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Abstract
Purpose of Review Traditionally, electric grid planning aims to maintain safe, reliable, efficient, and affordable service. 
As policies, societal goals, and technologies evolve, new objectives for power system planners emerge, creating a need for 
system performance benchmarking of these objectives.
Recent Findings With a focus on resilience and energy equity as emerging grid objectives, this review provides an overview 
of emerging trends in resilience and energy equity metrics, current examples of their coupling in grid planning, and observa-
tions on both metric trajectories.
Summary The simultaneous development of resilience and energy equity metrics reveals common themes relating to the 
scale of measurement, the use of socioeconomic inputs, a departure from utility-controlled metrics, and the need for broader 
stakeholder inclusion in decision-making processes. This work presents a timely discussion of the essential nature of metrics 
for grid planners as equity and resilience policies and goal transition from abstract objectives to accountability mechanisms 
and real dollar investments.
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Introduction

Metrics have been used by utilities and regulators for dec-
ades to track and measure electricity system performance. 
Metrics can help identify where the utility has met expecta-
tions or fallen short of its goals and identify system compo-
nents that may warrant new or additional investment. They 
also tend to reflect system-wide performance, encompassing 
the entire utility service territory and measuring the util-
ity’s success in delivering reliable electricity with reasonable 
customer rates.

New objectives for power system planners are emerging 
in alignment with new policies, societal goals, and evolv-
ing technologies that require metrics to benchmark system 
performance. In particular, resilience and equity are two 
objectives changing the way satisfactory grid performance 
is viewed and measured. Discussions around grid resilience 
have grown in prominence in recent years, primarily as a 

result of the need to address challenges that arise from more 
frequent disruptive events [1]. Energy equity has emerged as 
a lens to understand how electric system benefits and bur-
dens are distributed among different customer groups [2•]. 
Resilience and energy equity represent different emerging 
policy priorities, yet they are related in that they focus on the 
utility customer experience albeit with a different emphasis.

Utilities traditionally reported on reliability—the abil-
ity of the power system to withstand uncontrolled events, 
cascading failures, or unanticipated loss of system compo-
nents, at a system level [3]. Metrics for both resilience and 
energy equity likely will track electricity system experiences 
at a more granular level, for example, at the feeder or even 
for households. As resilience and energy equity objectives 
co-evolve, it is possible to observe how the metrics share 
additional characteristics [4–6]. Developing metrics will be 
based on new information, will measure grid attributes or 
customer impacts that were not previously measured, and 
may include socioeconomic elements outside the control 
of the utility [7••]. Some jurisdictions have begun think-
ing about resilience and equity together and have issued 
directives that require increased transparency and cus-
tomer participation [8••]. In this regard, the simultaneous 
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development of resilience and energy equity metrics reveals 
common themes relating to the scale of measurement, the 
use of socioeconomic inputs, a departure from utility-con-
trolled metrics, and the need for broader stakeholder inclu-
sion in decision-making processes.

Background on Resilience Metrics

There is a long history of measuring reliability through 
metrics, but traditional reliability measures do not address 
system resilience—the ability of the system to prepare for, 
adapt to, and recover from disruptions [9]. With increased 
weather anomalies due to climate change, both in strength 
and duration, and the potential for cyber threats to the sys-
tem, the ability of the electricity grid to withstand these 
events and to recover if impacted has become an important 
area of interest [10••].

In addition to traditional reliability metrics, new metrics 
should capture the flexibility and resilience qualities of the 
grid. Developing the tools and methodologies necessary to 
monitor system resilience will enable regulators, utilities, 
and the public to increase the ability to avoid and recover 
from electricity system disruptions. While reliability has 
usually been measured on a utility system-wide basis, resil-
ience is also concerned with localized parts of the grid [4••]. 
Some parts of the grid may be more resilient than others; 
some communities may have greater access to emergency 
services. Accordingly, uneven resilience conditions impli-
cate the need for equity in metric expansion. To understand 
how the grid serves a community during and after a dis-
ruption and to understand where on the system additional 
investment is needed, it is important to access data at a more 
granular level [5, 7], which implicates the need for finer 
resolution data in metric expansion as well.

Background on Equity Metrics

Energy equity recognizes that disadvantaged communities have 
been historically marginalized and overburdened by pollution 
and underinvestment in clean energy infrastructure and may 
lack access to energy-efficient housing or transportation 
electrification charging infrastructure [11]. Achieving energy 
equity requires intentionally designing systems, technologies, 
procedures, and policies for fair distribution of benefits in 
the energy system [12, 13]. Meeting these societal objectives 
requires descriptive analytics on specific populations to 
measure how energy system impacts are distributed.

