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Executive Summary 
By Lisa Schwartz, Lawrence Berkeley National Laboratory

A new National Academies report evaluates energy technologies, grid operations, business practices, 
electricity demand, and other developments that could support beneficial evolution of the nation’s power 
systems across a wide range of futures. According to the authors, “Creating an environment that promotes 
innovation will be essential if the future power system is to do an adequate job of providing service that is 
safe and secure, clean and sustainable, affordable and equitable, and reliable and resilient.”1 

The report recognizes the importance of utility regulatory advances to speed socially beneficial 
innovation for investor-owned electric companies.2 Among them is accelerating investigations into 
changes in electric industry structure, services, security, pricing, and market design to: (1) align with 
significant deployment of behind-the-meter technologies and other distributed energy resources (DERs) 
and (2) address equity issues for energy access and clean energy.3 In addition, the authors assert that 
“[a]chieving greater deployment of advanced electrical technologies will require states to implement 
regulatory reforms that allow utilities to recover the costs of larger research and development (R&D) 
budgets alongside other forms of regulatory approval that encourage more adoption of new 
technologies.”4

Overall, state regulation can slow utility innovation, in large part because the risks for utilities may be too 
high relative to the rewards. 5 In addition, consumer advocates would rather have R&D funded in ways 
that are not on consumer electricity bills. 6 As a result, electric company innovations tend to be reactive to 
initiatives by regulators and the utility's corporate customers. In contrast to firms that put money at risk to 
provide solutions that customers did not even know they wanted, such as the smart phone, electric 
companies often are not financially motivated to change the status quo. So it is not surprising that energy 
utilities on average invest a low percent of net revenues in R&D compared to similarly situated 
industries.7 

To achieve state targets for clean energy and reducing greenhouse gases, some public utility commissions 
are exploring new approaches that are intended to spur beneficial utility innovation, while minimizing 
risks to utility customers. Among these initiatives are regulatory and marketing flexibility for utilities,8 

1 National Academies of Sciences, Engineering, and Medicine (2021) at 2.  
2 City councils regulate public power utilities and boards typically regulate rural electric cooperatives. While this report does not 
cover these utilities, they also are piloting and deploying new technologies, implementing innovative rate designs, and engaging 
in new clean energy partnerships. For example, the American Public Power Association (APPA), the National Rural Electric 
Cooperative Association, and member utilities partner with U.S. DOE and the national labs on R&D for community solar, 
storage, and other low-emissions solutions. APPA's Demonstration of Energy & Efficiency Developments program provides 
grants and scholarships to member utilities for R&D.  
3 For equity issues, also see Future Electric Utility Regulation report no. 12 by Farley et al. (2021).  
4 National Academies of Sciences, Engineering, and Medicine (2021) at 10. 
5 National Regulatory Research Institute (NRRI) (2016).  
6 See, for example, NASUCA resolution 1997-01: "WHEREAS, the Electric Power Research Institute (“EPRI”) is the research 
and development entity for the electric industry and EPRI functions as a voluntary organization whose members agree to 
participate and fund the research and development efforts regardless of whether the state regulatory agencies with jurisdiction 
over the electric utilities rates sanction flowthrough of 100% of EPRI’s funding costs to electric consumers; THEREFORE BE IT 
RESOLVED, that the National Association of State Utility Consumer Advocates (“NASUCA”) believes that in order to promote 
the use of competitive market forces as a tool to regulate rates for natural gas services, GRI should move in the same direction as 
EPRI for purposes of funding research and development...." (https://www.nasuca.org/gas-research-institute-1997-01/). Also see 
NASUCA resolution 2002-01: https://www.nasuca.org/opposing-surcharge-for-natural-gas-research-2002-01/.
7 See, for example, NRRI (2016), McKinsey & Co. (2020), and Waite (2017).  
8 See forthcoming report by Tom Stanton, NRRI, Achieving Benefits of Utility and Regulatory Innovation Using State Public 
Utility Regulatory Innovations Platforms.
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increased funding for utility demonstration projects, and performance-based ratemaking including multi-year 
rate plans. Another pathway some commissions are exploring is facilitating third parties to provide utility 
customers with innovative products and services directly. 

This report provides consumer, labor, utility, third-party service provider, and clean technology consultant 
perspectives on innovation in the context of state regulation of utilities. A key point of departure among the 
authors is the role of utilities versus third-party providers in developing and providing innovative solutions. 
The organizations represented by the authors also are at odds over the level of spending on innovation, who 
bears the costs and risks, who will benefit, and who builds and maintains the electricity infrastructure that 
innovation requires.     

The National Association of State Utility Consumer Advocates (NASUCA) begins the discussion by 
describing both opportunities and challenges for regulatory innovations in six areas to advance the transition 
away from fossil-fuel powered generation toward a more renewable and distributed grid: prioritization of 
DERs; pricing, rate design, and cost allocation; performance-based regulation; integrated planning; stranded 
costs; and energy equity. Without meaningful stakeholder engagement and careful design and 
implementation, these innovations will not necessarily offer benefits for customers and society overall. 
Further, innovation also raises new risks to utility customers and potentially higher utility bills for customers 
who cannot, or do not wish to, take advantage of new technologies. From NASUCA's perspective, “The task 
is to ensure that new policies and regulatory practices are well designed and strike the right balance between 
allowing the industry to evolve in productive directions, achieving current and new policy goals, and ensuring 
customer protection and equity.” 

Kevin Lee, BlueGreen Alliance, explains why state regulatory and utility actions to meet the climate challenge 
also should support strong local economies and fairness for utility workers. Specifically, he explores how 
utility labor decisions—pay, benefits, and staffing levels—impact outcomes for innovation in the context of 
community support for clean energy development and grid resiliency. According to Lee, “the same factors 
that drive a utility to minimize its labor costs also have produced a regulatory environment that makes it 
challenging for utilities to make much-needed investments in grid modernization and resiliency.” Further, 
“[b]y enacting and implementing policies with an eye toward local impacts, including jobs, wages, and tax 
benefits—particularly in distressed communities—we can ensure that the massive investments required for a 
clean energy future will benefit communities hosting the needed electricity infrastructure, earning their 
support along the way.” 

Adam Cooper, Lisa Wood, and Mike Shuster, Institute for Electric Innovation (IEI), present case studies on 
U.S. investor-owned utilities that provide innovative solutions to meet the needs of their customers through 
partnerships with technology companies. The featured residential programs are designed to help customers 
manage their home energy and carbon footprints. Initiatives highlighted for the commercial market sector 
illustrate how utilities work directly with corporate customers to help them achieve their goals to reduce 
carbon emissions. IEI's essay also addresses regulatory approaches to support innovative utility services for 
customers in the future. These approaches include providing renewable or carbon-free energy to match hourly 
customer load 24/7, making carbon-free energy resources available to all customers, and improving planning 
for CFE resources. From IEI's perspective, “The ability to plan for and develop cost-effective and scalable 
carbon-free energy products and solutions is essential.” However, the extent to which electric companies can 
satisfy this demand, and how quickly they can adopt the necessary technological innovations, depend on state 
regulatory approvals. 

Anne Hoskins, Chris Worley, and Keyle Horton, Sunrun, instead call for a “market-based approach” for 
innovative technologies and services with a strong role for third-party providers willing to risk capital and 
compete to develop the innovations needed to meet energy, climate, and other state goals. Further, to achieve 
the magnitude of investment needed to meet state goals, Sunrun says customers should be encouraged to 
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invest in DERs and other behind-the-meter technologies, whether their motivation is economic, 
environmental, reliability, or resilience. According to Sunrun, “state public utility commissions should 
require regulated utilities to establish rate structures and program incentives that fairly compensate 
behind-the-meter DERs for the benefits they provide the grid. In addition, to support a decentralized 
energy system over the long term, utility incentives must be realigned so that onsite generation is not a 
source of lost revenue and lost profit.” The essay provides examples of innovative state regulatory 
approaches that can be replicated and adapted to promote integration of DERs, as well as innovative 
utility actions that facilitate modernization of electric systems. Sunrun recommends near-term regulatory 
actions for immediate progress as well as longer-term structural changes for the electricity sector. In 
Sunrun's vision of the future, utilities serve as distribution system operators, spurring innovation and 
integration of DERs by procuring and coordinating distributed reliability services, and coordinating and 
distributing power to customers and across the distribution-transmission interface. 

Conversely, Kristin Barbato, Barbara Kates-Garnick, and Max McCafferty at Build Edison, a consulting 
firm for innovative clean technology companies, maintain that utilities should play the dominant 
investment role in the transition to a clean energy future. Utilities have access to physical grid assets and 
customer data. And vertically integrated utilities have generation and transmission data, as well. From the 
authors' perspective, “This understanding of the technical demands of the grid, as well as the demands of 
customers and grid assets, means that utilities are central in identifying, deploying, and scaling necessary 
innovative energy solutions. No third parties have the combined access, resources, expertise, and reach to 
achieve the same level of impact.” Further, “utility regulators have an increasing responsibility to 
incentivize utilities to engage with and scale innovative solutions.” The authors define a gap in the 
innovation adoption curve for technologies that are “often trapped in pilot after pilot with no clear path to 
scaled deployment.” Build Edison's recommendations to help overcome these challenges include better 
alignment of principles governing regulatory decision-making and principles governing utility investment 
decision-making, accounting for the value of innovative solutions for both current and future customers, 
and identifying at the design phase of pilot programs the capital needed to scale successful 
demonstrations.  
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About the Series 

The provision of electricity in the United States is undergoing significant changes for many reasons. The 
implications are important and merit serious attention.  

The current level of discussion and debate surrounding these changes is similar in magnitude to the 
discussion and debate in the 1990s on the then-major issue of electric industry restructuring, both at the 
wholesale and retail level. The U.S. Department of Energy (DOE) played a useful role by sponsoring a 
series of in-depth papers on a variety of issues being discussed at that time. Topics and authors were 
selected to showcase diverse positions on the issues to inform the ongoing discussion and debate, without 
driving an outcome. 

While today’s issues are different, the scale of the discussion and the potential for major changes are 
similar. Today’s discussions have largely arisen from a range of challenges and opportunities created by 
new and improved technologies, changing customer and societal expectations and needs, and structural 
changes in the electric industry. Some technologies are at the wholesale (bulk power) level, some at the 
retail (distribution) level, and some blur the line between the two. Some technologies are ready for 
deployment or are already being deployed, while the future availability of others may be uncertain. Other 
key factors driving current discussions include changing state and federal policies and regulations. Issues 
evolving or outstanding from electric industry changes of the 1990s also are part of the current discussion 
and debate. 

Further, in recent years foreign adversaries have been developing capabilities to initiate cyber and 
physical attacks on our energy infrastructure, possibly inducing regional-scale outages lasting weeks or 
longer. In addition to making our infrastructure more resilient against such actions, we must ensure that 
defense-critical energy infrastructure remains functional under any conditions. We are also increasingly 
vulnerable to damages from severe weather or natural events, such as hurricanes, earthquakes, and 
wildfires, due to increasing population density and economic development in the affected areas, and the 
growing interdependence among our energy, water, and communications systems. 

To provide future reliable and affordable electricity and to meet climate goals, power sector regulatory 
approaches may require reconsideration and adaptation to change. DOE is funding the Future Electric 
Utility Regulation series of reports, of which this is a part, to reflect the diverse viewpoints on what is 
needed to meet the goals. DOE hopes these reports will help better inform discussions underway and 
decisions by public stakeholders, including regulators policymakers, as well as industry. 

The topics for these papers were chosen with the assistance of a group of recognized subject matter 
experts. This advisory group, which includes state regulators, utilities, stakeholders, and academia, works 
closely with DOE and Lawrence Berkeley National Laboratory (Berkeley Lab) to identify key issues for 
consideration in discussion and debate. 

The views and opinions expressed in this report are solely those of the authors and do not reflect those of 
the United States Government, or any agency thereof, The Regents of the University of California, or 
Advisory Group members.
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1.0 Protecting Consumers in a Period of Rapid 
Transformation 

By National Association of State Utility Consumer Advocates5F

9

1.1 Introduction 

Major developments affecting the electricity grid will continue to drive its transformation. This essay 
summarizes the views of consumer advocates on expected changes in the U.S. electricity sector and ways 
that innovation will both drive and respond to these changes. To formulate this work, the National 
Association of State Utility Consumer Advocates (NASUCA)6F

10 asked its members about their 
expectations for how the electricity sector will change over the next 10 to 20 years, views on the potential 
benefits of innovation and prospective challenges, and perspectives on how all these developments will 
impact the roles of consumer advocates in the electricity sector.  

The essay chronicles recent advances in technology and policies, then centers the discussion on regulatory 
innovations. Innovations are often framed as developments that promise to advance key policy aims and 
offer overall benefits for customers and society. But innovations do not necessarily lead to positive 
outcomes. This essay addresses both potential upsides and downsides of selected innovations.  

Consumer advocates and other stakeholders should be mindful of 
both the opportunities and the challenges associated with 
innovations in the electricity sector. New policies and regulatory 
practices should be well designed and strike the right balance 
between enabling the electricity sector to evolve in productive 
directions, achieving current and new state goals, and ensuring 
customer protection and equity.  

Achieving this balance is especially daunting given that 
innovations often come from the electric industry or market 
developments. Consumer advocates often are not well-positioned to 
anticipate innovations; they are more likely to react to them than to 
predict and plan for them. Further, consumer advocates generally do not expect a complete redesign of 
electric utility regulation over the next 20 years. 

This essay distills input and comments from many NASUCA members. Contributors provided differing 
perspectives regarding the types and pace of technological and regulatory changes that will likely affect 

9 Tim Woolf and Ben Havumaki, Synapse Energy Economics, provided technical assistance in drafting this essay. 
10 NASUCA is a nonprofit, voluntary organization of 59 consumer advocate offices in 44 states and the District of Columbia, 
Barbados, Puerto Rico, and Jamaica. NASUCA members are designated by the laws of their respective jurisdictions to represent 
the interests of utility consumers before state and federal regulators and in the courts. Members operate independently from state 
utility commissions as advocates primarily for residential consumers. Some members may additionally represent small business 
consumers, and others may represent all utility consumers in their respective state. Some NASUCA member offices are 
separately established consumer advocate organizations while others are divisions of larger state agencies (e.g., the Attorney 
General’s office). NASUCA members typically represent customers served by investor-owned utilities, not those served by 
utility cooperatives or public power authorities. NASUCA’s associate and affiliate members also serve utility consumers but are 
not created by state law or do not have statewide authority.  
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the electric utility industry over the next 20 years. Many of the issues contemplated are a function of state 
policies that are outside of the purview of most public utility commissions. Therefore, prospective 
changes discussed here may or may not occur in any individual state. What is expected and encouraged in 
one state in the way of technological and regulatory changes may not be expected, and may even be 
discouraged, in another state.7F

11

The essay is organized as follows: 
 Innovations in the electric industry 

o Technological and policy drivers of change 
o The electric utility of the future 

 Consumer advocacy in the context of innovation 
 Innovations in electric utility regulation  

o Increasing prioritization of distributed energy resources (DERs) 
o Pricing, rate design, and cost allocation  
o Expansion of performance-based regulation8F

12

o Integrated planning 
o Stranded cost treatment 
o Energy equity  

1.2 Innovations in the Electric Industry 

1.2.1 Technological and Policy Drivers of Change 

The last 30 years have seen significant technological changes on the 
electric grid. The grid is increasingly interconnected and dynamic, and 
the growing adoption of renewable resources, DERs,9F

13 and grid 
modernization technologies have had impacts on transmission and 
distribution networks, the relationship between customers and utilities, 
and ultimately, the regulation of a monopoly sector that is becoming 
increasingly decentralized.  

Meanwhile, policy changes have unfolded alongside these technical 
developments. Policy shifts at both the state and federal levels have 
helped to catalyze the transition away from fossil-fuel powered 
generation and toward a more renewable and distributed grid.10F

14 Overall, changes in technology and policy 
operate symbiotically, with grid advances driving changes in policy, and the grid evolving with new 
policies. 

11 This essay does not represent a NASUCA position or the position of any particular NASUCA member. Each individual 
NASUCA member reserves the right to take positions or advance views that are consistent or inconsistent with this document. 
12 See Section 1.4.3. 
13 The term DER typically refers to a broad category of customer-sited equipment, ranging from distributed generation and 
energy storage to electric vehicles, smart appliance technologies, and energy efficiency and demand response.  
14 The close connection between competition, market innovation, and renewable energy supply has a long history in the United 
States that arguably began with the passage of the federal Public Utility Regulatory Policy Act (PURPA) in 1978. This law 
opened the door to non-utility-owned renewable supply and combined heat and power and ensured that utilities purchase all 
eligible energy and capacity supplied at an avoided cost rate. The federal Energy Policy Act of 1992, which provided for Federal 
Energy Regulatory Commission oversight of retail wheeling, also proved to be a key spur to both competition and renewable 
resources in retail electric supply. 
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1.2.1.1 Technological Developments 

All segments of the grid—generation, transmission, and distribution—are expected to continue to evolve 
over the next two decades. On the generation side, the biggest development in the recent past has been the 
growing role of renewable energy. This trend is expected to continue. In its Reference case, the Energy 
Information Administration (EIA) projects that renewable resources will account for about 42% of total 
U.S. generation by 2050.11F

15 EIA’s Low Renewables Cost case projects higher penetration totals by mid-
century.12F

16 Figure 1 presents EIA projections for the Reference and the Low Renewables Cost cases. 

Figure 1. EIA Projections of U.S. Generation by Resource for 2050 

Source: EIA (2021b).  

Most of the current renewable energy output comes from utility-scale installations. These installations are 
expected to continue to provide the lion’s share of renewable generation in the coming years. 

With respect to distributed generation, the story has been dominated by distributed solar. There are now 
more than 3 million residential solar installations in the United States, and growth remains swift, with an 
estimated 20% increase in total residential systems between 2020 and 2021.13F

17, 
14F

18 Community solar 
installations are also on the rise. Though just a handful of states account for the estimated 3 gigawatts of 
total installed capacity of community solar, several other states have enacted supportive measures, and the 
total number of community facilities is expected to expand significantly.15F

19, 
16F

20, 
17F

21

15 EIA (2021a), Reference case, Table 8. The Reference case generally assumes that current laws and regulations that affect the 
energy sector, including laws that have end dates, remain unchanged throughout the projection period. 
16 EIA (2021). The Low Renewables Cost case examines capital cost sensitivities for renewable electric power generating 
technologies. See Table 8.  
17 EIA. Table ES1.A. Total Electric Power Industry Summary Statistics, 2021 and 2020. 
https://www.eia.gov/electricity/monthly/epm_table_grapher.php?t=table_es1a. 
18 Including small industrial and commercial photovoltaic arrays in the total raises the number of distributed systems in the 
United States to more than 5 million.  
19 See the National Renewable Energy Laboratory’s (NREL) Community Solar webpage at https://www.nrel.gov/state-local-
tribal/community-solar.html. Per NREL, community solar is “a distributed solar energy deployment model that allows customers 
to buy or lease part of a larger, off-site shared” PV system. 
20 Fekete (2020).
21 The growth in renewable resources in general, and for distributed resources in particular, has not been evenly experienced 
across the country. Alongside differences in natural endowments of sun and wind are legal and regulatory distinctions that have 
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Figure 2 illustrates cost declines in two types of solar photovoltaic (PV) technologies that have helped to 
spur the growth in this resource.  

Figure 2. Declining Costs of Solar PV Installations 

Source: Adapted from Ramasamy et al. (2021).  

The increase in utility-scale wind and solar and DERs expands the need for complementary technologies 
to help optimize the increasingly complex generation portfolio. Wind and solar are variable energy 
sources, presenting challenges for planning and operating the system to maintain reliability and power 
quality.  

Energy storage and grid modernization technologies can help meet these 
needs.18F

22 For example, both utility-scale and distributed energy storage 
may be used to balance variable renewable energy and provide a cleaner 
alternative to traditional fossil-fuel “peaker” generating units. There also 
is a fast-growing trend toward “hybrid” power plants—storage plus wind, 
solar, or natural gas.19F

23 Meanwhile, grid modernization technologies, 
mostly situated at the distribution level, promise to help keep the 
increasingly complex grid running smoothly—providing operators with 
greater visibility, automating key functions, and ultimately allowing for 
the integration of higher levels of renewable resources. The scope and 
scale of energy storage and grid modernization technologies is expected 
to increase in coming years.  

made some states more attractive for renewable energy development. In any case, as the economics of renewable generation 
relative to traditional fossil-fuel generation continue to improve, its profile across all states is expected to continue to grow.  
22 A range of other new grid technologies may appear at scale in coming years. These include small modular nuclear units as well 
as hydrogen production and distribution technologies. The future viability of these new resources rests on continued 
technological advances but changing grid dynamics may create new niches for novel technologies that would not have been 
viable for the grid of the past.  
23 Bolinger et al. (2021).  
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Grid modernization is a broad term that includes a variety of technologies, from distribution management 
systems and outage management systems to Volt-VAR optimization and advanced metering infrastructure 
(AMI). 20F

24 Grid modernization technologies may provide reliability, resilience, and safety benefits, reduce 
line losses and energy theft, and facilitate time-sensitive pricing that can smooth and shift peak electricity 
demand and reduce the need for new investment in capacity across the electricity system. Advances in 
grid modernization technologies will continue to have spillover impacts. For example, storage technology 
improvements are among the factors driving the rising adoption of electric vehicles (EVs), and other grid 
modernization technologies may enable cost-effective utilization of EVs for a variety of grid services. 

Meanwhile, the bulk power system also is evolving. New long-distance direct current lines are being 
installed to ferry energy from remote renewable installations to the grid, and thereby to load centers. 
Elsewhere, DERs are avoiding the need for some investments in distribution and transmission systems,21F

25

as DERs reduce peak demand and can obviate existing and future anticipated congestion issues.  

1.2.1.2 Statutory and Policy Developments  

Policy changes at both the state and federal levels continue to impact the grid. These developments create 
new opportunities for technological innovation and may also change the economics and overall viability 
of certain technologies.  

Driven by concerns about climate and the importance of decarbonizing the electricity sector, as well as 
interest in in-state economic development and fuel sources, a majority of states today have adopted 
renewable portfolio standards (RPS).22F

26 States also are broadening their focus to target reductions in 
carbon emissions across all sectors of the economy. This trend toward economy-wide decarbonization, 
coupled with increasingly ambitious RPS goals in some jurisdictions and corporate climate commitments, 
is likely to mean a continued acceleration in the integration of renewable energy.23F

27

Policies also have been enacted to address potential adverse outcomes related to renewable energy trends. 
For example, some states that adopted net energy metering for distributed generation have passed new 
laws to revise the compensation framework.24F

28,
25F

29 The motivations underlying these changes vary, ranging 
from concerns about cost shifting and inequity of compensation at the retail rate to interest in more 
mature and efficient markets and utility programs to facilitate more complete leveraging of DER benefits 
for grid services. 

Many states have taken steps to investigate, promote, and develop standards for modernization of 
distribution systems.26F

30 Again, the motivations are varied. Some states are promoting grid modernization 
for reliability and resilience. Others also view grid modernization through the lens of decarbonization, as 
an aid to integrating higher levels of variable renewable energy. Conversely, some states are 
implementing more rigorous standards and limitations to prevent unwarranted spending in the name of 

24 Grid modernization is broad and inconsistently defined—one state’s version of grid modernization may differ greatly from 
another’s version. See North Carolina Clean Energy Technology Center (2021).  
25  See, e.g., California Public Utilities Commission Decision 20-04-010, issued on April 24, 2020. Also see Frick et al. (2021).  
26  National Conference of State Legislatures (2021).   
27  EIA (2021b).  
28 Barbose (2017).  
29 North Carolina Clean Energy Technology Center (2021b).  
30 National Conference of State Legislatures (2019).  
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grid modernization.27F

31 Ultimately, some version of distribution system 
modernization is likely inevitable in all states as more advanced technologies 
such as advanced meters supplant legacy analog ones. 

The federal government has provided some incentives to promote 
decarbonization. For example, the federal government has supported EVs 
with tax incentives for more than a decade. The Plug-in Electric Drive 
Vehicle Credit is still buoying EV sales overall but will phase out once 
manufacturers reach 200,000 in total fleet sales.28F

32 While it is not yet clear 
whether the federal government will follow the lead of some other nations 
and a few states in phasing out gasoline and diesel vehicle sales over time, 
automakers could play a major role in influencing the direction of future 
policy by embracing and promoting EVs. 

Finally, at all levels of government, new concerns will be met with new 
policy responses. Lawmakers’ focus will likely include decarbonization, 
cybersecurity, customer data privacy, resilience, wholesale electricity market 
designs, customer equity, economic development and new economic 
opportunities associated with energy-related industry, and appropriate roles 
for utilities. The answers issuing from state houses and Congress will likely include new laws aimed at 
protecting both customers and the grid.  

1.2.2 The Electric Utility of the Future 

In the face of technological and policy trends, electric utilities will likely continue to evolve over the next 
20 years. While the focus of investor-owned utilities on maximizing profits is unlikely to change, the 
ways that companies serve their customers and generate revenues—and critically, their commitments in 
the context of regulatory structures—are not expected to remain static.  

The major developments in the electricity sector that are expected to impact utilities over the coming 20 
years fall into four categories, discussed below:  

1. Changes in the way customers consume electricity 

2. Changes in the way utilities price electricity 

3. Changes in the way utilities construct and operate their grids 

4. Changes in markets and market structure 

1.2.2.1 Changes in the Way Customers Consume Electricity 

While distributed generation, energy efficiency, demand response, and grid modernization may act to 
reduce energy consumption, utility retail sales are not assured to fall. Customer adoption of EVs and the 
substitution of electricity for direct use of fuels (natural gas, oil, propane, wood) across a variety of end 

31 Some states have developed standards to promote distribution system modernization, including requirements for regulated 
utilities to file grid modernization plans and distribution system plans for review. Standards include justification for proposed 
utility investments. See Woolf (2021).  
32 Internal Revenue Service (2021).  
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uses will have countervailing impacts. In addition, retail pricing structures and consumer preferences will 
have significant influence over peak demand patterns. Meanwhile, the peak demand hour is also expected 
to shift in some jurisdictions as a result of the growing share of distributed solar generation. Other 
regulatory policies, like revenue decoupling,29F

33 will influence whether and how changes in overall retail 
sales and peak demand will impact utility bottom lines. 

1.2.2.2 Changes in the Way Utilities Price Electricity 

Enabled by new technologies such as AMI and spurred by regulatory imperatives, the utility of the future 
is likely to offer a wider variety of rates. Fewer utilities are likely to offer just a single standard rate for 
residential customers. The most likely development in rates is the increasing adoption of time-varying 
pricing structures, including real-time pricing, critical peak pricing, peak time rebates, value of DER 
pricing, and more. Some utilities might promote increased use of demand charges, minimum bills, or 
subscription charges to provide them with revenue stability.30F

34

Changes in cost allocation are also expected, potentially resulting in the creation of additional customer 
classes and subclasses. The impetus for this may come either from the utility or state regulator, both 
enabled and necessitated by technological advances. Further disaggregation of prices by service 
component (unbundling) is expected as well. 

1.2.2.3 Changes in the Way Utilities Plan, Construct, and Operate Their Grids 

While the impact of new technologies will vary across service territories, the broad trend is toward 
decentralization of utility service. Even in service territories less transformed by renewable energy 
resources, the impact of centrally organized wholesale electricity markets and planning requirements that 
compel utilities to consider procurement of energy and capacity from third parties will continue to chip 
away at the old, centralized model—including in states that have retained vertically integrated utility 
structures. In areas experiencing more rapid growth in distributed generation, this trend will continue to 
transform the relationship between utility and customers.  

Requirements to employ benefit-cost analysis, consider non-wires alternatives for traditional distribution 
and transmission upgrades, and more rigorously consider demand-side resources will further transform 
utilities’ practices for long-term planning. New regulatory structures that depart from the traditional cost-
of-service model, such as performance-based regulation,31F

35 are already being adopted in some jurisdictions 
and will further influence utility planning and decision-making.  

1.2.2.4 Changes in Markets and Market Structures 

The creation and growth of new markets will continue to transform how utilities do business. New 
wholesale energy and capacity market structures will likely enable increased competition and provision of 
power from independent generators. New provisions requiring utilities to support DERs will likely enable 

33 Decoupling is a modification to traditional rate-setting practices. It breaks the link between the amount of energy sold and the 
revenue collected by the utility by setting a predetermined allowed revenue requirement, or revenue requirement formula, and 
reconciling the actual revenues collected to match those that are allowed. 
34 Demand charges involve charging a customer for a portion of their electricity on the basis of their highest hourly demand on 
the electricity system during specified periods. Minimum bills create a floor on a customer’s bill to ensure that they provide a 
minimum amount of revenue to the utility regardless of energy consumption. Subscription charges involve charging a customer a 
flat fee for monthly service, usually with some limitation on use, to prevent excessive consumption. 
35 See Section 1.4.3. 
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increased competition and provision of services from third-party vendors of DERs.32F

36 The roles of 
monopoly utility providers and competitive third-party providers are not yet well-defined and still need to 
be determined.  

Utilities may also develop new revenue streams—for example, by leveraging customer data gleaned 
through new grid technologies.  

Finally, the trend toward increasing consolidation of utilities is expected to continue. It is not clear how 
increasing consolidation will affect utility innovation in the future. In general, increasing consolidation 
can make it more difficult for consumer advocates to address local issues as utility management becomes 
increasingly removed from the local utility and its customers’ needs. 

1.3 Consumer Advocacy in the Context of Innovation 

Innovation offers potential benefits to customers, but it may introduce new risks. Consumer advocates’ 
roles will need to evolve over time to ensure that significant innovations are promoted and adopted in 
ways that benefit all customers. Consumer advocates might need to explicitly examine the role of 
innovation over time and how best to respond to innovation to ensure net benefits to customers. Many of 
consumer advocates’ key objectives and interests of the past will continue into the future, but some may 
require increased attention, and additional objectives and interests may evolve over time. Some of these 
areas of concern include customer representation, rising costs, cost shifting, energy equity, risk shifting, 
and customer access and engagement. 

1.3.1 Consumer Representation 

As the electricity industry becomes increasingly complex—with new technologies, advanced integrated 
planning practices, new and more detailed pricing options, new third-party vendors of products and 
services, and increasing mandates to address climate—the demands on consumer advocates will only 
increase. Consumer advocates will need increased funding, resources, and expertise to adequately address 
these new complexities. 

Consumer advocates may engage more in a wider variety of arenas. As competitive wholesale markets 
and interstate transactions expand and become more complex, consumer advocates will need greater 
representation at, and interaction with, independent system operators (ISOs), regional transmission 
organizations (RTOs), and the Federal Energy Regulatory Commission (FERC). In addition, as third-
party vendors play a larger role in providing electricity products and services, consumer advocates will 
need to increase their attention to these markets, perhaps having to advocate in forums beyond regulatory 
commissions (e.g., legislative forums, on boards of relevant organizations, with consumer protection 
agencies, and in civil courts). Finally, as legislators, commissions, and consumer advocates place greater 
emphasis on energy equity, it will become increasingly important to find ways to ensure better 
representation of vulnerable or disadvantaged customers. 

The consumer advocate’s position is already challenged by utilities’ greater access to resources and 
information. This challenge is expected to grow with the increasing scope of consumer advocacy and 
mounting complexity of issues requiring consumer advocate attention. 

36 For example, FERC Order 2222 attempts to enable DERs to compete on a level playing field in the organized capacity, energy, 
and ancillary services markets run by regional grid operators. https://www.ferc.gov/sites/default/files/2020-09/E-1_0.pdf. 
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1.3.2 Rising Costs 

Some of the proposed investments in innovative technologies and in support of emerging goals may 
increase utility system costs without offering commensurate, direct utility system benefits, raising new 
challenges for consumer advocates. Concerns about cost-effectiveness may be raised by proposals for 
utility investments in grid modernization, resilience (including cybersecurity measures), EV charging 
infrastructure, and measures to meet climate goals, among other things. Whether these new investments 
will ultimately reduce costs will depend on a range of factors, including jurisdictional standards for cost-
benefit tests, associated policy imperatives, and particular grid needs. In any case, investments in new and 
innovative infrastructure and programs will likely require careful review from consumer advocates and 
other intervenors to ensure that increased costs are justified by the benefits. 

1.3.3 Cost Shifting 

As electricity technologies become increasingly distributed and accessible 
to customers, it will be more important to ensure that costs are properly 
allocated across and within customer classes to avoid undue or 
unreasonable cost shifting. Consumer advocates will need to pay careful 
attention to properly defining benefits and ensuring that customers who 
receive the benefits of innovations pay the costs for them. The current 
challenge of trying to prevent unreasonable cost shifting from distributed 
solar technologies is likely to be just the tip of the iceberg relative to the 
cost shifting challenges that will exist in 20 years.  

To date, the costs of innovations in the electricity sector (e.g., some DER 
programs, grid modernization investments, and actions to address 
environmental mandates) have often been recovered by socializing them 
across all customers. Consumer advocates and others might need to find 
more creative, accurate, and equitable ways to recover these costs from customers. 

1.3.4 Energy Equity 

While consumer advocates have always worked to protect vulnerable and disadvantaged customers, more 
recently, social and environmental equity and justice concerns have come to the forefront. A concerted 
effort is underway to incorporate those concepts more fully into the policy-making and decision-making 
structure for energy issues. As the electricity sector becomes more complex, so too will the challenges of 
ensuring energy equity.33F

37 For example, one of the key goals of consumer advocates for many years has 
been to ensure that utility costs are properly allocated among customer classes. With increasing energy 
equity goals, it might be more appropriate to expand this goal and any necessary statutory frameworks to 
include cost allocation among subclasses of customers, such as subclasses that include only vulnerable or 
disadvantaged customers. Other strategies to achieve fairness and equity could include efforts to carefully 
manage rate impacts and ensure that investments in innovative technologies are prudent and deliver 
anticipated benefits. 

