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Given the uncertainty around climate change and the need to design systems that

anticipate future needs, risks, and costs or values related to resilience, the current

rules-based regulatory and policy frameworks designed for the centralized system

of large-scale energy generation and delivery may not be ‘fit for purpose’ for

smaller scale local installations centered on community microgrids. This research

examines regulatory challenges and potential impediments to implementing a

multi-customer community-based microgrid in California through discussion of

lessons learned in current pilot projects supported in part by initiatives of the

California Energy Commission’s Electric Program Investment Charge (EPIC). The

extent towhich regulation has the flexibility to anticipate future needs and risks and

support experimentation is evaluated in light of the state’s complex and evolving

energy system requirements. To illustrate challenges, two case studies of EPIC-

supported projects are included. Multiple uncertainties, including future impacts

of climate change, energy demands, and advances in technology, highlight the

potential need to rethink best approaches to energy regulation. Principles drawn

from Resilience Thinking and Anticipatory Regulation are discussed for their

potential value in supporting development of new models for community-scale

energy production, distribution, and use. Drawing on the experiences of the

pilot projects, suggested principles to guide a new regulatory regime specific to

microgrids are proposed.

KEYWORDS

microgrid, natural disasters, resilience (environmental), community, energy, social science
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1. Introduction

According to the Intergovernmental Panel on Climate Change (IPCC), the frequency

and severity of extreme weather events will likely continue to increase as the earth’s climate

changes, with significant impacts on the water-energy-food nexus (IPCC, 2021).While this is

a challenge globally, decarbonization and strategies of adaptation require action at multiple

scales, including the local level (Quandt et al., 2023). In California, the effects of climate

change are projected to include increasing average annual daily maximum temperatures,

worsening water shortages, and coastal erosion and flooding (Bedsworth et al., 2018).
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Fire seasons are lengthening, and combustion sparked by aging

and failing components of the centralized legacy electrical grid

has led to loss of property and lives, adverse health effects, and

energy insecurity (Radeloff et al., 2018; Kramer et al., 2019; Goss

et al., 2020; O’Neill et al., 2021; Guirguis et al., 2023). This is an

important justice issue, as areas with more frequent fires have lower

household incomes and home values, and higher proportions of

older residents, Native American populations, and undocumented

immigrants; underrepresented populations have also been shown

to face greater flood risk (Méndez et al., 2020; Masri et al., 2021;

Sanders et al., 2023).

To mitigate wildfire risk, California’s three largest electric

utilities have initiated planned public safety power shutoffs (PSPSs)

during heat or extreme weather events, leaving millions without

power and leading to significant health, social, and economic

impacts (Abatzoglou et al., 2020; Murillo, 2020; Wong-Parodi,

2020; RCRC, 2022). Power disruptions affect interconnected

infrastructure, including access to food and water, health and social

services, and communication and transportation networks, with

particularly severe impacts on vulnerable populations. Planned

and unplanned outages highlight the inadequacy of the legacy

grid that depends on remote energy production and transmission

at long distances to ensure uninterrupted energy access (Guliasi,

2021).

California is currently encouraging research on and

development of projects that decentralize energy generation

and transmission as one way to add reliability (Hess and Lee, 2020;

Ajaz and Bernell, 2021a,b). Microgrid technology is a promising

innovation for improving resilience, with potential for community

self-sufficiency and control over energy access and management

(Wu and Sansavini, 2020; Ajaz and Bernell, 2021a,b). California

currently has 69 operational solar-plus-storage microgrids of

varying sizes, designs, and purposes (US DOE, 2023). Most of

these installations are for specific resilience needs, such as airports,

hospitals, universities, agricultural sites, or remote locations.

The potential application of the technology to more general

community resilience, including in urban environments, is a newer

development. Within a community, the resilience needs can be

considerably more diverse with wide load variances as there may

be health equipment needs of households, refrigeration needs

of businesses and residents, battery charging, communications,

emergency services, and more. An advantage is that a local energy

solution can benefit from identifying and including community

knowledge and resources that recognize the unique needs and

assets of residents and their environment (Cox, 2023).

While microgrids are a new and developing technology

applied to wider contexts, installations and modeling of potential

applications show positive results (Anderson et al., 2017). The

first community scale microgrid was installed in Bronzeville,

Illinois, as a test project for resilience in a mixed income

community and continues to operate successfully (Rickerson

et al., 2022). In a suburb of Tampa, Florida, a neighborhood

scale pilot microgrid serving 37 homes was able to maintain

power when Hurricane Ian in 2022 caused other neighboring

residences to lose power (Cassels, 2023). In California, after a

catastrophic gas leak in Aliso Canyon in Los Angeles County, a

nanogrid—a smaller microgrid that can be connected to other

small grids—was installed to provide emergency energy services.

The system was unexpectedly tested five weeks later when the

main grid failed, and the new system provided seven critical

hours of power (Lightner et al., 2021). Additionally, studies have

modeled potential benefits. In a rural region of Southern California

prone to PSPSs, analysis concluded that adding transmission

lines or diesel generation capacity was cost prohibitive, and a

now functional solar-generated microgrid was installed instead

(Cohn, 2021). A study of risk mitigation in Puerto Rico, in the

aftermath of the disastrous consequences of Hurricane Maria,

concluded that a network of strategically placed microgrids could

improve resilience and prevent catastrophic damage to critical

infrastructure networks in a future event (Aros-Vera et al., 2021).

In another example, a study of a hospital in Chino, California,

concluded that implementing a microgrid could significantly

improve resilience in case of an emergency (Hervás-Zaragoza et al.,

2022).

With potential for generation and storage through solar-

plus-storage battery systems1, community microgrids can also

help the state meet its decarbonization goals. California is a

global leader in decarbonization with incentives for innovation

in new technologies and energy decentralization (Ajaz and

Bernell, 2021b). The state is pursuing strategies and piloting

projects that simultaneously reduce reliance on carbon fuels

and lower emissions, but also improve resilience (CARB, 2022).

Despite being a critical issue, resilience has only recently been

addressed as an explicit goal in microgrid development in

California and as of May 2023 definitions of and ways to

value resilience are still being developed by the state (Schwartz,

2021).

Given the uncertainty around climate change and the need

to design systems that anticipate future needs, risks, and costs

or values related to resilience, the current rules-based regulatory

and policy frameworks designed for the centralized system of

large-scale energy generation and delivery may not be “fit

for purpose” for smaller scale local installations centered on

community microgrids.

This paper examines regulatory challenges and potential

impediments to implementing a multi-customer community-based

microgrid through discussion of lessons learned in current pilot

projects. The extent to which regulation has the flexibility to

anticipate future needs and risks and support experimentation is

evaluated in light of California’s complex and changing energy

system requirements. Multiple uncertainties, including future

impacts of climate change, energy demands, and advances in

technology, highlight the need to rethink best approaches to energy

regulation. To this end, principles drawn from Resilience Thinking

and Anticipatory Regulation are discussed for their potential value

in supporting development of new models for community-scale

energy generation and distribution (Biggs et al., 2015; Armstrong

and Rae, 2017; Armstrong et al., 2019).