The regulatory focus on energy equity increased in 2020, 
compared to previous decades [8, 14]. In the 1990s, equity 
issues related to access, cost, and energy burden began to 
receive widespread attention as an issue of climate justice 
and in 2013 were refined as the policy-oriented concepts 
of energy justice and equity [15]. The same electricity rate 

within the residential sector can have very different impacts 
depending on the individual household’s ability to pay the 
bills [16]. Furthermore, energy technologies and regulatory 
programs, especially those that rely on upfront customer 
payments, tend to accrue to customers on the higher end of 
the income range, ostensibly leaving low-income customers 
with fewer options and fewer programmatic benefits [17, 
18]. Extreme weather events, especially those caused by 
climate change impacts, have illuminated climate vulner-
abilities in marginalized and overburdened communities. 
There is disproportionate risk on those that do not have the 
ability to anticipate, cope with, and recover from adverse 
events [19]. Inequities in affordability, access, and vulner-
ability implicate the need to consider resilience in equity 
metrics development. Also, like resilience, energy equity 
metrics will likely require granular data that recognizes the 
energy system impacts down to the household level. These 
downscaled metrics are expected to include socioeconomic 
factors, factors outside the control of the utility, and fac-
tors informed by the stakeholders who are locally impacted 
[7••].

In this paper, we discuss resilience and equity metrics 
for measuring grid performance, focusing on their emerging 
trends and future outcomes. Then, with state policies and 
electric utility activities, we highlight current examples of 
resilience and equity coupling in grid planning to demon-
strate the intertwined nature of these grid objectives.

Traditional Objectives and Metrics

The electric system has traditionally focused on maintaining 
safe, reliable, efficient, and affordable service for its custom-
ers. The traditional, centralized system model is character-
ized by a small number of large generators connected to 
load centers by bulk transmission. Regulatory paradigms 
also reflect this centralized emphasis; planning and meas-
urement have been conducted and reported to regulators at 
a system-wide level. As a result, established metrics reflect 
the traditional objectives and centralized system structure. 
Table 1 provides examples of traditional electricity system 
metrics. Established electricity system metrics are broadly 
understood by stakeholders and have been addressed else-
where in great technical detail [20, 21].

The traditional attributes and metrics continue to meas-
ure important system characteristics. However, collectively, 
they no longer sufficiently provide the necessary information 
or performance incentives needed to manage the increasing 
complexity of the grid and the new societal expectations 
of the electricity system. For example, two common reli-
ability metrics System Average Interruption Duration Index 
(SAIDI) and System Average Interruption Frequency Index 
(SAIFI) are, by definition, system-wide indices that measure 
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outage characteristics across an entire utility territory [9, 
10]. Systemwide averages do not shed light on resilience 
capabilities of local components of the distribution system. 
Similarly, affordability has historically been measured by 
rates in cents per kilowatt-hour by customer classes relative 
to rates in other regions or compared to national averages 
[22]. There is very little in this generic affordability metric 
that actually addresses whether a household finds electricity 
rates affordable [6].

Measuring the grid in light of emerging objectives 
requires greater system awareness and significantly improved 
granularity. While the historical system could rely on gross 
measures of system performance at the distribution, genera-
tion, or transmission level, or on average rates by customer 
class, the evolving electricity system requires measurement 
of activity and performance on a sub-distribution level and 
even on an individual household level. This increased granu-
larity could also be accompanied by a sociodemographic 
overlay to highlight disparities among communities or 
customers.

Emerging Resilience and Energy Equity 
Objectives and Metrics

Resilience

Discussions around grid resilience have grown in promi-
nence in recent years, primarily because of the need to 
address climate change and cyber security-related disrup-
tive events. Resilience can be defined as the ability of the 
electricity system to “prepare for and adapt to changing con-
ditions and withstand and recover rapidly from disruptions,” 
where disruptions include “deliberate attacks, accidents, or 
naturally occurring threats or incidents” [23]. Resilience 
expands on reliability by considering additional elements 
such as preparing for, operating through, and recovering 
from disruptions.

Although there are a number of possible electric power 
sector resilience metrics proposed in the literature, in 
practice, there is a lack of standardized resilience metrics 

because of limited industry standards for grid resilience 
[24–27]. Translating metrics from the literature into practice 
is a key challenge partly because new metrics raise the need 
for measurement that covers connected, emerging objectives. 
In addition, resilience metrics often are context (location) 
and threat (event) specific, which makes it challenging to 
standardize [28]. At a high level, resilience metrics, at a 
minimum, consider two key characteristics [1, 4]

• Likelihood: probability that a disruption scenario may 
lead to decreased system performance or failure

• Consequence: the impact of system failure given a dis-
ruption scenario

Emerging Trends

Recent work from the Grid Modernization Lab Consor-
tium1 defined two measurement approaches that can be 
used together to quantify resilience of grid infrastructures: 
multi-criteria decision analysis (MCDA) and performance-
based metrics [4••]. MCDA first screens and customizes 
options for resilience enhancement. It provides a baseline 
characterization of system attributes, such as robustness, 
adaptiveness, and recoverability [30] and may utilize quali-
tative mechanisms, like survey responses, for evaluation. A 
set of weighting values can be assigned that represent the 
relative importance of the survey responses, and a series of 
calculations can create numerical scores for the resilience 
attributes. Performance-based metrics then use the alterna-
tives from MCDA to deepen a grid assessment with eco-
nomic and regional considerations. Performance-based met-
rics derive from observed or projected system performance 