37 See Farley et al. (2021). 
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1.3.5 Risk Shifting  

As the electricity sector evolves, so too will electric utility ownership and 
corporate structures. With these changes and the proliferation of new third-
party vendors of products and services, new infrastructure investments, and 
new regulatory mechanisms and pricing options, the incentive for utilities to 
shift risks to captive customers will likely increase. 

By its very nature, innovation can make some legacy technologies obsolete, 
leading to stranded assets. For example, increasing pressure to decarbonize 
the electricity and gas industries is likely to increase stranded costs. Current 
regulatory practices for preventing, mitigating, or sharing the impacts of 
stranded assets are not likely to be sufficient to address the stranded assets 
that might be created by innovations over the next 20 years. 

1.3.6 Customer Access and Engagement 

Not all customers will have access to innovations in the electricity sector, 
such as DERs, new services through third-party vendors, and new pricing mechanisms. This exacerbates 
the risk of creating a gap between the “haves” and the “have-nots,” which could further aggravate existing 
equity issues. Low- and moderate-income customers may be the least likely to have access to the internet, 
capital, information, technologies, and time necessary to adapt to innovations, precluding them from 
participating in programs to deliver energy bill savings and other benefits.  

Further, not all customers who are able to access innovative technologies will want to adopt them, 
because they have other priorities, they are not aware of the options available and the benefits the new 
technologies might afford, they do not want to incur the costs or hassles associated with new 
technologies, or for other reasons. This exacerbates the risk of inequities and the potential that some less 
active customers will be left behind. Consumer advocates will likely need to devote additional attention to 
customer education and outreach on a variety of fronts. 

Customers and third parties will increasingly rely upon access to growing amounts of data, over which 
utilities currently have physical control—a dynamic that might exacerbate privacy and security concerns. 
Access to these data will be key to more wide-scale adoption of innovations in the electricity sector. 
Consumer advocates will need to continue to push regulatory commissions to require utilities to make this 
information more easily available, both at an individual user level and to third parties, while maintaining 
and ensuring adequate consumer privacy protections. 

1.4 Innovations in Electric Utility Regulation 

Generally, consumer advocates do not expect a complete redesign of electric utility regulation over the 
next 20 years. Instead, they expect that recent trends in regulation will continue, with greater emphasis on 
some areas, depending upon the technical, economic, and policy innovations that develop.  

While the term “innovation” tends to have positive connotations, it does not necessarily always lead to 
positive outcomes. If innovative regulatory approaches are designed and implemented well, then they will 
likely have positive implications for electricity customers. But that might not be the case if approaches are 
designed or implemented poorly. Even where mechanisms have been well designed, benefits may not be 
evenly or equitably shared. The following sections discuss six expected areas of regulatory innovation, 

Current regulatory 
practices for 
preventing, mitigating, 
or sharing the impacts 
of stranded assets are 
not likely to be 
sufficient to address 
the stranded assets 
that might be created 
by innovations over 
the next 20 years. 
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addressing both potential opportunities from well-designed innovations and potential challenges from 
those that are poorly designed and implemented. Tables 1–7 provide a summary for each of these areas. 

1.4.1 Increasing Prioritization of DERs 

DERs are likely to play an increasingly larger role in the electricity sector as a result of technological 
advances, improvements in economics, new market opportunities, legislation, policies, and regulations. 
Adoption of some DERs will likely be driven by natural market developments (i.e., customer choices 
regardless of utility programs and investments) and customer preferences (e.g., EVs). Adoption of other 
DERs will be more influenced by changes in electricity pricing and utility program support.  

1.4.1.1 Trends and Innovations 

Examples of expected innovations over the next two decades include: 
 Increased emphasis on cost-effectiveness and impact analyses. Benefit-cost analysis, as 

well as analysis of DER-specific rates, bill impacts, and participation, can help ensure the 
most cost-effective DERs are adopted and mitigate cost-shifting concerns.34F

38

 Alternative funding sources for DER programs. Funding might come from wholesale 
market revenues, proceeds from climate focused policies (e.g., allowance cap and trade 
mechanisms, carbon taxes), federal tax incentives, general revenue (state and local), 
third-party loans, or pay-as-you-go financing. 

 Improved compensation mechanisms for distributed generation. Improved mechanisms to 
balance the goals of promoting the desired level of distributed generation and minimizing 
unreasonable cost shifting. 

 Increased consideration of DERs in long-term resource and distribution planning 
practices. Utility planning processes will increasingly optimize the combination and 
contribution of DERs (see Section 1.4.1). 

 Improved operational awareness and controls to manage DERs. Grid modernization 
technologies such as advanced distribution management systems will allow for more 
dynamic control and operation of DERs. 

 Improved financial incentives to deploy and operate DERs. In most cases, utilities do not 
have the opportunity to earn a return on customer-sited DER investments, and DERs can 
reduce the return on other utility investments due to reduced grid-connected electricity 
consumption. Improved financial incentives can be provided through multi-year rate 
plans (MRPs), performance incentive mechanisms (PIMs), and perhaps other means (see 
Section 1.4.3). 

 Increased emphasis on DERs as non-wires solutions. Improved methodologies for 
considering DERs to meet capacity, reliability, and resilience needs for the grid will 
encourage these alternatives, when they are cost-efficient, to reduce rising distribution 
and transmission costs. 

 Improved customer rate designs to encourage customers to adopt DERs. These rate 
designs could include time-varying rates such as TOU, critical peak pricing, peak-time 

38 For a comprehensive discussion of benefit-cost analysis of DERs, see National Energy Screening Project (2020).  



12 

rebates, and more (see Section 1.4.2). Rate designs also might include more customer 
education and access to technologies to facilitate economic response from customers who 
adopt DERs. 

 Improved customer access to DERs. Examples include increased access to third-party 
DER aggregators and vendors, seamless interconnection practices, and standardized 
interconnection practices. 

 Expanded DER programs. Examples include energy efficiency, demand response, 
community solar, virtual net metering, and EV programs targeting low-income and 
disadvantaged customers and neighborhoods to improve access for hard-to-reach 
customers.35F

39

 Advancements in DER technologies. As DERs become more commercially viable there 
likely will be advancements in their design and capabilities. One example is EVs that 
increasingly include technologies and software that enable their batteries to be used to 
(a) optimize consumption in the owner’s building; (b) reduce peak demands on the 
electric grid; or (c) provide ancillary services to the local utility or regional grid operator. 

 Better information for utility planners, customers, and third parties. An example is 
timely updates of hosting capacity analyses and mapping of the utility’s distribution 
system.

Table 1. Potential Opportunities and Challenges - Increasing Prioritization of DERs 

Opportunities Challenges 

 Reduced utility system costs 

 Reduced bills for host customers 

 Increased grid flexibility 

 Reduced cost of meeting climate goals 

More competitive engagement from third parties 

 Greater customer empowerment 

 Improved resilience 

 Barriers to DER adoption for some customers, 
including those arising from financial limitations, 
hosting capacity constraints, and geography  

 Lack of interest by some customers in DERs 

 Potential for cost shifting from host customers to 
other customers 

 Ensuring that net benefits are equitably distributed 

 New consumer protection challenges with third-party 
DER vendors 

 Increasing vulnerability to cyberattacks 

1.4.2 More Complex Cost Allocation, Rate Design, and Pricing  

Increased use of DERs and AMI, along with increased access to competitive third-party services, will 
likely drive the need for increasingly complex electricity pricing practices to facilitate more transparent 
and efficient electricity service transactions. Rate design and cost allocation practices will need to evolve 
accordingly to ensure efficient retail electricity rates and mitigate equity and cost-shifting concerns. 

39 Community solar programs allow customers to sign up to obtain the power, or the benefits of the power, from shared solar 
projects that are not sited at their homes or businesses. Similarly, virtual net metering programs allow customers to sign up to 
obtain benefits from shared net metering projects. Some states require the solar project to serve electricity load connected at the 
same service delivery point, such as both common and tenant areas in multifamily buildings. Other states do not require that the 
distributed generation system be located on site.  
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1.4.2.1 Trends and Innovations 

Examples of expected trends and innovations over the next two decades include: 

 Expanded use of time-varying rates. Rates that better reflect the temporal cost of electricity
services across generation, transmission, and distribution will be available to more customer
classes and subclasses.

 Expanded rate design options. In addition to more complex time-varying rates, utilities will likely
continue to pursue increased use of demand charges, minimum bills, straight/fixed variable rates,
distribution cost surcharges, exit fees, and more.36F

40

 Refinements to both cost allocation and rate design methods. Improved resolution in cost
allocation and rate design enabled by technological advancements will support pricing that better
reflects the costs of electricity consumption. More accurate and transparent price signals will
facilitate economically efficient customer responses, potentially increasing adoption of DERs,
“two-way” exchanges between the utility and its customers, and demand flexibility.

 More detailed segmentation of customers into more customer classes or alternative groupings.
Such breakdowns allow for better allocation of costs according to evolving customer
consumption patterns. It might even be appropriate and efficient to allocate costs on the basis of
typical customer load factors.

 Better understanding of DER costs, benefits, rate impacts, bill impacts, and participation levels.
Retail rates and DER compensation mechanisms can be designed in ways that improve customer
equity and promote more efficient price signals.

 Increased unbundling of generation, transmission, and distribution pricing. Charging separately
for these services may facilitate competition, meet infrastructure needs, and provide customers
with increasing choices of suppliers for different services.

 Increased opportunities for third parties. Service providers and vendors could increasingly
provide technologies, services, and pricing options directly to customers.

Table 2. Potential Opportunities and Challenges - Pricing, Rate Design, and Cost Allocation 

40 See, e.g., Regulatory Assistance Project (2015). 

Opportunities Challenges 

 Provide more-efficient price signals

 Better align prices with cost causation

 Provide more accurate incentives for
installing DERs

 Optimize specific consumption
patterns—e.g., for EV charging

 Facilitate cost-effective utilization of
DERs for capacity and other grid
services

 Some customers may lack the ability or interest to respond to
complex rate designs.

 There is potential for significantly higher bills for customers who
do not or cannot respond to advanced rate designs.

 Utilities and, in retail choice states, alternative suppliers may not
be eager to offer default time-varying rates for basic service.

 Some dynamic rates (e.g., real-time pass-through rates) carry
significant risk to consumers.

 Time-varying rates will not be available to all consumers in
service areas where utilities do not invest in AMI deployment
(e.g., due to high upfront costs).
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1.4.3 Expansion of Performance-Based Regulation 

Performance-based regulation (PBR) has gained attention in recent years as a set of mechanisms to 
improve upon traditional cost-of-service regulation by providing clearer financial incentives for a utility 
to reduce costs or achieve other regulatory objectives. PBR plans typically include a combination of an 
MRP and performance incentive mechanisms (PIMs). 37F

41, 
38F

42, 
39F

43

MRPs may be well suited for periods of utility innovation because they allow utility management more 
flexibility for seeking options to improve productivity.40F

44 PIMs might be well suited as regulatory options 
to encourage evolving regulatory goals, such as adoption of DERs, procurement of renewable resources, 
and encouraging compliance with environmental requirements. On the other hand, MRPs and PIMs can 
be designed poorly, hamstringing the potential for increasing productivity and rewarding suboptimal 
performance. Today’s practices might need to evolve to account for lessons learned from the past and 
new demands on utilities and regulators in the future.  

1.4.3.1 Trends and Innovations 

Examples of expected trends and innovations over the next two decades include: 

 Longer periods between rate cases (i.e., MRPs) to promote utility efficiency. Extending the period 
between rate cases can promote utility financial discipline and investment efficiency. Increasing 
regulatory lag provides an incentive to increase savings, which the utility retains, and mitigate 
structural incentives for the utility to make new investments since cost recovery will necessarily 
be delayed. To ensure that customers derive maximum benefit, MRPs may need to be 
accompanied by mechanisms to share the cost reductions with customers, such as tighter 
productivity indices41F

45 and better earnings sharing mechanisms (e.g., narrower dead-bands, greater 
sharing of over-earnings relative to under-earnings).42F

46

 Better options for recovering major capital expenditures to mitigate against capital bias. For 
example, combining the treatment of capital expenditures (CAPEX) and operating expenditures 
(OPEX) to provide more consistent incentives for each type or expenditure. This is sometimes 
referred to as the TOTEX approach, combining both CAPEX and OPEX. Other examples are 
better coordination with integrated planning practices (see Section 1.4.4) and increased regulatory 
pre-review of major capital expenditures (see Section 1.4.5) to ensure there is more regulatory 
and stakeholder input into major capital expenditure decisions.  

 More holistic integration of MRP and PIMs. MRPs and PIMs provide different types of 
incentives that should work together as a coordinated set to achieve desired regulatory outcomes. 

41 PIMs may be specified as incentive-only, penalty-only, or symmetrical (incentive and penalty).  
42 See, e.g., Lowry, Woolf, and Schwartz (2016) and Lowry et al. (2017).
43 Consumer advocates do not generally consider line-item cost recovery mechanisms as “performance based.” While widely 
used, they are not considered here. 
44 MRPs should not be conflated with formula rates, which typically provide a utility with the opportunity to eliminate future-
year earnings variances through true-ups. Unlike MRPs, formula rates reduce risk and uncertainty for the utility and may create a 
disincentive to investment discipline.  
 45 Under an MRP, allowed utility revenues often are determined using a formula that includes a productivity factor (commonly 
denoted as “X”). This parameter accounts for the expected impact of productivity improvements on the utility’s cost of service 
and typically is based upon a productivity index that reflects industry aggregate trends.  
46 The “dead-band” specifies a margin around target earnings that is exempted from earnings sharing between the utility and its 
customers. Dead-bands are usually specified as a percentage above and below target earnings.  
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Increased attention to the interaction and combined effect of the two mechanisms could be 
important as the electricity sector becomes more complex. 

 Expanded use of PIMs. PIM rewards can be increased in magnitude and/or applied to more 
performance areas, in combination with a reduction in allowed return on equity, in order to 
mitigate the capital investment bias created by traditional cost-of-service ratemaking. PIM 
penalties can be increased in magnitude and/or applied to more performance areas to focus utility 
attention on technological or regulatory changes over time. 

 More focused metrics, targets, and PIMs to reflect technological, economic, market, and 
regulatory innovations, as they develop. PIMs offer the advantage of being modifiable each year, 
while MRPs are set for longer time periods and thus are less responsive to changes over time.  

 Table 3. Potential Opportunities and Challenges - Performance-Based Regulation 

1.4.4 Enhanced Integrated Planning 

Utilities conduct distribution planning to determine how best to maintain existing distribution equipment 
and expand distribution systems as necessary to meet load growth. They conduct demand-side resource 
planning to reduce and manage demand though energy efficiency, demand response, and other DER 
programs. In vertically integrated states, utilities also use transmission planning to determine how to 
move electricity generation within and outside their service territories and integrated resource planning to 
optimize their mix of both supply- and demand-side resources.  

Increased levels of DERs, grid modernization, rising costs, and environmental mandates require 
increasing coordination of generation, transmission, distribution, and DER planning practices. In many 
states, however, these planning practices are not coordinated, and consumer advocates do not have the 
resources or expertise to provide sufficient input and oversight. In many cases, distribution and 
transmission planning happen with little input from consumer advocates. 

1.4.4.1 Trends and Innovations 

Examples of expected trends and innovations over the next two decades include: 

Opportunities Challenges 

MRPs can encourage utilities to operate 
more efficiently, reducing utility system 
costs. 

 PIMs can encourage utilities to achieve 
specific desired regulatory outcomes, such 
as expediting interconnection requests or 
customer response times, encouraging 
lower-cost procurement of renewable power, 
and implementing effective DER programs. 

MRPs and PIMs can help mitigate the 
capital bias created by traditional cost-of-
service ratemaking. 

 Poorly designed MRPs or PIMs may not deliver the intended 
benefits to consumers. 

 Utilities have better information and more resources to control 
MRP and PIM designs to their advantage. 

MRPs and PIMs may not fully capture the desired change in 
utility operation or system outcomes over time, especially in 
the context of rapid innovation. 

 The MRP concept can be interpreted too broadly to include 
inappropriate ratemaking mechanisms, such as formula rates. 

 PIMs can increase regulatory burden as regulators seek to 
ensure that utilities do not receive disproportionate rewards or 
penalties, PIMs are not subject to gaming or manipulation, and 
they do not result in other unintended consequences.  
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 Better integration of DER, distribution, transmission, and generation investments in planning 
practices. Comprehensive planning practices could seek to optimize all types of electricity 
resources across electricity system domains.43F

47

 Better integration of utility planning with ISO/RTO planning. The increased use of DERs requires 
that ISOs and RTOs properly account for the impacts of DERs in their load forecasts and market 
designs. At a minimum, ISOs and RTOs need to have reliable estimates of the type, magnitude, 
and locations of future DERs on their systems in order to avoid forecast errors that can result in 
utilities overbuilding or underbuilding transmission facilities.  

 Improved use of technologies at the distribution level. Detailed information about system 
capability to handle DERs by location and clear visibility for the utility about when DERs are 
operating are both required. 

 Better coordination between resource planning, ratemaking, and cost recovery. 
Recommendations from integrated resource plans should be more closely tied to ratemaking and 
cost recovery practices to (a) allow for early regulatory review of investment decisions, 
mitigating the potential for uneconomic decisions; (b) improve stranded cost recovery practices to 
place greater risk on the utility; and (c) provide utilities with increased incentives to adhere to the 
economic actions those plans reveal. This coordination should strike a balance between consumer 
protection and utility flexibility to change decisions in light of changing conditions. 

 Better planning for meeting future environmental requirements. The trend is toward better 
coordination among the utility regulatory commission, state department of environmental 
protection, and the state energy office is needed. In addition, improved coordination among 
electric and gas utilities and electric and water utilities is needed, especially considering 
decarbonization goals. More sophisticated techniques for anticipating and accounting for 
environmental compliance costs are also needed. 

 Enhanced stakeholder involvement in the planning process. Comprehensive and integrated 
electricity planning is complex and requires considerable expertise and time to provide sufficient 
input from consumer advocates and other stakeholders. Opportunities exist to (a) streamline 
regulatory processes to facilitate stakeholder input, (b) allow for earlier and more frequent 
stakeholder input, (c) provide funding for experts to support stakeholders in planning processes 
(e.g., intervenor funding), (d) enable collaborative and other working group processes to facilitate 
and coordinate stakeholder input, and (e) provide greater access to open modeling tools to help 
facilitate more equitable participation in the planning process. 

47See, e.g., the NARUC/NASEO Task Force on Comprehensive Electricity Planning at https://www.naruc.org/taskforce/. 



17 

Table 4. Potential Opportunities and Challenges - Integrated Planning 

Opportunities Challenges 

 Increased transparency and stakeholder representation 
in utility decision-making 

 Reduced costs through improved optimization of 
resource decisions 

 Improved coordination between utilities and 
ISOs/RTOs 

 Coordinated transmission expansion and generation 
build-out 

 Coordinated distribution and DER planning 

 Better assessment and assignment of investment risk 

 Increased ability to proactively identify areas with DER 
hosting capacity 

 Insufficient stakeholder resources to fully 
participate in increasingly complex planning 
practices 

 No central siting authority in ISO/RTO regions to 
commission and develop new energy 
infrastructure, like transmission lines and power 

plants44F

48

 Increasingly diverse and complex generation 
technologies requiring new planning models and 
assessment skills

 Insufficient coordination between federal, regional, 
and state authorities

1.4.5 Improved Stranded Cost Treatment  

Obsolescence can be a natural outcome of innovation. In the electricity sector, generation, transmission, 
and distribution facilities that become obsolete can result in significant stranded assets and stranded costs. 
Unlike unregulated companies, whose investors must write off stranded costs, regulated electric utilities 
have a complex relationship with stranded costs. Utility regulators must strike a balance between utility 
investors and customers while considering regulatory and economic contexts and the prudence and 
reasonableness of utility investment decisions.  

Innovation in the electricity sector increases the likelihood and potential magnitude of stranded costs. 
Regulators will need to develop more effective means of reviewing the prudence of utility planning and 
decision-making to ensure that customers are not allocated costs and risks that should be borne by utility 
investors. Similarly, regulators will need to develop cost recovery practices that place more of the risk of 
stranded costs on utility investors, creating a more effective incentive to avoid or mitigate stranded costs 
before they are incurred. Regulators also will need to ensure that utilities do not hinder positive 
innovations in order to avoid the creation of stranded costs. 

1.4.5.1 Trends and Innovations 

Examples of expected trends and innovations over the next two decades include: 

 More efficient, direct, and timely regulatory review of utility decision-making. This would allow 
for (a) regulatory guidance earlier in the decision-making process and (b) more streamlined 
and robust regulatory determinations of prudence and “used-and-usefulness.” Improved 
coordination between integrated resource planning and cost recovery practices is one example 
(see Section 1.4.4). 

 Increased regulatory pre-review of utility investments. Providing regulatory guidance earlier in 
the investment decision-making process45F

49 can be facilitated by more transparent, comprehensive, 

48 The FERC Advance Notice of Proposed Rulemaking in RM21-17 seeks to address some of these issues. 
49 The term “pre-review” refers to the opportunity for a utility to seek regulatory review of an investment before the investment is 
made. This type of review has become increasingly common in recent years for AMI and other grid modernization investments 
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and efficient integrated planning practices and with MRP practices that include pre-review of new 
major capital expenditures (see Section 1.4.3). This guidance can also be accompanied by 
reductions in the utility’s allowed return on equity to account for any reduced risk for the utilities. 

 Clearer guidelines, metrics, standards, and agreements. Such specifications would define when, 
and under what circumstances, cost recovery of utility investments will be allowed or denied. 

 More thoughtful planning practices. The risk of future stranded costs can be recognized and 
mitigated—for example, by using shorter book lives (i.e., higher depreciation rates) in benefit-
cost analysis and through integrated planning practices that reflect the possibility that some new 
assets are more likely to become obsolete as the electricity sector evolves over time. 

 Better approaches for addressing stranded costs that result from unreasonable or imprudent 
utility decision-making. For example, more frequent and expeditious application of prudence and 
used-and-useful standards could be used to disallow recovery of utility costs for inappropriate 
utility investments and in some cases to disallow recovery of profits for inappropriate utility 
investments. 

 Better approaches for recovery of stranded costs that result from reasonable or prudent utility 
decision-making. Using securitization to finance the drawdown of stranded costs is one 
example.46F

50 Securitization might offer benefits to customers as long as (a) the magnitude of 
stranded costs is determined properly; (b) the utility bears its responsibility for the stranded costs, 
depending upon the prudency and used-and-usefulness of the investment; and (c) the 
securitization process and bond timing results in the lowest possible cost to electricity customers. 

 Better approaches for treatment of stranded costs that are the result of federal or state mandates.
These approaches may include, for example, changes to federal or state tax policies to facilitate 
the retirement of legacy assets that are rendered uneconomic as a result of federal or state 
greenhouse gas (GHG) mandates. 

that are not prima facia necessary for serving customers but might nonetheless provide benefits to customers. The implications of 
cost recovery for pre-reviewed investments are different in each state. A pre-review of utility investments is not necessarily the 
same as pre-approval of those investments.  
50 Securitization is an alternative form of utility financing whereby utility debt obligations are underwritten by taxpayers, 
resulting in a lower cost of capital and reduced ratepayer burden. Unlike some alternative cost recovery mechanisms, 
securitization often requires a legislative mandate. It may provide utilities full recovery of the value of the stranded assets, but not 
necessarily. 
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Table 5. Potential Opportunities and Challenges - Stranded Costs 

Opportunities Challenges 

 Reduced stranded costs 

 Better assignment of decision-
making risks to utilities 

More appropriate sharing of 
stranded costs between investors and 
customers

 Better incentives for utilities to 
minimize stranded costs 

 Increased regulatory burden from pre-review of investments  

 Increased risk to customers from pre-review of investments, especially 
if that includes pre-approval of investments 

 Anticipating evolving electricity sector conditions and economics 

 Difficulty in increasing rates to recover some stranded costs from 
electricity customers 

 Risk of utility bankruptcies with increasingly stringent cost recovery 
practices in conjunction with significant stranded costs 

 Legislation required prior to utilization of some options, such as 
securitization  

1.4.6 More Attention to Energy Equity 

While customer equity has always been a priority for consumer advocates, it warrants increased attention 
as the electricity sector becomes more complex. The proliferation of new technologies and new pricing 
options might lead to increased electricity costs in some contexts and reduced electricity costs in others. 
These benefits and costs will need to be allocated across customers equitably, perhaps requiring new 
practices to do so.  

Many of the innovations discussed in this essay can affect customer equity and should be designed in 
ways to maintain or improve it. The concept of customer equity itself might need to evolve over time to 
respond to policy drivers and changes in the electric utility industry. For example, in recent years, the 
concept of disadvantaged or vulnerable customers has evolved from being limited to low-income 
customers to include a much broader range of customers, such as moderate-income customers, 
communities of color, fixed-income elderly customers, those who have been subject to historical 
injustices, customers in geographically defined environmental justice areas, and more.  

1.4.6.1 Trends and Innovations 

Examples of expected trends and innovations over the next two decades include: 

 Better defined and applied concepts of affordability and energy burden. Regulators and utilities 
could establish consistent definitions and apply these concepts more consistently in the context of 
DER program designs, retail rate designs, cost allocation, benefit-cost analysis, integrated 
planning, and cost recovery.  

 Expanded stakeholder input and participation opportunities, including for vulnerable 
communities. These opportunities could include (a) more flexible granting of intervenor status in 
regulatory dockets, (b) streamlining some of the regulatory processes to facilitate stakeholder 
input, (c) providing funding for experts to support representatives of disadvantaged communities 
in regulatory processes (e.g., intervenor funding), and (d) enabling collaborative and other 
working group processes to facilitate and coordinate stakeholder input. The FERC Office of 
Public Participation may ultimately provide a useful example.47F

51

51 See Federal Energy Regulatory Commission Office of Public Participation (OPP). 2021. “What is OPP?” 
https://www.ferc.gov/OPP. 
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 Improved methods for allocating benefits to vulnerable and disadvantaged customers. President 
Biden’s Justice40 initiative may provide useful examples for how to more equitably allocate 
benefits to these customers.48F

52, 
49F

53

 Better approaches for evaluating community impacts in utility decision-making practices. Local 
economic, environmental, and employment impacts of utility resources could be better accounted 
for in benefit-cost analyses and comprehensive electricity planning practices by establishing 
metrics, regularly reporting results, and reviewing them with stakeholders. 

 More detailed and transparent data on utility customers and utility performance in serving those 
customers. Such data would allow utilities, regulators, consumer advocates, and other 
stakeholders to better identify, serve, and protect disadvantaged and vulnerable customers.50F

54, 
51F

55 

 Better coordinate support to low-income customers. The Low-Income Home Energy Assistance 
Program, and similar state or local programs, could be expanded with more funding or alternative 
thresholds to allow for increased participation.52F

56

 Better utility DER programs to serve disadvantaged customers. Utilities, regulators, and 
environmental justice advocates could design DER programs to serve disadvantaged customers 
and communities more effectively. This might include more engagement from local community 
leaders, better options for identifying disadvantaged customers, targeted marketing and delivery 
practices, increased engagement with public housing agencies and multifamily building owners, 
and pay-as-you save programs that enable customers to adopt new technologies without paying 
upfront costs. 

 Expansion of community choice aggregation. Where authorized, consumers can choose to buy 
power from local entities, typically established to offer bill savings, access to DERs, and clean 
energy to residents and businesses.53F

57

52 See U.S. Environmental Protection Agency. n.d. “WHEJAC Justice40 Climate and Economic Justice Screening Tool & 
Executive Order 12898 Revisions Interim Final Recommendations.” Environmental Justice. 
https://www.epa.gov/environmentaljustice/whejac-justice40-climate-and-economic-justice-screening-tool-executive-order. 
53 Id. 
54 See the NASUCA Data Collection Resolution–Joint with NARUC. https://www.nasuca.org/2019-07-nasuca-data-collection-
resolution-joint-with-naruc/.  
55 See Critical Consumer Issues Forum (2021).  
56 A related example that illustrates the potential for expansion of LIHEAP programming is the recently initiated Low Income 
Household Water Assistance Program. See https://www.acf.hhs.gov/ocs/programs/lihwap. 
57 Community choice aggregation, already in place in several states, allows local not-for-profit public agencies to procure 
electricity from competitive suppliers for utility customers in their jurisdiction. 
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Table 6. Potential Opportunities and Challenges - Equity 

Opportunities Challenges 

 Better decision-making that reflects interests and 
needs of vulnerable customers 

More focus on community needs

 Better access to DER programs and technologies, 
allowing more customers to reduce electric bills 

 Adoption of some types of DERs for some customers 

 Expanding current regulatory approaches to account 
for equity considerations 

 Providing vulnerable customers and communities 
with the resources to get meaningful representation 

1.4.7 Increased Emphasis on Policies to Address Climate 

With each passing year, more states are passing legislation or otherwise adopting policies to address 
climate issues. These come in the form of GHG emission reduction mandates, renewable generation 
mandates, increased support for DERs and other clean energy options, increased use of the social cost of 
carbon in utility planning exercises, policies to electrify the transportation industry, and more. Similarly, 
the federal government is likely to take increasing actions to address climate issues over the next 20 years. 
The Biden administration proposed a goal of reducing U.S. GHG emissions by 50%–52% below 2005 
levels by 2030,54F

58 as well as legislation with ambitious climate policies.55F

59

Meeting these evolving climate goals will require significant innovations in the way electric utilities plan 
for and invest in electricity resources. It also will require enhanced coordination with other industries, 
such as the gas, transportation, and water industries, especially in the context of electrifying end uses in 
order to reduce GHG emissions. Electrification developments in these related industries will create both 
challenges and opportunities as electricity demand will likely increase significantly, creating (a) the need 
for more electricity infrastructure investments and (b) more customer revenue to pay for it. 

The increasing number of states adopting climate goals, and the increasingly ambitious goals being 
adopted by those states, will likely affect many aspects of electricity regulation, especially as we approach 
the target year of 2030 and years that follow. Climate goals are likely to affect many of the trends and 
innovations discussed above in Sections 1.4.1 through 1.4.6.  

1.4.7.1 Trends and Innovations 

Examples of expected trends and innovations over the next two decades include: 

 Increasing reliance upon carbon-free electricity resources. This will likely include increased 
reliance upon currently available renewable resources, such as hydropower, photovoltaics, and 
on-shore and offshore wind, as well as emerging technologies such as utility-scale solar thermal 
generating stations, geothermal generation, fuel cells, ocean wave and current generation, and 
perhaps new nuclear reactor designs. 

 Improved coordination, planning and decarbonization. Decarbonization efforts will require 
additional coordination and planning between electric and other utilities to meet the end-use 
needs of customers. For example, in some areas it may make sense for end users to switch from 
gas to electric supply. To the extent that end-use supply switching happens, the electricity 
industry will need to plan for and address the possibility of significantly increased demand on the 

58 United States (2021). 
59 The White House. The Build Back Better Framework. n.d. https://www.whitehouse.gov/build-back-better/.  



22 

electricity system, including peak demands. Similarly, decarbonization efforts also may require 
improved coordination and planning efforts between electric and water/wastewater utilities. 

 Increasing requirements for storm hardening and resilience. With increased frequency of storms, 
floods, wildfires, and more, regulators are likely to direct utilities to make increasing levels of 
investment in storm hardening and resilience measures at both the distribution and bulk power 
system level.  

 Increased efforts to capture carbon emissions. While the electricity industry has not yet 
developed economically viable carbon capture technologies, this might change as lower-cost 
technologies are developed and the economics of capturing carbon improves. 

 Increasing prioritization of DERs. As climate goals proliferate and become more ambitious over 
time, DERs and other customer-focused clean electricity options will become increasingly 
important. Increased prioritization of DERs is discussed in Section 1.4.1. 

 Increasing application of decarbonization PIMs. Promoting carbon-free resources will require 
increased attention from utility management and might not be consistent with current utility 
financial incentives. This will likely lead to the development of PIMs in an effort to prioritize 
decarbonization goals. PBR and PIMs are discussed in Section 1.4.3. 

 Improved treatment of stranded costs. As utilities take steps to mitigate GHG emissions, they 
might make some of their investments in fossil fuel-fired power plants obsolete, leading to 
increased stranded costs. Treatment of stranded costs is discussed in Section 1.4.5 

Table 7. Potential Opportunities and Challenges - Decarbonization 

Opportunities Challenges 

 Efforts such as increased electrification will lead to 
increased electricity sales and electricity revenues. 

 Adding carbon-free electricity resources can result in 
environmental benefits beyond climate mitigation, 
including reduced air, liquid, and solid-waste 
emissions.  

 Climate policies may lead to increased costs for the 
electricity industry. 

 Decarbonization efforts such as increased 
electrification will place increased demands on the 
electricity grid. 

 Installing and operating carbon-free electricity 
resources may increase electricity costs. 

 Coordination with gas, transportation, and water 
industries is critical but poses institutional 
challenges. 

 Storm hardening and resilience costs may be hard to 
justify given the uncertainty of environmental threats. 

1.5 Conclusion 

If the past 20 years are any indication, the electricity sector two decades from now will be dramatically 
different than it is today. Technological changes, increased opportunities for DERs, decarbonization 
goals, new pricing options, increasingly complex planning practices, evolving wholesale market designs, 
and energy equity needs will clearly have large impacts. While this essay anticipates some of the 
innovations that might occur over that period, there will likely be innovations that no one can predict at 
this time. 
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Innovation will ideally bring many positive outcomes for utility customers and the electricity sector 
broadly. However, innovation also will bring risks to customers that should be managed.  