2. Methodology

Support for pilot projects that test community-scale energy

solutions is a key part of California’s climate and decarbonization

1 https://www.energy.gov/eere/solar/articles/solar-plus-storage-101
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strategy. The Electric Program Investment Charge (EPIC), created

under the umbrella of the California Energy Commission

(CEC) in 2012, aims to incentivize the development and

commercialization of clean energy. The CEC defines the goals of

EPIC as to:

• “Expand the use of renewable energy.

• Build a safe and resilient electricity system.

• Advance electric technologies for buildings, businesses,

and transportation.

• Enable a more decentralized electric grid.

• Improve the affordability, health, and comfort of

California’s communities.

• Support California’s local economies and businesses” (CEC,

n.d.).

This research examines the experiences of pilot projects that

received EPIC grants in 2016 to develop innovative models

for advanced energy communities (AECs) centered on clean

electrical power. Pilot projects were awarded initial funding

for a Phase I feasibility study through a competitive challenge

grant procedure, with projects sited in geographically and

socially diverse communities, including disadvantaged or under-

resourced communities. Shared goals included energy resilience

and decarbonization, as well as financial viability and sustainability

beyond the grant period, but aimed to attract a variety of solutions.

Of the 12 AECs submitting final Phase I reports, four subsequently

received further support to construct their plans during Phase II

(Box 1).

BOX 1 EPIC phase I and phase II projects.

• Oakland EcoBlock∗

• Lancaster Advanced Energy Community∗

• Richmond Advanced Energy Community∗

• Bassett-Avocado Advanced Energy Community (BAAEC)∗

• Berkeley Energy Assurance Transformation (BEAT)

• Charge Bliss Advanced Renewable Energy Community (City of Carson)

• Biodico’s Zero Net Energy Farm (Fresno)

• Santa Monica City Yards Advanced Energy District

• Peninsula Advanced Energy Community (AEC)

• Energize Fresno

• Huntington Beach Advanced Energy Community

• Groundwork San Diego: the Chollas EcoVillage

∗received EPIC grant for Phase II build-out.

This research began with an extensive literature review

to identify common lessons learned and challenges faced in

building local scale energy solutions centered on microgrids.

The experiences of the EPIC-funded pilot projects in the

design stage were examined through two rounds of stakeholder

consultation and interviews. An initial scoping study included

reports submitted by all projects at the conclusion of Phase

I as well as case studies and other relevant material. Semi-

structured, open-ended interviews were conducted with design

team members of 11 of the 12 Phase I projects and with

team members of all four projects that continued to Phase II.

CEC staff who evaluated and provided guidance to the EPIC

projects were also interviewed. Interviews, conducted in 2021–

2022 (after Phase I was completed and final reports submitted,

and after those selected had begun the build-out phase), focused

on challenges faced in developing project designs. Information

was also collected and evaluated from quarterly meetings with

CEC staff and microgrid ad hoc monthly working group

meetings initiated to share information, including on regulatory

changes with potential to facilitate microgrid development,

that led to a (as yet unpublished) report (Reimagine Power,

2022).

The most frequently reported challenges related to the current

regulatory framework, with a majority of the projects explaining

that current regulations resulted in either a change in design or

abandonment of plans. Based on the scoping study, a follow-up

round of interviews was conducted to further analyze impacts of

regulation on design and build-out. Case studies (following Yin

(2009)) to illustrate regulatory impediments, were developed from

two projects in Northern California: Berkeley Energy Assurance

Transformation (BEAT), in Berkeley, and EcoBlock, in nearby

Oakland (Section 4.3). Both projects proposed local energy

solutions to improve energy resilience and equity centered on

a microgrid. BEAT did not receive Phase II funding. EcoBlock

received Phase II funding and is currently in the initial stages

of construction. These projects were chosen as representative of

regulatory challenges faced by other projects as well as their

location in similar urban environments with diverse populations.

Both are under the jurisdiction of the same utility company.

Some limitations in this research are acknowledged. Future

interviewing could deepen the understanding of regulatory barriers

as projects progress. Follow-up interviews with projects that did

not continue to Phase II could identify what, if any, elements of

the projects were retained. As project design is iterative, so too is

data collection and evaluation. Additional interviews could extend

to include members of the communities as well as businesses and

potential contractors or other partners.

Principles from Resilience Thinking and Anticipatory

Regulation are discussed for potential value in encouraging a

flexible regulatory approach that supports experimentation with

new energy models (Biggs et al., 2015; Armstrong and Rae, 2017;

Shandiz et al., 2020; Aczel et al., 2022).

3. California’s regulatory framework
applied to local energy development

The following section describes California’s current regulatory

and policy framework for energy, including initiatives to support

community microgrids.

3.1. Climate change and decarbonization
context

California energy generation relies on an aging electricity grid

that has been shown to be unreliable in extreme conditions,
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and that lacks sufficient capacity during periods of peak demand

(Sultan et al., 2016; Guliasi, 2021). At the same time, the state is

aggressively decarbonizing the energy sector with electrification

a key policy component (Hess and Lee, 2020). Significant

legislation to this end includes, among other initiatives, AB 32

(2006) that required greenhouse gas emissions (GHG) to be

reduced to 1990 levels by 2020 (achieved in 2016) and SB 100

(2018) that mandates energy be composed of 60% renewable

sources by 2030 and 100% clean energy by 2045 (California

Legislature AB-32, 2006; California Legislature SB-100, 2018;

Berkeley Law, 2022). In 2022, Governor Gavin Newsom approved

a portfolio of additional laws, such as AB 1279 that codifies

the statewide net zero goal and establishes an 85% emissions

reduction target and SB 1020 that sets interim targets that require

renewable energy and zero-carbon resources to supply 90% of

all retail electricity sales by 2035 and 95% of all retail electricity

sales by 2040 (California Legislature AB-1279, 2022; California

Legislature SB-1020, 2022). As renewable energy sources, such

as solar and wind, are implemented following these and other

initiatives, there are demonstrated challenges in integrating them

within the current electricity grid, leading to the potential for

inequality as access for some communities may take longer

to implement (Brockway et al., 2021; Jenn and Highleyman,

2022). The reduction of fossil fuel-based energy and expanded

electrification increases stress on the centralized, aging grid, leading

to potential energy insecurity during periods of peak demand

(Abido et al., 2022; Jenn and Highleyman, 2022). California’s

rapid technical developments to reduce fossil fuel use through

electrification and adoption of renewables have developed faster

than policy or changes to regulatory mechanisms that can manage

these developments.

3.2. Decentralization of energy generation
and distribution

While California is decarbonizing through electrification

and adoption of renewable energy sources, the legacy power

grid that has operated in much the same way for more

than 100 years needs to be modernized, as evidenced by

wildfires sparked by aging transmission lines; there is additionally

the challenge of integrating current and anticipated future

expansion of distributed energy resources (DERs), such as

electric vehicle charging capacity (Serna, 2019; CPUC, 2021a;

Guliasi, 2021). California aims to include decentralization of

the power sector as a resilience and decarbonization strategy

through legislative actions that include SB 1339 and the Microgrid

Incentive Program. This represents a major shift in how power

is managed and distributed, as the grid currently relies on

centralized power generation facilities and a network that transmits

energy to users at sometimes vast distances (Hussain et al.,

2019a; Ajaz and Bernell, 2021a; CPUC, 2021b; Smith et al.,

2023).