Table 1  Summary of traditional metrics

Performance 
metric category

Definition Example

Reliability Ability to maintain the delivery of electric power to customers in the face of 
routine uncertainty in operating conditions

• Reliability indices (SAIDI, SAIFI)
• Resource adequacy (LOLP, LOLE)

Sustainability Generally measuring attainment of renewable energy or energy efficiency goals • Percentage of renewable energy delivered
• MWs of energy efficiency acquired

Affordability Ability to provide electric services at a cost that promotes universal service • Levelized cost of electricity
• Internal rate of return
• Cost per kilowatt-hour

1 The Grid Modernization Laboratory Consortium (GMLC) was 
established in 2014 as a strategic partnership between DOE and 
the national laboratories to accelerate modernization of the nation’s 
power grid. The portfolio of projects delivers new concepts, tools, 
platforms, and technologies to better measure, analyze, predict, and 
control the grid of the future. Resilience is a GMLC technical focus 
area with five activities aimed at improving the ability to identify, 
protect, detect, and respond to threats and hazards [29].
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before, during, and after disruptive events. A set of resilience 
guidelines created for Oregon Public Utility Commission 
used consequence categories to define performance-based 
resilience metrics [10••].

Consequences of resilience events, however, will vary 
with evaluation perspective. For instance, communities and 
utilities may prioritize different metrics to reflect their resil-
ience goals (Table 2). Aspects of community resilience are 
linked to both grid resilience and energy equity, for example, 
by considering the ability of a community to use available 
resources to respond, withstand, and recover from disaster 
[31]. Thus, community resilience initiatives and metrics 
inherently reflect a progression to finer resolution data needs. 
Non-grid factors at the census-tract level, such as access 
to emergency services, distance to shelters, and economic 
impacts, are also meaningful factors to consider for com-
munity resilience metrics. There is opportunity to integrate 
grid resilience and community resilience goals. Several enti-
ties are creating consequence categories specifically for their 
local, traditionally disadvantaged groups that assess customer 
survivability, or the ability to withstand outages [32–34].

Reliability indices traditionally defined at the utility ter-
ritory scale, like SAIDI and SAIFI which measure outage 
frequency and duration, can be reported for sub-systems 
within the larger service territory to check for disparities 
in infrastructure age and quality [7••]. Customer Average 
Interruption Duration Index (CAIDI) and Customer Average 
Interruption Frequency Index (CAIFI), traditionally meas-
ures of customer outage experience system-wide, can be a 
measure at a finer granular scale to track the experience at 
the community level [35].

From the utility perspective, success in new metric 
development will hinge on stakeholders’ input and 
the utility’s ability to welcome a more diverse set 
of stakeholders—from grid operators to regulators, 
policymakers, emergency response organizations, 

community organizations, customers, and others. The 
Industry Technical Support Leadership Committee of 
the IEEE Power and Energy Society also emphasized 
the transition to multi-stakeholder collaboration in their 
technical report on resilience in the electricity sector [28]. 
Authors defined and reviewed resilience frameworks, 
methods, and metrics, noting that metrics for resilience are 
dependent on various regional, functional, regulatory, and 
business factors. The value of metrics lies in their ability 
to be benchmarked and compared to facilitate continuous 
improvements. Developing metrics with diverse stakeholder 
groups for system-wide resilience planning across larger 
regions can aid regional planners in co-developing strategies 
with state and local planners [28].

Examples of Integration with Equity

State-level action on energy resilience is also reflecting the 
connection between energy system resilience and community 
resilience. For example, Washington’s Climate Commitment 
Act places communities alongside infrastructure in its 
definition of climate resilience, and Oregon’s Clean Energy 
Targets bill creates a definition of community energy 
resilience that specifically identifies the importance of 
critical energy facilities. Maryland’s Climate Solutions 
Now Act (SB0528) created a Climate Catalytic Capital 
Fund with an aim to “optimize the economic, health, social, 
and environmental value of community-scale infrastructure 
for resilience and equity” [36]. Emerging resilience metrics 
also reflect equity and community considerations. For 
example, the social burden metric considers the individual 
or household level of effort, compared to ability, to reach 
critical services in a resilience event [37]. Microgrid siting 
in Puerto Rico and electric vehicle charging infrastructure 
siting in Texas applied this methodology to enable an 
equity-inclusive approach to resilience investments [25, 

Table 2  Examples of resilience metrics grouped by utility perspective and community perspective, modified from resilience metrics identified in 
[4, 10]

Utility perspective (direct utility consequence) Community perspective (direct community consequence)

Cumulative customer-hours of outages Critical services without power (e.g., hospitals, fire stations, police 
stations)

Cumulative customer energy demand not served Critical services without power for more than N hours (e.g., N > hours 
of backup fuel requirement)

Average number (or percentage) of customers experiencing an outage 
during a specified period

Loss of assets and perishables

Cumulative critical customer-hours of outages Business interruption costs
Average number (or percentage) of critical loads that experience an 

outage
Time to system recovery
Cost of system recovery
Loss of utility revenue
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38]. Case studies in Canada suggest that equitable resilience 
planning processes can also be achieved through more robust 
stakeholder engagement and negotiation processes [39].