As utility regulators, utilities, consumer advocates, and other stakeholders encourage or respond to 
innovations in the electricity sector, they should be mindful of both the opportunities and the challenges 
associated with those innovations. The task is to ensure that new policies and regulatory practices are well 
designed and strike the right balance between allowing the industry to evolve in productive directions, 
achieving current and new policy goals, and ensuring customer protection and equity.  
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2.0 A Labor Perspective on Innovation to Meet Climate Goals 
for the Electricity Sector 

By Kevin Lee, BlueGreen Alliance 

2.1 Introduction 

Tackling the climate change crisis will require a massive mobilization 
of resources. For the U.S. electricity sector, reducing emissions to 
prevent damaging climate change will require grid modernization 
investments and infrastructure build-out on a scale not seen in 
generations.56F

60 Meeting this goal is technically feasible, but poses 
challenges ranging from the purely technological and cost-related to 
those rooted in social, political, and community-oriented forces. 
Critically, these challenges are often intertwined, and policymaking 
to address one facet of the challenge can and should be carefully and 
intentionally crafted to account for challenges across the socio-
political spectrum. In short, we can (and arguably, must) meet the 
climate challenge while also meeting the challenges of racial and 
economic equity, fairness for workers, community agency, and 
environmental health.  

This essay addresses one such intersection in climate policy as it relates to regulated electric utilities, by 
exploring how decisions around a utility’s workers—pay, benefits, and staffing levels—impact outcomes 
for innovation in the context of community response to clean energy development and grid resiliency. 
Utility staffing levels in particular play an outsized and underreported role in these outcomes and are 
correspondingly deserving of greater attention by regulators and legislatures.57F

61 In addition, this essay 
addresses how the same factors that drive a utility to minimize its labor costs also have produced a 
regulatory environment that makes it challenging for utilities to make much-needed investments in grid 
modernization and resiliency. This focus is overdue and critical, and supports the Biden Administration’s 
target to reduce greenhouse gas pollution by at least 50% from 2005 levels in 2030, which envisions the 
creation of “good-paying, union jobs” among the ways to build back better.58F

62

At the state level, siting of clean energy infrastructure, which needs to be ramped up well beyond record 
levels, is increasingly met with local opposition. The public is largely supportive of clean energy policy in 
the abstract, but unconvinced that it (or climate change) will impact them on a personal level,59F

63 and they 
are increasingly mobilizing to block new renewable generation, transmission, and distribution projects.60F

64

By enacting and implementing policies with an eye toward local impacts, including jobs, wages, and tax 
benefits—particularly in distressed communities—we can ensure that the massive investments required 
for a clean energy future will benefit communities hosting the needed electricity infrastructure, earning 
their support along the way.  

60 Larson et al. (2021). 
61 While outside the scope of this essay, decisions about utility infrastructure investments also result in direct, indirect, and 
induced impacts for other employers.  
62 The White House (2021). 
63 See, e.g., Leiserowitz et al. (2021).  
64 Gross (2020). 
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2.2 The Economic Opportunities Inherent in a Carbon-free Electricity 
Grid 

The scale of clean energy investments required for net-zero carbon emissions in the electricity sector is 
difficult to overstate. At its core, it means massive amounts of new carbon-free generation capacity, new 
transmission to unlock regional bottlenecks, and extensive distribution system upgrades to accommodate 
demand flexibility through distributed energy resources (DERs) like rooftop and community solar, energy 
storage, and managed electric vehicle (EV) charging. At the same time, electricity systems are servicing 
growing loads from newly electrified building, transportation, and industry end uses, and the electricity 
industry and regulators are initiating efforts to improve grid resiliency in the face of ever more extreme 
weather. No small task, indeed. But each of these investments are first and foremost an opportunity. They 
offer the chance for local communities and workers to benefit from these projects, often sited in rural 
areas and near energy burdened households that are more socially and politically distant from most clean 
energy policy discussions.  

New generation is typically top of mind for climate policy, for good reason. Although the contours vary 
by study, virtually all deep decarbonization modeling of electricity grids involves, to use a technical term, 
gobs and gobs of wind and solar complemented by a grab bag of non-intermittent clean energy resources 
(long-term storage, fossil fuel generation with carbon capture and sequestration, hydrogen-fired power 
plants, geothermal, and nuclear).61F

65 The amounts are staggering. Last year, the United States set a record 
for new renewable capacity with 29 gigawatts (GW) installed.62F

66 One estimate of the build-out required to 
reach a 90% clean grid by 2035 more than doubles that record and keeps building roughly 75 GW every 
year, cumulatively adding a staggering 1,200 GW of new capacity (Figure 3),63F

67 about as much generation 
capacity as exists in the United States today. 64F

68 Much of this capacity will be located far from loads, 
necessitating significant new transmission infrastructure. One study estimates that the transmission 
network will triple in size by 2050, from 320,000 GW-kilometer65F

69 (km) to over 1 million GW-km 
(Figure 4).66F

70

65 See Larson et al. (2021); Williams et al. (2021);  Davis et al. (2018); and Sepulveda et al. (2018).  
66 IRENA (2021).  
67 University of California, Berkeley (2020) at 7. See also Larson et al. at 100 (noting that in all modeled net-zero by 2050 
scenarios, “annual wind and solar capacity additions are sustained over multiple decades at historically-unprecedented rates”); 
California Energy Commission (2021). Docket No. 21-SIT-01, page 5, 
https://efiling.energy.ca.gov/Lists/DocketLog.aspx?docketnumber=21-SIT-01. These estimates are also in line with recent 
analysis of the proposed (but likely defunct) federal Clean Energy Payment Program, which would spur 85 GW of wind and solar 
annually (Penrod 2021a). 
68 U.S. Energy Information Administration. n.d. Electricity explained: Electricity generation, capacity, and sales in the United 
States. https://www.eia.gov/energyexplained/electricity/electricity-in-the-us-generation-capacity-and-sales.php.  
69 Transmission lines are built at varying voltages (e.g., 765 kilovolts [kV], 500 kV, 345 kV) with correspondingly different load 
carrying capacities. To move 2,400 MW of generation capacity 300 miles, for instance, one could use a single 765 kV line or 
three 500 kV lines (and therefore, three times the length of the higher voltage line). Overall transmission capacity can be 
expressed in gigawatt-miles as a way of normalizing varying load carrying capabilities. See, e.g., U.S. Dept. of Energy (2004).  
70 Larson et al. (2021) at 137.  
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Figure 3. Cumulative Capacity Additions of Wind, Solar, and Battery Storage in a Modeled 90% 
Clean Electricity Grid by 2035 

Source: UC Berkeley (2020).

Figure 4. Cumulative Transmission Capacity Additions by 2050 in a Modeled Net-Zero Scenario  

Source: Princeton University (2020). 

Many utilities around the country are planning and implementing distribution system upgrades to ensure 
their systems will be able to seamlessly host this flood of new generation and transmission. Upgrades 
include age-related investments to replace distribution infrastructure at the end of its useful life, 
distribution system expansions for increased capacity and reliability (e.g., new substations, transformers, 
feeders, tap lines, or service lines), enhanced feeder load monitoring, new communication devices that 
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connect field devices on the distribution system to the utility’s information systems, voltage regulation 
devices, and automated system restoration devices.67F

71

In addition to the distribution system upgrades required to keep up with an expanded grid, net-zero carbon 
emissions will require a much more flexible grid, to adjust to local fluctuations from DERs, smooth out 
load peaks with automated demand response, match loads to output from variable renewable energy, and 
much more. This is nothing short of a paradigm shift in the operation of the power grid, from a highly 
centralized, top-down supply structure to one that has “fundamentally changed the distribution, diversity, 
and scale of energy and flexibility resources.”68F

72 It is a change, as one author argues, “from economies of 
scale to economies of flexibility.”69F

73 And this change will be built into new distribution infrastructure. As 
residential solar increases, for instance, the demand patterns on local distribution networks will change, 
placing new constraints on system operators that will require advanced meters, digital sensors, and 
controls for network-connected DERs to ensure system reliability and safety.70F

74 The grid of the future will 
feature “pervasive digitalization of energy via smart grid technologies, including smart meters, energy 
management systems for smart buildings and smart communities, and distribution system and distribution 
market platforms.”71F

75 New monitors and controls will likely be found in everything from water heaters to 
electric vehicle (EV) chargers.72F

76

This transformation and build-out will happen at the same time demands on the grid increase. As 
electrified transportation and heating become commonplace, already beefy and peaky loads will be 
getting beefier and peakier. High levels of EV charging and variable distributed generation can exacerbate 
this problem, making evening electricity peaks steeper and potentially flipping many areas from summer 
peaking to winter peaking systems, with effects rippling through the entire grid, including “transmission 
level operations, [] real-time electricity markets, transmission controls, generator dispatch, and generation 
reserve requirements.”777F

77

The utility imperative to maintain the primacy of system safety and reliability will be getting more 
difficult at precisely the same time weather that was once extreme is 
becoming commonplace. This was amply illustrated by weather 
events in 2020, when the United States’ fifth warmest year on record 
coincided with the most billion-dollar disasters in history, with 22 
events, compared to an annual average of seven.74F

78 And 2021 again 
blew away those averages with an additional 18 weather events of $1 
billion in losses or more,75F

79 a pace that is on a track, as of this writing, 
to set new records.76F

80 Warmer temperatures, wildfires, floods, heat 
waves, and high winds have all exacted extensive damage to the 
nation’s power grid, stressing storm recovery services to the breaking 
point. In 2020, utility customers spent a cumulative total of 1.3 billion 
hours in the dark from extreme weather events, an increase of more 

71 See, e.g., Xcel Energy (2019) (hereinafter “Xcel IDP”).  
72 Li (2020) at 5.  
73 Li (2020) at 5.  
74 Schaefer (2020) at 12.  
75 Mancarella (2020) at 42.  
76 Masuta and Yokoyama (2012); Zhou et al. (2015); Gelazanskas and Gamage (2016); Pillai and Bak-Jensen (2011); Hu et al. 
(2013); Liu et al. (2014); and Pakka and Rylatt (2016).   
77 See Blonsky et al. (2019).  
78 NOAA (2021).  
79 NOAA (2022). 
80 Jeromin (2021).  
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than 70% from the prior year.77F

81 Analysts commenting on weather events described the grid as “woefully 
unprepared,” with impacts to communities that are “severe and life-threatening.”78F

82 See Figure 5, 
illustrating the extent to which severe weather has caused increases in the amount of time that customers 
are left without power. 

Figure 5. Change in Average Annual Power Outage Minutes per Utility Customer, 2013–2015, 
Compared to the 2018–2020 Three-Year Average 

Source: MacMillan and Englund (2021).  

81 S&P Global (2021).  
82 Saha et al. (2021). 
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The decarbonization of the electric sector means no less than a total 
overhaul of electricity systems, undertaken under duress. We are 
essentially rebuilding the world’s largest machine, bolt by bolt and 
wire by wire, over the next few decades, while simultaneously 
minimizing outages and displacements resulting from this unparalleled 
construction effort. This is both an engineering challenge and an 
economic opportunity on an unprecedented scale. Questions about who 
benefits from these investments, how they benefit, and who pays for 
the investments, are critically important. Utilities also must rethink 
their engagement and connections with the local communities they 
serve and the value they can provide in a future with higher levels of 
DERs and related changes in market structures and market power.  

2.3 Strengthening Community Ties to Clean 
Energy 

Investments in generation, transmission, and distribution come at a time when climate action is both 
critical and fragile, with some communities feeling left out or bearing only the burdens and few, if any, of 
the benefits of climate action. At the same time, other communities are experiencing the burdens of fossil-
fuel production transmission, generation, and waste disposal activities.79F

83

Coal plants nationwide have succumbed to competition from natural gas and renewable resources, 
oftentimes leaving host communities scrambling to replace lost wages and tax revenues.80F

84 Although 
investments in new wind and solar resources are often highlighted as a potential counterbalance to jobs 
lost in coal-fired power, those jobs are almost always in a distant community and draw from different skill 
sets.81F

85 Traditional electricity generation is also more labor-intensive to operate than wind and solar 
generation, which means that there are also just fewer jobs to go around.82F

86 In reality, relatively few coal 
plant workers have found jobs in renewable energy.83F

87 Abrupt plant closures can have a toxic effect on the 
perception of clean energy jobs, particularly in already hard hit rural communities.84F

88 Most of the retiring 
coal plants are located in rural areas, many of which are already economically distressed.85F

89

But there are encouraging developments in this field, where state and local policymakers, along with 
regulated utilities, have begun to take steps to ensure that clean energy development meaningfully 
benefits local communities for the long term. Despite the headwinds for coal plant workers, for instance, 

83 See, e.g., Jean Su’s essay, “Climate, Environmental, and Energy Justice: Integrating Justice into Electricity System Design and 
Decision-Making,” in Farley et al. (2021).  
84 See, e.g., Macgillis (2018). In states where renewable energy is not exempted from property tax assessments, property tax 
revenues from a renewable project can be substantial, equaling those from fossil fuel plants. See Tegen (2005) and Brunner, 
Hoen, and Hyman (2021). Those new revenues, however, are often assessed in a different county or municipality, leaving the 
host community with a net tax revenue loss from a retiring fossil plant, while the renewable energy-receiving community enjoys 
a net gain. See Tarekegne, Kazimierczuk, and O’Neil (2021) at 2 (noting that “Twenty-six counties in the United States are 
classified as ‘coal-mining dependent,’ meaning that coal-related revenue may fund a third or more of local budgets including 
property taxes, sales taxes, and school districts”). 
85 See Energywire (2020) and Quadrennial Energy Review (2017).  
86 Penrod (2021b).  
87 Patridge and Steigauf (2020) (hereinafter “CEE Host Community Study”) (noting that “in today’s economy, power plant jobs 
are uniquely high in quality. There are no clear options to replace power plant jobs with positions that are similar in terms of pay, 
benefits, stability, and location.”); Penrod (2021b).  
88 Patridge and Steigauf (2020) at 72.  
89 Carbon Brief (2020) and Headwaters Economics (2017).  
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clean energy development is an undoubted economic powerhouse, and does provide at least some limited 
relief for displaced coal workers.86F

90

Clean energy jobs tend to be concentrated in the construction sector. 
Displaced workers who are trained electricians, ironworkers, 
carpenters, operating engineers, or pipefitters may have easier times 
transitioning to new work.87F

91 Recent legislative and regulatory 
movements toward incentivizing local hiring for these jobs have 
made great headway toward cementing relationships between clean 
energy developers and local communities, though much more 
remains to be done.88F

92 One worker noted that, after “significant 
efforts” from both utilities and clean energy developers that resulted 
in a local hiring reporting requirement for clean energy projects, 
“we’ve gone from a wind construction workforce that is less than 
20% local . . . in 2017 and 2018 to more than 60% local in 2019, and 
we expect that trend to continue in 2020.”89F

93

For other displaced coal plant workers, some have been able to move 
laterally within the same utility. 90F

94 Here too, we see that utilities taking account of local job impacts goes a 
long way toward building important connective tissue between affected communities, workers, and the 
clean energy industry.91F

95 Taking the time to solicit this feedback, however, is all too often neglected,92F

96 and 
the reality is that while these lateral transitions can help some displaced workers, many find themselves in 
the position of needing to replace lost income and benefits as soon as possible. The most common career 
pathway for a worker laid off by a closing power plant has been to get a commercial driver’s license.93F

97

The upshot here is three-fold:  

(1) Achieving emissions neutrality for the power grid by 2050 is an incredible economic 
development opportunity for local communities. 

(2) This opportunity will be realized only as a result of intentional regulatory and legislative 
policymaking that ties community outcomes to clean energy projects.  

(3) The risks of failing to account for these community outcomes is potentially catastrophic to 
net-zero carbon goals.  

It is this last point that is arguably the most underappreciated. Increasing local opposition to the siting of 
clean energy projects is by now commonly understood as a potent threat to achieving decarbonization 
goals.94F

98 But what is less understood is that this local opposition breeds in an environment where clean 
energy development follows the path of the resource curse,95F

99 where:  

90 Ferris (2021).  
91 Jones, Philips, and Zabin (2016).  
92 See Washington Clean Energy Transformation Act, SB 5116 (2019), Laws 2019, ch. 288, May 17, 2019.  
93 CEE Host Community Study at 68. 
94 See, e.g., Booth (2021) and CEE Host Community Study at 63.  
95 Brasch (2021). 
96 CEE Host Community Study at 72 (noting that the utility closing a local coal plant “never asked for input” from impacted 
workers). 
97 Penrod, Emma (2021b).  
98 See generally, Marsh, McKee, and Welch (2021) and Motavelli (2021).  
99 Aragon, Chuhan-Pole, and Land (2015).  
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 employment is low-wage, low-benefit, ephemeral, or contracted from out of state;  

 the burdens of hosting a project are expected to be shouldered by the community without 
complaint; and 

 the benefits of jobs and tax revenues are withheld except under pressure.96F

100

By some estimates, 55% of clean energy investments go to rural areas, but without a “coherent policy 
framework,” one analysis notes, distorted incentives have “triggered rent-seeking behaviours” that breed 
resentment, ultimately leading many local communities to oppose further projects.97F

101

One does not have to look far to see this dynamic playing out in the United States. Local governments in 
36 states have ordinances prohibiting or restricting renewable energy development, and at least 160 
projects have been actively contested, many successfully so, through excessive delays, outright project 
cancellation, or scaling down the project’s size.98F

102 The country is littered with dead renewable projects: 
600 MW of wind in Indiana,99F

103 850 MW of solar in Nevada,100F

104 and 80 MW of solar in Virginia,101F

105 all 
cancelled in large part as a result of local opposition (although this phenomenon is of course not unique to 
clean energy). While projects may be cancelled for other reasons, such as selection of competing project 
sites, changes in government policies, and reductions in customer load, siting opposition is a formidable 
obstacle to project success. 

Media reports on such battles often frame the debate in terms of impaired aesthetics—neighbors that are 
concerned about a view or increased traffic. And those are no doubt factors in contributing to opposition 
(and, indeed, factors that should be given serious consideration 
by developers). What those media accounts often fail to describe 
is that local opposition on some scale exists for virtually every 
development project in the U.S., renewable or otherwise. The 
other side of the story—successful projects that meaningfully 
engage local communities in the siting process and hire local 
workers with good wages and benefits—often goes untold. 
Successfully building a wind or solar project (or distribution 
substation or transmission line) simply isn’t much of a news 
story, at least outside of the local community.  

Years of study on the acceptance of renewable energy 
development confirms that, while impaired aesthetics can play a 
role, the success of a project is in large part driven by whether 
the community believes that it will benefit from the project and 
the degree to which community members participated, and had a 
say, in the planning and siting of the project.102F

106 The 

100 See, e.g., Botero (2016) and OECD (2012) at 4.  
101 OECD (2012) at 4.  
102 See generally, Marsh, McKee, and Welch (2021). 
103 Baker and Dent (2019). 
104 AP (2021). 
105 Nir (2020).  
106 Segreto et al. (2020). (“It was found that perceived benefits and costs should be distributed equally amongst residents . . . the 
studies reveal that a great incentive for local acceptance is a financial benefit for the inconvenience of developing a RES or REP 
in the community. For instance, lower energy rates, opportunities for employment, or tax returns.”); Rand and Hoen (2017) 
(Socioeconomic impacts of wind power development are strongly tied to acceptance); Carley et al. (2020) (Primary factors 
driving support and opposition are trust, perceived benefits and drawbacks, knowledge, and political orientation.); Carley et al. 
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localization103F

107 of job wages and benefits is one of the keys to building public support for clean energy and 
ensuring that economic opportunity becomes economic reality for local, often rural, communities that will 
host much of the new clean energy development required to reach net-zero. For new renewable projects, 
the localization of economic benefits can be difficult, because renewable energy facilities have so few 
ongoing operations and maintenance jobs that it is often not possible for an individual clean energy 
project to singlehandedly support a local workforce, as large legacy power plants typically do.104F

108

As noted above, requiring or incentivizing project developers to use locally hired construction trades 
workers can boost both local benefits and public support, but this workforce is often “local” in a broader, 
regional sense—for example, workers living in the same state, as opposed to the particular town. 
Construction work is inherently temporary, so new construction of renewable generation facilities in a 
particular rural community will not by itself support a permanent construction workforce. But when 
renewable energy proliferates across the rural landscape, the multitude of construction work can 
absolutely support a regional workforce. Because an individual wind or solar farm does not support a 
workforce the way that a large legacy power plant does,105F

109 states attempting to tie clean energy more 
closely to local economic benefits have focused on policy levers like reducing electric bills for 
communities hosting the projects to confer benefits for a local area that may not have many construction 
workers.106F

110

These dynamics are much different for transmission and distribution (T&D) systems. Work in T&D 
involves much more ongoing operations and maintenance to keep sprawling networks running safely and 
reliably. That work is necessarily long term and stable enough to support local communities. Nationwide, 
electricity T&D work supports over 600,000 jobs, 300,000 of which are in the electric utility sector (as 
opposed to the T&D jobs in the construction sector), compared to about 183,000 jobs in electric utility 
power generation.107F

111 A large proportion of investments in the electric T&D work supporting these jobs is 
and will continue to be driven by grid modernization and other utility-funded modernization projects.108F

112

This core utility workforce is a key source of economic stability for local communities.109F

113 As utilities 
nationwide gradually evolve from a labor model that features large numbers of jobs in centralized fossil- 

(2020); Hamilton et al. (2018) (“Unsurprisingly, a key factor affecting public support for renewable energy development is 
perception of local economic benefits”); Rand and Hoen (2017) (finding that public acceptance of wind energy is influenced by 
socioeconomic impacts and issues of fairness, participation, and trust); Firestone et al. (2017) (finding that a community’s being 
able to influence the outcome of a wind project is correlated with positive attitudes toward the project).  
107 The term “localization” is used here to signify either retaining workers that reside in the surrounding communities or 
recruiting more local workers in response to outsourcing trends that have reduced the number of workers that reside in the local 
area.  
108 CEE Host Community Study at 77–78. 
109 CEE Host Community Study at 77–78.  
110 New York Accelerated Renewable Energy Growth and Community Benefit Act, Bill No. S7508b, § 8, April 3, 2021 (directing 
the public service commission to create a Host Community Benefit Program funded by renewable energy owners “to provide a 
discount or credit on the utility bills of the utility’s customers in a renewable host community, or a compensatory or 
environmental benefit to such customers.”)  
111 National Association of State Energy Officials, Energy Futures Initiative, and BW Research Partnership (2020) at 93, 
(hereinafter “USEER 2020”). Other subcategories besides utilities include construction, manufacturing, wholesale trade, and 
professional/business. The dominance of the utility subsector for electric T&D jobs can be usefully contrasted with jobs numbers 
in electricity generation, which are dominated by construction jobs.  
112 USEER 2020 at 40, 92. Data from the U.S. Bureau of Labor Statistics (BLS) differs on the magnitude of this comparison. 
BLS data, which uses a different survey methodology from the U.S. Energy and Employment Report, estimates total electric 
utility employment across generation, transmission and distribution at about 380,000, while the USEER report estimates almost 
483,000. Although this difference appears large, it is not uncommon to see discrepancies of this magnitude in employment data 
based on surveys. Data are categorized differently by different assessments, and when aggregated these differences in 
categorization become magnified. Generally, however, historical trends in these proportions hold true across these differing 
methodologies. 
113 See, e.g., Chaudry (2018). 
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fuel power plants to one that features fewer utility jobs in generation but potentially many more jobs in 
transmission and distribution, that core utility workforce will be an increasingly important economic 
safety net for communities, in addition to being a core source of local support for new energy 
development.  

2.4 The Slow Decline of Utility Workforces and Consequences for 
Innovation

The utility workforce has unfortunately been experiencing formidable headwinds, with significant 
implications for both community well-being and the overall pace of decarbonization in the electricity 
sector. These workforces are a consistent and stable source of economic development for local 
communities and a critical link that provides local support for innovative projects. When these local 
workforces have declined or been outsourced to non-local workers, the results have been both immediate 
and significant: storm response times have suffered, causing widespread customer frustration, and support 
for important projects has dwindled. Overall, jobs in this sector have declined for decades (Figure 6).  

Figure 6. Employment for Utilities: Electric Power Generation, Transmission, and Distribution 
(NAICS 2211) in the United States 

Source: U.S. Bureau of Labor Statistics (2021). 

Largely, this has been a matter of utilities not keeping up with attrition from retiring workers110F

114 and 
investor-owned utilities relying on contracted labor instead of in-house employees.111F

115 For investor-owned 
electric utilities, the macro-economic trend underlying the data is that over the last decade, they have been 
under increasing pressure to reduce labor costs. As one trade industry article described it: 

At most utilities, little or no opportunity for significant revenue growth has existed for 
some time while increasing personnel related expenses have continued to squeeze profit 
margins. To achieve the annual earnings improvement targets of 10–15% their 
stakeholders have expected, utilities have had no alternative but to reduce ongoing 
operational expenses dramatically, and often that has meant cutting staff.112F

116

114 Utility Workers Union of America (2013) (hereinafter “UWUA Report”) at 6. 
115 Polson (2013). Other factors in the overall decline include increased automation in services like meter reading. See, e.g., U.S. 
Dept. of Energy (2012) at iii. 
116 Kitterman and Dugan (2006). See also Sosa and Perry-Failor (2012) (noting that “the costs of non-cash compensation have 
climbed swiftly, prompting utilities and other employers to deploy a range of strategies for managing these expenses. Examples 
include: retirement plan restructuring, increased use of incentive-based compensation, and reductions in headcount.”). 
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In addition to simply reducing staffing levels, utilities also have been increasingly outsourcing labor to 
third-party contractors, often at a lower cost in wages and benefits. One industry veteran described his 
experience: 

I’ve been involved in the industry 32 years. When I first got in, we’d have contractors 
working only during the summertime, and the utility had plenty of journey-level workers, 
plenty of apprentices. Somewhere in the mid-90s that started changing. Fast forward to 
where we are now, they’re starting to rely heavily on contractors.... [I]t goes across 
generation, transmission and distribution. It used to be that contractors did specific 
projects, now they do everything.113F

117

The available data bears out this experience. Information from the Bureau of Labor Statistics reveals that 
the number of line workers employed by utilities has declined over a time period in which the 
employment of line workers by utility contractors has doubled. Those contracted line workers earn, on 
average, 11% less than their colleagues employed by utilities.114F

118 These wage differentials pose serious 
questions about work quality, as most utility-employed line workers graduate from a much more rigorous 
apprenticeship than a non-union linemen school.115F

119 As discussed below, that training difference has real-
world consequences. This trend is concerning on multiple levels. Perhaps most obviously, cutting in-
house staff makes the utility less able to respond to weather emergencies, prolonging disruptive power 
outages (see text box on the next page). 

Although responding to extreme weather is the most obvious and life-threatening outcome of historical 
underinvestment in utility workforces, it is not the only consequence. As described above, utility 
workforces, particularly for the distribution system, are a long-term, stable source of employment for 
local communities, and therefore a critical connection between local communities and the energy system. 
When workforces shift into a temporary, contracted model, that connection is severed. In that case, the 
contractors that perform this work are not local and do not reside in the area.116F

120, 
117F

121

Developing widespread, robust support for deployment of clean energy infrastructure requires a 
perception that the community will benefit economically from these investments, and severing that 
connection risks severing community support. T&D projects are especially vulnerable, with the lowest 

117 Personal communication with Rich Meisinger, Business Manager, Int’l Brotherhood of Electrical Workers Local 111, Sept. 
21, 2021.  
118 Polson (2013). The increasing reliance on contracted utility workers can also be seen in contemporary public utility 
commission (PUC) filings. For instance, in some states, utilities are required to file distribution system plans that detail how the 
utility forecasts distribution system needs for hosting higher penetration levels of distributed generation and EVs, using DERs as 
other non-wires alternatives in place of some traditional types of upgrades, and implementing advanced metering infrastructure 
and other grid modernization investments. See Schwartz (2020). These plans offer useful insights into investments and operations 
and maintenance that impact workforce needs. One recent utility filing showed steady increases in labor costs on the distribution 
side as grid modernization efforts ramp up, as expected. But the utility planned to increase its reliance on contracted labor for its 
distribution system by 25%, while its in-house staff levels increased only 16%. See Xcel IDP at 20–21. 
119 See, e.g., Manzo et al. (2021, at 1, 12) (noting that union jobsites had 40% fewer health and safety violations that nonunion 
jobsites, and that union contractors are able to submit competitive projects bids, despite higher union wages, because of the 
greater productivity of union-trained workers); Robson et al. (2021, at 20) (finding a significant “union safety effect” for union 
construction sites, and postulating that the safety benefits could be derived from better training, less worker turnover, and longer 
job tenures for unionized workers). 
120 Utility workers in Michigan describe how contractors were so plentiful at some sites that trailers were set up to house them. 
Macmillan and Englund (2021) at 7. 
121 Utility workers in Colorado described a substantial amount of the contracted workforce as nomadic, living out of RVs and 
hotel rooms. Personal communication with Rich Meisinger, Business Manager, Int’l Brotherhood of Electrical Workers Local 
111, Sept. 21, 2021. 
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popular support of any type of infrastructure required for clean energy development.118F

122 When this 
dynamic plays out in renewable generation projects, the impact is often immediate. As one worker 
described the situation in Minnesota:  

A lot of projects are not benefiting communities where they’re being built in regard to jobs. 
[Developers] are bringing in a lot of out-of-staters, nonunion to build wind farms. They don’t 
have prevailing wage attached to them, so they don’t pay the area standard. They are 
undercutting.119F

123

If a local community’s experience with clean energy is defined by high-profile coal plant closures, new 
renewable generation facilities that primarily use out-of-state workers, and a dwindling local utility 
workforce that causes extended power outages during storms with ever-increasing frequency and severity, 
the consequences for community perception of clean energy can be nothing short of toxic. As one worker 
put it: 

The idea of green jobs is a lie. They are including all sorts of things in there like 
decommissioning or little projects and calling them jobs. Those aren’t jobs, those are temporary 
projects. You’re creating something that lasts two weeks long and giving it a credit like you 
would a permanent job.120F

124

It does not take a leap of imagination to envision the potential impacts for clean energy deployment, 
particularly given the vastness of the deployment required to meet carbon emissions neutrality by 2050. 
Although examples of this phenomenon abound, one particular case study serves as a potent reminder of 
what’s at stake. In 2016, Massachusetts passed a law121F

125 to grow the state’s use of renewable energy, 
including hydropower and offshore wind. Initially that need was to be met by a 192-mile transmission 
line through New Hampshire to connect Canadian hydropower with Massachusetts loads, but New 
Hampshire regulators rejected the project, citing concerns about impacts to the environment and 
tourism.122F

126 Following that project’s demise, Central Maine Power proposed to meet the same needs with a 
transmission line through western Maine.123F

127 The Maine project quickly drew similar local opposition, this 
time fueled not just by concerns about environmental impact and tourism, but by longstanding frustration 
with the utility over consumer scandals, inadequate storm response, and chronic understaffing. As one 
local opponent noted,  

. . . CMP shouldn’t be trusted to build this corridor.... [The company] doesn’t even have a basic 
handle on how to provide safe power or accurate billing to ratepayers, so how can anyone think 
they’d be able to handle one of the biggest infrastructure projects in Maine history? There are so 
many reasons why so many Mainers oppose the corridor, and CMP’s terrible track record is at 
the top of the long list.124F

128

122 Carley et al. (2020). “A second theme that emerges from our study is that people tend to be supportive of most types of 
energy, although there are important exceptions. In studies of attitudes toward waste to energy and transmission and distribution 
lines, there is some to significant opposition.” 
123 CEE Host Community Study.  
124 CEE Host Community Study at 72.  
125 Massachusetts Bill H. 4568, https://malegislature.gov/Bills/189/House/H4568.  
126 AP (2018).   
127 Andrews (2021).   
128 Crisos (2019).  
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Reduced In-House Workforce Reduces Grid Resilience*

The experience after Hurricane Sandy was arguably the first warning sign of the impact of utility staffing cuts 
during extreme weather. Sandy struck the East Coast after a period of unusually high hurricane activity, leaving 
almost 9 million customers without power across New Jersey, New York, and Connecticut.375F

i

For the decade preceding the storm, utility “line worker staffing levels ha[d] been decimated . . . with no 
perceived efforts for replenishing them.”376F

ii Given that a utility's workforce is the “primary resource during large-
outage events,” 377F

iii the almost inevitable consequence was that power for millions was not restored for many days. 
Utilities’ attempts to rely on contracted mutual assistance378 F

iv was to no avail. For example, “Four days before 
Hurricane Sandy struck in October, Consolidated Edison Co. sought 1,800 power-line-repair workers from its 
fellow utilities to help respond to the massive storm brewing in the Atlantic Ocean. It got just 32. Three days 
later, the New York-based utility boosted its request to 2,500. It got 171.”379F

v

Many of the workers that did finally arrive “had no training on performing service restoration in the unique urban 
and underground utility environment in ConEdison’s territory.” The final post-Sandy report for New York state 
concluded that to better prepare for extreme weather, utilities “should review existing staffing levels and evaluate 
the impacts of an aging workforce on their abilities to effectively respond to a major event.” 380F

vi

The warning shot from Sandy did not have the effect that regulators had hoped for. After Tropical Storm Isaias 
hit the East Cost in 2020, New York fined utilities a combined $190 million for inadequate storm preparation, 
including “inadequate storm staffing,” that again left huge numbers of customers without power for extended 
periods of time. 381F

vii

A post-event investigation by the Connecticut Public Utilities Regulatory Authority found that prior to the storm, 
the utility’s staffing levels for qualified line workers had declined by 6%, which contributed to the utility’s 
“failure . . . to meet its obligations to municipalities and customers by not having adequate crews available at the 
start of the storm and within the first 48 hours afterwards.” The results were, in the Commission’s view, 
“catastrophic” for towns and residents in the affected areas, “creating a significant risk to public safety.”382F

viii

Ultimately, the Commission issued a $28.5 million fine. 383F

ix

This pattern of gradual understaffing leading to inadequate storm response has repeated itself across the county. 
For example, the Public Service Commission of Michigan launched an investigation in 2021 after a series of 
strong thunderstorms left almost a million customers without power, noting that “the pace of climate change 
dictates that such events will likely only become more frequent and planning must be responsive to this reality.”384F

x

Michigan has consistently been among the highest quarter of states in terms of the frequency and duration of 
power outages. 385F

xi Local workers have described deferred tree trimming as part of an overall pattern in both 
understaffing and underinvesting in critical, but not very profitable, routine maintenance. These workers detail 
how in-house workforces at Michigan utilities have been “slashed” up to 50% compared to the 1980s. 
Distribution infrastructure in Michigan, they noted, has been maintained under a “run it until it breaks” 
approach.386F

xii It’s not hard to see why emergency response would be compromised under this approach.  

