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Introduction

Across California, 4.4 million households face an energy affordability gap1 totalling $4.1
billion dollars, where energy costs in these households are greater than 8.5 percent of their
net income. If the costs of dealing with power outages are included, another $900 million
dollars in resilient energy affordability gap emerges for 4.9 million households. While the
energy gap is emerging as an equity and affordability metric for energy policy decision
making, considerations of resilient energy affordability gaps are so far lacking. Here we
provide a method to measure the affordability gap incurred by a lack of resilient energy, using
similar methods as those established for energy affordability analyses to account for equity in
outage impact analysis.

Project Motivation and Background

Research on the health impacts of power outages, household energy cost burdens, grid
inequities, and the connection between natural disasters and poverty traps all highlight the
importance of incorporating equity into outage cost calculations. Power outages can cause
serious health impacts, particularly for those who rely on electrically-poweredmedical
devices (Casey et al., 2020). Households burdened by high energy costs may be less able to
invest in energy resilience solutions, and households in Black-identifying and disadvantaged
census tracts face grid infrastructure limitations to installing new solar panels and other
energy infrastructure (Brockway et al., 2021).

Existing metrics used to evaluate the impact of power outages on residential households and
prioritize investment in electricity reliability consistently underestimate the effects these
events have onmembers of disadvantaged communities. These metrics, including the Value
of Lost Load (VoLL) and Customer Interruption Costs (CIC), estimate the economic cost to
customers when they experience an outage (NREL, n.d.). However, these estimations are o�en
built using income and property values. This can result in equity gaps, as lost time or
damaged property is automatically valued lower in lower income households. These
calculations also use willingness to pay and revealed preference methods, both of which fail
to appropriately incorporate equity into their measurements.

1 The energy affordability gap quantifies the difference between affordable home energy bills and actual bills
(Colton, 2021). The resilient energy affordability gap adds the cost of outages and outage mitigations to the
energy cost. Calculation methods are presented below.
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Utility investments in reliability and resilience that use these economic cost-benefit
approaches are therefore biased towards wealthier neighborhoods. This can, in turn, deepen
existing inequities, as the grid may becomemore reliable in wealthier communities as more
investments are made in these neighborhoods. If this metric continues to inform
infrastructure investments, low-income households may continue to bemore likely to
experience outages and the damages they cause.

Newer methods have begun to address this shortcoming by integrating a capabilities
approach, which in this case focuses on a householdʼs ability to access critical energy services
during an outage.

However, these methods require intensive data collection a�er disaster events. Updating
existing VoLL approaches to incorporate equity using publicly-available data offers a simple
but useful metric of potential inequities in outage impacts and energy resilience outcomes.
Power outages are increasing in frequency and duration, and these blackouts
disproportionately impact disadvantaged communities and communities of color (Do, et al.,
2023). This systemic energy injustice risks pushing already disadvantaged, underinvested
communities further into poverty, further demonstrating a need for equity-centered VoLL
calculations (Su, 2020).

Inequities in Established Outage Cost Calculation Methods

One of the most commonmetrics for valuing resilience is the Value of Lost Load (VoLL), which
describes the costs associated with outages and represents the price consumers would be
willing to pay for uninterrupted power. However, this metric is focused on economic
measures, primarily reflects outages less than 24 hours, and does not account for how costs
may vary over the course of an outage. For example, a short outage has less risk of food
spoilage, while a long outage risks compounding costs such as missed work due to lack of
childcare and the need to stay at a hotel because of extreme temperatures or medical devices
that require power.

Utilities, regulators, and reliability planners also use Interruption Cost Estimates, which
estimate outage costs based on outage duration and customer class (e.g., residential, small
commercial and industrial customers, or large commercial and industrial customers). This
metric uses Customer Damage Functions2 developed through a series of ʻvalue of service

2 Customer Damage Functions relate average outage costs to outage durations, describing how the costs of an
outage vary over time for different scenarios.
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reliability studiesʼ that surveyed customersʼ willingness to pay for uninterrupted power during
different hypothetical outage scenarios. However, these estimates rely on data that is
sometimes decades old, only consider outages less than a day, and use willingness to pay
surveys—the latter of which is subject to some controversy and fails the equity test. (Baik et
al., 2018) (Sullivan et al., 2009) Additionally, the documentation for these estimates notes that
they are not appropriate for resilience planning. 3

Focusing on residential impacts, costs to households include:
1. Lost work or leisure time,
2. Property damage,
3. Health and safety effects (e.g., reliance on breathing machines, air filters, mobility

devices, etc.) (Munasinghe & Sanghvi, 1988) (Billington & Allan, 2013).