Energy Equity

Energy equity is an increasingly prominent societal objec-
tive with emerging definitions and metrics. Poverty and 
income inequality can be associated with multiple aspects 
of electricity services [6, 13, 14, 40]. There are communities 
who have disproportionately borne the negative impacts of 
the electric system, such as long-duration and widespread 
outages and limited access to resources that mitigate the 
consequences of these outages [41–43]. These communi-
ties include low-income, marginalized, and/or vulnerable 
groups, such as communities of color, tribal communities, 
and rural communities, as well as those who are vulnerable 
to electric costs and outages. Established energy justice ten-
ets (Table 3) call for improving the energy system in light of 
these community and individual circumstances [44••, 45]. 
For metrics, this entails a shift toward more socioeconomic 
assessment that goes beyond traditional measures of afford-
ability or cost-effectiveness [7••].

Emerging Trends

Measurement strategies for equity across the economic, 
environmental, and social policy literature are complex 
and multifaceted2. There has been much development 
in energy equity measurement in recent years, including 

models, workbooks, toolkits, and metrics that commonly 
map back to the tenets of energy justice and provide 
approaches for varying practitioners (i.e., communities, 
grid planners, or regulators) and researchers [7••, 12, 
47•]. Most sources emphasize the need for data at finer 
geography and time scales while highlighting the challenges 
created by data gaps and privacy concerns. Shifting to more 
local measurement will track more discrete consumer and 
vulnerability data, but mechanisms can be put in place to 
protect personal privacy.

States are in the process of recognizing energy equity 
as a goal, but only a subset have identified equity metrics. 
In a recent review of state energy equity policies, six states 
(CA, CT, IL, MA, OR, WA) were identified with metrics 
related to energy equity [8••]. A similar number of other 
states have directives to develop metrics. Also, of the 95 
equity-related actions throughout all 50 states, 14 actions in 
six states (CA, CT, MD, MN, OR, WA) identified resilience, 
with 10 of these actions identifying community resilience, 
specifically, as an intended equity outcome. There is little 
consistency among the identified metrics, suggesting these 
are still emerging and not established or widely accepted. 
Further consultation with stakeholders—customers, com-
munity groups, utilities, regulators, and different levels of 
government—may be necessary to consolidate and opera-
tionalize energy equity metrics.

In the electricity context, equity metrics have largely 
focused on [6, 13, 14, 40]:

1. Affordability, reliability, and resilience of electricity
2. Availability of transition-enabling technologies, pro-

grams, and economic opportunities
3. Accessibility of electricity decision-making processes

Traditional grid metrics have a role in supporting emerg-
ing equity metrics. Traditional metrics like SAIDI and SAIFI 
can be downscaled to the community or distribution feeder 
level. Examined against a sociodemographic background, 
more fine-grained outage data would reflect disparities in 
infrastructure age and quality, resilience, and overall grid 
vulnerability [7••]. The current practice of calculating 
system-wide averages of these metrics may not capture the 
nuances at this finer scale [48]. Advanced metering infra-
structure is an example of a technology that can advance 
energy equity by providing data at customer level. Many 
utilities already have the capability to measure customer-
level outage data and report on the associated metrics, such 
as CEMI (customers experiencing multiple interruptions) 
[49•].

One energy equity metric that may be emerging with 
greatest prominence is energy burden, which is defined as 
the ratio of annual household energy expenditure to annual 
household income [8••]:

Table 3  Established justice tenets

Justice tenet Scope

Distributive Allocation of benefits and burdens in the system
Recognition Specific recognition of who participates in the system
Procedural System decision-making and governance
Restorative Examination of past damages to people or the envi-

ronment, and consideration of how to correct these 
in the future

2 A recent Urban Institute study synthesizes this broad literature to 
identify six dimensions that should inform equity measurement strat-
egies across domains: historical legacies (i.e., “equity is measured 
cumulatively”), awareness of populations (i.e., “equity is measured 
for relevant populations”), inclusion of other voices (i.e., “equity is 
measured at different points in an intervention’s life, starting with 
design and staffing”), access discrimination (i.e., “equity is measured 
by the ability of different groups of interest to become aware of, apply 
for or request, and access a service”), output differences (i.e., “equity 
is measured by the quality and completion of a service”), and dispa-
rate impacts (i.e., “equity is measured by disparities in the desired 
outcomes across groups of interest”) [46].
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Energy burden as a metric helps visualize energy afford-
ability [50]. A key discussion around energy burden is 
responsibility. As a performance metric, energy burden 
would ideally be under the control of the entity assigned 
responsibility for attaining a related target. However, utilities 
have limited control over both inputs to the energy burden 
calculation: there may be limited authority to set differen-
tiated rates (affecting the numerator), and there is practi-
cally no control over household income (the denominator). 
The energy burden metric may therefore emerge first as a 
tracking metric—used only to inform, but not necessarily 
incentivize—and the transition to a performance metric 
may involve the collaboration of multiple entities that would 
share accountability in attaining energy burden targets.

