other data at remote points and their automatic 1504 
transmission to receiving equipment for monitoring. 1505 
 1506 
Time-of-Use Rates – an energy tariff wherein the price of energy varies depending on the time of day; 1507 
Time-of-Use rates are designed to disincentivize power use during peak demand periods.   1508 
 1509 
Uni-Directional / Bi-Directional Grid Interactions – EV use cases are defined by the flow of energy  1510 
between the EV and the source powering it. Uni-directional grid interactions are situations in which 1511 
power always flows only from the grid to the EV. Bi-directional grid interactions specify situations in 1512 
which power can flow from the grid to the vehicle and vice versa.  1513 
 1514 
Use Case – a specific situation or set of conditions under which EVs will be used.  1515 
 1516 
Value Stacking – applying multiple value streams and services to a single use case or device.  1517 
 1518 
Vehicle-Grid Integration - a form of distributed energy resource that enables plug-in electric vehicles to 1519 
interact with the electric grid in a variety of new ways to provide economic and environmental benefits 1520 
to ratepayers, EV owners, businesses, utilities and other load-serving entities, and the power grid itself. 1521 
 1522 