The same pressures that have created this situation—a reluctance to invest in low-profitability O&M expenses 
and intense pressures from regulators to keep rates low—have also created an environment in which utility efforts 
to invest in grid modernization investments have been largely rejected. One study found that utilities proposed 
$15.7 billion in grid improvements to enhance resiliency, but only $3.4 billion of those were approved by 
regulators. 387F

xiii As one state regulator said, after a weather disaster “everyone’s standing around saying, ‘why didn’t 
you spend more to keep the lights on?’ . . . but when you try to spend more when the system is working, it’s a 
tough sell.” 388F

xiv

*Text box notes appear as endnotes at the end of this essay. 
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Part of this problem stemmed from the utility’s failure to hire staff in sufficient numbers, preferring 
instead to rely on contractors that lacked local knowledge of the system.125F

129 A local investigation revealed 
that understaffing was a key contributing factor to the utility’s “fail[ure] to live up to its long history of 
service to the state.”126F

130 When the utility was purchased by a foreign company and operated as a 
subsidiary, staffing numbers declined, resulting in what the former CEO described as a “loss of local 
knowledge.” 127F

131 Existing lineworkers were forced to make up the labor shortfall with overtime, creating a 
workload that was “killing them.” 128F

132 After provoking scrutiny from state regulators on the issue, the 
parent company attempted to reverse course, signing an agreement to increase staffing, 129F

133 but the damage 
in the public trust had been done, and on November 2, 2021, Maine voters passed a referendum to 
effectively kill the transmission line project.130F

134 Although the project’s proponents have committed to 
litigating the ballot initiative, as of this writing, it is unknown how Massachusetts plans to replace the 
1.2 GW of renewable energy the project would have brought to market.  

2.5 Strengthening Community Ties by “Relocalizing” Utility 
Workforces 

The increasing distance between local communities and those working in the clean electricity sector is not 
inevitable. Existing authorities allow state PUCs to take some actions to incentivize more local 
workforces, and state legislatures can follow examples already passed in some states for policy solutions 
that are not already available to state regulators.  

First, given the inherent connection between staffing levels and 
the ability to restore power in the event of an outage, state PUCs 
typically are already empowered under traditional regulatory 
authorities to place requirements on staffing levels, both in terms 
of overall numbers as well as the use of contracted versus in-
house labor. While regulatory lag can reward utilities for cost 
savings between rate cases, commissions routinely adopt rules 
and metrics to help ensure quality of service and reliability.131F

135

Second, PUCs can follow the examples set in Michigan and 
Northeast states to require regulated utilities to file storm-
readiness plans with particular attention paid to staffing levels for 
distribution system maintenance and repairs. In a similar vein, 
state PUCs can establish specific performance standards 
pertaining to storm readiness and recovery that include detailed staffing requirements.132F

136 Specifically, 
given the potential risks for service and reliability, and implications for community receptiveness for 
deployment of clean energy infrastructure, PUCs should require detailed justifications for the use of 

129 Keefe (2019).  
130 Id. 
131 Id. 
132 Id.  
133 Id. 
134 Sharp (2021).  
135 Massachusetts Institute of Technology (2016) (hereinafter “MIT Utility Report”) at 138. Rural electric cooperative and 
municipal utility boards perform the same balancing act that PUCs do in weighing cost savings against quality of service and 
reliability. 
136 July 14 PURA Order at 132–134. 
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outsourced labor and develop specific, enforceable guidelines that determine when contracted labor is 
appropriate or beneficial.133F

137

Without oversight from regulators, existing incentives for many utilities are to focus on new assets that 
can be capitalized and to minimize expenses for operations and maintenance, including labor costs. When 
a storm hits and customers suffer extended power outages, the utility makes the required repairs and 
recovers those costs from its customers, so there is less incentive to prioritize preventative maintenance.  

As an MIT analysis pointed out, “Traditional cost of service regulation generally requires utilities to meet 
minimum performance levels but provides little incentive or reward for utilities that deliver higher-quality 
service or new outcomes and services . . . Utilities are thus encouraged to focus primarily on short-term 
cost savings, sacrificing the opportunities that could be unlocked if utilities were incentivized to invest 
with a longer-term view.”134F

138 This same incentive also affects utility perspectives on investing in 
innovative technologies and systems to modernize grids in alignment with state and federal policy goals. 
The types of investments required—storage, DERs, microgrids, and other distribution system resiliency 
efforts—may be costly, and are intensely scrutinized and often rejected by regulators.135F

139 The U.S. 
Department of Energy funded a series of resources for utilities and regulators to aid in review of 
proposals for investments to improve resilience of electricity systems.136F

140

This distorted incentive is often made worse by information asymmetries between regulated utilities and 
regulators.137F

141 In particular, regulators may not always be in a position to evaluate the prudence of a 
utility’s use of a smaller and more outsourced workforce, or to evaluate the impacts of that decision on 
system reliability. This could prove especially difficult in distinguishing between instances of decreased 
labor costs driven by efficiencies and innovation, as opposed to instances of labor cost-cutting that comes 
at the cost of lower service quality and reliability standards. In such cases, evidence-based guidelines on 
worker training and certifications can help establish clear standards without the burden of an extensive 
inquiry and, failing that, public utility commissions can consider hiring a consultant to provide an 
independent analysis. But the issue clearly cannot be ignored. In an era of more severe thunderstorms and 
tornadoes in the Midwest, hurricanes in the South and Northeast, and wildfires and severe heat in the 
West, deferred maintenance is not just a labor equity issue, but a serious public safety issue.138F

142

Transparency requirements and specific performance standards addressing staffing levels and outsourcing 
can go a long way toward eliminating this information asymmetry.  

137 See, e.g., California Public Utilities Commission, Decision Addressing Workforce Requirements and Third-Party Contract 
Terms and Conditions, Application of Southern California Edison Company for Approval of Energy Efficiency Rolling Portfolio 
Business Plan, Decision No. 18-10-008, Oct. 11, 2018. Without detailed and enforceable requirements such as the ones 
implemented in California, the information asymmetries inherent in traditional utility regulation will mean that rebutting a 
utility’s justification for using cheaper contracted labor could be difficult, and may require legislative solutions that require the 
utility to overcome an evidentiary burden, as opposed to labor advocates shouldering that burden. 
138 See, e.g., MIT Utility Report, at 139. Public power utilities are overseen by local governments, which may view these 
opportunities in a different light than regulators of investor-owned utilities. 
139 Macmillan and Englund (2021). 
139 Macmillan and Englund (2021).
140 See the five Sandia National Laboratories reports posted at https://www.synapse-energy.com/project/improving-electric-
utility-and-community-grid-resilience-planning. 
141 Macmillan and Englund (2021) at 137. 
142 See Blunt and Gold (2019).  
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Some states have taken steps to expand the traditional 
authority of PUCs beyond ratemaking and resource 
planning to include specific responsibilities centered 
around economic development, ensuring that utility 
regulation furthers greater societal goals in job creation, 
retention, and economic fairness for workers and host 
communities.139F

143 Some of these statutory authorities are 
broad in nature, conferring discretion to the commission to 
regulate with an eye toward economic fairness. 
Mississippi, for instance, has declared that it is the policy 
of the state, “[w]ith respect to rate-regulated public 
utilities, to foster, encourage, enable and facilitate 
economic development in the State of Mississippi, and to 
support and augment economic development activities, 
and to authorize and empower the Public Service 
Commission, in carrying out its statutory responsibilities, 
to take every opportunity to advance the economic development of the state.”140F

144

Other states have taken a more targeted approach. Wyoming recently authorized its commission to 
consider “cost externalities incurred by the State of Wyoming, including but not limited to economic and 
employment impacts” when evaluating proposals to construct or retire major generation facilities.141F

145

These expanded authorities, alone or in combination with performance-based regulation, could in many 
cases be used to collect information on utility staffing practices and incorporate staffing decisions into 
PUC orders in rate cases or resource planning proceedings. Commissions could create employment 
metrics for such matters, allowing data collection and commission orders covering the use of local labor, 
the number of lineworkers, and wages and benefits paid by contractors and utility employers.  

In addition to expanding regulatory authority to encompass economic development metrics, state 
legislatures can take specific actions to ensure that the workforce for T&D work is well trained and highly 
local. Many states have passed laws requiring prevailing wage, apprenticeship utilization, worker 
licensing and certification, or the use of project labor agreements for electric generation projects.142F

146 For 
example: 

 Illinois’ recently enacted Clean and Equitable Jobs Act has a multitude of provisions to require or 
incentivize local hiring, particularly for workers from disadvantaged communities. The Act also 
expands prevailing wage laws and the use of project labor agreements for most clean energy 
projects built in the state.143F

147

 The Colorado PUC Reauthorization Act establishes the criteria by which the PUC evaluates 
utility proposals for new energy construction based on objective project employment metrics: the 
“availability of training programs, including training through [registered] apprenticeship 
programs; employment of Colorado labor as compared to importation of out-of-state workers; 
long-term career opportunities; and industry standard wages, health care and pension benefits.”144F

148

143 See Zitelman and McAdams (2021).  
144 MS Code § 77-3-2.  
145 Wyo. Stat. § 37-2-122.  
146 See, e.g., BlueGreen Alliance (2020). 
147 Illinois SB 2408, enacted Sept. 15, 2021. 
148 Colorado SB 19-236, enacted May 30, 2019.  
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 Washington State’s Clean Energy Transformation Act establishes a 100% sales tax exemption for 
renewable energy projects using a community workforce or project labor agreement.145F

149

 California’s AB 841 created an Electric Vehicle Infrastructure Training Program certification and 
requires that certain charging infrastructure projects be installed by electricians certified under the 
program. 146F

150

Such requirements can be extended to include ongoing operations 
and maintenance for T&D work. These provisions are powerful 
ways to offset the utility’s natural incentive between rate cases 
toward “low-road” jobs (whether contracted or in-house) with low 
wages, lower benefits, and less robust training standards. Even 
more powerful, some innovative provisions specifically incentivize 
the creation of local jobs and career pathways for local 
communities, including communities historically excluded from 
jobs in the electricity sector. 147F

151 Illinois’ Clean and Equitable Jobs 
Act, for instance, broadens the use of project labor agreements to 
include not just wages and benefits but also specific goals related 
to the hiring of apprentices from historically disadvantaged 
communities, and requires all clean energy projects to demonstrate recruitment and hiring of women, 
workers of color, and workers from environmental justice communities.148F

152

Mergers and acquisitions are another area of concern. While utility customers can benefit from cost 
efficiencies from combined utilities’ workforces, excessive labor cost-cutting may impair the capability to 
build and maintain electricity infrastructure. Stakeholders can recommend other utility demonstrations of 
public interest aligned with modern electricity systems and state goals—for example, investment 
commitments for community solar, storage, and microgrids that improve reliability and resilience.  

Local communities can support these actions by engaging in PUC proceedings, supporting legislative 
solutions, and supporting fair labor activities. In all of these venues, they can shine a light on ways to 
design new electricity infrastructure with value to the community in mind. 

2.6 Conclusion  

Investor-owned utilities are under unrelenting pressure to keep expenses as low as possible to keep rates 
low, and while this is a critical protection for consumers, there is a real risk that adherence to this 
principle can become overly rigid, to the point where customer service, system reliability, and local 
community support becomes compromised. And although many utilities are incentivized to propose and 
fight for investments in assets that generate a return, other necessary investments in distribution system 
upgrades and labor have tended to fall by the wayside in the face of regulatory and shareholder pressure 
on utility expenses. The long-term results of these trends are that utility workforces have declined 
precipitously, as utilities have become increasingly reliant on contracted labor that is often poorly paid 
and poorly trained.149F

153 Not only have these declines put grid resiliency at risk, as aging infrastructure 

149 WA SB 5116, enacted May 7, 2019.  
150 CA AB 841, enacted Sept. 30, 2020.  
151 See, e.g., New York Senate Bill S2506C (Signed by Governor April 16, 2021), 
https://www.nysenate.gov/legislation/bills/2021/s2506/amendment/c (requiring project labor agreements covering operations and 
maintenance workers for renewable energy systems).  
152 Illinois SB 2408, enacted Sept. 15, 2021.  
153 See, e.g., Polson (2013) (citing BLS wage data that contracted lineworkers are paid an average of 11% less than their 
counterparts at utilities).  
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demands have overwhelmed smaller, contracted utility workforces, they also have severed important ties 
between the utility and local communities that are critical for public support of much-needed investments 
in grid modernization and resiliency.  

State regulators and legislatures must take action to 
ensure that utility workforces are staffed, trained, and 
paid sufficiently to prepare the grid for increasingly 
severe weather, as well as to create long-term, stable 
sources of community support for clean energy projects 
made vulnerable to local opposition by declines in 
transparency, fairness, and public trust.

The risk of not undertaking these policy and regulatory 
solutions is grave. We risk perpetuating the cycle of 
deferred investments in aging, vulnerable grid 
infrastructure, delaying investments in critical 
innovative technologies and systems to modernize grids 
and support clean energy solutions, and failing to rise to 
the challenge of storm response in the face of more 
severe and frequent weather events. Just as important, 
we risk alienating the very communities we will depend 
on for critical public support for deployment of clean energy infrastructure. Continuing to ask rural, 
economically distressed communities to host the vast majority of clean energy generation and 
transmission to deliver the energy to load centers is beginning to take its toll.  

Without stronger ties between local communities and workforces in the electric utility and clean energy 
sectors, the loudest community voices will continue to be those standing in firm opposition to clean 
energy deployment. By taking action to ensure that utilities provide high-quality jobs for local residents 
— from resident lineworkers to distributed energy resources (at or near customer sites) — we will 
establish the foundation we need to set in motion the mobilization of resources that deep decarbonization 
requires.  

i See FEMA (2013).  
ii New York State (2013) at 55.  
iii Consolidated Edison Co. of New York. (2013) at 64.  
iv Edison Electric Institute's (EEI) mutual assistance program is a voluntary partnership of U.S. investor-owned utilities committed to helping 
restore power whenever and wherever assistance is needed. The program provides a formal process for electric companies to request support 
from other electric companies in parts of the country that have not been affected by major outage events. Seven Regional Mutual Assistance 
Groups throughout the country facilitate the process of identifying available restoration workers and help companies coordinate the logistics and 
personnel involved in restoration efforts. According to EEI, “Company restoration workers involved in mutual assistance typically travel many 
miles to help the requesting company rebuild power lines, replace poles, and restore power to customers.” Municipal utilities and electric 
cooperatives have their own mutual aid programs that provide restoration support for participating utilities. See EEI (2016). 
v Polson (2013).  
vi New York State (2013) at 55 (quoting Utility Workers Union of America, AFL-CIO. 2013. The Impact of Hurricane Sandy on Consolidated 
Edison of New York: Assessment of Restoration Efforts and Recommendations for the Future, at 1, Feb. 
vii New York State (2021).  
viii Public Utilities Regulatory Authority (CT), Docket No. 20-08-03, Investigation into Electric Distribution Companies’ Preparation for and 
Response to Tropical Storm Isaias, April 20, 2021, at 41. 
ix Public Utilities Regulatory Authority (CT), Docket No. 20-08-03RE01, PURA Consideration of Civil Penalty and Enforcement Action Against 
the Electric Distribution Companies After Storm Isaias Investigation, July 14, 2021, at 20 (hereinafter July 14 PURA Order”).  
x Public Service Commission (MI), In the Matter, on the Commission’s Own Motion, to Review the Response of Alpena Power Company, 
Consumers Energy Company, DTE Electric Company, Indiana Michigan Power Company, Northern States Power Company, Upper Michigan 
Energy Resources Corporation, and Upper Peninsula Power Company to Recent Storm Damage in their Territories, Case No. U-21122, Order 
and Notice of Opportunity to Comment, Aug. 25, 2021, at 4.  
xi Perkins (2021).
xii UWUA Report at 4-7. 
xiii Macmillan and Englund (2021). 
xiv Macmillan and Englund (2021).
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3.0 U.S. Electric Companies Are Innovating to Provide the 
Solutions and Options that Customers Want 

by Adam Cooper, Lisa Wood, and Mike Shuster, Institute for Electric Innovation 

3.1 Introduction 

New technologies, data analytics, partnerships, and regulatory flexibility are enabling U.S. electric 
companies to provide the innovative energy services and solutions that today’s customers want. This 
essay provides examples of how U.S. investor-owned electric companies are innovating to meet the 
evolving needs and expectations of their customers, focusing on: 

 Innovations in providing services and solutions to residential customers 

 Innovations in providing carbon-free energy solutions to corporate customers 

The essay also explores regulatory approaches that are needed to support new services and solutions for 
customers in the future. 

3.2 Innovation in Providing Services and Solutions to Residential 
Customers 

Many U.S. electric companies are partnering with 
technology companies such as Powerley, E Source, and 
Oracle to provide innovative customer services and 
solutions in energy management for residential 
customers—including both energy efficiency (EE) and 
demand response (DR). Some electric companies also are 
transitioning customers onto rates that make sense for them 
and for the power system—from pre-pay to flat fee to time 
of use (TOU) and more. Innovations are driven by 
technology and data analytics that are enabled by smart 
energy grids that include advanced metering infrastructure. 
However, electric company participation and the speed at 
which they can adopt these technologies is highly 
dependent on approvals by state regulators.  

This section provides examples of how electric companies are using technology and data analytics to: 

 Advance energy management and clean energy goals 

 Effectively transition customers onto time-varying rates 

 Provide rate, billing, and payment options tailored to meet customer needs 

Innovations are driven by 
technology and data analytics that 
are enabled by smart energy grids 
that include advanced metering 
infrastructure. However, electric 
company participation and the 
speed at which they can adopt these 
technologies is highly dependent on 
approvals by state regulators. 
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3.2.1 Using Technology and Data Analytics to Advance Energy Management 
and Clean Energy Goals 

Electric companies are partnering with technology companies to help customers manage both their energy 
use and carbon footprints. The following are examples of successful partnerships already underway. 

3.2.1.1 Advances in Pre-enrolled Smart Thermostat Programs: APS Cool Rewards 

The Arizona Public Service (APS) Cool Rewards program shifts and reduces customer energy use during 
peak periods by adjusting customers’ smart thermostats (Figure 7). The innovative design of the demand 
response program protects customer comfort and maximizes the use of solar energy. Thermostat 
manufacturers respond to event calls by adjusting participating customers’ thermostat settings, while 
customers remain in control of their home’s temperature and comfort because they can override demand 
response calls. Participating customers receive a one-time $50 bill credit per thermostat upon enrollment 
and a $25 participation bill credit annually. APS can dispatch an event across more than 40,000 
customers150F

154 (via their smart thermostats) and reliably provide about 70 megawatts (MW) of load, 
avoiding the dispatch of less efficient and higher emitting fossil fuel generators. The Cool Rewards 
program will help APS meet its goal to deliver 100% clean, carbon-free energy to customers by 2050. 

Figure 7. Types of Smart Thermostats in the APS Cool Rewards Program 

Key elements that enabled the program’s success include the following: 

 Pre-enrolling customers in Cool Rewards at point of sale through the APS online marketplace 
provided a one-stop shopping experience for customers and a flexible, reliable demand 
resource for APS distribution system planners and operators. Generally, adding a pre-
enrollment function to a smart thermostat program can increase enrollment rates by 200%–
300%.151F

155

 APS’ partnerships with EnergyHub and Enervee (and in turn, their partnerships with 
thermostat manufacturers such as Google Nest) that offered low- and no-cost smart 
thermostats were critical to pre-enrolling customers in the Cool Rewards program and to 
increasing customer satisfaction.  

154 As of September 2021. 
155 Uplight (2021).  
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 Omni-channel marketing and seasonal promotional offers (e.g., $1 or free smart thermostat 
during Earth Month, April 2021) significantly increased enrollment and created a valuable 
touchpoint for APS to communicate directly with its customers about the company’s 
ambitious carbon reduction goals.  

 The Cool Rewards program design also increases participation in APS’ TOU rates, enabling 
APS to precool these customers’ homes during off-peak hours. 

Pre-enrollment in electric company programs provides value to both the customer and the electric 
company by improving the customer’s experience and providing a smart device that already is set up for 
use in an approved demand response program. Looking forward, the U.S. market potential for smart 
thermostat programs has plenty of upside—less than 20% of U.S. households own smart thermostats 
today, whereas 75% have smart meters that would support programs like Cool Rewards.152F

156,
153F

157 

3.2.1.2 Empowering Customers with Awareness and Control Over Their Energy Use 
and Carbon Footprints: DTE Insight App 

The DTE Insight App, powered by smart meter data, is a self-serve tool for customers (Figure 8). 
Through this app, customers can see how much energy they are using on a daily, weekly, or monthly 
basis. Customers who set an energy budget can compare their usage to their individual energy budget. 
Today, more than 300,000 DTE Energy households—about 14% of residential customers—use the 
Insight App as a home energy awareness and management tool, interacting with it more than one million 
times per year. On average, the Insight App generates 5% energy savings when a customer engages 25 
times or more per calendar year. And some of these customers are reducing their carbon footprint by more 
than 10%.154F

158

Figure 8. Example of Energy Use Visualization Using the DTE Insight App 

Furthermore, this app platform, developed in partnership with Powerley, is expanding to also support 
customer participation in DTE Energy’s TOU pilot, increase enrollment in the utility’s voluntary 

156 Parks Associates (2020).  
157 Institute for Electric Innovation (IEI) (2021a). 
158 Powerley (2021).  
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renewable energy program (MIGreenPower),155F

159 and provide information to customer service 
representatives so they can more effectively resolve customer issues in real time.156F

160

DTE Energy further enhances the customer experience and energy use insights for different end uses by 
combining the DTE Insight App with Powerley’s Energy Bridge, a hardware connection that enables a 
real-time data stream. The Energy Bridge unlocks a three-second interval smart meter data stream that the 
electric company uses to provide insights directly to customers in real time while complying with 
cybersecurity requirements. DTE Energy charges customers $1.99/month for use of the Energy Bridge, 
and the retention rate for the DTE Insight App plus Energy Bridge solution is 98% after 90 days. 

The DTE Insight App proved itself to be a critical tool to meet rapidly changing customer needs during 
the pandemic. The average number of app downloads increased 51% from March 2020 to April 2020, 
when many people began working from home. 

3.2.2 Using Technology and Data Analytics to Effectively Transition Customers 
onto Time-varying Rates 

As time-varying rates become more commonplace in some parts of the United States, many electric 
companies are partnering with technology companies to transition customers onto these new rates.157F

161

Following are examples of successful partnerships currently underway.  

3.2.2.1 Leveraging Digital Communications and Online Tools to Support Customers 
Transitioning to New Rates: PG&E’s Opt-Out TOU Rate Plan 

In 2015, the California Public Utilities Commission (CPUC) issued an order to explore default TOU rates. 
Over a 19-month span from 2020 to 2022, Pacific Gas & Electric (PG&E) has been transitioning about 
2.5 million residential customers, on a rolling monthly geographic basis, onto TOU rates as the standard 
(opt-out) offering, with bill protection for the first 12 months. For the initial group of customers receiving 
email transition notifications, which are sent 90 days and again at 30 days prior to the transition, only 
about 9% of customers opted out. As the transition to TOU rates has progressed, about 20% of customers, 
on average, are opting out. PG&E has been using a variety of tactics, including web-based tools, to 
educate customers about the new rates, engage with customers using channels they prefer, and coach 
customers on how to take actions to manage their energy usage. The addition of the 12-month bill 
protection provides customers with a unique motivation to engage with PG&E’s tools and try the new rate 
plan without shouldering much risk. 

By partnering with Oracle Utilities and using the Opower product suite, PG&E is helping their customers 
understand and control their energy use by offering high usage alerts, weekly energy updates, and on-
demand energy bill insights embedded into web, mobile, and customer service agent desktop tools. In 
addition, PG&E customers can use a rate comparison tool to understand their potential bill under a TOU 
rate given their current energy usage behavior, including exploring future energy usage scenarios that 
include behavioral changes and major energy purchases, such as electric vehicles.  

PG&E’s outreach to customers with the Opower product suite has extremely high email open rates of 
40%–60%, and more than 2.4 million visitors return to PG&E’s web tools. Overall, the email open rates 

159 DTE Energy (2022). 
160 Powerley originated in 2015 as a joint venture between DTE Energy and Vectorform. 
161According to 2020 EIA Form-861, 397 U.S. electric companies operating in 48 states offer at least one form of time-varying 
rates to residential customers, predominantly TOU. Altogether, in 2020, nearly 10 million residential customers were enrolled in 
a time-varying rate. See October 7, 2021. Form EIA-861 DynamicPricing 2020. 
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and the number of visitors returning to PG&E’s web tools indicate that the level of customer engagement 
is very high. PG&E learned that customers respond best to communication that initially focuses on price 
and bill impacts and follows up on climate and carbon impacts.  

PG&E’s outreach with customers demonstrates that providing customers with easy-to-access, 
personalized, and nuanced communications can help customers understand how their energy use impacts 
their bills, the community, and the electricity grid as a whole, as well as next best actions that customers 
can take to manage their energy use. With a goal of transitioning 2.5 million residential customers onto 
TOU rates by the end of 2022, customer engagement is critical. 

3.2.2.2 Using Data Science to Rethink Customer Engagement: PGE Peak Time Rebate 
Program 

Portland General Electric’s (PGE’s) Peak Time Rebate (PTR)158F

162 gives eligible residential customers the 
choice to earn rebates on their electricity bills for shifting energy use during times of high demand (Figure 
9). There is no cost to join, and customers choose when and how often they participate. The program has 
quickly scaled up in terms of customer participation and has become a dependable energy resource that 
avoids the dispatch of less efficient and higher emitting resources. 

Figure 9. How Customers Earn Bill Credits During Peak Time Events 

The program stems from the Oregon PUC’s order on PGE’s 2016 integrated resource plan,159F

163 which in 
part required the company to establish a test bed that would enable PGE to accelerate the development of 
new flexible load capability and test new strategies for engaging customers in demand response. Since 
launching the PTR program at scale in 2019, PGE has enrolled more than 120,000 customers—about 15% 
of the electric company’s residential customers. 

To target the best-fit customers for the PTR program, PGE partnered with E Source to build a virtual 
profile of every residential customer. This allowed PGE to zero in on individual value propositions for 

162 PGE. n.d. Peak Time Rebates. https://portlandgeneral.com/save-money/save-money-home/peak-time-rebates. 
163 Oregon PUC (2017). 
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customers and recruit the right customers for the program. Since PGE started targeting customers likely to 
shift load, participants in the PTR program increased load shifting 50% during a demand response 
event—from 0.08 kilowatts (kW) to 0.12 kW per event, on average. In addition, predictability of demand 
response narrowed from +/- 50 to +/- 10.  

To keep customers engaged, within 24 hours of a demand response event, PGE digitally communicates 
with customers to deliver precise feedback on their participation, the kilowatt-watt hours (kWh) saved 
during the peak period, and the rebate amount for each event. On average, customers engaged in the PTR 
program are more satisfied than non-participants. 

PGE’s PTR program showcases the power of putting data to work to deliver a reliable demand response 
resource and keep customers satisfied.

3.2.3 Using Technology and Data Analytics to Expand Rate, Billing, and 
Payment Options to Meet Customer Needs 

Electric companies across the country are partnering with technology companies to expand rate, billing, 
and payment options to enhance the customer experience. For example, Georgia Power’s robust set of 
flexible rate and billing options are informed by smart meter data and designed to meet the varied needs 
of all its customers.

3.2.3.1 Applying Smart Meter Data to Enhance the Customer Billing and Payment 
Experience: Georgia Power’s Flexible Rate Options 

Georgia Power offers multiple TOU rates, demand-based rates, and guaranteed fixed bills to provide 
residential customers more choice, certainty, and control over their energy bills (Figure 10).  

Figure 10. Georgia Power Rate Options 



48 

Today, 50% of Georgia Power customers are opting for these “non-standard” rates versus five years ago, 
when 90% of customers were on the standard rate. In 2020, Georgia Power launched Pay-by-Day, a 
billing and payment plan that is providing more than 80,000 customers, about 3.5% of customers, with an 
option to manage their energy use and payments. Pay-by-Day combines the convenience of PrePay with a 
fixed daily price for electricity based on a customer’s projected consumption over an entire year. In 
addition, the Pay-by-Day plan helps customers pay down their outstanding balances in small increments 
over time by including a deferred payment amount in the fixed daily price. 

Customer service representatives actively work with customers to help them determine the rate that works 
best for them. 

Importantly, Georgia Power is using the smart meter infrastructure they installed more than a decade ago 
to inform rate and billing options. The Sensus’ Flex Net point-to-multipoint smart meter network is 
interoperable with both legacy and modern technology. With enhanced visibility due to smart meter data, 
Georgia Power’s modeling and load forecasting are accurate to the point where they can offer a Flat Bill 
option to a customer even before the customer starts service at a new residence. The flat bill has no true-
up—it is a fixed monthly bill that doesn’t fluctuate over a 12-month period—attractive to customers who 
value bill certainty each month. At the end of a year, a new flat bill is calibrated based on a customer’s 
actual usage for the prior year.  

Providing residential customers with pricing choices that better align with their needs and expectations 
drives measurable and dramatic increases in customer satisfaction. Less than five years ago, 95% of 
residential customers were on the electric company’s traditional service rate. Today, when given a choice, 
50% of residential customers are opting for non-standard rates. This rapid transition demonstrates that 
many customers want choice and flexibility when it comes to how they pay for electricity. 

3.2.4 Innovative Services and Solutions for Residential Customers Require 
Flexibility in Both Program Design and Regulatory Treatment 

3.2.4.1 Recognizing that One-Size-Fits-All Solutions Are Not Nearly as Effective as 
Tailored Solutions 

Residential customers expect seamless engagement with electric companies and solutions tailored to meet 
their needs. Whether initiated by the electric companies or regulators, the regulated electric power 
industry will benefit by following the lead of other industries that already are providing flexible, 
personalized services and solutions to customers.  

Deploying one-size-fits-all solutions or services to all residential customers is no longer a recipe for 
success. It is far more effective to use data analytics and other approaches to focus on providing solutions 
and services tailored to meet customer needs. This may mean: 

 Providing an energy management app that allows customers to manage both their energy use and 
carbon footprints by allowing them to enroll in a green tariff, as DTE Energy is doing today.

o Potential regulatory issue to explore: Rather than capping the green tariff program 
enrollment, can the size of the program grow with the number of interested customers without 
obtaining additional commission approval?

 Targeting only the customers most likely to shift their energy use (and be counted on as a reliable 
resource) to join a demand response program, as PGE is doing today.
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o Potential regulatory issue to explore: Can customers that do not fit the profile or those that do 
not shift load as projected be excluded or automatically dropped from the program? 

 Offering a wide range of rate options and working with customers to find the rate that fits best, as 
Georgia Power is doing today.

o Potential regulatory issue to explore: When will offering a range of rate options (e.g., pre-
pay, pay-by-day, flat bill, smart usage) to residential customers become the new normal and 
whose responsibility is it (the company or the customer) to ensure that they are on the most 
advantageous rate? 

Electric companies are transforming their operations and enhancing their analytic capabilities to meet 
customer needs and expectations. In some states, regulators are encouraging electric companies to do this. 
As more and more customers expect “tailored” services and solutions, will electric companies have the 
regulatory flexibility and necessary technology to meet this demand or will others provide these services? 

3.2.4.2 Removing the Silos Around Energy Efficiency and Demand Response and 
Putting Demand-side Resources on a Level Playing Field with Supply-side 
Resources 

Traditionally EE and DR programs are developed, deployed, and measured separately from supply-side 
resources. Yet with technology today, EE and DR can scale rapidly to control not only how much energy 
is consumed, but when it is consumed, making them flexible capacity resources. Based on EIA data, in 
2020 electric company-sponsored EE and DR customer programs saved 232 terawatt-hours—enough 
electricity to power 26 million U.S. homes for one year—and reduced carbon emissions by 164 million 
metric tons.160F

164 In 2020, electric company-sponsored EE programs saved 75% more electricity than the 
amount generated by U.S. solar energy facilities, and about two-thirds of what wind energy produced 
(Figure 11).  

Figure 11. Comparison of U.S. Electric Company Energy Efficiency Program Savings and 
Renewable Energy Generation (2020) 

Source: IEI (2021b). 

164 IEI (2021b).  
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To meet carbon emissions reduction goals, it is essential to create a level playing field for all carbon-free 
resources—both demand-side resources like EE and DR as well as supply-side resources.  

While 34 states provide some form of adjustment to compensate electric companies for lost revenue from 
lower energy sales due to EE, and 29 states provide a performance incentive for EE and DR programs, the 
regulatory regimes in the remaining states are not fully supportive of significant investments in customer-
focused EE and DR programs.161F

165 Significant disincentives remain. Energy efficiency remains a cost-
effective resource that reduces energy use and carbon emissions. However, as has been demonstrated for 
decades, state regulatory policies that create parity for investing in demand-side or supply-side resources 
are essential to continue to drive growth in EE and DR. 