The procedural aspects of energy equity are currently 
harder to measure, but their importance is still recognized 
in state action. In the review of state equity actions in the 
USA [8••], eight actions across seven states identified pro-
cess transparency as an objective. Thirty-three actions across 
18 states identified outcomes related to education and out-
reach or enhanced engagement. Examples include Connecti-
cut’s Equitable Energy Efficiency Proceeding [51], which 
identified a goal of enhancing procedural equity through 
new communication platforms including multilingual and 
more accessible materials, and Hawaii’s 2022 energy equity 
docket, which initiated an investigation of how the Public 
Utilities Commission could better integrate equity consid-
erations across its work. The process calls for input from 
“anyone interested” and additionally from “communities that 
host energy facilities, people with a high energy burden, 
and people that do not typically participate in Commission 
dockets [52].”

Examples of Integration with Resilience

The coupling of resilience and equity objectives is impor-
tant for understanding the equity implications of resilience-
based distribution system investment strategies. Recent grid 
outages, such as the Texas February 2021 winter storms, 
highlight the linkage between resilience and equity issues. 
An analysis correlating nighttime satellite imagery and 
demographic data concluded that “areas with a high share 
of minority population were more than four times as likely 
to suffer a blackout than predominantly white areas” [49•]. 
Another analysis focused specifically on Houston found that 
power in neighborhoods with more renter-occupied prop-
erties was restored more slowly than power in neighbor-
hoods with more owner-occupied properties, underscoring 
a longer-term trend in “persistent disparities in economic, 

Energy burden [%] =
Annual household energy expenditure

[

$
]

Annual household income
[

$
]

health, environmental, and housing outcomes for Black and/
or Latinx people, renters, and residents with low incomes” 
[42]. Recent work from the Pacific Northwest National 
Laboratory develops an iterative framework for advancing 
energy equity through metrics for distribution system plan-
ning [2•]. Using an equity-aware outage analysis methodol-
ogy, the authors determine the impact of each line and trans-
former outage on the number of customers and the total load 
lost with tags for disadvantaged versus non-disadvantaged 
communities.

Conclusions

Societal objectives are expanding and evolving, and the 
corresponding metrics are being augmented in response to 
interrelated systemic changes. The objectives and metrics 
related to resilience and energy equity are intertwined as 
well; in many cases, it can be viewed as related to the well-
being of an individual community. Resilience and energy 
equity metrics share several related attributes that enhance 
their interrelationship and emerge as prominent themes in 
the evolving grid. We discuss these attributes next.

Metrics Move from Utility Scale to Community Scale

Traditional electricity system metrics describe measurement 
at a national, state-wide, utility service territory or customer 
class scale. In years past, reliability metrics measured the 
number and duration of outages over the entire system and 
did not look at localized impacts. Similarly, measurements 
of customer satisfaction would look at the experience of an 
entire customer class regardless of location or individual cir-
cumstances [46]. Emerging metrics will have to downscale 
measurements so that resilience and equity can be meas-
ured at a community scale or even individual customer scale 
(Fig. 1). This granular approach helps to identify the loca-
tion of investments to enhance outcomes [53].

Metrics Move from Solely Considering Cost 
or Operation Measurement to Considering 
Socioeconomic Factors

Typically, performance metrics are tied to specific operating 
or cost measurements so that performance can be objectively 
and accurately tracked [4••]. However, measurements based 
on a traditional benefit-cost analysis may have limited value 
in informing equity performance and decision-making. An 
equity metric might seek to measure the accessibility of a 
regulatory process to nontraditional community advocates 
or track energy burden that considers both electricity cost 
and household income. In emerging resilience metrics, com-
bining operating or cost measurements with socioeconomic 
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factors can achieve both equity and resilience goals and 
assist with community resilience goals as well. For exam-
ple, a resilience metric could not only measure the ability 
of a portion of the grid to withstand disruption but also the 
distance within that portion of the grid a customer might 
need to travel to reach shelter or medical assistance.

Metrics Move from the Utility’s Control to Include 
Factors that Are Not Under the Utility’s Control

To meet equity objectives, electricity operators should 
consider past harms and disparities in the electric system 
in order to prevent repeating them. This implies a transi-
tion from controllable operations and cost-focused metrics 
to consideration of uncontrollable socioeconomic factors. 
While this may necessarily imply that some emerging met-
rics are not measurable performance metrics, it also rec-
ognizes the greater societal factors that are implied from 
electricity service. These values may initially be represented 
by tracking metrics, rather than performance metrics in the 
traditional sense [47•].