The US Department of Energy (DOE) has called microgrids an

important part of smart grid development “for improving power

reliability and quality, increasing system energy efficiency, and

providing the possibility of grid-independence to individual end-

user sites” and defines a microgrid as “a group of interconnected

loads and distributed energy resources within clearly defined

electrical boundaries that acts as a single controllable entity with

respect to the grid” (Ton and Smith, 2012).

A system of multiple interconnected local scale microgrids has

the potential to “harden” the electric grid and improve resilience

(Borghei and Ghassemi, 2020; Chen et al., 2020; Wang et al., 2020).

The microgrid can support the main electrical grid by adding

energy when needed and can strengthen resilience by islanding or

detaching from the main grid when the grid fails or during periods

of excess demand (Rickerson et al., 2022). As about 90% of current

power outages occur at the distribution level, local scale delivery is a

potentially important solution (Silverstein et al., 2018). Microgrids

also permit integration of renewable sources such as solar and can

increase delivery efficiency by reducing energy lost in the process

of transmission at distances (Hussain et al., 2019a,b). Connected

islandable microgrids can become resilient “building blocks” in

a “bottom-up” or community-driven system of delivery, creating

efficiency by spreading demand across multiple users and allowing

the system to grow with need (Hirsch et al., 2018).

Figure 1 illustrates the technical components of a microgrid,

which can integrate rooftop solar, vehicle charging, household

appliances, and battery storage, and includes the ability to connect

or disconnect from the main utility through a relay. The schematic

includes behind the meter or home scale battery storage as well as

front of the meter storage that connects directly to the grid.

3.2.1. Industry perspective
According to the International Energy Agency (IEA),

proliferation of decentralized energy systems is creating unexpected

challenges as most grids were developed for power systems that

are now outdated but in which stable power demand and inelastic

pricing could be assumed (Kim and Fischer, 2021). The nature

of risks has changed as previously the concern was potential

larger generator or network failures and there was little incentive

to understand consumer energy use patterns. Now there is the

new variable of increasing reliance on sources that are weather-

dependent, such as solar or wind generation. Also, because the

distribution system was designed for unidirectional power flow,

when solar flows from a microgrid to the main grid, it can exceed

the system’s capacity (Kim and Fischer, 2021). There is uncertainty

about impacts of expanding power needs, as well as the difficulty in

estimating how much power will be added to the grid as more of

microgrids come on-line (Rickerson et al., 2022; von Lazar, 2023).

In a survey of roughly 250U.S. power industry stakeholders,

Black and Veatch’s 2022–2023 Electric Report identifies key

challenges faced by the industry, including the difficult task of

integrating renewables and distributed energy sources within the

main grid and managing a more complicated energy network to

ensure safety (von Lazar, 2023). As microgrids operate with smart

technology, they may be vulnerable to cyberattack and managing

this risk is fundamental to ensuring resilience (Gaggero et al., 2021).

Other potential challenges include the need to establish a tariff for

multi-customer microgrids that accurately and equitably reflects
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FIGURE 1

Microgrid schematic. Credit: Eunice Chung, UC Berkeley.

costs related to the main grid’s infrastructure and maintenance and

that avoids shifting expenses unfairly to non-microgrid customers

(Borenstein et al., 2021; Nordman et al., 2023). There is also

uncertainty over responsibility for ongoing maintenance of local

scale microgrids and how connections to the main grid will be

developed. Ensuring safe management and maintenance of local

scale systems, as regulation changes to cover microgrids, needs to

be addressed (Rickerson et al., 2022).

Despite the challenges and uncertainties, there is a recognized

need to develop local scale solutions, such as microgrids, to

replace fossil-fuel based emergency generation with clean solutions

that can ensure energy resilience (Hwang et al., 2023). Replacing

diesel back-up with a solar-plus-storage system in just one public

building, for example, has been estimated to save $3M of public

expenditures and reduce CO2 emissions by 20 tons over 20 years

(Hwang et al., 2023). The state’s large electric utilities are under

increasing pressure to develop resilience strategies, including local

scale solutions.

3.3. Landmark initiatives to support
microgrid communities

In 2018, California passed SB 1339 (Stern), which directs

the California Public Utilities Commission (CPUC) to evaluate

the potential role of microgrids in strengthening the electrical

grid and improving community energy resilience (California

Legislature SB-1339, 2018; Ajaz and Bernell, 2021b). The bill

aims to reduce some of the regulatory impediments to microgrid

development that have been barriers to planned projects. To this

end the CPUC was directed to create separate rates and tariffs

for microgrids to produce a revenue stream and lower other

barriers to deployment. The bill “would require the governing

board of a local publicly owned electric utility to develop and

make available a standardized process for the interconnection

of a customer-supported microgrid, including separate electrical

rates and tariffs, as necessary” (California Legislature SB-1339,

2018). A decision on implementation was set to take place in

early April 2023, but (as of publication date) is still pending

(CPUC, 2022; Wood, 2023). The implementation of SB 1339 has

been slower than expected due to the complexity of developing

tariff structures and interconnection applications as well as the

lack of a process that would incorporate input from communities

(Smeloff et al., 2020). The process of implementation that began

in 2018 is now at the stage of considering potential tariffs for

multi-property microgrids and is developing definitions for a

valuation approach to resilience as resilience has not previously

been assigned a value in policy or pricing structures (CPUC,

2023).

Another initiative is California’s Microgrid Incentive Program,

first authorized in January 2021 to provide funding for community,

local, and tribal governments to develop microgrid projects. Goals

include improving resilience in communities at heightened risk

of power loss, increasing reliability for critical infrastructure

facilities, reducing impacts of power disruptions within low-

income households and vulnerable populations, and supporting

clean energy rather than diesel-fueled emergency generators for

resilience. While the program has been conceptually approved,

the specific application and implementation details are still

under development, with expected roll-out in 2023 (CPUC,

2021b).

Frontiers inClimate 05 frontiersin.org

https://doi.org/10.3389/fclim.2023.1145231
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org


Aczel and Pe�er 10.3389/fclim.2023.1145231

3.4. Deep uncertainty and change:
decentralization

Energy decentralization is a significant process of change

as electrical generation and distribution shifts from centralized

control “...to systems that can accommodate small-scale energy

generation, enable ‘prosumer’ behavior and demand management,

and form islands in the event of power outages” (Hess and Lee,

2020). There is inherent uncertainty about the optimal process or

path to the desired outcome of clean, reliable, safe, and equitable

energy access and thus the need for an approach to regulation

and policy that encourages experimentation (Brockway and Dunn,

2020; Helmrich and Chester, 2022). This suggests an approach to

regulation that begins by identifying ideal outcomes or benefits of

a community-based energy system, including “system resilience,

sustainability, efficiency, affordability, and potentially also local

democratic control over energy” (Hess and Lee, 2020) but that

recognizes uncertainties, and supports exploration of multiple

potential futures and models (Gilani et al., 2020; Wang et al., 2020;

Workman et al., 2021).

While recent California policy initiatives aim to add resilience

through technical innovations such as microgrids and other

generation and storage options, there are regulatory impediments

as the policy framework currently in place was developed

to support a centralized electricity grid (Ajaz and Bernell,

2021a; Reimagine Power, 2022). The following section highlights

examples of potential regulatory barriers to community microgrid

development, based on lessons learned through pilot programs

designed to explore and test new energy options (CEC, 2020).