3.2.4.3 Recognizing that Both Energy Efficiency and Demand Response Are Carbon 
Emissions Reduction Resources 

The policies that have supported EE programs for decades, which measure program performance and 
success only in terms of kWh reductions, do not support the vital role these programs can play in 
achieving a carbon-free energy future. Additional metrics are needed to value and evaluate the 
performance of energy efficiency programs in terms of carbon emissions reductions, energy savings, and 
capacity savings achieved.162F

166 One recent step in this direction is the decision by the California Public 
Utilities Commission (CPUC) to adopt a new metric to measure EE—the Total System Benefit (TSB). 
The TSB uses a common metric—dollars—and reflects the lifecycle energy, capacity, and greenhouse gas 
(GHG) reductions achieved through hourly energy savings. This is important because the total value of 
EE varies significantly based on the hour of the day, season of the year, geographic location, and the 
specific EE measure. The CPUC’s TSB metric takes these factors into account. Other states that consider 
GHG emissions in avoided costs for EE are Arizona, Colorado, Connecticut, Delaware, Illinois, 
Maryland, Minnesota, Nevada, New Hampshire, New York, Rhode Island, Vermont, and Wisconsin, as 
well as the District of Columbia.163F

167

Furthermore, the National Standard Practice Manual update for Benefit-Cost Analysis of DERs addresses 
these factors.164F

168 State regulators approve the design of electric company EE programs, so they play a 
pivotal role in the development of next generation EE cost-effectiveness tests and metrics that value all 
the benefits of EE—carbon emissions reductions, capacity savings, and energy savings. 

3.3 Innovations in Providing Carbon-free Energy Solutions to 
Corporate Customers 

Corporate customers increasingly are focused on reducing their carbon footprints, and each year more of 
these customers track and publicly report their delivered electricity-related carbon emissions.165F

169 Under the 
Biden Administration’s Executive Order on Catalyzing Clean Energy Industries and Jobs Through 
Federal Sustainability, federal agencies also are seeking 100% carbon pollution-free electricity on a net 
annual basis by 2030, including 50% 24/7 carbon pollution-free electricity.166F

170

165 IEI (2021c).  
166 California Public Utilities Commission (CPUC) (2021).  
167 National Energy Screening Project (NESP). n.d. Database of Screening Practices. Accessed January 2022. 
https://www.nationalenergyscreeningproject.org/state-database-dsp/. 
168 NESP (2021). 
169 For example, they are reported as part of the customer’s Scope 2 emissions. Scope 2 emissions are a result of the 
organization’s energy use and are defined as indirect greenhouse gas emissions associated with the purchase of electricity, steam, 
heat, or cooling.  
170 The White House (2021a).  



51 

Typically, carbon emissions reporting has been based on an 
annual accounting of electricity used and the associated carbon 
intensity in the grid area in which the corporation or 
government agency operates. Some leading corporate and 
federal customers now are seeking 100% carbon-free energy 
across their operations—matching carbon-free energy with the 
timing of their energy use. With growing interest expressed by 
major customers and electric companies in this area, efforts are 
underway to identify the next generation of carbon-free energy 
solutions.167F

171

To provide the carbon-free energy solutions that corporate and 
federal customers want, electric companies are offering 
subscription tariffs, and, in some cases, customized deals. This 
section provides examples of both, as well as regulatory 
limitations and innovative regulatory approaches for providing 
these solutions.

3.3.1 Examples of Carbon-Free Energy Solutions for Corporate Customers 
Provided by Electric Companies 

Electric companies are providing various solutions to help corporate customers meet their carbon 
emissions reduction goals. Over the last decade, the carbon-free energy solutions that electric companies 
have developed for corporate customers have evolved. Likewise, the energy procurement practices of 
leading corporate energy buyers have progressed from purchasing carbon offsets, to purchasing 
unbundled Renewable Energy Certificates, to subscribing to electric company green tariff programs or 
third-party bundled power purchase agreements. Several examples of successful electric company 
programs and solutions for corporate customers follow. 

3.3.1.1 FPL’s SolarTogether Program 

In March 2020, the Florida Public Service Commission approved Florida Power & Light Company’s 
(FPL) SolarTogether program, 168F

172 a 1,490 MW community solar resource comprised of 20 solar facilities 
for both residential and commercial customers (Figure 12). SolarTogether offers contracting flexibility, 
bill savings over time, and convenience to customers who want to participate in a solar subscription with 
no upfront costs. Customers participating in SolarTogether are not tied to a long-term contract and can 
cancel or reduce their subscription at any time with no penalty, after the first billing cycle.  

The subscription stays with the FPL account holder (not the address or location), and customers can 
transfer their subscription within FPL’s service territory. This is especially important to small/medium 
business customers who may move locations.  

171 Byrd, O’Shaughnessy, and Hutchinson (2021). 
172 FPL. 2022. Solar Together. https://www.fpl.com/energy-my-way/solar/solartogether-res.html.

Typically, carbon emissions 
reporting has been based on an 
annual accounting of electricity 
used and the associated carbon 
intensity in the grid area in which 
the corporation or government 
agency operates. Some leading 
corporate and federal customers 
now are seeking 100% carbon-free 
energy across their operations—
matching carbon-free energy with 
the timing of their energy use.
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Figure 12. Solar Power Plant Under Construction 

The SolarTogether program reserved 75% of the solar capacity for commercial and industrial (C&I) 
customers and was fully subscribed at program launch due to a successful pre-registration campaign. The 
remaining 25% of program capacity allocated for residential customers also has been fully subscribed. 
This program is an effective way to offer low-cost solar energy to customers with no cost shift to other 
customers. FPL pays the upfront cost of building the facilities, and customers do not need to deal with 
developing, installing, operating, and maintaining solar at their own facilities. 

The flexible SolarTogether program was designed based on customer input, and the fact that it is fully 
subscribed points to its success with customers. With customer demand outstripping the size of the 
program, FPL filed a Joint Motion for Approval of a Settlement Agreement with the Commission in 
August 2021 that includes expanding the program through construction of an additional 1,788 MW of 
community solar through 2025. As approved, the total capacity of SolarTogether will be 3,278 MW, with 
40% of the incremental capacity allocated to residential and small business customers and 60% allocated 
to commercial, industrial, and governmental customers.169F

173 

3.3.1.2 Georgia Power’s Customer Renewable Supply Procurement Program 

As the result of a stipulated integrated resource plan agreement in July 2019, Georgia Power launched the 
first of two application periods for its Customer Renewable Supply Procurement program in April 2020; 
the second application period began in Q3 of 2021.170F

174 Of the 1,000 MW of new utility-scale renewable 
energy available by subscription for C&I customers, a total of 600 MW (300 MW in the first application 
period and 300 MW in the second application period) were available for existing customers with an 
aggregated peak demand of at least 3 MW. The remaining 400 MW were available on a first-come, first-
served basis for existing or new customers with incremental new load additions in Georgia Power’s 
service territory greater than 15 MW.  

Participating customers purchase a monthly subscription at a fixed portfolio price. Subscription levels are 
limited to 100% of the existing customer’s total energy consumption in the preceding year. Subscription 
levels for new customer loads are limited to 100% of their projected annual energy consumption. 
Participants receive hourly credits on their bill for the energy replaced by the portfolio of renewable 
energy facilities procured to supply the program, based on their actual production. 

173 See Florida Public Service Commission (2021).  
18 Georgia Power. 2022. Customer Renewable Supply Procurement (CRSP). https://www.georgiapower.com/company/energy-
industry/energy-sources/solar-energy/solar/customer-renewable-supply-procurement.html. 
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3.3.1.3 AES-Google 24/7 Carbon Free Energy Solution 171F

175

In September 2020, Google announced a first-of-its-kind goal to decarbonize its electricity supply and 
operate on 24/7 carbon-free energy by 2030. In May 2021, Google and AES announced a partnership 
wherein AES is the energy manager responsible to serve Google’s Virginia data centers with carbon-free 
energy 90% of the time, measured on an hourly basis. As the energy manager, AES is responsible for 
resource procurement, dispatch, and hedging. AES bears the risk of under- or over-generation and 
transacting in the PJM market on an hourly basis as needed, while Google pays for its load at a stable 
dollar per megawatt-hour price.  

Reducing the complexity to a single supply deal that encompasses multiple resources is a major 
development for commercial clean energy procurement. This model lays out a blueprint for other electric 
companies and corporate customers to follow to advance carbon-free energy solutions. 

3.3.1.4 NV Energy’s Solar/Storage Solution for Google 

Google is one of the many notable corporations exploring ways to bridge the gap between electricity 
consumption and real-time electricity production from carbon-free sources (Figure 13). In December 
2020, the Public Utilities Commission of Nevada approved an energy supply agreement between NV 
Energy and Google to power a Google data center by the end of 2023. As part of the arrangement, Google 
will receive 350 MW of solar capacity and 280 MW of battery storage under an energy supply agreement 
that is modeled after NV Energy’s Large Customer Market Price Energy tariff.  

The agreement includes a novel capacity-sharing mechanism for the energy storage resource. The 
batteries will dispatch stored renewable energy on behalf of all NV Energy customers during peak 
summer evening hours (June–August from 4–9 p.m.) During other times of the year, the storage resource 
will be dispatched to serve the specific energy needs of the Google data center. NV Energy will provide 
Google a fixed-price agreement for bundled electric service and bill credits for providing a carbon-free 
summer peaking capacity resource. 

Figure 13. Heat Map Showing Gaps in Google’s Carbon-Free Energy Supply172F

176

175 AES Corporation (2021). 
176 Google (2020). 
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The agreement with Google provides multiple benefits to the company, NV Energy, and the broader 
customer base. 

Like many states, Nevada has established carbon-reduction goals, including passage of Senate Bill 254 in 
2019 that sets the state on the path towards achieving net-zero GHG emissions by 2050. NV Energy’s 
agreement with Google provides a greater degree of stability in the planning and development of 
integrated resource plans that underpin NV Energy’s ability to meet renewable energy and carbon- 
reduction goals.  

3.3.1.5 Southern California Edison’s Clean Energy Optimization Pilot 

As part of their efforts to help customers make clean energy choices, Southern California Edison (SCE) 
partnered with the University of California and Cal State University (Figure 14) on a $20 million Clean 
Energy Optimization Pilot, funded through state cap-and-trade revenue rather than electric company 
energy efficiency budgets. The pilot provides these university customers with a portfolio of options—
including energy efficiency, demand responses, on-site renewables, clean transportation, and energy 
storage—and will evaluate the effectiveness of performance-based GHG incentives to reduce emissions. 

The first step in calculating the GHG incentive is to establish a “fence line” of metered energy data that 
feeds into a baseline GHG trajectory relative to actual metered energy use reductions. The baseline is 
weather-normalized and dynamic, allowing adjustments for prior performance, naturally occurring 
reductions (or additions), and evolving grid emission factors. For each campus, SCE uses a performance 
payment tool to calculate the GHG baseline, GHG reductions, and the incentive payment using data and 
tools from the CPUC-approved integrated resource plan, including a price per metric ton of CO2 reduction 
and hourly electric grid emission factors to account for differences in time- and location-specific GHG 
emissions reductions across the seven pilot participants. To date, participants have received $4.6 million 
in performance payments. 173F

177

Figure 14. Clean Energy Optimization Pilot Participants 

177 See Southern California Edison (2020) for additional details. 
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Universities make great partners for pilots because they have a wide range of residential, commercial, and 
industrial buildings that are representative of other customer types, and they are interested in engaging in 
the study design. The goal of the program is to incent incremental and persistent GHG emissions 
reductions and allow the universities to choose and implement technology solutions that best suit their 
needs. The pilot results will inform future opportunities to scale programs utilizing customer preferences 
for solutions as a component. 

3.3.2 Innovative Regulatory Approaches for Clean Energy Procurement Needs 
of the Future 

As demonstrated by the preceding examples, electric companies are actively engaging with customers and 
regulators to develop new tariffs and subscription services and to pilot solutions to meet the demand for 
100% carbon-free energy by corporate customers. More recently, federal agencies, including the U.S. 
Department of Defense, are following the lead of corporate customers in seeking carbon-free energy 
solutions.174F

178

For example, many corporate customers find value in the established electric company green tariff 
programs available in 21 states.175F

179 Recent trends are for much more flexibility in green tariff programs 
including a shift towards shorter-contract length, extremely flexible contract terms, and expanded 
program eligibility (e.g., FPL’s SolarTogether program). Customer trends include the following: 

 Many customers, especially those not tied to industrial or data center applications, prefer 
shorter contract lengths to align with real estate leases.  

 Some customers seek fixed-price offerings, while others prefer tariff structures that reflect 
variable market-based rates.  

 Many customers are interested in partnering with electric companies on carbon-free energy 
projects in lieu of entering into power purchase agreements with third parties. 

For the most part, until very recently, energy buyers accounted for their annual carbon emissions by 
comparing energy used to carbon-free energy (CFE) procured on an annual megawatt-hour basis.  

Today’s leading corporate energy buyers want to procure carbon-free energy that matches their energy 
use on an hourly basis. In addition, corporate energy buyers recognize that all carbon-free energy 
resources—both supply side and demand side resources—must be considered to meet their ambitious 
goals. While the number of companies with goals to procure CFE with hourly matching is small today, 
customer demand for CFE with hourly matching will continue to grow in the future. 

178 The White House. 2021b. Executive Order on Tackling the Climate Crisis at Home and Abroad. January 27. 
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/27/executive-order-on-tackling-the-climate-crisis-at-
home-and-abroad/.
179 IEI (2020). 
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Electric companies have taken on the energy management role 
and the risk of delivering electricity at a stable price for decades. 
In addition, when the electric company offers a subscription 
service for solar, the electric company assumes the risk of 
investing in the resource. However, to encourage deployment of 
newer technologies such as battery storage, electric companies 
might be willing to take on more risk if the potential returns were 
sufficiently high or if they can share the risk and return with 
subscribing customers.

Some electric companies are exploring opportunities to become 
the end-to-end CFE solution provider for corporate customers, 
the integrator of variable supply and flexible demand resources, 
the coordinator via appropriate and available tariffs, and the 
tracker of emissions and resource availability. The following 
regulatory innovations are needed to meet the future needs of 
customers: 

1. Transition from annual matching of renewable or carbon-free energy purchasing to hourly 
matching of customer load using a diverse set of regional, carbon-free resources. 

Capacity-sharing arrangements, such as in the NV Energy-Google deal, demonstrate how 
co-optimized resources can meet the specific needs of one large energy buyer while providing 
environmental benefits to all customers and making progress towards the state’s clean energy and 
climate goals. It also underscores that even the most sophisticated customers often prefer that the 
electric company—in this case NV Energy—act as the energy manager on the customer’s behalf. 
NV Energy manages the behind-the-scenes efforts required to deliver carbon-free energy at a 
stable dollar per megawatt-hour price to Google. 

2. Make carbon-free energy resources available to all customers.

In its Clean Energy Optimization Pilot, SCE provides a portfolio of resources—including energy 
efficiency, demand response, on-site renewable energy, clean transportation, and energy 
storage—to give their university customers a variety of clean energy choices that can be tailored 
to their individual needs. Subscription offerings and green tariffs such as FPL’s SolarTogether 
Program and Georgia Power’s Customer Renewable Supply Procurement Program are other ways 
to provide carbon-free energy to customers. 

A critical element in developing 24/7 CFE products and solutions is the availability of high-
fidelity hour-by hour carbon emissions intensity data and the associated analytics to assess how 
regional grid dynamics influence hourly matching CFE products. This is a big and important first 
step. To provide context, the Edison Electric Institute currently provides an electric company 
carbon emissions and electricity mix database that reports annual carbon emissions intensity rates 
for delivered electricity annually by electric company, by state.176F

180 High fidelity reporting means 
moving from providing annual carbon emissions intensity rates to hourly carbon emissions 
intensity rates for all 8,760 hours each year. 

180 EEI. n.d. Electric Company Carbon Emissions and Electricity Mix Reporting Database. 
https://www.eei.org/Pages/CO2Emissions-Access.aspx.

[W]hen the electric company 
offers a subscription service for 
solar, the electric company 
assumes the risk of investing in the 
resource. However, to encourage 
deployment of newer technologies 
such as battery storage, electric 
companies might be willing to take 
on more risk if the potential 
returns were sufficiently high or if 
they can share the risk and return 
with subscribing customers. 
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3. Plan for the availability of CFE resources. 

As more CFE solutions are developed, it is critical to maintain existing clean energy resources on 
the grid. CFE solutions require, in part, some amount of 24/7, zero-carbon generation. Today 
nuclear energy provides that generation. In 2020, nuclear energy accounted for nearly 50% of 
carbon-free electricity generated in the United States (Figure 15). Retaining this resource through 
license extensions underpins 100% CFE solutions. The cost of developing and scaling carbon-
free electricity resources will be significantly impacted by planning. In the future, other resources 
to consider include hydrogen, natural gas with carbon capture and storage, advanced wind and 
solar energy systems, and long-duration storage. 

Figure 15. U.S. Carbon-free Electricity Generated, by Source (2020) 

Source: IEI (2021b).

3.4 Conclusion

Across the United States, regulated electric companies are developing innovative solutions that meet the 
evolving needs and expectations of residential and corporate customers in the areas of energy 
management and carbon-free energy solutions. However, these solutions are just the tip of the iceberg. 
Much more progress is needed. 

Some electric companies are partnering with technology companies such as E Source, Oracle, and 
Powerley to provide innovative customer services and solutions in energy management for residential 
customers—both EE and DR. Traditionally EE and DR programs are developed, deployed, and measured 
separately from supply-side resources. Yet with technology today, EE and DR can scale rapidly to control 
not only how much energy is consumed, but when it is consumed, making them flexible capacity 
resources and cost-effective ways to reduce carbon emissions. Additional metrics need to be adopted to 
value and evaluate EE and DR programs to simultaneously measure carbon emissions reductions, energy 
savings, and capacity savings achieved. 

Deploying one-size-fits-all solutions or services for residential customers is no longer a recipe for 
success. Some electric companies are offering multiple options and transitioning customers onto rates that 
are more advantageous for them than the standard residential rate—from pre-pay to flat fee to TOU, and 
more. These innovations are driven by technology and data analytics and enabled by smart meters.  
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To meet the growing needs of many corporate customers for CFE, the ability to plan for and develop cost-
effective and scalable carbon-free energy solutions is essential. Electric companies, regulators, corporate 
customers, and other stakeholders must work together effectively to adapt existing policy and regulatory 
frameworks to ensure the availability of these solutions. Otherwise, corporate customers are likely to look 
for CFE solutions elsewhere. 

While the number of corporate customers with goals to procure CFE that matches hourly energy use is 
small today, customer demand will grow in the future. Some electric companies are exploring 
opportunities to become the end-to-end CFE solution 
provider for corporate customers, the integrator of 
variable supply and flexible demand resources, the 
coordinator of resources via tariffs, and the tracker of 
carbon emissions and resource availability. 

Working with regulators, customers, and other 
stakeholders is the right thing for electric companies to 
do. Will it be fast enough to satisfy the evolving 
expectations and needs of both residential and 
corporate customers? That will depend on the pace of 
regulatory change.  

Working with regulators, customers, 
and other stakeholders is the right 
thing for electric companies to do. 
Will it be fast enough to satisfy the 
evolving expectations and needs of 
both residential and corporate 
customers? That will depend on the 
pace of regulatory change. 
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4.0 Innovating the Electricity System from the Hearing Room 
to the Edge of the Grid 

By Anne E. Hoskins, Christopher M. Worley, and Keyle Horton, Sunrun
177F

181

4.1 Introduction 

The climate crisis requires a dramatic shift in how the United 
States produces and consumes energy. The switch from fossil fuels 
to cleaner alternatives will require trillions of dollars in investment 
in order to meet local, state, and national objectives, including 
building gigawatts of renewable energy and electrifying buildings 
and the transportation sector.178F

182 In addition, the climate crisis is 
exposing the fragility of our energy system to extreme weather 
events and natural disasters. Our aged centralized electricity 
systems failed to provide reliable power during California’s 
wildfires and the Texas freeze of 2021. Without a fundamental 

change in the way we generate and 
distribute power, repeated outages 
and related harm to people and 
communities will increase as the 
Earth’s temperature rises and extreme weather events become more 
common.179F

183, 
180F

184

Disasters like these indicate that many utilities across the country are not 
providing the resilience and reliability that customers need and are not 
moving fast enough to decarbonize. Further, a long history of policy 
decisions has left low-income and disadvantaged communities with fewer 
resources and little infrastructure to respond to power emergencies and 
climate disasters.181F

185 A rapid, equitable, and orderly transition away from 
fossil fuels will require a different approach than relying on top-down, 
centralized power generation and long-distance transmission of power. 

181 Thank you for research and writing support from current and former Sunrun Policy colleagues: Robert Harris, Lauren 
Randall, and Christopher Rauscher. Photos courtesy of Sunrun. 
182 Shreve and Shauer (2019) at 2. 
183 American Society of Civil Engineers (2021) at 44–54. 
184 Sturmer, Plietzsch, and Anvari (2021). 
185 Jessel, Sawyer, and Hernandez (2019). 

Electric vehicle charging 
with inverter and home 

solar battery

Without a fundamental 
change in the way we 
generate and distribute 
power, repeated outages and 
related harm to people and 
communities will increase as 
the Earth’s temperature rises 
and extreme weather events 
become more common. 
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4.1.1 Shortcomings of the Traditional 
Utility Business Model 

The traditional investor-owned utility (IOU or utility) 
business model is built upon capital investment in power 
plants, poles, and wires. Much of that investment is 
measured at scales of hundreds of megawatts, hundreds of 
miles, and billions of dollars. Under the traditional cost-of-
service regulatory model, the utility’s profit is based on the 
size of its investment and the approved rate of return.182F

186

Utilities usually respond to load growth, clean energy 
mandates, or calls to increase the resilience of their grid by 
building more infrastructure, adding to their rate bases, and 
then recovering those costs through higher customer rates. 
While electricity load growth in the United States has been 
largely flat over the last 20 years,183F

187 electricity rates have not stayed flat, as utilities have increased their 
capital expenditures.184F

188 Electrification of buildings and transportation is expected to increase electricity 
load significantly over the next 20 years.185F

189 Under cost-of-service regulation186F

190 and in the absence of 
specific corrective regulatory actions, utilities will be incentivized to support this new era of 
electrification with centralized capital expenditures instead of facilitating investment in distributed 
solutions that could better meet the reliability and resiliency needs of customers. 

The effects of the traditional IOU model go beyond the issue of misaligned incentives for capital 
expenditure. There is little incentive for innovation for utilities under cost-of-service regulation. 
Competitive alternatives to fossil fuels are available, as rapidly advancing technologies have made 
renewable energy, energy efficiency, and demand response affordable and accessible. Distributed energy 
resources (DERs),187F

191 including customer-sited solar and battery storage, are proliferating as customers 
seek more affordable and reliable sources of power.192 Electricity rates are expected to continue to 
increase around the country188F

193 as utilities increase capital spending and pay for deferred maintenance. 
As utility bills rise, customers will have strong economic incentives to reduce their reliance on power 
provided by their local utility. 189F

194 For customers facing utility bill spikes as COVID-19 moratoria 
protections end, the need for a more affordable and reliable electricity system is urgent.190F

195 Society cannot 
afford to over-invest in electricity systems that are not meeting society’s needs.  

186 Cawley and Kennard (2018) at 79, 141–145. 
187 EIA Annual Energy Outlook 2021 (2021). 
188 Two posts to the U.S. Energy Information Administration’s Today in Energy blog illustrate the general, long-run trend of 
increased capital investment by utilities. The first post, “Utilities continue to increase spending on transmission infrastructure” 
(EIA 2018a), shows the increase in transmission investment. The second post “Major utilities continue to increase spending on 
U.S. electric distribution systems” (EIA 2018b) shows the increase in distribution system investment. 
189 Sin et al. (2020) at 49. 
190 Under cost-of-service regulation, the regulator determines the revenue requirement (i.e., the cost of service) that reflects the 
total amount that must be collected in rates for the utility to recover its authorized costs and earn a reasonable return. 
191 As defined in this essay, DERs are electric power sources that are not directly connected to the bulk power system, including 
energy generation and storage technologies, that are capable of exporting power to the grid. IEEE Std 1547-2018. 
192 See Hiller (February 19, 2022) and Penn (March 13, 2022). 
193 See the EIA’s Short-Term Energy Outlook (EIA 2021b), which shows the general trend of average electricity price increases 
over time. 
194 Creyts and Guccione (2014) at 11. 
195 The National Association of Regulatory Utility Commissioners (NARUC) assembled a Map of Disconnection Moratoria, last 
updated Sept. 9, 2021 (https://www.naruc.org/compilation-of-covid-19-news-resources/map-of-disconnection-moratoria/). 

Customer discussing Brightbox solar battery 
system with neighbor in West Corona, 

California
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Some regulated utilities view onsite solar as a competitive threat, eroding retail sales.191F

196 They respond by 
seeking regulatory approval to increase or add new fixed fees and lower compensation rates for 
distributed generation, reducing the value proposition of innovative DER investments by customers and 
third parties.192F

197 In effect, these actions disincentivize customer adoption of innovative technologies. 
Increases in DER-specific fees make new DER technologies that can boost resiliency less accessible, 
particularly for lower-income customers and underserved communities that could benefit the most.193F

198

Access to solar for low- and moderate-income customers has improved with declining solar panel costs, 
expanded financing options, and targeted public programs.194F

199 These market changes have enabled more 
equitable access to DERs, but there is more work to be done. The progress to date will be undermined if 
regulators impose fixed fees and reduce compensation for power shared by solar consumers.195F

200 Instead of 
imposing extra costs on DERs, regulators can enable broader access to DERs with rate reforms and 
targeted incentives. 

Without onsite generation and storage, utilities will need more power plants, lines, and poles to meet the 
expected future demand from electrification. These investments will be funded by charging customers 
higher electricity rates and will increase the energy 
burden on those who can least afford it.196F

201 While EVs 
and home electrification will likely warrant some 
new grid infrastructure, distributed generation and 
batteries can reduce that need, and ratepayer expense, 
particularly by incorporating the right rate designs. 
Continuing to treat DER technologies as a 
competitive threat will undermine efforts to rapidly 
decarbonize the grid and make the grid more 
resilient, and will reduce customers' ability to manage 
their energy bills. 

4.1.2 Why Is Change Needed? 

Decarbonizing the grid cannot be accomplished solely by relying on gigawatts of utility-scale renewable 
resources and thousands of miles of new transmission lines to bring energy to load centers. With frequent 
extreme weather events and greater demand for electricity for buildings and transportation, renewable 
DERs must be part of the solution. For example, a recent California study shows that in order to meet a 
goal of 100% renewable energy, 27% of the power will need to be generated through distributed solar.197F

202

196 Glick and Lehrman (2014) at 23. 
197 See discussion on pages 3 through 7 of the “Joint Opening Comments of Southern California Edison Company, Pacific Gas 
and Electric Company, and San Diego Gas & Electric Company on the Proposed Decision of the ALJ Hymes Revising Net 
Metering Tariff and Subtariffs” brief filed in the California PUC R.20-08-020 docket. 
198 While utilities may claim to be protecting low-income customers when seeking to impose fees on DER customers, there are 
many options to expand DER access for low-income customers without reducing access for others. These include targeted      
low-income subsidies, community solar, and affordable multifamily solar (such as through California’s Solar on Multifamily 
Affordable Housing program). For more information on low income solar, see Stanton (2020). 
199 The 2021 Update to Berkeley Lab’s Residential Solar-Adopter Income and Demographic Trends notes, “Solar adopters 
generally skew towards higher incomes, though that trend continues to diminish over time.” See Barbose et al. (2021). 
200 See general discussion in the “Opening Comments of the Solar Energy Industries Association and Vote Solar on the Proposed 
Decision Revising Net Energy Metering Tariff and Subtariffs” brief filed in the California PUC Docket R.20-08-020. 
https://apps.cpuc.ca.gov/apex/f?p=401:56:0::NO:RP,57,RIR:P5_PROCEEDING_SELECT:R2008020.
201 In some states, an estimated 20% to 30% of all residential and small commercial customers face energy affordability 
challenges, threatening massive dislocations when COVID shut-off moratoria expire. For more information, see Farley et al. 
(2021).  
202 See Jacobson et al. (2022). 

Continuing to treat DER 
technologies as a competitive threat 
will undermine efforts to rapidly 
decarbonize the grid and make the 
grid more resilient, and will reduce 
customers' ability to manage their 
energy bills.
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A market-based approach that facilitates 
participation of third-party providers to yield a high 
penetration of DERs and integration of related 
innovative technologies, products, and services will 
result in a more flexible, equitable, and resilient grid 
at lower cost, while providing greatly improved 
results and benefits for local economies.198F

203

Given the magnitude of investment needed for a 
clean energy transition, customers should be 
encouraged to invest in DERs, whether their interest 
is economic or to improve reliability and resilience. 
If customers invest their own capital in assets that 
provide benefits to the grid and society, that is 
money that does not have to be raised through 
electricity rates. To achieve this aim, state public 
utility commissions should require regulated utilities 
to establish rate structures and program incentives that 
fairly compensate behind-the-meter DERs for the benefits 
they provide the grid. In addition, to support a decentralized 
energy system over the long term, utility incentives must be 
realigned so that onsite generation is not a source of lost 
revenue and lost profit. Instead of cost-of-service 
regulation, which is designed to recover utility costs 
through the one-way flow of electricity, utility regulators 
should usher in a change of incentives and updated rate 
designs that promote innovation, serve the customer, and 
support two-way flows of electricity in a modern electric 
system.199F

204

In parts of the country, this change is underway. Under 
alternative regulation in Vermont, 200F

205 Green Mountain 
Power (GMP) is leading utility innovation that includes testing new approaches through pilot programs. 
For example, GMP’s Bring Your Own Device (BYOD) battery storage program has unlocked millions in 
utility cost savings, provides onsite resiliency benefits to customers, and has been a model for similar 
utility programs around the country.201F

206 In Hawaii, the Public Utilities Commission has adopted several 
innovative regulatory approaches, including integrating resource, transmission, and distribution system 
planning; instituting performance-based regulation (PBR); and quickly launching the Emergency Demand 
Response Program to address immediate system needs.202F

207 At the federal level, the Federal Energy 
Regulatory Commission (FERC) issued Order 2222, which mandates that behind-the-meter resources be 
able to participate in organized wholesale energy, capacity, and ancillary services markets.203F

208

203 For example, see Maryland Department of the Environment (2021). Appendix H reports on derivative positive economic and 
employment impacts on manufacturing from greenhouse gas reductions.
204 For a recent study of DER rate design options, see LeBel et al. (2021). 
205 As used in this essay, alternative regulation entails the realignment of utility incentives, including revenue decoupling, 
performance-based ratemaking, rate restructuring, or another deviation from traditional regulation. See Vermont’s description of 
alternative regulation at https://puc.vermont.gov/electric/electric-alternative-regulation.
206 Vermont PUC Case No. 19-3537-TF, Final Order. 
207 Hawaii PUC Docket No. 2019-0323, Order No. 36538. 
208 FERC 18 CFR Part 35, Docket No. RM18-9-000, Order No. 2222. 

Customers with their home solar battery in West Mission 
Viejo, California

Instead of cost-of-service regulation, 
which is designed to recover utility 
costs through the one-way flow of 
electricity, utility regulators should 
usher in a change of incentives and 
updated rate designs that promote 
innovation, serve the customer, and 
support two-way flows of electricity 
in a modern electric system.   
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These examples shed light on some of the most innovative actions underway in the electric utility sector, 
underscoring the benefits of strong leadership, regulatory flexibility, and data transparency among 
stakeholders. However, these steps are not enough to ensure the transition to a modern electric system. 

To decarbonize our energy system in 
a way that prioritizes grid resilience, 
the U.S. needs forward-looking 
regulators in every state and at the 
federal level to develop and promote 
policies that enable a future with high 
integration of DERs. In the near term, 
regulators should enact policies that 
remove market barriers for DERs, 
promote market transparency, and 
ensure compensation for services 
provided to the grid. In the longer 
term, regulators should realign utility 
incentives away from capital 
expenditure and towards enabling 
competitive supply of renewable generation and reducing barriers to innovation. This future regulatory 
regime may be more akin to a distribution service operator utility model, shifting the role of utilities to a 
platform provider that enables a competitive market of third-party DER providers.204F

209

4.2 Case Studies in Innovation 

In most parts of the U.S., utility regulation is not keeping up with the ever-changing dynamics of the 
electric system, including evolving technologies, grid failures, and socioeconomic impacts. DERs can 
play a central role in improving the electric system, but only with regulatory innovation, including 
elimination of adverse utility incentives that impede DER adoption. Regulators must act swiftly given the 
compounding concerns of aging infrastructure, the climate crisis, and urgent environmental justice issues. 
As time advances we lose opportunities to efficiently electrify our economy. 

The following case studies provide examples of innovative state regulation that can be replicated and 
adapted to promote the widespread integration of DERs. Both Vermont and Hawaii are cases where the 
regulatory regime shifted from traditional cost-of-service regulation to alternative regulation enhanced 
utility-based programs. By providing more flexibility than traditional regulatory processes, alternative 
regulation promotes innovative actions by utilities that can enable and facilitate the transition to a modern 
electric system.  

209 For more information on DSO models, see the roadmaps prepared by the NARUC-NASEO Task Force for Comprehensive 
Electricity Planning at https://www.naruc.org/taskforce/resources-for-action/roadmaps/. See also De Martini and Kristov (2015) 
in the Future Electric Utility Regulation series.