Metric Development Moves from Traditional 
Stakeholder Formation to Broader Stakeholder 
Issues and Community Stakeholders

Regulatory proceedings can be long, can cover complicated 
and detailed issues, and can require specialized legal repre-
sentation, particularly in contested case dockets. As a result, 
over many decades, regulatory proceedings have tended to 
attract well-resourced or dedicated advocates to the exclu-
sion of those wishing to represent less well-funded points 
of view or even individual customers. As the expected out-
comes of our electricity system are downscaled and increas-
ingly include equity considerations, regulatory processes 
should also be downscaled, adapt to be more accessible, 

and include more diverse voices and the voices of the local 
populations.

Acknowledgements We wish to thank Joe Paladino at the Office of 
Electricity, US Department of Energy for his sponsorship. We also wish 
to acknowledge Nichole Hanus (Lawrence Berkley National Labora-
tory), Brian Pierre (Sandia National Laboratory), Mercy DeMenno 
(Bosque Advisors), Jennifer Yoshimura, Jeremy Twitchell, and Rebecca 
O’Neil (Pacific Northwest National Laboratory) for their foundational 
contributions to advancing resilience, equity, and decarbonization 
objectives within a range of grid planning processes.

Funding This work was funded by the US Department of Energy, 
Office of Electricity. The Pacific Northwest National Laboratory is 
operated for the DOE by Battelle Memorial Institute under Contract 
DE-AC05-76RL01830.

Compliance with Ethical Standards 

Conflict of Interest Jason Eisdorfer has previously served as an adjunct 
professor of law at the University of Oregon School of Law and the 
Lewis and Clark Law School for classes unrelated to this paper. Ken-
dall Parker, Jay Barlow, and Kamila Kazimierczuk declare that they 
have no competing interests.

Human and Animal Rights and Informed Consent This article does not 
contain any studies with human or animal subjects performed by any 
of the authors.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Papers of particular interest, published recently, have 
been highlighted as:  
• Of importance  
•• Of major importance

 1. Federal Energy Regulatory Commission. Grid Resilience in 
RTOs/ISOs. AD18-7-000. (2018).

 2. • Bharati AK, Singhal A, Rohit J, Kazimierczuk K, Yoshimura 
J, Tarekegne B. Advancing energy equity considerations in dis-
tribution systems planning. In: IEEE Power & Energy Society 
Innovative Smart Grid Technologies Conference (ISGT); 2023. 
p. 1–5. Authors developed a framework for incorporating 
energy equity in distribution system planning by modeling 
distributed energy resource hosting capacity and system 
outages across disadvantaged and non-disadvantaged 

Fig. 1  Metric granularity will increase as future electric system 
objectives are met

http://creativecommons.org/licenses/by/4.0/


241Current Sustainable/Renewable Energy Reports (2023) 10:234–242 

1 3

communities. This work demonstrates how grid operation 
can move to consider socioeconomic factors.

 3. Office of Energy Efficiency & Renewable Energy: Energy 
reliability. https:// www. energy. gov/ eere/ energy- relia bility 
(2023). Accessed 6 Jun 2023.

 4. •• Petit F, Vargas V. Grid modernization: metrics analysis 
(GMLC1.1) – resilience. PNNL-28567. U.S. Department of 
Energy; 2020. Part of a series providing a comprehensive 
analysis of metrics in grid modernization across six themes: 
reliability (reference 48), resilience (this reference), flexibil-
ity, security, sustainability, and affordability (reference 6).

 5. •• Pierre B, Broderick R, DeMenno M, Paladino J, Yoshimura 
J. MOD-plan: multi-objective decision planning framework for 
electric grid resilience, equity, and decarbonization. Depart-
ment of Energy Office of Scientific and Technical Information; 
2022. Presents a framework for evaluating emerging grid 
objectives like resilience and energy equity.

 6. Anderson D, Ganguli S, Moore M, Kintner-Meyer M, Cooke 
A, Eto J. Grid modernization: metrics analysis (GMLC1.1) – 
affordability. Washington, D.C.: U.S. Department of Energy; 
2020.

 7. •• Energy Equity Project. Energy equity framework: combin-
ing data and qualitative approaches to ensure equity in the 
energy transition. University of Michigan – School for Envi-
ronment and Sustainability (SEAS); 2022. Presents a holistic 
synthesis of existing resources, data sets, and best prac-
tices on energy equity through the lens of the four tenets 
of energy justice.

 8. •• Hanus N, Barlow J, Satchwell A, Cappers P. Assessing 
the current state of U.S. Energy Equity Regulation and Leg-
islation. Lawrence Berkeley National Laboratory and Pacific 
Northwest National Laboratory; 2023. A baseline review of 
equity actions in US state policies from 2020-2022.

 9. U.S. Energy Information Administration. Electric Power 
Annual. 2021.

 10. •• Homer J, Lippert A, Tapio R, Boenker K, Oikonomou K, 
Corsair H. Considerations for resilience guidelines for clean 
energy plans for the Oregon Public Utility Commission and 
Oregon Electricity Stakeholders. PNNL 33277. Pacific North-
west National Laboratory; 2022. An analysis and discussion 
of resilience investments and resilience metrics and meth-
ods from the literature.