While a full evaluation of the experiences of these pilot programs

is beyond the scope of this paper, these examples illustrate potential

barriers of a regulatory framework designed for a centralized power

system in supporting innovative energy solutions.

4. Piloting decentralized energy in
California: a comparative case study
focused on regulatory challenges

This section describes some regulatory barriers to

implementation faced by California’s microgrid communities,

through the cases of two projects supported under the state’s

EPIC program.

4.1. Lessons from electric program
investment charge projects

California’s Electric Program Investment Charge (EPIC),

under the California Energy Commission (CEC), incentivizes

development and commercialization of energy solutions to

decarbonize electricity—including projects centered around

clean, community-based microgrids (CEC, 2020). In 2016,

the EPIC Challenge: Accelerating the Deployment of Advanced

Energy Communities engaged project teams of developers,

local governments, utilities, businesses, researchers, community

organizations, and other partners to design and test innovative

plans to accelerate the deployment of these decentralized energy

communities in California and beyond (CEC, n.d.; CEC, 2020).

The EPIC grant solicitation was divided into two phases: a

planning period of approximately two years designed to produce

a feasibility study to be followed by a Phase II implementation

period of up to four years. The projects were located in diverse

geographic settings that included all three of the state’s major utility

service regions, with emphasis on disadvantaged communities.

Urban and rural settings (including a farm) ware represented. The

funding solicitation emphasized diversity and sharing of knowledge

and lessons learned through public workshops, webinars, and

other venues (CEC, 2020). Lessons from these projects can help

in identifying and understanding potential regulatory and other

barriers to implementation of microgrid-centered communities

and offer guidance in strengthening policy for decentralization of

energy. As these are pilot projects, the goal of EPIC support was

to identify potential challenges to future development and lessons

learned for other iterations.

4.2. Regulatory challenges with
implications for microgrids

The regulatory framework overseeing electrical generation

and distribution in California is a complex system that was

designed for the centralized legacy grid. The California Energy

Commission (CEC) is the primary policy and planning agency with

responsibility for setting energy policy under legislative direction.

The California Public Utilities Commission (CPUC) sets rules for

private utilities such as the three large investor-owned utilities

(IOUs), that are for-profit, publicly traded entities operating as

monopolies and that currently manage about 75% of the state’s

electricity: Pacific Gas and Electric (PG&E), Southern California

Edison (SCE), and San Diego Gas and Electric (SDG&E)2. The

California Independent System Operator (CAISO) is responsible

for the network of long-distance transmission lines. The existing

regulatory structure was developed to manage these large-scale

utilities, but there are now alternative utility models providing

energy in parts of the state, including 44 publicly owned utilities,

and decentralization is introducing new complexities (Grosspietsch

et al., 2019; Ajaz and Bernell, 2021a,b; California Government,

n.d.).

The CPUC is responsible for creating specific rules within the

regulatory framework and overseeing implementation. Under this

current rules-based system, the three large IOUs are responsible

for administering rules, with the CPUC overseeing the process

and able to require the IOU to modify rules consistent with state

policy and law. Each IOU maintains its own version of the rules,

overseen by the CPUC. CPU Code Section 218(b), also colloquially

called the “over-the fence rule”, was often cited by EPIC project

team members as posing challenges for developers of community

2 Publicly Owned Utilities (POUs) and Investor-Owned Utilities (IOUs) have

served California for more than a century. More recently, Community Choice

Aggregators (CCAs) are being created to give local communities an even

bigger voice in their energy future. Here are the basics about these di�erent

models (https://www.cmua.org/pou-explainer).
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microgrid technology. Electric rules that may pose additional

barriers and that were cited include Rule 2, Rule(s) 18/19, and Rule

21. Box 2 briefly summarizes CPU Code Section 218(b) and the

three electric rules.

BOX 2 CPUC rules with implications for microgrids.

Relevant CPUC Energy Rules

• CPU Code Section 218(b). “Over-the-Fence” Rule: limits the ability

of project owners to distribute power to buildings on non-adjacent

lines. Projects that serve multiple customers and cross rights of way,

such as streets, must become energy corporations, and are considered

public utilities. As a public utility, an entity is then subject to all CPUC

regulations.

• Rule No. 2. California Electric Rule: allows IOUs to impose a “cost of

ownership” charge on consumers to recover the expenses for new grid

infrastructure that supports the customers” service.

• Rule No. 21. Interconnection: tariff that describes the interconnection,

operating and metering requirements in order for generation facilities

to connect to the utility’s distribution system.

• Rule No. 18/19∗. Separate metering: Prohibits separate premises from

sharing the same meter, except in defined special circumstances such as

maintaining critical infrastructure in the case of a grid power outage.

∗Rule No. 18: PG&E and SCE; Rule No. 19: SDG&E (CPUC, 1951).

When microgrids serve multiple customers and cross public

rights-of-way they are defined as a “public utility” under CPU

Code Section 218(b). This means that a small community energy

project can be over-burdened with costs related to the need for

significant staff, and financial and legal resources equivalent to

those required by a large utility (Reimagine Power, 2022). There

is potential for an exemption under this Code if the electricity

generated, stored, or distributed is limited to an owner’s “own use,”

subject to interpretation by the utility and CPUC (von Meier and

Kammen, 2021).

Under Rule 2 the utility is allowed to recoup a variety

of costs related to facility development and maintenance if

microgrid infrastructure must be transferred to their ownership,

with potentially project-halting costs. The “cost of ownership” or

other expenses charged to consumers as allowed under the Rule

is left to the regulators and the utility to apply on a case-by-case

basis and may require excessive costs, need for construction of

infrastructure, and requirements to develop capacity that would be

more appropriate to a large utility.

Additionally, Rule 21 means that the utility can charge for costs

related to interconnection, metering, and operations. As the three

IOUs maintain their own version of the Rule (as with the other

rules), interpretations and applications can vary. Moreover, there

currently is no interconnection tariff, rate schedule, or incentive

structure specific to microgrids that can provide fair value to users

of the community system who may return excess power to the grid

and contribute to resilience in case of an outage (Reimagine Power,

2022).

The Rule governing policy on separate metering (Rule 18 in

PG&E and SCE and Rule 19 in SDG&E) currently prohibits an

entity from selling or supplying electricity to another entity. This

can act as a barrier to transferring electricity through a microgrid

to multiple consumers. While the Rule allows for shared metering

in certain “special” circumstances, such as connecting critical

infrastructure, this provision is subject to interpretation by the IOU

and CPUC.

California’s SB 1339 mandates the CPUC to facilitate

commercialization of microgrids, and to that end, must put in

place new rates and tariffs (California Legislature SB-1339, 2018).

There are currently proposals to develop tariffs and modify rules

that now are barriers to microgrid implementation, but the process

of modification of existing rules is complex as rules that were

designed to apply to a large utility need to be “scaled down”

(EcoBlock Interview, 2022). As discussed earlier, the complexity

of developing tariffs and incorporating risk definitions has

resulted in implementation delays. The EPIC pilot projects began

development of their plans for decentralized energy generation

in 2016, while SB 1339 was not signed into law until 2018, with

implementation still in process.

The regulatory issues highlighted in this section are illustrated

through the two cases that follow. The Berkeley Energy Assurance

Transformation project aimed to develop a clean energy microgrid

community (CEMC) to connect critical community services.