Lost work or leisure time is valued as equivalent to lost wages. Considering lost wages, the
median income in the San Francisco Bay area among the bottom 10 percent of wage earners is
$15,000 per year. Assuming a full-time work schedule of 2,000 hours per year, a low income
household would lose $60 during an 8-hour outage. Comparatively, a top decile wage earner
has a median annual income of $534,600, so would lose $2,138—nearly 36 times more—given
the same working hours and outage.

Property damage, such as food spoilage or damaged appliances, also correlates with income.
For example, a household may lose a weekʼs worth of groceries to spoilage during an
eight-hour outage. But while a higher-income household will have spent more money on
food, this spending represents a lower percentage of their budget4 (USDA, 2021). Replacing
the lost food is an inconvenience for the wealthy household. For the lower-income household
it may be impossible, or lead to cascading negative impacts such as unpaid bills and
associated service shut-offs, potentially pushing families deeper into poverty. As a result,
including property damage in VoLL calculations further increases the disparity in measured
economic value and the impact of outages between households in different economic
brackets.

4 Annual food budget for households in the lowest income quintile in 2021 were $4,875 (30.6 percent of income);
in the highest income quintile this increases to an average of $13,973 (7.6 percent of income) (USDA, 2021). The
weekly budget estimate is then $93.75 and $268.71, respectively.

3 Performance metrics for grid resilience have also been developed, which can be used to evaluate utility
resilience investments. But these are focused on performance-tracking, rather than proactive planning. See
Kallay et al. (2021).
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Those who rely on electrically-poweredmedical equipment such as breathing machines and
mobility devices, as well as households facing extreme heat and/or bad air quality, face health
and safety impacts from outages. The economic cost of these damages can be difficult to
quantify, particularly since the U.S. grid has historically been very reliable, making revealed
preference data on this scarce. (Gorman, 2022) Additionally, the rise in extreme heat events
may have changed some of the health and safety impacts of these events since initial survey
data was collected.

While revealed preference and willingness-to-pay survey methods attempt to quantify the
value of these impacts, these methods center a householdʼs existing economic situation. Not
only is lost time and property damage valued lower in lower-income households, these
households are also less likely to have money available to invest in outage mitigation
solutions. Both revealed preference and willingness-to-pay survey methods are likely to
reflect this inability to pay, rather than the actual cost of an outage for that household
(Gorman, 2022). This may be what analyses of solar adoption (Lukanov & Krieger, 2019) and
battery storage (Brown, 2022) have seen when they revealed that despite state efforts to
encourage solar and battery storage adoption in disadvantaged communities, adoption of
these technologies remains higher in higher-income households.

Income- or Equity-Adjusted Outage Cost Calculations Methods

Considering household budgets whenmaking VoLL calculations can address some of the
inequities inherent in these metrics. Doing so offers an estimate of outage impact
severity—how severely an outage will impact a household, given that householdʼs ability to
absorb and bounce back from unexpected economic shocks.

Using the same lost food example from above: A simple, income-adjusted VoLL calculation
indicated the total economic losses for this eight-hour outage come to $153, or 53 percent, of
the weekly budget for the low-income household and $2,408, or 23 percent, of the weekly
budget for the high-income household. Although the losses in the high-income household are
nearly sixteen times greater than the lower-income household, the impact as a percent of
weekly budget on the low-income household is more than double that of the high-income
household.