 11. Pacific Northwest National Laboratory: Energy Equity. https:// 
www. pnnl. gov/ proje cts/ energy- equity (2023). Accessed 6 Jun 
2023.

 12. Baker S, DeVar S, Prakash S. The Energy Justice Workbook. 
Initiative for Energy Justice; 2019.

 13. •• Tarekegne BW, Pennell GR, Preziuso DC, O’Neil RS. 
Review of energy equity metrics. PNNL-32179. Pacific North-
west National Laboratory; 2021. Authors performed a lit-
erature review and analysis of energy equity and energy 
justice metrics to aid energy equity metrics framework 
development.

 14. Bednar DJ, Reames TG. Recognition of and response to energy 
poverty in the United States. Nature Energy. 2020;5:432–9.

 15. Kalra N, Chowdhury S, Klima K, Regan L. Equity metrics for 
climate adaptation in the electricity sector. RR-A1721-1. Rand 
Corporation; 2022.

 16. Brown MA, Soni A, Lapsa MV, Southworth K, Cox M. High 
energy burden and low-income energy affordability: conclusions 
from a literature review. Progress. Energy. 2020;2(4)

 17. Reames TG, Reiner MA, Stacey MB. An incandescent truth: 
disparities in energy-efficient lighting availability and prices in 
an urban U.S. county. Applied Energy. 2018;218:95–103.

 18. Reames TG. Distributional disparities in residential rooftop 
solar potential and penetration in four cities in the United States. 
Energy Research & Social Science. 2020;69:101612.

 19. US Environmental Protection Agency. Climate change and social 
vulnerability in the United States: a focus on six impacts. EPA 
430-R-21-003. US Environmental Protection Agency; 2021.

 20. Eto JH, Mills A, Lacommare KH, Anderson DM, Kintner-
Meyer M, Ganguli S, et al. Grid modernization: metrics analysis 
(GMLC1.1) executive summary. PNNL-28570. US Department 
of Energy Grid Modernization Lab Consortium (GMLC); 2020.

 21. Warwick W, Hardy T, Hoffman M, Homer J. Electricity distri-
bution system baseline report. PNNL-25178. Pacific Northwest 
National Laboratory; 2016.

 22. U.S. Energy Information Administration. State Electricity Pro-
files. 2021.

 23. Obama B. Presidential Policy Directive - Critical Infrastructure 
Security and Resilience. PPD-21. Washington, D.C.: The White 
House, Office of the Press Secretary; 2013.

 24. Accelerating Decarbonization of the U.S. Energy System. Wash-
ington, D.C.: The National Academies Press. 2021.

 25. Castillo A, Murphy C, DeMenno MB, Jeffers R, Jones K, Staid 
A, et al. Resilience metrics for informing decisions associated 
with the planning and operation of the North American Energy 
System. SAND2020-11292. Albuquerque: Sandia National 
Laboratories; 2020.

 26. Transforming the nation’s electricity system: the second install-
ment of the quadrennial energy review. Washington, D.C.: U.S. 
Department of Energy; 2017.

 27. Willis H, Loa K. Measuring the resilience of energy distribution 
systems. Santa Monica: RAND Corporation; 2015.

 28. Chiu B, Bose A, Brown S, Chalamala B, Immerman D, Khodaei 
A, et al. Resilience framework, methods, and metrics for the 
electricity sector. PES-TR83. 2020.

 29. U.S. Department of Energy: About GMLC. https:// gmlc. doe. gov/ 
about. Accessed 6 Jun 2023.

 30. National Infrastructure Advisory Council. Critical infrastructure 
resilience: final report and recommendations. Washington, D.C.: 
U.S. Department of Homeland Security; 2009.

 31. National Institute of Standards and Technology: Commu-
nity Resilience. https:// www. nist. gov/ commu nity- resil ience 
(2023). Accessed 6 Jun 2023.

 32. Prosper T. CPUC Charts Course for microgrid incentive program 
to increase community resilience, R.19-09-009. California Pub-
lic Utility Commission; 2023.

 33. Puget Sound Energy. PSE Clean Energy Implementation Plan. 
2021.

 34. McCoy S. Draft Clean Energy Implementation Plan (CEIP). 
PacifiCorp; 2021.

 35. Kallay J, Napoleon A, Havumaki B, Hall J, Odom C, Hopkins 
A, et al. Performance metrics to evaluate utility resilience invest-
ments SAND2021-5919. Designing resilient communities: a 
consequence-based approach for Grid Investment. 2021;

 36. Senators Pinsky F, Kelley, Guzzone, Smith, Kagan, Wald-
streicher, Lam, Washington, Patterson, Hester, Ellis, Zucker, 
Kramer, Hettleman, Young, Sydnor, Hayes, Watson, Beidle, 
Carter, Augustine, Elfreth, Feldman, Jackson, King, and Lee. 
Climate Solutions Now Act of 2022.