EcoBlock’s goal was to design a retrofit for an urban residential

community centered on a shared microgrid. Application of the

microgrid technology to an existing built environment within a

city brings increased complexity compared with systems designed

around a single customer or new construction. The cases illustrate

regulatory challenges that may impede microgrid development in

a climate of uncertainty, as California currently has no regulatory

framework specific to microgrids.

4.3. BEAT and EcoBlock: two case studies
focusing on community microgrid barriers

This section examines the experience of two EPIC projects,

both situated in the PG&E service area.

4.3.1. Berkeley energy assurance transformation
The Berkeley Energy Assurance Transformation (BEAT)

project was led by the City of Berkeley. The Phase I feasibility study

evaluated “...how to design a clean energy microgrid community

to serve key municipal buildings and to improve community

resilience by maintaining essential city functions during a major

power outage. The objective was to design a replicable, community

microgrid3 for a dense urban area” (Van Dyke et al., 2019).

Critical facilities to be connected included a 911 call center,

emergency operations center, jail, police and fire headquarters, city

hall, and city administrative buildings (BEAT Interview, 2021b).

Components of the planned microgrid included: “automated

controls; on-site renewable energy; and battery storage to minimize

reliance on conventional backup diesel power” (Van Dyke et al.,

2019).

3 Referred to in the project as a clean energymicrogrid community (CEMC).
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FIGURE 2

BEAT microgrid prototype (Van Dyke et al., 2019).

BEAT proposed a system to generate solar electricity to operate

microgrid-connected key city facilities, with the battery and smart

controllers able to balance solar energy generation and building use

demand by distributing and storing the solar energy in real time

(City of Berkeley, 2018). The initial plan proposed connecting the

microgrid to the main grid section, operated by PG&E, through

a master meter with a single point of contact (City of Berkeley,

2018).

Figure 2 below shows the proposed microgrid plan with

connection of city-owned buildings that are close in proximity

but not directly adjacent (Prototype 1) and potential expansion to

buildings not owned by the city (Prototype 2).
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The BEAT project was not able to move forward with their

plan to develop an islandable microgrid to connect city services due

to regulatory roadblocks that resulted in insurmountable financial

costs (Van Dyke et al., 2019; BEAT Interview, 2021a). The first

impediment was CPU Code Section. 218(b) that, as discussed in

4.2, restricts projects’ owners from distributing power on lines

that are not on immediately adjacent properties. In the case of a

microgrid connecting to multiple non-adjacent buildings, the Rule

would require the local microgrid to become a utility and own

and operate transmission lines. BEAT’s proposed design called for

city services included in the microgrid to be in “close proximity”

but not directly adjacent. Thus, the plan was not feasible due to

the unfavorable interpretation of CPU Code Section 218(b). As a

potential workaround, with reduced efficiency, BEAT explored the

possibility of switching to multiple nanogrids, meaning a smaller

solar-plus-storage system rather than a single microgrid to connect

all services (BEAT Interview, 2021a).

The second impediment was that BEAT was not granted an

exemption per Rule No. 2 for special facilities, including critical

services. Under Rule 2, in order to use existing utility distribution

lines for an islandable microgrid, either all customers on that line

must be part of the microgrid (such as at the end of a distribution

line), or the utility must be willing and able to automatically

shut-off any non-microgrid customers on the existing distribution

lines in the case of a power outage. In addition, the utility

would require legal contracts with all customers not served by the

microgrids that would be shut-off in the case of a power outage.

For the BEAT project, there were hundreds of customers on the

lines between the proposed CEMC buildings who would not be

microgrid participants. PG&E did not have automatic switches or

a willingness to add that technology to their distribution lines,

nor a shut-off agreement with customers. Therefore, the BEAT

project would be required to construct new parallel distribution

lines to connect buildings participating in the microgrid. New lines

would come at a significant cost, including capital and installation

costs, utility charges for operation and maintenance of the lines,

and a transfer tax to deed assets to the utility. The construction

of new distribution lines was estimated at about $1 million per

mile. Additionally, PG&E would collect a one-time transfer tax per

the Income Tax Component of Contributions (ITCC) Provision

(to cover state and federal taxes) for deeding the new lines to

PG&E, amounting to 24–34% of the total capital costs. PG&E

would also charge for operation and maintenance of the new lines

per interpretation of Rule No. 2 at a rate of 6.5% of the capital costs

annually, indefinitely. This charge would equate to more than the

total capital costs of the BEAT project after about 15 years (Van

Dyke et al., 2019; BEAT Interview, 2021a).

Figure 3 summarizes the most significant reasons that

microgrids may be cost-prohibitive under current regulation,

according to the findings of the BEAT project team.

The BEAT project concluded that it was not feasible to

move forward with their plan to develop an islandable microgrid

connecting vital city services due to regulatory requirements that

would result in insurmountable financial costs (Van Dyke et al.,

2019; BEAT Interview, 2021a).

4.3.2. Oakland EcoBlock
The Oakland EcoBlock project, led by University of California,

Berkeley, aimed to develop a prototype for affordable urban

decarbonization through retrofitting at the neighborhood block

scale. A goal was to test the optimum size for a microgrid-based

FIGURE 3

Why microgrid costs are high, creating a potential barrier. City of Berkeley, November 16, 2020. Available online at: https://epicpartnership.org/

resources/Schwartz_PICG_PSPS_Workstream_Meeting_1.pdf.
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FIGURE 4

EcoBlock design. Image source: EcoBlock.

community development that scales up from a single housing unit.

The main component of the plan was to replace natural gas as a

fuel source with electricity and develop a solar-powered common

microgrid to serve the block. The aims were to rapidly and equitably

reduce carbon emissions; improve resilience by developing a solar

microgrid to take advantage of fluctuations in consumer demand

and provide resilience during and after power outages; and build

community leading to eventual self-management and ownership of

the system.

Phase I developed a design, including technical specifications,

planning, permitting feasibility, and financing models, for a retrofit

within a middle and low-income neighborhood in Oakland with

a mix of single- and multiple-family buildings, homeowners and

renters, and at least one small business (see Figure 4). The plan

included “an integrated system of energy efficiency retrofits, a direct

current solar/storage/electric vehicle microgrid, alternating/direct

current houses, and water efficiency retrofits with rainwater

capture” with projected results of close to zero net emissions in

homes, reduction of carbon emissions for the block (65%), and

significantly reduced water use (65–70%) (Barr et al., 2019).

The community energy plans incentivized through EPIC

emphasized an iterative strategy to test approaches and models that

could then be modified or scaled. The Oakland EcoBlock team

emphasized that the focus is on lessons learned in the project’s

current iteration and possible future improvements and redesign,

including scaling-up beyond the current block level for financial

feasibility. As the eventual plan for EcoBlock is community

management, and a community association has now been formed,

given the technical, financial, legal, and regulatory complexity of

the initial planning stages, it is not yet possible for the project

to be truly community-designed although community control of

decision-making is the ideal longer-term goal. The team explained

that every step toward the goal of community-led development and

control is a positive step that moves the project closer to the aim of

democratic decision-making (EcoBlock Meeting, 2023).