Rooftop solar installation
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4.2.1 Vermont: Green Mountain Power 

Vermont’s largest investor-owned utility, GMP, 205F

210

recognized the need for more clean energy and began to 
push for innovation in its 2014 Integrated Resource Plan. 
This established the city of Rutland as a hub for pilot 
programs to rapidly test and implement nascent DERs, 
demand response, and energy efficiency technologies, as 
well as other energy services. GMP understood the 
potential for a high-DER future and took early action to 
move away from the traditional centralized grid model. 
Through the 2014 plan, GMP established a long-term 
vision to create open new markets for energy products and 
services, while focusing on the short-term goals of creating 
customer value, increasing grid efficiency and intelligence, 
and increasing reliance on local, distributed grid resources.206F

211, 
207F

212

The GMP Solar Map,208F

213 launched in 2017, visualizes a model of circuit-level hosting capacity to guide 
developers away from constrained sections of the grid and ultimately led to development of a tariff that 
allows for more distributed generation.209F

214, 
210F

215 The Solar Map provides transparency and exemplifies that 
access to data can benefit all stakeholders in the transition to a high-DER future.211F

216 These initial efforts 
laid the foundation for a new regulatory regime in Vermont, including GMP’s alternative regulation 
proposal in place of traditional utility cost-of-service regulation.  

GMP proposed the restructuring of rates and incentives to promote innovation and improve customer 
service. The GMP Multi-Year Regulation Plan (MRP), as modified in 2020, sets out to stabilize rates for 
customers over a three-year period by:212F

217

1. Fixing non-power costs, including infrastructure and operation and maintenance costs, in order to
disincentivize excessive capital expenditures.

2. Using formulaic and forecasted components, including equity, retail revenue, and power supply
costs to provide predictability where possible.

3. Applying rate-smoothing and other adjustment mechanisms to ensure a steady rate path for
customers.

Through this form of alternative regulation, GMP decouples its financial interests from electricity sales, 
creating an environment that rewards the utility for innovation and providing quality, low-cost service to 
ratepayers. The Vermont Public Utilities Commission (PUC) approved the initial MRP in 2019, verifying 

210 GMP’s former CEO Mary Powell now serves as Sunrun’s CEO.  
211 Green Mountain Power (2014) at 2-2. 
212 It is notable that GMP became a certified B-Corp in 2014. As a B-Corp it is required to meet standards of social and 
environmental performance, accountability, and transparency (Green Mountain Power 2017). A B-Corp certification is conferred 
by B Lab, a global nonprofit organization. 
213 GMP Solar Map 2.0. https://gmp.maps.arcgis.com/apps/webappviewer/index.html?id=4eaec2b58c4c4820b24c408a95ee8956. 
214 Vermont Energy Investment Corporation (2018) at 35–51. 
215 NARUC (2020) at 1–5. 
216 A growing number of states are undertaking proceedings to direct utilities to provide hosting capacity data for DER 
developers. For more on hosting capacity developments, see IREC (2021). 
217 Green Mountain Power (2020a) at 3-12.  

Installed solar panels in New England
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that it met the statutory criteria for alternative regulation: least-cost, safe, and reliable service; just and 
reasonable rates; promoting innovation; and meeting the state’s energy policies.213F

218

The Innovative Pilots Program, now a provision within the MRP, plays a role in reducing risk. Pilot 
programs provide a means for GMP to better understand the needs of their customers through data and 
impact assessments, while meeting statewide objectives to reduce fossil fuel consumption and greenhouse 
gas emissions. Notably, with a 15-day advance notice to regulatory authorities for projects under $5 
million, GMP can quickly implement pilots without the delays that other utilities face.214F

219

Although initially pilots were closed to market participants outside of the utility, GMP subsequently 
partnered with third parties to increase opportunities for customers through a competitive market. During 
the MRP proceeding in 2019, the differing approaches of GMP and Renewable Energy Vermont, a 
coalition of clean energy organizations and individuals, led to a memorandum of understanding (MOU) to 
work together in accomplishing the shared goal of a more distributed and cleaner grid.215F

220

Through the MOU, GMP provides market participants 
with access to its DER platform, marketing, and billing 
system to streamline integration into the grid. GMP also 
offers a level playing field for third parties by creating 
comparable, parallel opportunities when a new pilot 
program for a consumer product is initiated and allows 
Renewable Energy Vermont to provide input on 
proposed pilots before they are filed. These 
organizations are positioned to work collaboratively in 
transforming the electric system, promoting a 
decentralized grid with competitive options for energy 
services.216F

221

GMP and Renewable Energy Vermont set a new 
standard for innovative programs at the start of their 
relationship by launching the nation’s first Bring Your Own Device (BYOD) program. Originally created 
as a pilot in 2018, the program has supported a competitive market for battery storage.222 The expanded 
BYOD tariff, developed in cooperation with Renewable Energy Vermont, received approval from the 
Vermont PUC in 2020.217F

223 Customers that purchase and install third-party battery storage systems through 
the BYOD program receive upfront incentives in exchange for giving the utility access to the stored 
energy to reduce peak demand and the data on battery usage. The utility recognized the ability of DERs to 
make the grid more reliable and resilient by increasing system capacity and providing customer data.224

The BYOD tariff provides a net benefit to all customers by decreasing GMP’s power supply costs, which 
is passed onto customers in the form of bill savings.218F

225 GMP’s BYOD program is an example of utilities 
and third parties working together to foster a competitive market for DERs, resulting in increased 
efficiency, lower electricity prices, and better quality service for consumers.

218 30 V.S.A. § 218d; Vermont PUC Case No. 18-1633-PET. 
219 Green Mountain Power (2020a), Attachment 2.  
220 Vermont PUC Case No. 18-1633-PET. 
221 GMP and REV (2019) at 3–8. 
222 In the press release announcing Vermont PUC's approval of the program, more than 30 companies are listed as vendors 
providing battery storage installation service (Green Mountain Power 2020b). 
223 Green Mountain Power (2020b). 
224 See Green Mountain Power (2020b) and Green Mountain Power (2020c). 
225 Vermont PUC Case No. 19-3537-TF, Final Order. 

...GMP provides market 
participants with access to its DER 
platform, marketing, and billing 
system to streamline integration 
into the grid. GMP also offers a 
level playing field for third parties 
by creating comparable, parallel 
opportunities when a new pilot 
program for a consumer product is 
initiated….
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While the alternative regulation incorporated in the MRP will end in September 2022, 226 the structure of 
the MRP, including the Innovation Pilots Program, provides lessons that can support future programmatic 

and policy decisions. For near-term action, the Innovation Pilot Program provides a means of rapid testing 
and implementation of innovative efforts. Additionally, GMP has created a system of innovation that 
builds on itself in order to maximize opportunities. For instance, the Solar Map platform has created a 
more effective BYOD Program: the tariff awards greater upfront incentives to customers in areas of the 
grid with greater capacity constraints identified in the Solar Map.220F

227 A key lesson from the GMP 
experience is that effective short-term solutions require quick implementation of programs through open 
communication and collaboration between stakeholders and the utility, in addition to transparency 
throughout the process. Regulators can support this by requiring sharing of data (such as through hosting 
capacity rules) and enabling trials of creative partnerships through flexible pilot programs.  

There remains a longer-term question about the appropriate roles for utilities in a competitive market. The 
partnership between GMP and Renewable Energy Vermont opened up the market for DERs to third-party 
companies. Investor-owned utilities are regulated as natural monopolies to ensure a distribution system 
that is reliable, safe, and equitably priced for customers.221F

228 Competition from third-party DER developers 
is challenging the historical paradigm and offering ways to improve service, reliability, and cost-
effectiveness through distributed, customer produced generation and grid engagement.222F

229

As other utilities seek to replicate the GMP model and 
engage in provision of DERs under alternative regulation, 
regulators will play a critical role in ensuring a paradigm 
where competitors can flourish and bring forth innovative 
solutions. The success of GMP’s alternative regulation 
initiative lays the foundation for a longer-term solution 
that draws on the complementary strengths of regulated 
distribution utilities and competitive DER providers. This 
will likely require utilities to transform and take on new 
roles as the energy system transitions to a high-DER 
future. 

4.2.2 Hawaii: Public Utilities Commission 

Hawaii experiences the highest electricity rates among U.S. states––more than twice the national 
average. 223F

230 Isolated from the rest of the world, the state has long depended on imported oil to fuel its 
energy sector, accounting for 61.3% of electricity generation in 2018.224F

231 Renewable energy and 
aggregated DERs are critical for helping Hawaii reduce its reliance on imported and carbon-intensive 
energy.232

226 Green Mountain Power (2020a) at 3. 
227 Green Mountain Power (2019) at 2. 
228 Lazar (2016) at 3-13. 
229 For one view on potential future structure and roles of electric utilities, see Fox-Penner (2020). 
230 Hawaii State Energy Office (2020) at 9. 
231 Hawaii State Energy Office (2019) at 2. 
232 Spector (February 14, 2022). 

The success of GMP’s 
alternative regulation initiative 
lays the foundation for a longer-
term solution that draws on the 
complementary strengths of 
regulated distribution utilities 
and competitive DER providers.   
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In 2015, the Hawaii Legislature set a Renewable 
Portfolio Standard to generate 100% of electricity 
from renewable energy sources by 2045.225F

233 It met 
its interim 2020 target of 30% renewable energy 
generation.226F

234 Accounting for 10.9% of electricity 
sales in 2018, DER installations collectively 
produced the largest source of renewable energy 
statewide.227F

235 With grid storage capacity, demand 
response technologies, grid modernization, and 
market signals, distributed solar has the potential 
to contribute approximately 40% of Hawaii’s 
projected energy needs.228F

236

The Hawaii PUC closed its net energy metering 
program in 2015, in part based on the “finite 

capacity of each island grid to accommodate uncontrolled export of energy during mid-day hours.”229F

237 As 
a result of this decision, the total number of rooftop solar building permits dropped between 30% and 
50% from 2015 to 2018.230F

238 The total number of rooftop solar contractors dropped from 300 to 98 over the 
same period.  

In the face of this significant setback, the Hawaii PUC opened a number of regulatory dockets to drive the 
transition to a modern electric system that incorporates DERs. The HI PUC is a prime example for other 
commissions that want to lead on resilience, reliability, and rapid decarbonization.231F

239 The Integrated Grid 
Planning docket232F

240 and the Performance-Based Regulation docket233F

241 both launched in 2018, followed by 
the Emergency Demand Response Program docket234F

242 in 2019, provide insight into the important role of 
the PUC in this transformation. 

4.2.2.1 Integrated Grid Planning 

The PUC opened the Integrated Grid Planning (IGP) docket after the utilities housed under the state’s 
largest electricity supplier, Hawaiian Electric Industries, Inc., issued their 2018 IGP report. This docket 
established a holistic approach to create a more reliable and resilient energy future, promote affordability, 
and minimize risk through customer-focused, market-based solutions. By integrating planning processes 
across generation, transmission, and distribution, stakeholder and customer engagement at all levels can 
create cost-effective pathways to a low-carbon future.235F

243 The docket intended to assess Hawaiian Electric 
Industries’ proposal to address the total needs of the system and consider all alternatives in order to 
produce the optimum levels of reliability, resilience, and affordability.236F

244 A tall order, but one the 
Commission has taken important steps towards achieving. 

233 §269-92. Renewable portfolio standards. https://www.capitol.hawaii.gov/hrscurrent/vol05_ch0261-0319/hrs0269/hrs_0269-
0092.htm.
234 Hawaii State Energy Office (2020) at 4. 
235 Hawaii State Energy Office (2019) at 36. 
236 Hawaii State Energy Office (2020) at 14. 
237 Hawaii PUC Docket No. 2014-0192, Decision and Order No. 33258 (October 12, 2015).  
238 See, e.g., Foehringer Merchant (2019).  
239 For a thorough discussion on Hawaii’s clean energy transition, see Lee, Glick, and Lee (2020). 
240 Hawaii PUC Docket No. 2018-0165, Order No. 35569. 
241 Hawaii PUC Docket No. 2018-0088, Order No. 35411. 
242 Hawaii PUC (2021a) at 1.  
243 Hawaiian Electric, Maui Electric, and Hawai'i Electric Light (2018a) at 1–3. 
244 Hawaiian Electric, Maui Electric, and Hawai'i Electric Light (2018b) at 1–3. 

Customer home with installed solar panels in Oahu
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The Commission prioritized collaboration between utilities, 
third parties, and customers in establishing an efficient and 
competitive marketplace to support the IGP process.237F

245, 
238F

246

The PUC found that access to information was key in 
planning the future electric system.  In order to lead with 
transparency, the PUC granted some parties to the 
proceeding access to Hawaiian Electric Industries’ 
RESOLVE capacity expansion modeling tool that assisted the utilities in determining resource needs.239F

247

By allowing the parties to use the utilities’ analysis tool to assess the feasibility and costs of implementing 
DER technologies, everyone involved could assess any associated risks and benefits using the same 
baseline measurements. Understanding the inputs that the utilities use to run the model can reveal any 
bias toward solutions most favorable to the utility. Collaborative stakeholder contributions can help 
remedy any such bias. This level of transparency has laid the foundation for other Hawaii PUC 
proceedings. 

4.2.2.2 Performance-Based Regulation 

While fostering competition through an integrated planning process was an important step towards 
reshaping the energy system at least cost and reducing the state’s dependence on fossil fuels, the PUC 
went a step further. Shortly after initiating the IGP docket, the PUC opened a proceeding to investigate 
how PBR could transform utility incentives and promote an innovative and modern power system in 
Hawaii.240F

248 After identifying the need for renewable energy resources to gain energy independence, deliver 
customer savings, and provide grid services, the PUC found that the traditional cost-of-service regulation 
was not fostering a modern electric grid.241F

249

The resulting PBR framework provides the means to 
align utility financial incentives with customer needs 
to reduce electricity rates and foster a market for 
DERs and utility-scale renewables, while rewarding 
utilities for exemplary performance and desired 
outcomes in renewable energy generation, reducing 
electricity costs, and providing high quality customer 
service. The PUC sees the PBR framework as a way to 
reduce risk by addressing customer concerns about 
rising prices and utility concerns over load defection 
due to high adoption of distributed solar.242F

250 The three 
facets of the PBR framework––(1) the multi-year rate 
plan; (2) annual revenue adjustment mechanisms, such 
as revenue decoupling and earnings sharing; and (3) 
performance mechanisms, such as performance 
incentives and scorecards with reported metrics––
incent utilities to operate with a customer-centric approach while promoting administrative efficiency and 

245 Hawaii PUC Docket No. 2018-0165, Order No. 37419. 
246 Hawaii PUC Docket No. 2018-0165, Order No. 36725. 
247 NARUC (2020) at 2. 
248 Hawaii PUC Docket No. 2018-0088, Order No. 35411. 
249 Hawaii PUC Docket No. 2018-0088, Decision and Order No. 37507. 
250 Hawaii PUC Docket No. 2018-0088, Decision and Order No. 36326. 

The PUC found that access to 
information was key in planning 
the future electric system. 

The resulting PBR framework 
provides the means to align utility 
financial incentives with customer 
needs to reduce electricity rates and 
foster a market for DERs and utility-
scale renewables, while rewarding 
utilities for exemplary performance 
and desired outcomes in renewable 
energy generation, reducing 
electricity costs, and providing high 
quality customer service. 
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utility financial integrity. 243F

251 This framework emphasizes the utility’s role as a service provider, supporting 
innovation and offering utilities a fair return on investment. 

While the revenue adjustment mechanisms in the framework, such as revenue decoupling, mitigate utility 
biases to seek capital investment, financially incentivized performance mechanisms can provide utilities 
with motivation to innovate244F

252 and modernize the grid.245F

253 Throughout this transformation, regulators will 
need to ensure that PBR strikes an equitable balance between customer needs, the fair return utilities are 
allowed to earn, and the potential innovations of the electric utility sector. 

As the first alternative regulatory regime to completely 
break away from the traditional cost-of-service model 
in favor of utility regulation based on performance, the 
PBR framework is a significant act of innovation.246F

254

The key takeaways so far in Hawaii are as follows:  

DER deployment, integration, and services can be 
incentivized with PBR. In the face of energy insecurity 
due to reliance on costly imported fuels, DERs provide 
a way for Hawaii to quickly and efficiently generate 
electricity from local resources at affordable prices. 
The PUC also recognized the value of grid services 
that DERs could provide, such as frequency regulation 
and demand response. The PBR framework 

incentivizes the deployment and integration of DERs, the services they provide to the grid, and the speed 
at which these technologies are interconnected.247F

255

Flexibility needs to be included in the design of PBR. The PBR framework was created as a tool that can 
adapt over time, with continual assessments of both revenue adjustments and performance mechanisms. 
Although the PUC has stated that the PBR framework will be reviewed after four years, there is no plan to 
return to the traditional cost-of-service model.248F

256 While there is a path to a high-DER future, flexibility 
will be necessary in any regulatory regime as technologies and stakeholder roles change over time.  

PUC leadership is key to success. In pursuing such an innovative approach to utility regulation, the 
importance of PUC leadership cannot be overstated. Regulatory authorities around the United States 
should look to the Hawaii PUC as an example of leading the way to a modern power system. 

4.2.2.3 Distributed Energy Resource Tariffs 

While initiating long-term efforts such as IGP and PBR are necessary to transform the energy system, it is 
valuable to start the transition with solutions that can be implemented quickly. After closing its net 

251 Hawaii PUC Docket No. 2018-0088, Decision and Order No. 37507. 
252 Hawaii PUC Docket No. 2018-0088, Decision and Order No. 37507. 
253 Utility incentives for capital investment may be mitigated during periods with a sustained rise in interest rates. When interest 
rates rise, utilities may be less likely to make capital investments. For a more detailed discussion, see Kihm, Satchwell, and 
Cappers (2015). 
254 Interestingly, the Hawaii PUC based elements of the PBR framework on the GMP pilot framework. See Hawaii PUC Docket 
No. 2018-0088, Decision and Order No. 37507, at 166–167 and 178–179. 
255 Hawaii PUC Docket No. 2018-0088, Decision and Order No. 37507. 
256 Hawaii PUC Docket No. 2018-0088, Decision and Order No. 37507. 

Solar installation in Hawaii
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metering program in 2015, Hawaii has now embraced clean energy solutions through energy efficiency, 
demand response, and DER technologies. 

Recognizing the need for a viable path for customer-based rooftop solar, the PUC established the 
Customer Grid-Supply program in 2016. Customers with distributed solar can export excess solar energy 
to the grid in exchange for compensation in the form of bill credits at Commission-established rates for 
the program, rather than at the customer’s retail rate. A new iteration of this program, the Customer Grid-
Supply Plus program, was created in 2017 with one difference: customers need advanced metering 
infrastructure so that utilities can manage output and maintain safe, reliable grid operations. The Smart 
Export program provided another means for customers installing solar-plus-storage to receive additional 
bill credit for exporting energy during the electrical grid system peak (generally in the early evening).249F

257

4.2.2.4 Emergency Demand Response Program 

In March 2021, the PUC sought proposals for an Emergency Demand Response Program (EDRP) to 
address decreased generation capacity expected in 2022 upon retirement of the Oahu coal-fired power 
plant.250F

258 Although Hawaiian Electric demand response programs using customer-sited solar and solar-
plus-storage systems had seen success, demand response technologies had not yet been used on a scale 
large enough to replace a fossil-fuel power plant. In June 2021, three months after the request for 
proposals, the PUC approved the EDRP Scheduled Dispatch Program (SDP),251F

259 followed almost 
immediately by the approval of the EDRP/SDP Implementation Plan, effective July 1, 2021. Contributing 
a 50 megawatt resource to the grid during peak hours, the SDP allows eligible solar-plus-storage 
customers to dispatch electricity, up to five kilowatts per system, for a two-hour period every day in 
exchange for an upfront incentive payment.252F

260 In other words, the local energy infrastructure used in the 
SDP will promote reliability throughout the island’s transmission and distribution system. 

While customers receive a one-time incentive to enroll in the SDP, 
they are also compensated for the power they export to the grid. 
Created as an amendment to programs already offered through the 
utilities under Hawaiian Electric Industries, such as Customer Grid 
Supply Plus or Solar Export programs, new and existing solar-plus-
storage customers may receive credit for the energy dispatched from 
their systems. Moreover, the EDRP will be implemented as a new 
rule––Rule 31––and the SDP will be added as a rider to the program, 
allowing the EDRP to be modified in the future with additional 
riders.253F

261 This structure will streamline the process of creating other 
demand response programs. Further EDRP opportunities are being 
considered. The DER Parties’ proposal for the EDRP Docket included 
not only an SDP for load shifting at specific peak demand times, but 
also a program involving remote emergency dispatch to address grid 
needs as they arise with utility-controlled software systems.254F

262 Adding 
more flexibility to demand response programs will result in 
increased resilience for the entire electric grid. 

257 Hawaii State Energy Office (2019) at 37–38. 
258 Hawaii PUC Docket No. 2019-0323, Order No. 36538. 
259 Hawaii PUC Docket No. 2019-0323, Order No. 37816. 
260 Hawaii PUC Docket No. 2019-0323, Order No. 37853. 
261 Hawaiian Electric Industries, Inc. (2021), Exhibit 1.  
262 Hawaii PUC Docket No. 2019-0323, Order No. 37816. 

Installing a home solar battery
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The speed at which the PUC approved the EDRP 
must be highlighted. The Hawaii PUC recognized the 
need to implement DER technologies as a means to 
promote a safe, reliable transmission and distribution 
system and fast-tracked an innovative, yet attainable, 
solution in a matter of a few months. In addition, the 
PUC ensured that the true value of solar-plus-storage 
systems was realized, including the benefits received 
via grid services as well as the reduced risk 
associated with the consistency of the scheduled 
dispatch of energy to the grid.255F

263 As a result, 
individual utility customers and third-party owners of 
solar-plus-storage systems enrolled in the EDRP can now be compensated more fully for supporting the 
electric grid. The PUC’s efforts to include a remote dispatch program has the potential to increase 
resilience for the utility as well as the customer in their own home by providing sustained power during 
system disruptions.256F

264 Overall, the EDRP will help secure Hawaii’s energy independence, expanding the 
market for DERs and demand response technologies and making innovation in the electric utility sector 
more accessible. 

An important take-away from the Hawaii experience is the value of PUCs having broad legal authority to 
implement alternative strategies for ensuring the provision of safe, reliable, clean, and affordable power. 
Given the pace of technological change and the urgency for solutions to climate challenges, vesting 
commissions with broad authority to undertake regulatory innovation, like the PBR and Emergency 
Demand Response initiatives in Hawaii, is warranted. 

4.3 A Vision for the Future 

The case studies shed light on some of the most innovative actions underway in the electric utility sector, 
underscoring the benefits of bold and effective leadership, regulatory flexibility, and data transparency in 
advancing electricity systems towards predominantly distributed generation and modern energy 
technologies. Regulators in Vermont and Hawaii seized attainable near-term solutions in concert with 
long-term transformations that will create lasting change. 

To enable innovation in the transition to a modern electric 
grid, there must be a vision of the future whereby competitive 
market engagement for DER technologies leads to greater 
innovation, as market participants compete to drive down 
prices and provide the best products and services. While not 
central to the Vermont and Hawaii discussions above, 
recognition of the value of resiliency benefits will also play 
an important role in supporting widespread adoption of DERs 
such as solar, battery storage, and managed charging for 
electric vehicles. The decentralized, two-way power system is 
being embraced in some states as an important strategy to 

263 Hawaii PUC Docket No. 2019-0323, Order No. 37816. 
264 Hawaii PUC Docket No. 2018-0088, Decision and Order No. 37787. 
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decarbonize the grid and meet commitments to reduce their dependence on fossil fuel. 265 As the system 
evolves over time, regulation is adapting as it pushes the electric utility sector towards a more 
decentralized, resilient, and affordable clean energy future.  

In order to make this vision a reality, stakeholders should first focus on innovative and attainable near-
term solutions, paving a path for transformative, long-term solutions to modernize the electric grid. 

4.3.1 Near-Term Solutions 

There is no time to waste for modernizing the electricity system due to the growing threats from climate 
change. Fortunately, there are actionable solutions, described below, that regulators, utilities, and 
competitive providers can deploy in the short term to begin the transition to a decentralized power system. 
Utilities and regulatory authorities should seize these opportunities for short-term progress while working 
towards longer term structural change. 

4.3.1.1 Reduce Barriers to Innovation 

Innovation is the key to rapidly modernizing the electric grid. The GMP Innovative Pilots Program 
discussed above exemplifies how streamlining regulatory processes for testing and implementation of 
pilot programs can help spur a more modern electric utility sector. In addition, the Hawaii PUC set a new 
standard for timely regulatory processes by approving the Emergency Demand Response Program, from 
its request for      proposals to approval of the implementation plan in only three months. 

Further, a Connecticut Public Utilities Regulatory 
Authority proceeding257F

266 is investigating innovative 
technology applications and programs. The Straw 
Proposal for an Innovation Pilots Framework for a 
“regulatory sandbox” outlines how utilities, third-party 
developers, or a collaboration among them will be able 
to submit pilot proposals and deploy programs upon 
selection in a “fail fast” model as a means of quickly 
identifying and scaling successful projects.258F

267

Allowing non-utility actors to propose pilots is 
innovative in itself. To be successful, there will need 
to be political and regulatory tolerance for pilot 
failures. Setting reasonable cost guardrails and 
accountability metrics will be important. Michigan 
provides a helpful example through its framework for 
pilots as part of the Michigan Power Grid. The Public Service Commission (PSC) requires pilots to 
include clear expectations, objectives, and evaluation criteria from the outset.259F

268

While these examples provide insight into innovative efforts to modernize the electric utility sector, under 
the cost-of-service regulatory model the majority of utilities continue to lack sufficient incentives to 
innovate. States with particularly lengthy regulatory processes could benefit from innovative utility 
regulation pathways similar to the ideas described in this essay.

265 See Hawaii PUC Docket No. 2019-0323, Order No. 38239. 
266 Connecticut PURA Docket No. 17-12-03RE05. 
267 Connecticut PURA (2021) at 6–7, 15. 
268 See PSC orders, the staff report, and pilot directory at https://www.michigan.gov/mpsc/0,9535,7-395-
93307_93312_93593_95590_95594_95685-508663--,00.html. 

Solar panels installed by Sunrun employee



73 

4.3.1.2 Foster a Market for Distributed Energy Resources 

DER technologies offer significant economic, reliability, and resilience benefits for the electric grid as 
well as electricity consumers. This value can be delivered at both the wholesale and distribution system 
levels. In the last few years, distributed storage has transformed distributed solar into reliability and 
resilience resources by enabling power to be stored for use in emergencies or times of peak demand.260F

269

Advances in demand response, distributed generation, energy storage, and other DER technologies are 
now paving the way for a cleaner, more reliable, and resilient electric grid.261F

270

Aggregations of DERs, also known as virtual power plants, provide 
grid services, shifting energy demand or exporting energy to the grid 
in response to price signals, load shaping, or other triggers. When 
incorporated into the bulk power system, virtual power plants can 
replace high-emissions peaker plants, regulate voltage, and defer 
costly upgrades to the grid infrastructure.262F

271 Such DER investment 
can be encouraged by valuing DERs for resilience as well as energy 
and capacity.263F

272 In 2020, FERC issued Order 2222, providing 
support for innovation by requiring regional grid operators to allow 
DER aggregations to participate in wholesale energy and grid 
services markets. While we are still awaiting compliance filings and 
plans from ISOs and RTOs to implement FERC’s direction, Order 
2222 provides a pathway to lower costs for consumers, greater 
flexibility for the bulk power system, and reduced dependence on 
fossil fuel resources.264F

273

State regulators can account for the full value that DERs bring to the 
grid using a framework like the National Standard Practice Manual 
for Benefit-Cost Analysis of Distributed Energy Resources.265F

274 Utility 
commissions should establish and refine rules over time to promote the beneficial use of DERs. Utilities 
can maximize the benefits of DERs and optimize their distribution through DER management software, 
and effectively address the needs of both consumers and the electric grid.266F

275

4.3.1.3 Incentivize the Use of DERs as a Resiliency Resource 

Resilience and reliability are related. Both refer to electricity system operation during unexpected events 
or disturbances; however, resilience involves the grid’s ability to withstand, absorb, recover, and adapt to 
disturbances.267F

276 Thus, the term resilience recognizes that disturbances will inevitably occur—and 
unfortunately with greater frequency due to climate change—and electricity systems must be ready for 
such events. DER technologies have the capability to operate outside of the centralized power system, 

269 Reliable grid operation is defined under the Energy Policy Act of 2005 as maintaining an equilibrium among the elements 
of the bulk power system in order to avoid instability and outages during an unexpected event––in other words, keeping the 
lights on. 
270 Cleary and Palmer (2020) at 4–5. 
271 Silicon Valley Clean Energy and Gridworks (2019) at 3–5. 
272 Lowder and Xu (2020). 
273 FERC 18 CFR Part 35, Docket No. RM18-9-000, Order No. 2222. 
274 NESP (2020). 
275 This approach is like Peter Fox-Penner’s notion of the utility as a “smart integrator,” which would provide a service platform 
to foster a marketplace of energy products and services. See Fox-Penner (2020).
276 Bhusal et al. (2020) at 18082. 

Installer with solar panels
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maintaining power for host customers. Thus, resilience can be considered a local attribute,268F

277 supporting 
the operation of essential local functions when major disturbances affect the wider-area grid. Hurricane 
Ida provides insight into this kind of micro-scale resilience. 

Making landfall in late August 2021 with wind speeds of 150 miles per hour, Hurricane Ida severely 
damaged the electric utility’s system and left nearly 950,000 customers of Entergy Louisiana and Entergy 
New Orleans without power.269F

278 Despite proposals by stakeholders to build a more resilient, distributed 
energy system to augment Entergy’s centralized electric grid, the utility had failed to modernize. Instead, 
cost-of-service regulation incentivized the utility to invest in a new gas-fired power plant—a plant that 
was useless during this natural disaster.271F

279

Meanwhile, a microgrid272F

280 in Entergy’s service area using a solar-plus-storage system that powers a 50-
unit mixed income apartment complex provided resilience in the wake of destruction. The microgrid 
provided sustained power through Hurricane Zeda and winter storm Uri in 2020. The record-breaking 
winds of Hurricane Ida knocked the microgrid offline temporarily; however, it was back online within 
two days of the event, compared to restoration of power to some customers from Entergy’s gas-fired 
power plant three days after the event.273F

281

While there is increasing interest in microgrids to help provide resiliency, many regulatory commissions 
have been hesitant to approve requests for ratepayer funding to support microgrids.274F

282 “Public purpose 
microgrids”275F

283 can play a critical role in ensuring that essential facilities in communities can be operated 
during grid outages. Some examples of public purpose microgrid types that warrant regulatory 
consideration for ratepayer or other public funding and have been evaluated include: emergency response, 
emergency shelters and housing for immobile populations, and essential public infrastructure (schools, 
public safety, health and community centers).276F

284

There is also resiliency value enabling individual homes to operate off-grid during an outage with home 
solar and batteries. There are numerous stories of neighbors helping neighbors with refrigeration, heat, 
and shelter during grid outages over the past few years.277F

285 Moreover, individual home “microgrids” 
reduce strain on the grid and thereby reduce the risk of related wildfire from damaged lines.278F

286

Energy efficiency is also a valuable DER for supporting resiliency. Insulation and other efficiency 
measures help maintain habitable temperatures 
for longer periods during extended outages.279F

287

These examples demonstrate the ability and 
potential of DERs to augment the centralized 
power system to provide resilience and meet the 
needs of consumers at every income level. 
Federal funding could be utilized to further 

277 Kristov (2021). 
278 Entergy Corporation (2021a). 
279 St. John (2021). 
280 Solar Alternatives (2020). 
281 St. John (2021). For more information on resiliency benefits of microgrids, see Rickerson and Zitelman (2022).  
282 Synapse Energy Economics and Sandia National Laboratories (2021).  
283 A public purpose microgrid can be defined as “microgrids that serve the public interest in island mode on extreme events 
days, in addition to interconnected mode on normal days.”  
284 Id.  
285 See Sunrun (2019). 
286 Id. 
287 Frick, Carvallo, and Schwartz (2021). 
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promote the integration of DER technologies in disaster-prone areas and ensure that the most 
disadvantaged communities benefit from grid modernization. 

4.3.1.4 Require Utilities to Facilitate Service Upgrades and Interconnection 

As exemplified by GMP’s BYOD Program and Hawaii’s Emergency Demand Response Program, it is 
possible to create pathways that expand the market for DER technologies to improve grid resilience while 
considering the interests of all stakeholders. To expand this market effectively throughout the United 
States, certain infrastructure improvements are necessary. Specifically, utilities need to provide or 
facilitate timely service line and main panel upgrades. Much of the country’s residential building stock 
and utility service infrastructure was not constructed to accommodate new electric appliances, solar, 
battery storage, and electric vehicle charging. As a result, main panel upgrades are commonly required to 
comply with building and electrical codes before these technologies can be installed. Policies for timely 
upgrades and cost allocation for these upgrades can accelerate projects and enable swift integration.  

There are technological solutions through “smart” panels that can manage on-site power intelligently 
during grid outages. These panels can support home electrification by directing power where it is most 
needed in a home during an outage. However, these benefits cannot be realized unless the process for 
service upgrades by utilities is simplified and expedited.  