 37. Clark SS, Peterson SKE, Shelly MA, Jeffers RF. Developing 
an equity-focused metric for quantifying the social burden of 
infrastructure disruptions. Sustainable and Resilient Infrastruc-
ture. 2022;8(sup1):356–69. https:// doi. org/ 10. 1080/ 23789 689. 
2022. 21571 16. These two studies develop the social burden 
metric, which is an emerging metric combining aspects of 
community and infrastructure resilience.

 38. Jeffers R, Baca M, Wachtel A, DeRosa S, Staid A, Fogleman 
W, et al. Analysis of microgrid locations benefitting community 

https://www.energy.gov/eere/energy-reliability
https://www.pnnl.gov/projects/energy-equity
https://www.pnnl.gov/projects/energy-equity
https://gmlc.doe.gov/about
https://gmlc.doe.gov/about
https://www.nist.gov/community-resilience
https://doi.org/10.1080/23789689.2022.2157116
https://doi.org/10.1080/23789689.2022.2157116


242 Current Sustainable/Renewable Energy Reports (2023) 10:234–242

1 3

resilience for Puerto Rico. Albuquerque: Sandia National Labo-
ratories; 2018.

 39. Fitzgibbons J, Mitchell CL. Inclusive resilience: examining a 
case study of equity-centred strategic planning in Toronto, Can-
ada. Cities. 2021:108.

 40. Romero-Lankao P, Nobler E. Energy justice: key concepts and 
metrics relevant to EERE Transportation Projects. Golden: 
National Renewable Energy Laboratory; 2021.

 41. Busby J, Baker K, Bazilian M, Gilbert A, Grubert E, Rai V, et al. 
Cascading risks: Understanding the 2021 Winter Blackout in 
Texas. Energy Research & Social Science. 2021;77

 42. Carvallo J, Hsu FC, Shah Z, Taneja J. Frozen Out in Texas: 
Blackouts and Inequity. New York City: The Rockefeller Foun-
dation; 2021.

 43. Rodríguez ST, Walker F, Martín C. Winter storm Uri’s impacts 
on Houston neighborhoods show why it’s urgent to build equity 
into climate resilience. Washington, D.C.: The Urban Institute; 
2021.

 44.•• McCauley D, Heffron RJ, Stephan H, Jenkins K. Advancing 
energy equity: the triumvirate of tenets. International Energy 
Law Review. 2013, 32(3) Foundational study defining energy 
justice and its tenets.

 45. Heffron RJ, McCauley D. The concept of energy justice across 
the disciplines. Energy Policy. 2017;105:658–67. https:// doi. org/ 
10. 1016/j. enpol. 2017. 03. 018.

 46. Carlos Martín JL. The state of equity measurement. The Urban 
Institute; 2019.

 47.• Barlow J, Tapio R, Tarekegne B. Advancing the state of energy 
equity metrics. The Electricity Journal. 2022; Advances equity 
metrics in regulation, planning, and operations of the 

electricity system by identifying stakeholders associated with 
each metric.

 48. GMLC. Grid modernization: metrics analysis (GMLC1.1) – reli-
ability. PNNL-28566. US Department of Energy Grid Moderni-
zation Lab Consortium (GMLC); 2020.

 49. • S&C Electric Company. Moving beyond average reliability 
metrics. S&C Electric Company; 2020. Compares system-
level reliability metrics like system average interruption fre-
quency index (SAIFI) with customer-level reliability met-
rics, like customers experiencing long interruption durations 
(CELID) and customers experiencing multiple interruptions 
(CEMI).

 50. Ariel Drehobl LR, Ayala R. How high are household energy bur-
dens? An assessment of national and metropolitan energy burden 
across the United States. American Council for an Energy-Effi-
cient Economy; 2020.

 51. Connecticut DEEP’s Bureau of Energy and Technology Policy. 
Final determination equitable energy efficiency E3: phase I goals 
and actions. 2021.

 52. Public Utilities Commission of the State of Hawaii. Instituting 
a proceeding to investigate equity. 38759 2022-0250. (2022).

 53. J.D. Power. Electric Utility Business Customer Satisfaction 
Study. 2022.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.enpol.2017.03.018
https://doi.org/10.1016/j.enpol.2017.03.018

	Observations of an Evolving Grid: Resilience and Equity Performance Metrics
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Background on Resilience Metrics
	Background on Equity Metrics

	Traditional Objectives and Metrics
	Emerging Resilience and Energy Equity Objectives and Metrics
	Resilience
	Emerging Trends
	Examples of Integration with Equity

	Energy Equity
	Emerging Trends
	Examples of Integration with Resilience


	Conclusions
	Metrics Move from Utility Scale to Community Scale
	Metrics Move from Solely Considering Cost or Operation Measurement to Considering Socioeconomic Factors
	Metrics Move from the Utility’s Control to Include Factors that Are Not Under the Utility’s Control
	Metric Development Moves from Traditional Stakeholder Formation to Broader Stakeholder Issues and Community Stakeholders

	Acknowledgements 
	References