The Oakland EcoBlock pilot project avoided the implications

of CPU Code Section 218(b) in contrast to the experience of

BEAT. As the project was located on a cul-de-sac terminated by

a creek, the electrical connection of the homes and businesses

joining the microgrid did not cross a public right-of way but

were contiguous (von Meier and Kammen, 2021). This highlights

the apparent arbitrariness of application of CPU Code Section

218(b), as the microgrid designs as originally conceived by the

two projects were similar. As with the BEAT project, PG&E would

collect a one-time transfer tax per the Income Tax Component

of Contributions (ITCC) Provision for deeding EcoBlock’s new

lines to PG&E. However, as a nonprofit, EcoBlock could claim an

exemption from the ITCC. Nonetheless, EcoBlock was charged a

Cost of Ownership of 0.89% of the capital cost, paid either as a

one-time cost or monthly over 15 years.

The second issue faced by EcoBlock related to the complexity

of regulation and scale and whether rules that were designed to

cover large industrial scale energy systems would apply reasonably

to a block consisting of just 25 homes. EcoBlock’s former project

Principal Investigator Alexandra von Meier explained that “[a]

crucial research question was whether the EcoBlock community

could own and operate the microgrid infrastructure...[CPU Code

218(b)]. If you own the electrical wires, you become a regulated
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FIGURE 5

Model of a process leading to community decision-making, applied to EcoBlock. Adapted from USDN (n.d.).

utility...the key problem is down to a question of scale—the

regulations and processes that apply to a real utility were not

envisioned as applying to an entity that small” (EcoBlock Interview,

2022).

Moreover, you cannot scale down the regulatory requirements.

“If you scale down from utility scale to a fraction of a city—

a neighborhood block, for example—the requirements no longer

make sense, and you would not have the capacity to meet the

requirements as intended for the utility scale” (EcoBlock Interview,

2022). Von Meier emphasized that until recently, the technology

had not developed to enable a neighborhood microgrid to function

as a utility and from the perspective of the investor-owned utility

it was impractical for a small system to function that way. Large

utilities can meet regulatory requirements because of economies

of scale but these requirements “can be overly burdensome for

a much smaller entity” (EcoBlock Interview, 2022). While the

microgrid technology can scale down, the regulatory framework

does not, meaning that a small community microgrid lacks the

legal and financial resources and personnel to deal with regulatory

requirements designed for a large utility.

4.3.2.1. Community model

The EcoBlock design aimed to create a model for a community-

managed energy system that included resident participation and

eventual democratic self-governance. After the initial feasibility

study was completed and before build-out began, a new residential

block was recruited in a competitive process with criteria that

included a pre-established sense of community cohesion and

interest in participating in a pilot energy project. Additionally,

a community liaison with strong ties to and knowledge of the

community became an integral component. More recently, a non-

profit common interest development association (CID) has been

formalized to allow participants to own the shared assets of the

project. The goal of the pilot project is to create a community

management model, as well as a technical model, that future

projects can follow.

Developing a self-managed energy project is challenging as

there is no precedent for this type of ownership structure that

diverges significantly from the centralized control of electricity

generation followed by the investor-owned utilities with little input

from the community to full community control. This shift is

particularly challenging in an under-resourced community due to

the need for technical, legal, and other resources and to liaise

with state regulatory agencies as well as the utility. EcoBlock

includes residents with multiple first languages, as one example of

complexity, with some interconnection documentation provided

through the utility PG&E available only in English. While self-

management for an under-resourced or socially and economically

mixed community has the potential to improve energy justice

through incorporating community perspectives and unique local

knowledge, there is also risk due to regulatory complexity and

uncertainty about such aspects as financial impacts, highlighting

the need for support in this transition away from a centrally

managed system. Community management means access to data

due to the installation of smart systems, but also potential gaps in

access and the need for developing ways of analyzing and utilizing

data streams (Anderson et al., 2022; Blanke et al., 2022; Verba

et al., 2022). The EcoBlock team emphasizes that community design

and management of energy is a process, as the community builds

capacity for the democratic, community-based model envisioned

as the eventual outcome, illustrated in Figure 5.

Figure 5 describes sequential steps that aim to build capacity for

community collaboration and governance, highlighting that local

decision-making is a process that moves toward the aim of self-

management. In the case of the EPIC AECs this is complicated

by external factors such as utility company rules and policies,

coordination with multiple stakeholders, financial constraints, and

contractor and potential partner lack of capacity to meet the need

for complex resources.
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4.3.2.2. Accounting for uncertainty in design

In discussing the electrical design, the EcoBlock team described

that “available technology and usage will change over time, which

introduces uncertainty but can help make the design more relevant

for future conditions if we consider the larger trends” (Barr et al.,

2019). There may be more vehicles and ways to charge them, the

main grid may change, and “[t]he utility grid will also change, in

cost (tariffs), reliability, and services it provides” (Barr et al., 2019).

There is also uncertainty around changes in the community itself,

with potential for rising property values and related gentrification,

as well as challenges related to being situated in an urban,

disadvantaged, or mixed community. The iterative development of

decentralized energy systems includes inherent uncertainty at every

stage of the process, which needs to be accounted for in planning,

with ability to explore and test multiple solutions.

4.4. Regulatory challenges

California’s legacy grid, as is common with most large-

scale monopolistic projects, has mainly been developed and

amended through a top-down model, with policy and regulation

determined by regulatory bodies that are then interpreted and

executed through existing frameworks. This approach determines

the design of technology and can restrict creative approaches to

problem-solving and meaningful participation of residents who

will benefit from and face impacts of the project. Industrial scale

power plants are more likely to be sited in lower income or

otherwise marginalized communities, elevating risk for pollution,

and resulting health impacts (Lukanov and Krieger, 2019; Johnston

and Cushing, 2020). While it is often assumed that greater

community participation and control creates social benefits, there

is a need for evaluation of impacts, particularly unintended impacts

on vulnerable communities (Axon and Morrissey, 2020).

The regulatory impediment of CPUCode 218(b) and restrictive

rules developed to manage a centralized system have resulted

in excessive financial or other burdens for projects, as seen in

the examples of BEAT and EcoBlock. Additionally, in looking

for technical solutions within the existing rule-based frameworks,

projects may be forced to enact less-efficient solutions, such as

multiple smaller scale nanogrids rather than a single connected

microgrid. This arguably means that creative problem-solving can

be used to identify workarounds within the regulatory framework,

rather than identifying optimum energy solutions. Microgrid

communities face a regulation gap—as developing technologies to

address these challenges are playing “catch up” with the existing

regulatory framework.

4.4.1. Valuing resilience
As discussed in Section 3.3. above, under SB 1339, the

CPUC was directed to develop a framework to facilitate the

commercialization of microgrid technology (Guliasi, 2021; von

Meier and Kammen, 2021). Resilience, however, was not part of

the initial framework and not explicitly addressed in this process of

rulemaking (19-09-009). As explained by Smeloff et al. (2020) “the

implicit premise behind that proposal was that microgrids provide

value only to the customers they directly serve, provide no value

to the grid, to other ratepayers, or to California’s policy goals, and

make use of the services of the grid in such a way as to shift costs

to other ratepayers if not strictly subjected to a slew of charges.”

Commercialization—a goal of the EPIC projects—will be hindered

if microgrids are not appropriately valued (Smeloff et al., 2020).