Infrastructure improvements, including main 
panel and service line upgrades, will be 
essential for electric vehicles with 
bidirectional inverter functionalities as well. 
High costs and limited hosting capacity on the 
grid will create barriers for what could 
ultimately become a key grid asset. NREL 
estimates that by 2050, the electrification of 
transportation and other sectors will require a 
doubling of total U.S. generation capacity. 280F

288

To reliably meet state and federal climate 
goals, policymakers need to both scale clean 
energy deployment and efficiently use battery 
capacity, including batteries that will be 
sitting in peoples’ driveways via vehicle-to-
grid integration.281F

289

288 NREL (2021).  
289 In May 2021, Sunrun announced that it will serve as the preferred installer for Ford Intelligent Backup Power, debuting on the 
all-electric F-150 Lightning light-duty truck. Sunrun will facilitate installation of the bidirectional 80-amp Ford Charge Station 
Pro and home integration system. With Ford Intelligent Backup Power and later the introduction of Ford Intelligent Power, the F-
150 Lightning can serve as a reliable home backup energy source by powering the home during a power outage event. The 
charging system has the ability to manage energy needs by exporting electricity to the grid in the future as well. Through the 
partnership, customers will be provided with the opportunity to install a solar and battery system on their home, enabling them to 
charge their F-150 Lightning with the power of the sun. 

Installers placing panels on roof, Bakersfield, California
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4.3.1.5 Promote Transparency and Accountability 

While reducing barriers to innovation and fostering a 
competitive market for DERs will drive a more 
affordable and resilient modern electric system, 
transparency and accountability are critical for      
effective programs, policies, and regulations in the 
electric utility sector.282F

290 As expressed in the case study of 
the Hawaii PUC, allowing parties to the IGP docket to 
access the utility’s capacity expansion modeling tool 
resulted in greater transparency and input from 
stakeholders, and reduced the ability of the utility to act 
on any capital investment bias to influence its decision-
making process. This is especially important in situations 
where utility regulators defer to utility feasibility, risk, 
and cost-effectiveness assessments when approving or 
denying utility investment proposals and the associated requests for cost recovery. 

Requiring utilities to share data analysis with other stakeholders will reduce the asymmetry of 
information283F

291 and ensure utilities are held accountable for their actions. Moreover, open access use of 
these tools can help identify pathways for progress that all stakeholders can agree on, toward transforming 
the electric grid to prepare for a high DER future.  

While the Hawaii PUC’s efforts were successful in establishing greater visibility into the utility decision-
making process, decision-makers can undertake accurate assessments on their own. Many PUCs do not do 
their own modeling analysis, but more commissions are acquiring capacity expansion models and 
conducting independent analysis. Local Solar for All284F

292—an organization with a mission to create a safer, 
more affordable and equitable way to supply power to communities—commissioned a study using the 
WIS:dom-P (Weather-Informed energy Systems: for design, operations and markets planning) capacity 
expansion and production modeling tool to assess DER value and optimize integration of DER 
technologies in the U.S. electricity system. 285F

293 Notably, the study highlights the role of local DER 
technologies in job creation, emissions reduction, and modernizing the nation’s electric system at the 
lowest cost.286F

294 By using sophisticated tools such as WIS:dom-P for grid planning on the local level, 
decision-makers have the opportunity to fully value DER integration and share the results with all 
stakeholders, promoting a more inclusive and transparent decision-making process for the future of the 
electric grid.  

An important additional step is to involve diverse community-based organizations in program 
development and implementation, so that energy justice is a goal and outcome of utility commission 
processes. Utility programs that prioritize energy justice should strive to increase DER access to 
communities of color and low-wealth communities that have lower amounts of DER adoption, as well as 
remediate the cumulative environmental and social impacts of decades of fossil energy production.287F

295

290 Data privacy and ownership issues can and must be resolved by PUCs so as to not hinder critical access to data. Audrey 
Zibelman, former CEO of the Australia Energy Market Operator and former Chair of the New York PSC, discusses the need for 
access to data, referring to the “democratization of data” based on her experience in Australia in Zibelman, Audrey (2021).  
291 California PUC (2020) at 86. 
292 Coalition for Community Solar Access (2020). 
293 Clack et al. (2020).  
294 Clack et al. (2020) at 1–14.
295 Farley et al. (2021).  

While reducing barriers to 
innovation and fostering a 
competitive market for DERs will 
drive a more affordable and 
resilient modern electric system, 
transparency and accountability are 
critical for the creation of effective 
programs, policies, and regulations 
in the electric utility sector.   
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4.3.2 Long-Term Solutions 

While the near-term solutions described above 
provide ways to initiate grid transformation, the long-
term solutions will push electricity systems over the 
threshold into modern grids. In a future where DER 
technologies allow customers to be electricity 
providers in a decentralized, two-way power system 
that promotes grid reliability and resilience, 
innovative regulation is needed      for this to become      
reality. As the market for DERs in the United States 
continues to grow, utilities must evolve as well. 
Despite the benefits that DERs provide to the grid and 
customers alike, a high DER future could reduce 
regulated-utility revenue under traditional cost-of-
service regulation.288F

296

Some utilities are actively participating in the market for DERs. As described above, GMP in Vermont 
offers a program for customers for utility-owned energy storage systems, in addition to its BYOD 
program, that allows the utility to engage in the DER marketplace. Through this program, GMP 
customers can lease Tesla Powerwall batteries along with a gateway device, further fostering a market for 
nascent energy storage technologies and expanding options for customers to participate in this market. 
The program is contributing to a reduction in greenhouse gas emissions, providing net positive benefits 
for participating customers, and improving grid reliability and resilience for all customers.289F

297

While utilities can help foster a nascent market today, 
long-term participation may result in monopolistic 
control. That could potentially lead utilities, given their 
revenue-based incentive structure, to significantly raise 
DER prices in excess of the checks of market-based 
pricing. 290F

298 The appropriate role of utilities in 
competitive markets must be determined on a case-by-
case basis— and might be justified for expanding a new 
market or providing services to historically 
underrepresented communities—with frequent 
evaluation to ensure that benefits of utility participation 
outweigh the costs. 

In acknowledging the potential risks and rewards of 
utility participation in the competitive market for DERs, the Vermont PUC established a time-limited 
tariff for the storage program in order to reassess GMP’s direct role in 2022.291F

299 If the vision of a high 
DER future is to be successful in the long run, the regulatory structure of utilities must adapt so that 
innovation can bring reliability and resilience to a low-carbon grid. 

296 CPUC (2020). 
297 Vermont PUC Case No. 19-3537-TF, Final Order. 
298 Schwartz (ed.) (2017) at 30–39. 
299 Vermont PUC Case No. 19-3537-TF, Final Order. 

Sales representative talking with new 
customer in Chicago, Illinois

The appropriate role of utilities in 
competitive markets must be determined 
on a case-by-case basis— and might be 
justified for expanding a new market or 
providing services to historically 
underrepresented communities—with 
frequent evaluation to ensure that 
benefits of utility participation outweigh 
the costs. 
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An appropriate role for utilities in a high DER future 
might be that of a Distribution System Operator (DSO). 
While the DSO model can be tailored to each regulatory 
regime, the basic functions of the DSO model include: 

1. Promoting a safe and reliable distribution 
system 

2. Procuring and coordinating distributed 
reliability services 

3. Coordinating and distributing power to 
customers, as well as across the transmission 
and distribution interface.292F

300

There are already utilities with structures in place 
throughout the United States that carry out many functions of the simple DSO, making these entities ideal 
candidates to shift into this new role.293F

301 States should assess the best way to implement the DSO model to 
meet the needs of customers, provide utilities with fair returns, and continue to support innovation. As a 
DSO, a utility will functionally become a platform provider for both hardware and software systems. In a 
competitive market, the DER provider role will be held by third-party vendors. Allowing third parties to 
take on this role should result in lower prices for DERs, more competitive options as innovation sparks 
creation of new technologies, and an opportunity for third parties to work in partnership with utilities, 
instead of competing with them, to provide better services to customers and promote transparency.294F

302

Further, in the two-way energy system of the modern era, customers will increasingly take on the role of 
electricity providers through automated and dispatchable DER technologies and provide utilities with 
more information about electricity demand, supporting a more reliable and resilient electric grid.295F

303 The 
utility’s coordination of all these actors will promote a high DER future. 

While the theoretical concept of a DSO model has been extensively researched,296F

304, 
297F

305, 
298F

306, 
299F

307 only one 
state has attempted to shift the roles of the utility to a DSO. Track One of the New York Reforming the 
Energy Vision (REV) regulatory docket sought to tackle the inefficiencies of top-down utility regulation 
by transitioning to a DSO model—called a distributed system platform, in this case—to usher in a 
distributed, modern electric system. Facing increasing electricity rates, load defection from DER 
installation, and inequitable distribution of DER technologies, the New York Public Service Commission 
saw the DSO model as a means to promote a customer-centric approach that uses the power of 
technologies and markets to ensure the affordable provision of electricity to customers and enhance 
reliability and resilience of the grid.300F

308 While New York REV promised a bold vision, REV did not yield 
a DSO model. Restructuring the electric distribution system and the role of regulated utilities is not an 
easy task. 

300 Kristov & De Martini (2014) at 4–6. 
301 California PUC R.21-06-017. 
302 Schwartz (ed.) (2017) at 32–35. 
303 Bronski et al. (2015a) at 14. 
304 Kristov and De Martini (2014). 
305 Kristov and De Martini (2015). 
306 Martinot, Kristov, and Erickson (2015). 
307 CAISO et al. (2017). 
308 New York PSC Case No. 14-M-0101 – Order Adopting Regulatory Policy Framework and Implementation Plan. 

Customer home with solar panels
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This real-world example demonstrates the importance of pursuing near-term solutions in a way that sets 
up the long-term shift to a DSO model. This theoretical framework has the potential to become a reality, 
but will require stakeholders (regulated utilities, competitive providers, and customers) to embrace 
innovative technologies and regulatory methods that support a high-DER future. 

Although utilities are aptly positioned to take on the 
DSO role, concerns remain about incentives that 
investor-owned utilities face under traditional cost-of-
service regulation. If electricity sales from central 
generating sources decline with the widespread 
installation of DERs, it will become more difficult for 
utilities to recover costs under a revenue-based 
incentive structure.301F

309 Both GMP and the Hawaii PUC 
pushed for alternative regulation that would realign or 
completely alter the incentives of the electric utility 
while still offering a fair return on investment. There 
is no one-size-fits-all approach to incentivizing 
utilities to invest in a modern electric system. 

Utility regulators can adopt a number of mechanisms 
that would alter electricity rate structures and promote a high DER future, such as the following: 

● Setting a cap on non-power costs. Forecasting all non-power costs, including infrastructure and 
operating costs, based on expected expenditures and establishing a cap on spending to be 
recovered through the utility’s rate base for a set number of years302F

310

● Enabling shared savings with utilities. Providing utilities with a share of the benefits from 
implementing programs and initiatives that result in customer savings303F

311

● Establishing performance-based regulation. Rewarding utilities for exemplary performance and 
desired outcomes (and reducing earnings for poor performance) in areas such as renewable 
energy generation, reducing electricity costs, and providing quality customer service above what 
is expected304F

312

● Decoupling revenue from retail electricity sales. Realigning utility shareholder incentives to 
allow utilities to receive a fair return on their investments independent of electricity sales305F

313

By restructuring the roles of electric utilities, third parties, and consumers as well as realigning utility 
shareholder incentives to provide customers with quality service and lower rates (instead of favoring 
capital expenditures), the vision of a high-DER, low-carbon future supported by a reliable and resilient 
energy system can be realized.  

309 Bronski et al. (2015b) at 34. Note, however, that widespread electrification of homes and businesses would result in increasing 
utility revenues and an opportunity, and need, for increased electricity supply from both DERs and centralized renewable 
resources. See Jacobson (2022). 
310 See GMP’s Multi-Year Regulation Plan 2020–2022. Green Mountain Power (2020a) at 1–33. 
311 Schwartz (ed.) (2017) at 42–43. 
312 See the Hawaii PUC’s Performance-Based Regulation Framework. Hawaii PUC (2021b). 
313 Lazar (2016) at 89. 

Solar panel installer
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4.4 Conclusion 

The modernization of the electric grid will not be easy 
and will require hundreds of billions of dollars invested 
in both electricity systems and buildings. Given our 
climate crisis, state utility commissions must act with 
urgency and prioritize innovation in the way utilities are 
regulated and how customers engage with the grid. This 
will require a fundamental rethinking of how utilities 
make money and the role of customers and third parties 
in the generation and consumption of energy. 

By establishing an ambitious, yet achievable, vision for 
the future premised on the integration of vast numbers of 
DERs in a competitive market for energy and grid 
services, decision-makers at every level will be able to 
implement policies and programs that will fulfill that 
vision. The case studies discussed here provide insight into what it takes to spur innovation in this sector, 
including bold leadership, flexible regulations, and transparency among stakeholders. Regulators and 
legislators have the opportunity to use these models as an example, seeking out near-term solutions that 
will reduce barriers to innovation, foster markets for DERs, and promote transparency and accountability. 
Innovative near-term solutions can lay the foundation for much-needed transformative solutions. The goal 
is to deliver a more sustainable electricity system by activating innovation with roles for consumers, third-
party providers, and utilities under a market-driven model, such as a DSO. Through this new system, the 
electric utility sector will be revolutionized to support the needs of customers, reduce greenhouse gas 
emissions, and enable an electrified, high-DER future. 

Given our climate crisis, state utility 
commissions must act with urgency 
and prioritize innovation in the way 
utilities are regulated and how 
customers engage with the grid. This 
will require a fundamental 
rethinking of how utilities make 
money and the role of customers and 
third parties in the generation and 
consumption of energy. 
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5.0 Scaling Utility Innovation: Identifying a Path to Action 

By Kristin Barbato, Barbara Kates-Garnick, and Max McCafferty, Build Edison 

5.1 Introduction 

Energy and climate goals are accelerating around the country (Figure 16). Increasingly, states are moving 
in the direction of sustainable energy practices, and the targets for renewable generation, energy storage, 
electric mobility, energy efficiency, and energy equity continue to grow. States including Massachusetts, 
Maine, New York, California, and fourteen others have developed substantive clean energy and climate 
action policies, linked with strict timelines.306F

314

Figure 16. State Renewable and Clean Energy Goals

Source: National Regulatory Research Institute. November 2021

At the same time, our energy infrastructure is failing to cope with major storms, and the strain on the grid 
will continue to mount as we further electrify our energy usage, energy resources become increasingly 
decentralized, and variable renewable resources grow to a substantial level of generation.307F

315 Efficiently 
scaling innovative clean energy solutions is critical to meeting these goals and to cope with the rapidly 
evolving needs of the grid. According to the International Energy Agency, “Without a major acceleration 
in clean energy innovation, net-zero emissions targets will not be achievable.”308F

316

314 Clean Energy States Alliance. “Table of 100% Clean Energy States” and “State Legislation, Plans Reports and Other 
Documents.” https://www.cesa.org/projects/100-clean-energy-collaborative/guide/state-legislation-plans-reports/. 
315 EIA (2021). 
316 IEA. n.d. Clean Energy Innovation Overview. https://www.iea.org/reports/clean-energy-innovation?mode=overview.  
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Utilities are a critical component of our electrical 
infrastructure and have a leading role to play in 
enabling innovation in the transition to a clean energy 
future. They have access not only to the physical assets 
of the grid, but data on customers and, in the case of 
vertically integrated utilities, generation and 
transmission data. This understanding of the technical 
demands of the grid, as well as the demands of 
customers and grid assets, means that utilities are 
central in identifying, deploying, and scaling necessary 
innovative energy solutions. No third parties have the 
combined access, resources, expertise, and reach to 
achieve the same level of impact. Since utilities have a 
role to play in achieving state energy policy goals, 
utility regulators have an increasing responsibility to 
incentivize utilities to engage with and scale innovative solutions. As stated by the National Conference 
of State Legislatures, the challenge is “craft[ing] policies that promote cost-effective investment in the 
electric system while allowing innovative technologies and new energy management approaches to 
flourish and compete in a rapidly shifting environment.”309F

317

Yet in the process of identifying and deploying new solutions, scaling has been largely neglected by both 
utilities and regulators. First, innovative solutions to energy and grid challenges are often trapped in pilot 
after pilot with no clear path to scaled deployment.310F

318 Second, regulators broadly do not allow sufficient 
opportunity for utilities to recover the costs of scaling of new technologies. There is a gap in the process 
of deploying innovation solutions, which must be addressed by both utilities and regulators to efficiently 
meet accelerating energy goals. 

This essay seeks to understand and define the challenges in the utility innovation adoption process and 
recommends potential solutions for both utilities and regulators to enable solutions to scale more 
consistently and efficiently.311F

319 It focuses on technologies which support utility infrastructure, with the 
understanding that many technologies straddle the divide between utility infrastructure and private 
assets—for example, energy storage and electric vehicle chargers. Our observations about where we have 
come from, and where we need to be in terms of integrating innovation in both the regulatory and utility 
mindsets, were reinforced by our interviews with experienced participants in both regulatory processes 
and utility decision-making. 

5.2 The Gap 

The road from conception to a scaled energy solution is long and arduous. Developing and scaling a 
technology, particularly an energy technology, is capital- and time-intensive and fraught with risk. The 
Rocky Mountain Institute identified four “Valleys of Death” for energy companies as they struggle to 
identify the best path to broad deployment (Figure 17).312F

320

317 National Conference of State Legislators (NCSL) (2021) at 1.  
318 See Michigan Public Service Commission (2022) at 11. Also see Faruqui (2020). 
319 Rogers (2003). 
320 Wang and Yee (2020).  

This understanding of the technical 
demands of the grid, as well as the 
demands of customers and grid 
assets, means that utilities are central 
in identifying, deploying, and 
scaling necessary innovative energy 
solutions. No third parties have the 
combined access, resources, 
expertise, and reach to achieve the 
same level of impact. 
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Figure 17. Valleys of Death for Energy Technologies 

Source: Wang and Yee (2020) 

Here, our focus is Valley of Death #4: “Establish Track Record.” That is the process between 
demonstration projects (Valleys of Death #1–3) and broad deployment, where a technology is proven but 
not yet scaled. At this point, technologies need to have eliminated technical risk and demonstrated 
reliability at scale.  

One example of this challenge is the utility deployment of time of use (TOU) electricity rates. Between 
1975 and 2020, there were four generations of pilots for TOU rates.313F

321 Today, the deployment of TOU 
rates is accelerating, as recent pilots have shown that they can “effectively shift power consumption from 
peak demand and drive significant savings for both utilities and customers.”314F

322 While there were issues to 
resolve related to advanced metering technology and customer education for the deployment of TOU rates 
to gain traction, it nevertheless took 43 years and 4 generations of pilots to achieve only 4% residential 
customer penetration for TOU rates by 2018, and 15 utilities in 8 states plus the District of Columbia 
accounted for 86% of all TOU deployments.315F

323

The timelines for grid modernization projects tell a similar story. From the date of petition filling, the 
timeline for approving utility grid modernization projects for innovative solutions is a year and one month 
on average, and can be as long as three years. Furthermore, the average project takes five to eight years to 
complete from the initial filing.316F

324 These long timelines (Figure 18) prevent solutions from efficiently 
scaling to broad deployment and represent a key challenge in deploying innovative technologies and 
meeting legislative goals. 

321 Faruqui (2020).  
322 Trabish (2019). 
323 Faruqui (2020).  
324 Sergici (2018). 
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Figure 18. Timelines for Approval and Completion of Utility Grid Modernization Projects317F

325

The deployment of TOU rates, as well as grid modernization project timelines, illustrate challenges facing 
innovative solutions in scaling from demonstration to deployment. Regulatory, cultural, and process 
challenges slow the scaled deployment of energy infrastructure solutions, and by extension progress 
towards energy and climate goals. 

The following sections examine utility and government innovation programs, as well as regulatory 
funding mechanisms and processes. These sections explain the motivation, design, strengths, and 
limitations of these entities, programs, and processes, and identify opportunities to improve them. 
Namely, regulatory processes must be reexamined to facilitate utilities investing in innovative solutions, 
and pilot programs must be reexamined to understand the cultural and process challenges that prevent 
solutions from scaling to deployment efficiently. 

5.3 Regulatory Processes 

Several regulatory mechanisms provide utilities with fair compensation for their investments and 
operations to enable reliable access to power for all retail customers in their territory. As regulators and 
utilities have begun to recognize the importance of innovation investment, many of these mechanisms 
have been used as a dedicated channel to allocate funding for the sole purpose of spurring innovation. 
These mechanisms include policy dockets, rulemakings, and programs such as the Electric Power 
Investment Charge (EPIC) in California, which has successfully allocated millions of dollars towards 
research and development (R&D) and other pilot activities.318F

326 However, these mechanisms are often 
secondary to the rate case, the central compensation mechanism for investor-owned utilities (IOUs). If 
scaling innovation becomes a core responsibility of the utility, state regulators will be approving billions 

325 Sergici (2019). 
326 Electric Program Investment Charge Program – EPIC. 2022. https://www.energy.ca.gov/programs-and-
topics/programs/electric-program-investment-charge-epic-program.
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of dollars in spending for utilities to invest the necessary capital and address energy and climate 
challenges. 

The principles and tenets underlying traditional 
utility ratemaking are well documented from 
legal, public policy, economic, and utility 
perspectives.319F

327 The rate case process that has 
developed over the twentieth century and into the 
twenty-first century has allowed utilities to be 
financially healthy and invest in necessary 
infrastructure and programs, while protecting 
customers from exploitation by a natural 
monopoly. The process has been robust and 
flexible in responding to a range of circumstances and has operated within a clear framework of the 
“public interest” to provide “fair and reasonable rates” to customers. But the system that has survived 
over the years has also supported incumbency, promoted resistance to change, and delayed meaningful 
investment in innovation both in process and technology application.  

5.3.1 Utility Framework Overview 

Utilities have the right to operate in a geographic franchise territory and recover their costs of service 
through retail rates in exchange for an obligation to provide all customers in that area with reliable and 
non-discriminatory service. This framework has benefited both the utility and its customers under the 
mantra of “just and reasonable rates.”320F

328 To summarize, this has meant rates are developed through an 
extensive regulatory investigation guided by the following tenets: 

 Fairness, affordability, and reasonable rates applied to all customer classes  

 Appropriate cost to serve applied to distinct customer classes, while avoiding discriminatory pricing 
for any customer class 

 Recovery of costs prudently incurred by the utility 

 Sufficient revenues and returns to attract investment for utility infrastructure and customer service 

Participation by a broad range of intervenors—stakeholders that formally participate in proceedings—
may result in more balanced outcomes, although regulatory precedent tends to favor incumbents. Given 
the legal framework, decisions are based on precedent, which poses a serious challenge to funding 
innovative solutions. There is a monetary cost to intervene and an implied knowledge that the process, 
though appearing fair and open, is arcane, and tends to favor a set of incumbent interests. Yet the inherent 
uncertainty of this process creates regulatory risk for utilities seeking rate relief for their expenses and 
capital investments, and for consumer advocates seeking to minimize costs. The rate case seeks to balance 
the public interest, the economic interest of the utility, and the financial needs of the customer. In a sense, 
the overarching goal of the rate case is to minimize investment risk taken by the utility while protecting 
customers from exploitation. However, we are now in a situation where scaling new technologies, a 
process which inherently involves some risk, has become a priority. 

In general, the current rate case paradigm worked well within a framework of incumbency. Utility and 
customer risks are constrained. Society’s broad goals of universal service and affordable rates have 

327 Phillips (1993). 
328 See Bluefield Waterworks v. Pub. Serv. Comm’n, 262 U.S. 679 (1923) and FPC v. Hope Natural Gas Co., 320 U.S. 591 
(1944). Also see Bonbright (1961).  

[T]he system that has survived over the 
years has also supported incumbency, 
promoted resistance to change, and 
delayed meaningful investment in 
innovation both in process and 
technology application. 
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largely been achieved. Investment in infrastructure, particularly delivery systems, have flourished. 
Moreover, traditional utility ratemaking has proven to be adaptive and robust over the years in dealing 
with new needs—for example, new ratemaking conventions, industry restructuring in many states, energy 
efficiency, and even mechanisms designed to deal with the declining growth of electricity sales and non-
revenue producing infrastructure.  

However, recent focus on energy equity has pointed to a deeper consideration of procedural, distributive, 
and restorative justice within the utility regulatory framework and the need to address the inequities baked 
into the existing system.321F

329 Efforts to bring 40% of all benefits from federal climate initiatives to 
disadvantaged communities also has implications for state regulatory and policy decisions. While 
traditional ratemaking has focused on addressing equity concerns through implementation of low-income 
rates, equity may now be broadened to encompass innovation. For example, new technologies and utility 
demonstration projects should be available to historically excluded ratepayers and communities.322F

330

Over time, adaptive mechanisms have supported public policy choices within the traditional regulatory 
framework, although these mechanisms often are implemented outside traditional rate cases. Thus, we 
have cost trackers, system benefits charges, infrastructure surcharges, future test years, capital allocated 
for Construction Work in Progress, revenue decoupling, performance-based regulation, and formula rate 
plans. Another mechanism to deal with regulatory risk and after the fact second guessing is pre-approval 
of utility activities, expenses, and capital investments, often constrained by budgetary limits and subject 
to meeting pre-approved metrics and goals. 

While the driving philosophy of the rate case has been successful up to this point, the role of the utility is 
shifting as sources and uses of electricity continue to evolve. As a former New York State energy advisor 
put it in one of our interviews, “Although it is a challenge to provide reliable power to over 300 million 
customers, utilities have historically not offered a whole lot. Customers have limited choice in providers, 
they are not being provided clean energy at the pace that they need to be, the utility was largely failing to 
stimulate innovation, and utilities were holding on tightly to this business model. It was a golden cage, 
and they were protected by regulations focused solely on anachronistic KPIs [key performance indicators] 
around reliability and access.”  

The principles of the rate case need to be reexamined 
to account for the evolving role of the utility. The 
dangers of climate change are looming, natural 
disasters are massively disrupting utility services 
around the country, and state energy and climate goals 
are increasingly ambitious. Going forward, the role of 
the utility needs to include identifying and scaling the 
solutions that will allow us to overcome and thrive in 
the face of these challenges. While the core principles 
of the rate case, including prudency, affordability, and 
fairness, should certainly not be abandoned, these 
principles should be reexamined. Regulators ought to 
begin taking a broader view and consider these 
customer safeguards in the context of rising energy and 
climate challenges and the importance of identifying 
and deploying innovative solutions to address these 
challenges.  

329 See Farley et al. (2021). 
330 The White House (2021). 

While the core principles of the rate 
case, including prudency, 
affordability, and fairness, should 
certainly not be abandoned, these 
principles should be reexamined. 
Regulators ought to begin taking a 
broader view and consider these 
customer safeguards in the context 
of rising energy and climate 
challenges and the importance of 
identifying and deploying 
innovative solutions to address these 
challenges. 
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5.3.2 Technology Examples 

The following principles govern utility investment decisions in innovative technologies:  

 Risk is inherent with new technologies, and while it can be managed it is rarely eliminated.  

 The reward for any new technology investment must outweigh the risk of failure.  

In many ways, these principles about accepting and managing risk are opposed to the principles of the 
rate case, which stress prudence, low cost, and minimizing risk. If regulators want to influence how the 
utility supports and scales innovation, aligning their respective interests is key. To better understand the 
disconnect between principles of the utility rate case and principles of investing in innovative solutions, 
we examine grid modernization technologies at different phases of deployment, and the successes and 
failures of each in the context of the technology, the value to the utility, the value to the customer, the 
perspective of the regulator, and how the technology was funded. While there are many considerations 
when it comes to maximizing the value of new technologies, this section focuses on successes and 
failures of technology deployments in the context of utility and customer interests.  

5.3.2.1 Advanced Metering Infrastructure 

Advanced metering infrastructure (AMI) is comprised of several 
technologies that provide enhanced capabilities to the grid and its customers, 
but here we focus on smart meters. Historically, utility meters performed the 
basic function of recording energy consumed over the billing period. Smart 
meters shortened the measurement time period dramatically, are 
programmable, and are capable of supporting time-varying pricing, 
providing timely consumption data to customers and third parties of their 
choosing, registering both energy consumed and energy delivered for power 
generated on site, providing notifications of loss of power outages, detecting 
energy theft, and more.323F

331 Smart meters also have enabled utilities to offer 
additional services to customers. For example, Baltimore Gas and Electric 
offers Energy Savings Day, which allows residential customers to 
participate in demand response events through an app connected to their 
smart meter. Georgia Power offers Pay by Day, a payment plan that allows 
customers to pay their bills in advance using a fixed daily energy price based 
on the projected usage of the customer over an entire year.324F

332

Critically, smart meters provide tangible value to both utilities and their customers, and smart meters have 
been deployed broadly across the country. Between 2012 and 2019, 57 million smart meters were 
installed in the U.S., with an estimated 107 million meters deployed by the end of 2020, representing 75% 
of U.S. households.325F

333 The 2009 American Recovery and Reinvestment Act provided substantial federal 
grants for grid modernization, including AMI, making the capital expense more palatable for many 
regulators. Regulators facilitated utility investment in this infrastructure by approving AMI proposals or 
broader grid modernization proposals, as well as approving recovery of AMI costs through rate cases.326F

334

331 National Energy Technology Laboratory (NETL) (2008).  
332 Cooper and Shuster (2021).  
333 Cooper and Shuster (2021).   
334 U.S. Department of Energy (n.d.). 

Smart meter for farm 
solar electric system 



88 

Some regulators believe that AMI deployment has failed to generate the value promised to customers and 
has mainly benefitted utilities through lower operations costs.327F

335 However, this is not universally true, and 
some utilities have been able to generate considerable value and engagement for their customers including 
Pepco, Duke Energy, NV Energy, and AEP Ohio.328F

336 AMI infrastructure deployment represents the first 
step, and it is necessary that regulators push utilities to utilize this infrastructure to its fullest potential. It 
is critical that as utilities are allowed to invest capital and recoup their costs, that their investments be 
used to the fullest potential in service of the ratepayers. However, failure to utilize the tools provided by 
AMI is not an indictment of the technology, or an argument against its deployment, it is an indictment of 
the utilities who are not providing the services they promised to regulators and ratepayers. 

While there are still unrealized opportunities for utilities to capitalize on smart meters and realize value 
for the grid and their customers, AMI deployment represents a successful example of scaling of a new 
technology. It found success because it aligned with regulatory principles as well as the principles of 
utility innovation investment decisions. The utilities bore the risk of deploying a new technology, but it 
unlocked huge amounts of data and utility business opportunities that were previously untapped. 
Likewise, federal funding improved the cost-effectiveness of the technology. And it has the potential to 
provide value to customers in the form of operational cost savings for utilities and unlocking additional 
options for customers to control their electricity bills. 

5.3.2.2 Electric Vehicles  

Electric vehicle (EV) charging infrastructure is critical to facilitate 
state goals for electrifying transportation over the coming decades. 
Among the benefits for utilities and customers is the opportunity to 
reduce carbon emissions, particularly for states with GHG mandates. 
Wider adoption of EVs also enables utilities to use the distribution 
grid more efficiently if customers charge during off-peak hours, and 
greater consumption of electricity for transportation can spread 
electric utility system costs over more kilowatt-hours.329F

337

However, EV infrastructure is still nascent in many states. Fewer 
than 10% of Americans have access to an EV charger.330F

338

Unfortunately, there are gaps in charging infrastructure deployment that the private sector is failing to fill. 
One such failure is DC fast-charging, due to its high capital cost. Another market failure is the public 
level-two charging market. 331F

339 The potential benefits of EV charging, along with failures of the private 
sector to meet some important market demands, create an opportunity for utilities to support deployment 
of this critical infrastructure. 

There also are risks associated with utilities deploying EV charging infrastructure. The greatest risk is 
stranded assets. If EVs fail to be adopted at the rate projected by the utility, or if certain technologies 
become obsolete, the cost to the utility could be significant.332F

340 This raises questions about how EV 
charging infrastructure should be funded, and whether and how utilities should deploy these assets. 

335 Trabish (2020).  
336 Trabish (2020).   
337 Jones et al. (2018).  
338 Muller (2021).  
339 Jones et al. (2018). 
340 Jones et al. (2018). 
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Utilities around the country have petitioned regulatory commissions for EV infrastructure and rate 
designs with varying results. California and Hawaii utilities, for example, can use a cost-benefit 
methodology called the Societal Cost Test, which factors in the total benefits to society that would result 
from a project. Many other states, several of which have no emissions mandates, do not consider this test. 

As a result, California and Hawaii lead the country in EV charger density.333F

341 When considering the 
deployment of new technologies, regulators should consider not only the downsides and risks, but also 
potential benefits in serving societal and legislative goals. 

5.3.2.3 Energy Storage  

Another technology often featured in state energy goals 
is energy storage.334F

342 Despite its importance in providing 
increased resiliency and flexibility to the grid, U.S. 
energy storage capacity is only 23.2 gigawatts (GW), 
compared to 1,110 GW of generation capacity.335F

343

As interest in these systems continues to grow, several 
challenges must be addressed. First is the difficulty of 
quantifying the value of energy storage to the utility 
system. Rocky Mountain Institute identified 13 value 
streams that energy storage systems can deliver, 
representing combinations of independent system 
operator (ISO) services, utility services, and customer 
services. Utility services include resource adequacy, distribution deferral, transmission congestion relief, 
and transmission deferral. Several studies have attempted to quantify the dollar value of these services, 
but estimates vary dramatically.336F

344 Second, energy storage regulations are lagging in many regions, as 
they were crafted when the only viable utility-scale energy storage solution was pumped hydro.337F

345

Utilities then are operating within an outdated regulatory construct.  

Another key challenge to deploying energy storage projects is classification. Many resource 
classifications do not fit energy storage systems and can prevent consideration of a full range of services. 
Ownership also poses a challenge. In restructured states, utilities may be prevented from owning 
generation assets and, by extension, energy storage assets. That may run counter to a key function of 
utility-scale energy storage—grid resilience and reliability. Interconnection and operation pose additional 
barriers. Integrating energy storage operations with the grid can be a complex undertaking. Existing 
interconnection rules and procedures might not always require energy storage devices to define and 
communicate to utility grid operators the parameters under which they are operating.  