Equitable solutions that lead to resilience require flexibility in

balancing community energy loads. This approach is not explicitly

valued under the current regulatory framework and there is a

need to develop a regulatory approach that incorporates incentives

for stakeholders—including business partners, city governance

agencies, NGOs, utilities, contractors, and community members—

to co-create equitable solutions (Brockway et al., 2021).

5. Principles of resilience thinking and
anticipatory regulation

The following section highlights the principles of Resilience

Thinking and Anticipatory Regulation and their potential benefits

for application to innovative energy models within an environment

of uncertainty. The paper proposes using these principles to guide

a non-prescriptive regulatory approach to anticipate and enable

experimentation in diverse communities.

5.1. Resilience thinking

As there is mounting evidence of worsening impacts of

a changing climate, strategies of mitigation increasingly focus

on ways to build resilience or “survivability” for individuals

and communities. The experience of California with worsening

wildfires and their impacts highlights the need to emphasize

resilience in planning for new systems. Resilience is defined

by the UN Office for Disaster Reduction as “the ability of a

system, community or society exposed to hazards to resist, absorb,

accommodate to, and recover from, the effects of a hazard in a

timely and efficient manner, including through the preservation

and restoration of its essential basic structures and functions”

(UNISDR, 2009).

Principles of Resilience Thinking (Box 3) provide guidance in

developing an approach to thinking about the role of resilience in

community energy planning (Biggs et al., 2015; Muñoz-Erickson

et al., 2021).

Resilience is a high priority for energy systems as highlighted

by recent disruptions such as winter storms and wildfires, but

there is no agreed upon federal definition. This means that

states in many cases are in the position of determining their

own definitions. As part of implementing its microgrid strategy,

California is currently developing definitions and an approach to

valuation of resilience, which may be useful to other locations

implementing their own resilience strategies (Smeloff et al., 2020;

CPUC, 2022). While the need to value resilience is generally

accepted, there is currently no standardized method of assessing

value and methods of valuation are limited, complicating the

process. Lack of valuation is a significant barrier to identifying

financing and support from potential contractors and agencies,

leading to under-investment in new projects as “[c]oncrete costs
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BOX 3 The key principles of resilience thinking.

1. Maintain redundancy and diversity: employ multiple knowledge systems,

actors, cultural groups, and organizations as diverse approaches to change

and uncertainty may lead to improved outcomes.

2. Manage connectivity: leverage existing connections and interactions to

improve community-level resilience.

3. Manage slow variables and feedback: anticipate impacts of “slow changes,”

such as those related to climate change on a longer time scale, to aid

prediction of local level risk and guide responses.

4. Foster complex adaptive systems thinking: acknowledge the complexity—

and uncertainty—of connections and interactions in energy systems.

5. Encourage learning: learn and experiment as part of an adaptive and

collaborative approach with diverse types of knowledge equally valued.

6. Broaden participation: develop vehicles for inclusive participation to build

trust, shared understanding, and uncover valuable perspectives beyond those

acquired solely through scientific processes.

7. Promote polycentric governance systems: collaborate across multiple scales

and among diverse governing bodies (Biggs et al., 2015).

will always outweigh unquantified benefits” (Rickerson et al., 2022,

p. 10). Assessing value is challenging as customers and utilities may

under- or over-estimate duration of outages, as one example.

5.2. Anticipatory regulation

Uncertainty associated with a new or emerging technology can

benefit from a regulatory framework that identifies and addresses

potential risks but also supports and encourages innovation and

experimentation (Sandys et al., 2017; Brockway and Dunn, 2020;

Brockway et al., 2021). Anticipatory Regulation4 provides a set of

tools and processes to help regulators and governments identify,

build, and test solutions for emerging and evolving challenges.

AR seeks to increase social legitimacy of new technologies by

incorporating multiple stakeholders with equal voices in decision-

making, including community residents, researchers, technical

experts, business partners and contractors, city planners, state

regulatory agents and legal experts, and others, to achieve

equitable solutions to complex problems requiring new strategies

(Armstrong and Rae, 2017; Aczel et al., 2022). The aim is

to encourage innovation while following principles of “good

governance” that include equity and justice in both outcomes

and processes (Armstrong and Rae, 2017; O’Beirne et al., 2020;

Aczel et al., 2022). Examining and evaluating interactions between

industry and communities is a significant part of this approach

(Firestone et al., 2018).

Anticipatory Regulation centers on six key principles

(Armstrong and Rae, 2017; NESTA, 2022) (see Box 4). The aim

is to move toward inclusive and collaborative decision-making

to support and encourage solutions to complex problems in the

face of uncertainties (Workman et al., 2020, 2021). Anticipatory

Regulation recognizes the evolving role of the regulator, and the

4 While this approach was initially designed for the context of the technical

innovations in the UK, the principles of AR have potential wider application

including in development or revision of California’s decentralized energy

framework.

need to enable “safe spaces” for innovative solutions to develop in

a controlled and experimental manner with a goal of development

of regulations.

BOX 4 The key principles of anticipatory regulation.

1. Inclusive and collaborative: include wide range of stakeholders with

opportunities for discussion

2. Future-facing: identify factors important in the future, and potential impacts

on outcomes

3. Proactive: ensure access to information and data; promote innovative ideas;

space to test/evaluate

4. Iterative: design a flexible approach to test/review proposals, rather than

aiming toward one solution

5. Outcomes-based (rather than rules-based): identify desired outcomes and

measures of success and pathways

6. Experimental: encourage diversity of solutions to be developed and adapted

to specific situation, following a decentralized planning model (NESTA,

2022).

The role of the consumer is changing as users of electricity

increasingly are also assuming the role of producers of electricity.

Similarly, the role of regulators is changing from that of

rule makers and enforcers to supporters of innovation and

experimentation as technology develops in rapid and sometimes

unexpected ways. Regulators in this dynamic context can

thus benefit from incorporating the principles of Anticipatory

Regulation that ensures safety while supporting innovation,

in an approach in which regulation is developed side-by-side

with innovation or in the experimental context. For example,

the idea of a regulatory sandbox—“a ‘safe space’ in which

businesses can test innovative products, services, business models,

and delivery mechanisms without immediately incurring all the

normal regulatory consequences of engaging in the activity in

question” is potentially useful in the context of piloting energy

communities (UK Financial Conduct Authority (FCA), 2015, p.

25). Community engagement, open sharing of data, and Resilience

Thinking principles are proposed for inclusion in this approach.

Experimental test beds such as the EPIC supported projects are

examples of this iterative approach that starts with understanding

community values and vulnerabilities and designs and tests

multiple solutions.

6. Discussion

Examples of the failures of the centralized grid in California

illustrate that “business as usual” cannot provide energy security.

Moreover, there is a demonstrated need for an array of new and

developing technologies that can improve community resilience.

The state is pursuing innovative decentralized energy solutions—

including clean microgrid communities—as one tool. However,

as new technical solutions are needed so too are new or

adapted regulatory solutions specific to microgrids required to

enable decentralized energy communities. As California explores

regulatory and technical solutions, other states and nations can

learn from these experiences.
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We are clearly witnessing widespread transformation across

the energy sector and particularly fundamental shifts in how

and where our energy is produced, transmitted, and used.