Energy storage is a key technology for the future of the grid, but there is misalignment of principles, 
utilities are not clear on how they will generate value from these assets, and numerous legislative 
challenges make it difficult for regulators to support their deployment.338F

346

341 Doll (2022).  
342 Twenty-three states, according to Pacific Northwest National Laboratory. 2021. Energy Storage Policy Database. 
https://energystorage.pnnl.gov/regulatoryactivities.asp. 
343 Center for Sustainable Systems (2021).  
344 Fitzgerald et al. (2015). 
345 Edison Electric Institute (EEI) (2017). 
346 Twitchell et al. (2021).  

Puget Sound Energy’s four-hour storage pilot 
in Glacier, Washington 



90 

These examples highlight the importance of considering the broader value of innovative technology 
investment. When regulators consider the long-term value to ratepayers beyond immediate returns, 
utilities invest in key infrastructure for our evolving energy needs. Affordability, prudence, value to 
ratepayers, and other principles still need to be considered in these decisions, and utilities need to be held 
accountable for delivering on their promises. Innovative infrastructure deployment can open opportunities 
for utilities to cut costs and for ratepayers to generate value. For example, deployment of AMI technology 
was successful. Now utilities need to be held accountable for using this technology to its fullest potential.  

As regulatory and legislative mandates loom, considering the importance of scaling innovative energy 
solutions in the regulatory process and aligning regulators and utilities is crucial. The following section 
discusses this alignment and how it might be implemented by regulators and utilities to accelerate 
deployment of innovative projects. 

5.3.3 Regulatory Challenges for Innovation 

With the urgency of state energy and climate goals, 
we contend that an overly risk-averse approach—a 
hallmark of how utilities and regulators respond to 
change—ought to be reevaluated to better support 
the deployment of innovative solutions. While each 
individual step in the scaling process is critical, the 
traditional time frames governing regulated utility 
investments are simply too long to meet the present 
needs in the context of energy and climate goals 
(Figure 19) concerning electrification, 
decarbonization, and decentralization. Even with 
the quickly improving economics of renewable 
energy generation, electric vehicles, energy storage, and other distributed energy resources and grid 
modernization technologies, technology adoption through regulatory processes is slow and incremental by 
design, due to the traditional ratemaking principles of affordability, prudence, and equity. While these 
principles are intended to protect customers, they stifle the deployment and scaling of innovative 
solutions. 

Figure 19. Implementation time frame for new technology deployment339F

347

347 Sergici (2019). 
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Regulatory Considerations for Innovation 

1. Cost of service regulation is backward looking and rewards past—not future—
investments, adding regulatory and financial risk to innovation investments by the utility. 

2. Prudency is applied conservatively and focuses on weeding out today’s unnecessary 
investments rather than looking forward to tomorrow’s needs.

3. Affordability is skewed by incomplete benefit-cost analyses—making it inherently 
difficult to assess new technologies and the value of enhancing grid capabilities grid. 

Today’s ambitious 2050 climate goals passed in New York, California, New England states, and other 
states should spur the drive for innovation. Without new technologies and new business models, success 
in achieving those goals will be even more difficult.340F

348, 
341F

349,
342F

350 While catalyzing, some argue these laws 
need to be strengthened by directly linking public utility commission actions to low carbon mandates and 
equity.343F

351 Climate legislation in states like Massachusetts is helpful in pushing the envelope toward 
integrating innovation, but perhaps more explicit legislative guidance may be needed to address 
regulatory constraints and tensions, such as those between affordable rates and the potential costs of clean 
energy investments. More complete benefit-cost analysis can help.344F

352 In the interim, regulators across the 
country and their associated state agencies generally have limited approaches to innovation, such as those 
supporting traditional regulatory frameworks that provide a rate of return for transformers and other assets 
rather than demand optimization. As a result, some consumer advocates assert the grid is overbuilt, 
inefficient, and expensive rather than environmentally improved and empowering customers.345F

353

Perspectives on risk affect approaches to innovation. For the utility, prudence determinations loom large 
as a regulatory risk. For regulators, they safeguard utility customers against unnecessary utility spending. 
In terms of innovation, this tenet of ratemaking is also a constraint, not simply a protection. It has 
reinforced the conservative nature inherent in the regulatory paradigm and in utility culture, whose focus 
on reliability and redundancy346F

354 often leaves little tolerance for failure.  

There is common ground in recognizing the symbiosis between risk-averse regulators and utilities. 
According to a former senior utility regulator and utility executive: “There is reluctance since everyone is 
risk-averse in this situation. The regulators are risk-averse on behalf of ratepayers. The utilities are risk-
averse because they lack the precedent to recover the costs for innovative technology investments.” 
However, from this senior regulator’s perspective, this does not mean that utilities should not be 
deploying new technologies. 

348 New York State Senate (2019).
349 Commonwealth of Massachusetts (2021). 
350 UpLiftCA. 2020. California’s Climate Laws, a Quick Guide. https://upliftca.org/quick-guide-to-californias-climate-laws/.
351 Acadia Center (2021).  
352 See the “Jurisdiction-Specific Test” in National Energy Screening Project (2020). 
353 Shattuck, Anthony, and LeBel (2016).  
354 N-1 contingency modeling is used to identify risks and plan for speedy restoration of service if any one component fails. 
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An issue raised in all our interviews with regulatory and innovation experts is the risk of failure, 
especially prohibitions against cost recovery for investments determined to be imprudent.347F

355 Utilities fear 
that they will not fully recover their costs or might incur other penalties related to imprudent decisions. 
More than anything else, this fear is an impediment to deployment. Both a senior regulator and a former 
Vermont administrative law judge, seasoned participants in the regulatory sphere, agree that for utilities to 
deploy innovation there needs to be recognition that a failed technology deployment, at least at the pilot 
stage, should not mean the absence of compensation if the utility met a prudence standard. A failed pilot 
deployment is still “used and useful” if it enables the utility 
to determine whether the technology is systemically viable 
and learn from the pilot. According to Berkeley Lab’s pilot 
best practices handbook, “So long as the pilot is 
implemented as designed and the outcome is determined to 
meet the necessary level of rigor, accuracy, and precision 
that subsequent decision-making requires, an outcome 
counter to initial expectations should be viewed as a 
learning experience, not as a failure.”348F

356

Consumer advocates are also necessarily wary of 
incentivizing innovation that splits customers into winners and losers, participants and non-participants, 
or “haves and have nots.” Introduction of new technologies can shift costs between customers within a 
customer class, depending upon their ability to shift their consumption or take advantage of a particular 
technology offer. A technology that enables a group of customers to leave the system or reduce their 
utility usage, such a rooftop solar, could ultimately raise rates for those who remain. These issues need to 
be recognized as potentially serious outcomes, particularly as the growing emphasis on energy justice and 
democratization of the grid highlights these considerations. Innovative rate design solutions and 
technologies that lower household costs and risks must be a critical part of regulatory and utility decision-
making criteria for implementing innovation, because they support more consumer focus. 

Takeaways

1.  Fear of failure, and the economic punishment for failure, prevents utilities from 
investing in pilots and new technologies. 

2.  More regulators should recognize that a “failed” pilot is still used and useful, as it 
can provide valuable insights into the technology and future pilots, and treat these 
investments as such when it comes to utility cost recovery. 

3.  Utilities ought to communicate earlier and more closely with regulators in 
terms of pilot design, technology providers, and customer impacts. 

5.3.4 Proposed Changes 

Our interviews with regulatory and utility experts highlighted several potential changes to the rate case 
process. The recommendations revolve around shifting perspective; examining not only the impacts of 

355 The authors conducted several interviews with experts on utilities, utility regulation, utility innovation programs, and clean 
energy innovation. 
356 Cappers and Spurlock (2020).  
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investments today, but their potential impacts for the grid of tomorrow; and aligning principles of the rate 
case with principles guiding utility innovative solutions investment. 

First, if the goal is for utilities to invest in scaling solutions to meet state energy and climate goals, 
utilities need to have the opportunity to make money doing it, above their base rate of return. There are 
many avenues to compensate utilities, such as allowing them to own and operate certain assets, allowing 
them to earn a higher return on certain investments, and establishing performance-based incentives. 
Different technologies will require different approaches.  

Second, the principles of the rate case should be adjusted to account for a future of enhanced 
electrification. Modeling studies of projected energy usage define a range of demand that will be added to 
the grid in the next decades.349F

357 Investments in grid infrastructure need to support not only the needs of 
customers and the grid today, but future needs as well. In that vein, methodologies for assessing 
reliability, resilience, affordability, and functionality ought to be expanded. The current risk assessment 
process for resilience and reliability typically identifies critical infrastructure and resources, assessing 
vulnerabilities during a reliability or resilience event, evaluating the consequences of losing critical 
infrastructure, evaluating the technical effectiveness of potential solutions, and conducting cost-benefit 
analysis.350F

358

These analyses do not give enough consideration as 
to what the grid might look like 10 or 20 years in the 
future, the value of reliability and resilience when a 
significant percentage of generation is from variable 
renewable energy resources, or the needs of the grid 
when a significant percentage of customers are 
driving EVs. Thus, enhanced analyses of reliability 
and resilience needs should consider not only grid 
vulnerabilities today, but grid vulnerabilities in a 
highly electrified future.  

As a result, technologies which are not yet scaled 
but would increase the reliability of the future grid 
should be given the same consideration as investments which would increase reliability today. Due 
consideration still needs to be given to the time horizon, as well as the stage of the technology and 
ensuring that approved technologies are proven and in line with energy goals and needs of future 
customers. Cost-benefit analyses need to be consistent and transparent within this new framework, and 
due consideration always needs to be given to expense-oriented alternatives. However, regulators and 
utilities should be proactive. Stranded asset risk must be considered in the context of an increasingly 
vulnerable grid, as we have seen in California, which was forced to cut power to 2.7 million customers to 
prevent wildfires, with an economic cost of over $2 billion by some estimates.351F

359

Prudence should receive similar reconsideration. Prudence could be judged not only from the perspective 
of today, but also from the perspective of the future requirements of customers and the grid. For example, 
is it prudent to do nothing to improve the flexibility of the grid and ensure its continued reliability as we 
massively expand distributed energy resources and electrification of heating and transportation? The 
consequences of ignoring this challenge include stranded assets, increased grid defection, and potentially 
catastrophic climate risks. Some investments could result in higher costs for customers in the short term, 

357 Sun et al. (2020). 
358 Elliot et al. (2019). 
359 Stevens (2019). 
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while helping to reduce costs in the foreseeable future. These investments need regulatory support to meet 
state energy goals, mitigate climate risks, and help avoid catastrophic incidents.  

One technology that is critical in the face of climate and energy challenges is energy storage, which can 
support resiliency of the grid and provide backup power to essential equipment for customers in the event 
of an outage. For example, California has begun to experience severe climate disasters, and the state is 
testing energy storage solutions to avoid a repeat of the catastrophic outages experienced in 2020.352F

360

Finally, if there is to be innovation within utilities and their regulatory system, cultural change within the 
parameters of ratemaking tenets is necessary. There is a great deal of literature on corporate cultures that 
are conducive to innovation,353F

361 as well as on theories of disruptive innovation.354F

362 Innovative cultures are 
characterized by a tolerance for failure, a willingness to experiment, and high degrees of collaboration.355F

363

With this in mind, regulators should evolve in three key areas: (1) showing an increased tolerance for 
“failure,” (2) being prepared to reward utilities for taking risks to meet legislative goals, and (3) fostering 
a culture of collaboration and education. For utilities to be able to make investments in innovative 
solutions, it is critical to recognize that they may not succeed in some situations. As a senior regulator 
puts it, “Regulators have to make it clear that in a pilot where utilities try a new solution and it fails, that it 
is ok. Utilities have still learned something valuable to customers, and therefore should still be able to 
recover the costs. Otherwise, utilities will not try new technologies, and it would make no sense for them 
to do so.”  

This attitude should be limited to the testing and scaling of innovative solutions that are in line with 
legislative goals.356F

364 Furthermore, utilities still need to demonstrate that the pilot was conducted prudently 
and rigorously, according to the senior regulator: “Sometimes a utility deploys a pilot to test a new 
technology, and it was implemented and managed properly and prudently, and it turned out not to work as 
expected. If the utility then makes the decision not to deploy the technology broadly because it does not 
work, then these investments meet prudence and used and useful standards and should qualify for cost 
recovery.”  

Regulators need to understand the importance of utilities 
having the freedom to take these risks in testing 
unproven solutions, and that there is value to ratepayers 
through learning even if the technology deployment is 
unsuccessful. On the flip side, regulators also need to be 
comfortable with utilities benefitting financially from 
their investments that are in line with legislative goals. 
The fundamental way to incentivize utilities to take 
more risks, experiment more, and work to identify 
innovative solutions and opportunities is to increase the 
reward for them to undertake these activities.  “Business 
as usual” for the utility is comfortable, and they are confident they will be able achieve their regulated 
rate of return. For utilities to evolve, grow, and disrupt, they need to be financially motivated. Business as 
usual and a normal return on equity lead to utilities with no motivation to scale innovative solutions. 
Fixing this lack of financial motivation is critical to overcoming this broader challenge in innovation. As 
a senior New York policy advisor put it, “If you want this transition to be market-enabling, if you want it 

360 Baker (2021). 
361 Pisano (2019).  
362 Christiansen, Raynor, and MacDonald (2015).  
363 Pisano (2019). 
364 National Conference of State Legislators (NCSL) (2021).  
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to be sustainable, you have to create avenues for new opportunities and be comfortable with utilities 
sometimes making more than their guaranteed rate of return.”  

Finally, regulators need to develop a culture of engaging experts and utilities to educate, listen, and learn 
about their blind spots, and opportunities to be more effective. Regulators need to be open to actively 
refining their goals and definitions of success and working collaboratively to most effectively regulate the 
utilities, while driving them to achieve legislative goals. 

Fundamentally, if utilities are to spend billions of dollars on innovative infrastructure solutions and 
support technologies to meet state energy and climate goals, they need to be able to recover the costs, and 
they need to be financially incentivized to make these investments. This will work to bridge the Valley of 
Death, encouraging utilities to invest more capital into scaling and managing innovative infrastructure 
solutions, and enabling more solutions to scale to broad adoption quickly and efficiently. However, scaled 
deployment and funding are only two aspects of the innovation ecosystem. In the next section, we 
examine innovation programs around the country, and how these programs can be expanded throughout 
the U.S. to better support the deployment and scaling of innovative energy infrastructure solutions. 

5.4 Innovation Programs 

In addition to regulatory funding mechanisms, innovation programs are another key mechanism through 
which technologies are scaled. We define innovation programs to be any programs by utilities, public 
utility commissions, or other government agencies with the stated purpose of identifying, piloting, and 
potentially scaling new energy infrastructure technology solutions to broad adoption. Regulators in some 
states have recognized the urgency of supporting R&D in clean energy technologies, adapting the utility’s 
technology and business models to meet these challenges, and regulatory flexibility to drive utilities 
towards these goals and reward them for their success.357F

365

Historically, innovation programs have been critical to sourcing potential new infrastructure solutions and 
demonstrating their technical and economic viability. However, these programs are often siloed, instead 
of being coordinated with other programs and processes that could help them achieve scale. That 
approach contributes to the Valley of Death. This issue of scale and the interaction among multiple 
sectors that play a role in the innovation process is a critical area of focus and recognition of 
significance.358F

366

Pilots have been used both as a form of experimentation to identify potential new approaches, and as a 
test to ensure the success of a broader deployment. From rates, technologies, and business models, 
utilities continue to leverage pilots to experiment and 
understand the potential of new technologies. Pilots are a 
critical step in the innovation adoption curve, as they 
demonstrate the technical and economic viability of a 
solution and demonstrate a solution’s potential and 
scalability. However, pilot programs are often siloed 
within the utility, both culturally and programmatically. 
Innovation programs need to evolve to not only engage 
new technologies directly with the technology teams at the 
utility, but also to incorporate processes to efficiently scale 
successfully demonstrated technologies. This section 

365 Costello (2016). 
366 National Academies of Sciences, Engineering, and Medicine (2021). 
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examines pilot and innovation programs operated by U.S. utilities and local governments in New York, 
California, Massachusetts, Vermont, and Connecticut.  

5.4.1 Current Energy Innovation Programs 

While most utility regulators recognize the importance of innovation and the critical role that utilities play 
in identifying, piloting, and deploying innovative solutions, they have taken different approaches to 
developing and supporting utility innovation programs around the country. Key differences include the 
stage of technology they focus on, scale of deployment, and capital available through the program. 
Through this examination we identify general best practices, as well as principles that might help 
innovation programs bridge the Valley of Death and ensure more solutions reach broad deployment more 
efficiently.  

5.4.1.1 New York

New York’s innovation approach is largely centered around the New York State Energy Research and 
Development Authority (NYSERDA),359F

367 which has a broad mandate to help reduce energy consumption 
and greenhouse gas emissions through a large variety of methods. Among its many functions, NYSERDA 
manages a Clean Energy Fund designed to meet the following objectives: reducing greenhouse gas 
emissions, energy affordability, penetration and scaling of energy efficiency and clean generation, and 
growing the state’s clean energy economy, in addition to providing programs and resources to scaling 
innovative energy solutions. The state Public Service Commission approved an impressive $5.3 billion 
for the fund from 2016 through 2025, and it supported some of the largest utility innovation programs in 
the state. NYSERDA also played a leadership role in supporting the state’s Climate Leadership and 
Community Protection Act.  

The largest utility innovation program funded is the statewide Reforming the Energy Vision (REV) 
program. 360F

368 The goal of REV was to reshape utility business practices to encourage new roles and 
business models for electric utilities, and REV was largely successful in those terms. According to a 
former policy advisor from the New York state team in our interviews: “The role of the utility can no 
longer focus on one-way directional relationships with their customers, just sending electricity out and 
ensuring grid reliability. They need to see their role as a bidirectional force within the market and 
consider consumer behaviors that might send electricity back onto the grid through distributed generation, 
consider the new types of technologies that are occurring around the customer like energy efficiency and 
demand response, as well as customer expectations around what a new smart energy efficient home looks 
like in the 21st century.”  

In this vein, REV has advanced the concept of the utility as a distribution platform company, which 
through incentives and price signals encourages technological innovation. The former policy advisor 
explains: “When it came to grid investment, REV worked to understand the business-as-usual case—say 
it was a new substation—and ask, ‘Is there an opportunity to replace that BAU [Business as Usual] case 
with something cleaner?’ Instead of a substation, can we look at energy efficiency, can we look at more 
clean energy generation? You cannot make these decisions without utility data and utility perspective. 
REV tried to create both new incentives for utilities to invest in and explore new business models, as well 
as clear expectations around the role of the utility.”  

367 New York State. NYSERDA. 2022. Research & Innovation Centers. https://www.nyserda.ny.gov/Researchers-and-
Policymakers/Research-and-Innovation-Centers. 
368 New York State. NYSERDA. 2022. DPS – Reforming the Energy Vision. About the Initiative. 
https://www3.dps.ny.gov/w/pscweb.nsf/all/cc4f2efa3a23551585257dea007dcfe2. 
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REV was successful in many areas, particularly around collaboration and leveraging experts to 
understand specific technology challenges and identify potential solutions to address them.361F

369, 
362F

370 REV 
demonstrations led to valuable outcomes such as piloting innovative solutions for grid operational 
environments and an improved understanding of the challenges and opportunities for DER integration. 
That said, REV has largely resulted in a focus on pilots and demonstration projects, with insufficient 
scaled deployment and unclear strategies for scaling successful pilots. Furthermore, with NYSERDA 
having primary responsibility for innovation rather than the utilities, utility R&D budgets have been 
reduced. While the focus on pilots and demonstrations in New York is extremely promising, proven 
solutions still lack a clear path to scaling. This pathway needs to be a critical component of any state or 
utility innovation program. 

5.4.1.2 California 

California has several programs to support clean energy innovation in the state. One central effort is the 
Electric Program Investment Charge (EPIC) Program. The EPIC program is enabling California IOUs, 
the California Energy Commission, and other entities to deploy pilots and demonstration projects for 
emerging technologies to address evolving grid needs. The program has been allocated over $130 million 
annually.363F

371 The stated goals include expanding the use of renewable energy; building a safe and resilient 
electricity system; advancing electric technologies for buildings, businesses, and transportation; and 
enabling a more decentralized grid.364F

372

Through EPIC, California has launched programs such as CalTestBed, which supports early-stage clean 
energy innovation. The program leverages assets, facilities, infrastructure, and resources from the state, 
the University of California Office of the President, and Berkeley Lab to develop over 30 test beds, 
mostly in partnership with University of California facilities.365F

373 The program distributes $9 million in 
vouchers to up to 60 companies with a qualifying technology readiness level. The companies can use 
these vouchers to test and develop their solutions at any of the program test beds.366F

374

Another program under EPIC is the California Energy Innovation Ecosystem, which supports innovative 
solutions that do not meet the investment requirements of the private sector. The program provides access 
to networks, funding, mentoring, facilities, and expertise necessary to successfully continue to scale their 
solutions.367F

375

The EPIC program has strong goals and the capital to achieve them, and emphasizes development and 
commercialization of solutions through a broad array of grant programs and funding opportunities. 
However, most of the programs are focused on R&D and do not appear to have a scaling component. 
Instead, they rely on scaled utility integration for successfully piloted technologies. 

369 Bradley and Richards (2019).  
370 REV Connect. 2022. Innovation Opportunities. https://nyrevconnect.com/innovation-opportunities/. 
371 California Energy Commission. 2022. Electric Program Investment Charge Program – EPIC. 
https://www.energy.ca.gov/programs-and-topics/programs/electric-program-investment-charge-epic-program.
372 Id.  
373 CalTestBed. 2020. About the CalTestBed Program. https://www.caltestbed.com/about/.  
374 Id. 
375 California Energy Commission. 2022. Energy Innovation Ecosystem. https://www.energy.ca.gov/programs-and-
topics/topics/research-and-development/energy-innovation-ecosystem.  
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5.4.1.3 Massachusetts 

In a state with a reputation for innovation and startups, the Massachusetts Clean Energy Center represents 
a different approach and a broader mandate to supporting energy innovation, with a focus that is not 
limited to utilities. Funded through the Massachusetts Renewable Energy Trust Fund, innovation is 
supported by a system benefits charge of approximately 29 cents per month on the average residential 
electric utility bill. The Clean Energy Center provides funding for seed grants and technology as well as 
direct equity and venture-capital debt investment in Massachusetts-based early stage cleantech 
companies.368F

376 This approach to innovation represents a policy decision by the state government to foster 
clean technology innovation at an early stage, and to use utility bills as the funding mechanism this 
public good. 

The interest in innovation in Massachusetts also is evident in a series of grid modernization dockets that 
began in 2012. In 2018, the Department of Public Utilities (DPU) approved a grid modernization plan for 
each Massachusetts electric company, including a three-year investment plan and a five-year strategic 
plan. The DPU pre-authorized five grid-facing investment categories subject to company-specific budget 
caps for 2018–2020, which was extended through 2021 due to the COVID-19 pandemic. The investment 
categories include monitoring/control, distribution automation, advanced distribution management 
systems, and advanced communications infrastructure. As part of its oversight, the DPU requires the 
electric companies to report on metrics related to infrastructure technology and performance.  

In addition, in a recent Eversource rate case, the DPU approved a $55 million budget for a battery energy 
demonstration program and a $45 million electric vehicle charging program, with cost recovery to be 
addressed in grid modernization proceedings.369F

377

The Massachusetts regulatory approach to innovation represents a strongly prescribed approach within a 
framework of preapproval and budget caps with early-stage innovation funded through customers’ 
electricity bills. 

5.4.1.4 Vermont 

Vermont has taken a strongly supportive and deliberative approach to innovation, with the Public Service 
Commission directly sanctioning innovation in 2019 in the Green Mountain Power (GMP) rate case, 
linking utility innovation with the state’s clean energy goals.370F

378 The Commission approved the utility’s 
New Initiative Program, a series of pilots to be reviewed and evaluated apart from the utility’s base rates. 
Under this program, the utility offers incentives for customers to buy batteries through a 10-year lease in 
exchange for agreeing to participate in demand response when the utility needs it, an approach that 
reduced energy costs during a heatwave by providing demand response capacity from 8,000 homes. GMP 
also is the first utility to successfully deploy a vehicle-to-grid electric fleet battery program.371F

379 The value 
of this project is lower costs for all GMP customers. This approach serves as an example of a small utility 
that can operate niche technology programs, demonstrating reduced costs for all utility customers as a 
result of clear regulatory goals. With this type of regulatory environment, GMP was listed by Fast 

376 Massachusetts Clean Energy Center. 2022. Innovate Clean Energy. Funding Opportunities. 
https://www.masscec.com/innovate-clean-energy/funding-opportunities.
377 NStar Electric Company and Western Electric Company, DPU-17-05 at 470-471,501-502 (2017) and DPU 15-120/D.P.U. 
15-122 at 186–187.  
378 Vermont Public Utility Commission (2019).  
379 GMP news release, December 3, 2020. https://greenmountainpower.com/gmp-saves-money-for-customers-with-v2g/
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Company as among the most innovative companies for pioneering a battery storage solution to cut carbon 
emissions.372F

380

5.4.1.5 Connecticut 

Connecticut’s Public Utility Regulatory Authority (PURA) has championed one of the most complete 
innovation program solutions through its Framework for an Equitable Modern Grid proceeding. The idea 
is to enable pilots to scale and identify solutions that might not be possible under traditional regulatory 
frameworks. Specifically, the Innovation Pilots Straw Proposal addresses risk broadly as well as issues 
associated with cost recovery that in the past have limited research and development. Proposed projects 
must be both “reasonable in cost and prudent” to move forward from the start, and there are multiple 
avenues for cost recovery.373F

381 Furthermore, the PURA Innovations Pilots Framework was designed with 
specific processes and methodologies for assessing pilot success and scaling successful pilots to broader 
deployment. 

This program considers innovation from all sides and advances methods of identifying, prioritizing, 
developing, and scaling innovation investments. It also supports developing and identifying cost recovery 
mechanisms: “Cost recovery could occur through multiple mechanisms, including annual reconciliation 
processes or riders and general rate cases. The new framework addresses methods to scale from 
demonstrations to broad deployment, with funding mechanisms including cost recovery for utilities and 
funding for developer-led projects. It operates under the following principles: economic viability and 
equity, diversification and market gaps, scalability, and continuous learning.374F

382

This innovation program is extremely promising and could be a model for widespread adoption. 
Connecticut Electric Distribution Companies submitted their plans to PURA in fall 2021. The proposal 
recognizes the importance of project developers as well as the utilities. It is broadly conceived to provide 
metrics, a process, customer protections, and cost recovery for project innovator costs. Its guiding 
principles of economic viability and equity, transparency in decision-making, equity, scalability, and 
continuous learning are congruent with the steps identified by Berkeley Lab for successful pilots. 
Elements and outcomes are clearly defined, and there are safeguards, time frames for deployment, and 
opportunity for assessment and improvement—all of which will foster a willingness to experiment and 
ultimately deploy successful innovations. 

5.4.2 Next-Generation Innovation Programs 

Our analysis of innovation programs across states finds numerous opportunities to pilot technologies, but 
limited support to scale successful technologies to broad adoption. Pilot programs are the first step that 
utilities, regulators, and other government agencies can take towards advancing energy technologies to 
achieve state energy goals. Their main purpose is to identify viable energy infrastructure solutions and 
de-risk, from technical, operational, and economic perspectives, their scaled deployment. That is why 
scaling solutions need to become a core pillar of innovation programs and should be included in planning 
from the start.  

380 GMP news release, March 10, 2020. https://greenmountainpower.com/gmp-earns-spot-on-fast-companys-most-innovative-
companies-list-for-pioneering-cost-effective-solutions-including-battery-storage-to-cut-carbon-emissions/
381 Ct.gov. Innovation Pilots Framework: Straw Proposal. https://portal.ct.gov/-/media/PURA/electric/Innovation-Pilots-
Framework---Straw-Proposal.pdf.
382 Ct.gov. Innovation Pilots Framework: Straw Proposal. https://portal.ct.gov/-/media/PURA/electric/Innovation-Pilots-
Framework---Straw-Proposal.pdf.
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All too often, once solutions are piloted and evaluated, 
the pilot program ends. There are no predefined steps 
and channels to scale successful pilots. Instead, the goal 
of every energy infrastructure pilot program should be 
to identify which technology solutions ought to be 
scaled quickly to support the utility’s efforts towards 
meeting state energy and climate goals. As such, 
scaling and next steps for successful pilots, and 
identifying utility and government resources that can be 
leveraged to scale successful solutions in advance, 
should be required components of pilot program design. 

Further, a central reason for the gap between pilot programs and scaling efforts lies in the fundamentals of 
utility culture. Pilot programs and scaling are separated within utilities, often by design. As a grid-
technology cleantech founder who went through the piloting and scaling process puts it: “The issue that is 
consistent across different countries and different states is that innovation is often conducted separately 
from the core business of the utility. For example, if you want to build a new type of control system, the 
people who are running the control systems don’t have the time or capacity to engage with the innovation 
project. This means you are working with an innovation team or an R&D team who are acting as proxies, 
attempting to represent what the utility needs. As a result, technologies can get stuck in this ‘innovation’ 
world, while not actually engaging with the ultimate end customer of the utility. Solutions going through 
pilots might think they successful, but once they move beyond pilots to the core utility teams, they often 
find out that in reality they are not making the progress towards deployment that they thought.” 

Utilities can evolve internally to overcome this challenge and bridge the gap between innovative solutions 
and the core operations of the business by bringing experts and diverse problem solvers to the table who 
integrate across divisions and departments. According to the cleantech founder, “This siloing of 
innovation is the result of a long history of regulation focused around minimizing costs and risks. Utilities 
have not been rewarded for spending time and capital evaluating new concepts and new business models; 
they have been rewarded based on a return on capital expenditure. In this environment there is not much 
tolerance in utilities or regulators for failure, and this risk aversion impacts the approach to innovation 
(where failure is normally viewed as learning rather than something to avoid).” Rather than focusing on 
minimizing costs as they have historically, utilities need to begin thinking about the best way to build 
teams and competence around identifying and testing technologies, scaling them up, and operating them 
all as a part of one process. “In developing complicated products or services—for example, medical 
devices—there are a variety of experts, on medicine, on data privacy, on hardware, and so on, all of 
whom collaborate to develop a product,” the cleantech founder added. “Utilities at the moment tend to do 
things in a sequential and siloed manner as part of business as usual, but need to more effectively 
collaborate across siloes with interdisciplinary teams to enable and adopt innovation.” 

5.5 Conclusion 

As energy challenges continue to mount, efficiently identifying, scaling, and deploying innovative 
solutions are key to meeting these challenges. Utilities are foundational to our electrical infrastructure and 
will play a central role in managing and deploying much of this innovation. While the importance of 
innovation and utilities in solving this challenge are broadly recognized, there is a Valley of Death in the 
innovation adoption process. This gap between demonstrations and broad deployment delays the 
installation of critical infrastructure designed to achieve energy goals and secure electrical infrastructure 
for the future. Furthermore, solving this challenge and scaling solutions will have a multiplicative effect. 
De-risking projects from technical, operational, and economic standpoints through regulatory support, and 

[T]he goal of every energy 
infrastructure pilot program should 
be to identify which technology 
solutions ought to be scaled 
quickly to support the utility’s 
efforts towards meeting state 
energy and climate goals. 
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providing more consistency and transparency for the scaling process, directly benefit the development of 
technology solutions, allow investors to commit capital more confidently, and enable developers to be 
more involved with deploying and scaling projects. 

This report focuses on two challenges central to the gap in innovation deployment: 

1. Utility funding mechanisms are not designed to allow for the inherent risk of investments to scale 
innovative solutions, presenting serious challenges for funding. In addition, regulators broadly are 
not comfortable with “failed” projects and disincentivize utilities from making innovation 
investments. However, to meet state energy and climate goals, utilities need to be able to recoup 
the capital investments necessary to scale successfully tested solutions.  

2. Innovation programs offer a unique platform to identify and test potential new solutions, but often 
fail to efficiently scale successful pilots. This is partially a result of a utility culture that siloes 
innovation and separates it from the core functions of the utility. It has often led to an 
environment where solutions are piloted over and over but never scaled. 

We make several recommendations to help overcome these challenges and bridge the Valley of Death for 
needed clean energy innovations. With respect to the rate case process, utilities must be able to recoup 
their investments in innovative solutions. To achieve this, regulators should consider the value of 
successful innovation projects, as well as the value of learning even from unsuccessful pilots. There is 
value in scaling innovative solutions not just for the grid and customers of today, but also for the 
customers of the future, when more energy usage is electrified, electric vehicles are commonplace, and 
distributed variable energy sources account for a 
substantial percentage of total generation, and this 
should be reflected in rate cases.  

The efficient scaling of successful demonstrations 
needs to be a central focus for innovation and pilot 
programs. Methodologies for identifying capital and 
scaling successful pilots should be fundamental 
elements incorporated into pilot program design. 
Furthermore, utilities should work internally to 
bridge the gap between innovation teams and 
technical teams, ensuring that pilots are addressing 
real challenges for the utility, and successful 
technologies have the expertise and relationships to 
scale projects through existing utility processes.  

Enabling innovative infrastructure solutions to reach broad deployment more efficiently and equitably is a 
critical challenge in achieving energy and climate goals. A global energy transition is underway, and it is 
critical to our collective future. It should be no surprise that as our climate goals evolve, regulators and 
utilities must evolve alongside them, recognizing the ways that the future is not the past. The U.S. failing 
to rise to these challenges risks citizens losing opportunities, the nation losing competitiveness, and the 
consequences of ever greater climate disasters. 

[U]tilities should work internally to 
bridge the gap between innovation 
teams and technical teams, ensuring 
that pilots are addressing real 
challenges for the utility, and 
successful technologies have the 
expertise and relationships to scale 
projects through existing utility 
processes.
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