The roles of energy producers and consumers are evolving, as

increasingly energy is being produced and used locally, rather than

transmitted at great distances as in the current model. Energy

consumers are becoming active “prosumers”—both producing and

consuming energy. At the same time, there is a changing role

for regulation and the regulator. With the development of novel

energy technologies such as microgrids, there is a demonstrated

“lag” for the regulations to catch up to the technology, and a key

opportunity to develop regulation specific to the technology at the

same time as the technical development. There is an important

role for enabling “regulatory sandboxes’5 to allow experimentation

in the metaphorical sandbox without or with limited regulations.

Developing clear “regulatory sandbox” environments could enable

co-development of regulations together with the technology and

ensure input and evolution of potential unintended consequences.

At the same time, while the Anticipatory Regulation approach

advocates for experimentation with developing regulations, the

community-focused resilience framework ensures that the needs

and values of communities are protected. A community asset

map, in which needs and strengths are assessed (community

organizations, emergency facilities, schools, housing, abilities and

perspectives of residents, and more) can serve as a crucial first step

in moving toward community resilience (Stein and Moser, 2014;

Rapaport et al., 2015; Krawchenko et al., 2016).

6.1. Summary of regulatory barriers

The case studies of the two EPIC projects, BEAT and EcoBlock,

highlight the value of testing new energy models, but also illustrate

regulatory challenges due to the current emphasis on regulation

based on rules designed for large utilities. Specific barriers to

implementation, as discussed in this research include:

• Regulation for energy is a rules-based framework at present,

meaning that specific rules, such as CPU Code 218(b) and

Rules 2, 18/19 and 21, became barriers for implementation or

resulted in workarounds or redesign of projects.

• Energy regulation was initially developed for large, industrial

utilities and it is challenging to “scale down” regulations in a

way that is “fit for purpose” for small block- or neighborhood-

scale installations. There is no regulatory structure specific

to microgrids.

• Lack of feasible financial models are a major impediment to

build-out, including lack of microgrid-specific tariff structures

to incentivize commercial developers and treat excess energy

produced locally that is returned to the main grid “fairly.”6

5 The United Kingdom (UK) Financial Conduct Authority (FCA) developed

the term ‘regulatory sandbox’ in 2014: “a ‘safe space’ in which businesses can

test innovative products, services, business models and delivery mechanisms

without immediately incurring all the normal regulatory consequences of

engaging in the activity in question.”

6 The CPUC, following requirement of SB 1339, is expected to release

microgrid specific funding in 2023 for “front-line communities” at risk of

In recognition of the current impediments to microgrid

development and as part of the process of implementing the

legislative directive of SB 1339, a series of policy recommendations

were proposed in an unpublished study conducted by

Reimagine Power (2022). The table below summarizes the

policy recommendations and the relevant entity responsible

for implementation:

The regulatory recommendations proposed by Reimagine

Power (Figure 6) represent an important step toward enabling the

design and development of community microgrids, such as those

piloted by BEAT and EcoBlock, and if adopted quickly, could

assist in removing some of the regulatory barriers to microgrid

adoption. These recommendations are, however, adaptations of the

current rule-based regulatory system and incorporating principles

of Resilience Thinking andAnticipatory Regulation suggest that the

regulatory framework for a new technology should move beyond

a rule-based approach to emphasize outcomes. This research

proposes a more comprehensive rethinking of how regulation is

developed and defined, beginning with a regulatory framework

specific to microgrids (as proposed in policy recommendation two,

in Figure 6). This acknowledges that local-scale energy generation

and transmission is a radical departure from industrial-scale

developments that has provided energy historically to much of

California. It is suggested that a new approach to regulation be

devised in which the regulator is also the enabler and supporter of

technical innovation.

Below are some suggested principles, based on Resilience

Thinking and Anticipatory Regulation, to guide development of a

proposed new regulatory framework specific to microgrids:

6.1.1. Resilience
• Establish an accepted definition of resilience and metrics

to measure success in achieving resilience as a model that

can be widely applied across communities, and potentially

beyond California.

• Develop a method for valuing resilience that can be adopted

and applied across communities and locations. Resilience is

largely treated as an externality due to difficulty in estimating

costs of outages, making it difficult to direct funding to

projects that aim to improve resilience. Encourage investment

and financing in community systems through valuation

of resilience.

• Identify key community assets and potential vulnerabilities

through a planning process, such as local asset mapping,

as an important step in building resilience as well as

community cohesiveness.

• Collect data on pilot projects that can be used to inform and

modify resilience metrics.

6.1.2. Outcomes-based (rather than rules-based)
• Embed the intention to create an outcomes-based approach

rather than rules-based approach in a new microgrid specific

regulatory framework. Focusing on outcomes allows flexibility

in design of new energy models.

power outages, wildfires, poor grid performance, and earthquakes (Wood,

2023).
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FIGURE 6

Policy recommendations for microgrid regulation (adapted from Reimagine Power, 2022).

6.1.3. Future-facing, experimental, and Iterative
(flexibility)
• Co-create regulations with microgrid grid regulators and

innovators, emphasizing flexibility and experimentation, and

recognizing that energy and resilience needs, as well as

technical solutions, will change.

• Incorporate flexibility and nimbleness in the framework to

acknowledge that needs and technologies change.

6.1.4. Inclusive and collaborative
• Acknowledge that a microgrid has potential social

implications as it moves control from a top-down to

a community-based system. The regulatory framework

encourages iterations and experimentation, while centering

on the needs of the community.

• Enable communities to move toward empowerment,

self-governance, and control over energy production and

consumption, and recognize that this is an iterative process.

• Acknowledge that in the nimble and future-facing

framework, communities and their priorities drive

technical developments.

• Identify key community members to function as liaisons

with regulatory agents to develop and ensure trust among all

stakeholders in a project.

• Develop methods of communication, collaboration, and

linkages among partners—regulators, utilities, multi-scale

governance, communities, local organizations—with capacity

to streamline processes and ensure meaningful partnerships

with communities. This aims to reduce project delays and

improve understanding of needs of communities by regulators

and technical and governance needs by communities.

6.1.5. Proactive (information collection and
access)
• Develop access to real time energy data for

project development as well as wider climate and

resilience goals.

• Acknowledge data and information threats and develop

mechanisms to protect data and privacy while also ensuring

timely access to critical information. Ensuring anonymization

and privacy is particularly critical in developing trust in

disadvantaged communities.

• Incorporate information on public opinion and perspectives

broadly and for meaningful community input with state

agencies that are creating rules and regulations that

impact them.

• Develop best practices and benchmarks for interactions

between industry and communities.

• Ensure clear communication with communities,

designation of roles/responsibilities, and opportunities

for providing feedback and meaningfully responding to and

incorporating feedback.
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Conclusion

In conclusion, community microgrids have the potential to

revolutionize energy systems, bolster resilience, and enhance

sustainability. Implementing a forward-thinking regulatory

framework based on Resilience Thinking and Anticipatory

Regulation principles can unlock the full potential of microgrids

not only in California but also in other regions seeking to

decentralize their energy systems.

Emphasizing the importance of innovative regulatory solutions,

particularly in underserved and frontline communities, highlights

the role of regulation in supporting the development of net-zero

technologies such as microgrids while safeguarding communities

and their valuable resources. Through fostering collaboration,

adaptability, and inclusivity, such a framework can encourage

development of transformative energy solutions that protect

communities and lead to a more sustainable future.
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