Methods for addressing the equity concerns in willingness-to-pay methods have been
considered for decades. Pearce (1971) developed cost benefit methods to adjust
willingness-to-pay measures by the ratio of individual income to average income. Similar
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methods have been used to adjust climate change damages with damage estimates
increasing significantly as compared to alternative methods (Fankhauser et al., 1997).
Clark et al. (2023) have developed equity-focusedmetrics for quantifying the social burden of
infrastructure disruptions like outages using the Capabilities Approach combined with costs
to obtain certain capabilities like energy, water and food) during disruptions. The costs are
based on the Travel Cost Method, essentially determining the fuel, time, and opportunity
costs to obtain equivalents of or alternatives for the disrupted capabilities. (Clark et al., 2023)
These methods are data intensive, and data collection is still ongoing in Puerto Rico for
Hurricane Maria in 2017 (Clark et al., 2022), and Texas Winter Storm Uri in 2021.

Methods and Results

Tomeasure the value of lost load through an equity lens, we adapted accepted energy
affordability methods to frame a resilience-focused analysis (Step One). We then
incorporated outage costs into these updated affordability methods, including some analysis
of geospatial distributions of outages and the affordability of outage impacts (Step Two).
Finally, we assessed the accuracy of our results and underlying assumptions against
on-the-ground data from interviews and surveys (Step Three).

As with most exploratory analysis, this led to more research questions. We recommend
additional study to address these questions and refine the analysis.

Step One: Adapting Affordability Analysis Methods for Resilience

Research and policy that considers energy affordability includes analysis of household energy
costs with respect to gross or net income. Various methods and our updates to them are
explained below.
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Affordability and Equity Metrics

An affordability burden analysis based on gross income is broadly accepted and easy to apply
(Colton, 2021) (Sovacool et al., 2024) (Makhijani, 2021). Energy Cost Burden (ECB) is the most
widely usedmetric to identify areas, populations, and households experiencing excessive
financial burdens from energy bills. ECB is calculated as the percentage of gross income spent
on energy bills at home:

𝐸𝐶𝐵  =  (𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝐵𝑖𝑙𝑙) / (𝐺𝑟𝑜𝑠𝑠 𝐴𝑛𝑛𝑢𝑎𝑙 𝐼𝑛𝑐𝑜𝑚𝑒)

While common and straightforward to use, this metric is also relatively crude as it does not
account for differences in disposable income across regions and households within regions.
As such, it fails to account for locales with high cost of living, or demographics with high
expenditures on housing, food, healthcare, transportation, and/or other essential expenses.
We will refer to ECB as the Energy Cost Burden-Gross (ECB-G) to differentiate it from net cost
burdens presented below.

The California Public Utilities Commission (CPUC) uses a slightly different ratio, updating
Gross Annual Income to account for some of a householdʼs non-negotiable expenses (CPUC,
n.d-a). The resulting Affordability Ratio (AR) attempts to address the cost-of-living
shortcomings of ECB-G by considering other essential home-related expenses. The CPUC
calculates and publishes this AR using census data on household characteristics such as
regional median income and twentieth percentile income. The CPUC aggregates this data at
the geographical scale of Public Use Microdata Areas (PUMAs), census regions that aggregate
census tracts into population groupings of no less than 100,000 people (Jain et al., 2021) (US
Census Bureau, 2024).

The CPUCʼs AR is calculated as:

𝐴𝑅  =  𝐸𝑠𝑠𝑒𝑛𝑡𝑖𝑎𝑙 𝑆𝑒𝑟𝑣𝑖𝑐𝑒𝑠 𝐵𝑖𝑙𝑙 / (𝐺𝑟𝑜𝑠𝑠 𝐼𝑛𝑐𝑜𝑚𝑒 − 𝑁𝑜𝑛 𝐷𝑖𝑠𝑐𝑟𝑒𝑡𝑖𝑜𝑛𝑎𝑟𝑦 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠)
𝑊ℎ𝑒𝑟𝑒 :
• 𝐸𝑠𝑠𝑒𝑛𝑡𝑖𝑎𝑙 𝑆𝑒𝑟𝑣𝑖𝑐𝑒𝑠 𝐵𝑖𝑙𝑙 = 𝐴𝑙𝑙 𝑜𝑟 𝑆𝑒𝑙𝑒𝑐𝑡𝑒𝑑 𝑈𝑡𝑖𝑙𝑖𝑡𝑦 𝑆𝑒𝑟𝑣𝑖𝑐𝑒𝑠  
• 𝑈𝑡𝑖𝑙𝑖𝑡𝑦 𝑆𝑒𝑟𝑣𝑖𝑐𝑒𝑠 =  𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 ,  𝐺𝑎𝑠,  𝑊𝑎𝑡𝑒𝑟,  𝐶𝑜𝑚𝑚𝑢𝑛𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑠 
• 𝑁𝑜𝑛 𝐷𝑖𝑠𝑐𝑟𝑒𝑡𝑖𝑜𝑛𝑎𝑟𝑦 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠 = 𝐻𝑜𝑢𝑠𝑖𝑛𝑔 + 𝑈𝑡𝑖𝑙𝑖𝑡𝑦 𝑆𝑒𝑟𝑣𝑖𝑐𝑒𝑠  
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Neither ECB-G nor AR were designed to set targets for policy tools, as they do not assign a
directly comparable dollar value. This helps avoid inequities in comparison of wealthier
households or regions to poorer households or regions on a dollar-for-dollar basis. However,
it means neither metric can directly inform cost-benefit calculations.

To overcome this challenge, the energy affordability gap (EAG) assigns a dollar value to
unaffordable energy bills by summing energy costs beyond a specified affordability threshold,
either at the individual household level or for groups of households. The affordability
threshold is typically set at 6 percent of gross income. The 6 percent threshold is derived from
combining a 1981 amendment to the 1969 Housing and Urban Development Act—which
states that housing costs, including utility bills, should not exceed 30 percent of gross
income—with a conventional estimate that energy-related expenses should not exceed 20
percent of housing costs (Colton, 2021).

Importantly, the EAG captures the effects of demand-side investments on a home-by-home
basis in a manner that also allows for consistent and simple aggregation of multiple
households. For example, if an efficiency measure like weatherization decreases a single
cost-burdened householdʼs energy bill (and energy burden) by $500 annually, then this
directly reduces the community, county, state, and national EAG by the same $500. However,
EAG based on gross income continues to ignore the possible affordability impacts of high
rents5 or other expenses.

Recent, ongoing research merges EAG with AR, using estimates of disposable income, or
income a�er essential expenses, with an adjusted energy affordability threshold. Essential
expenses are those that cannot be avoided, such as housing or food costs, and represent the
difference between gross income and net disposable income. Depending on what is included
in essential expenditures, the energy affordability threshold percentage can shi�. For
example, if only household expenses (utilities and either rent or mortgage) are included, then
the convention that housing costs should not exceed 30 percent of gross income indicates
that non-energy housing expenses (either rent or mortgage) should not exceed 24 percent of
gross income. This results in an adjusted energy cost burden-net (ECB-N) threshold whereby
nomore than 8.5 percent of income should be spent on energy bills. We can then calculate
the energy affordability gap-net (EAG-N) as the sum across all households where those
costs exceed 8.5 percent of net income a�er essential expenses including housing, groceries,
taxes, transportation, andmedical costs.

5 The cost of housing—rent, mortgage, etc.—is particularly salient, as it typically accounts for the largest portion
of a householdʼs monthly costs. In California, this is o�enmore than a third of a householdʼs total expenses.
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Additional EAG-Ns can consider these essential expenses such that:

𝐸𝐶𝐵‒𝑁 =  𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝐵𝑖𝑙𝑙 / (𝐺𝑟𝑜𝑠𝑠 𝐼𝑛𝑐𝑜𝑚𝑒 −  𝐸𝑠𝑠𝑒𝑛𝑡𝑖𝑎𝑙 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠 +  𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 

𝐸𝐴𝐺‒𝑁 =
ℎ

ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠

∑ 𝑚𝑎𝑥(0, 𝑋)

𝑊ℎ𝑒𝑟𝑒 :
• 𝑋 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝐵𝑖𝑙𝑙 − 𝑇(𝐺𝑟𝑜𝑠𝑠 𝐼𝑛𝑐𝑜𝑚𝑒 − 𝐸𝑠𝑠𝑒𝑛𝑡𝑖𝑎𝑙 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠 + 𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝐵𝑖𝑙𝑙)
• 𝐸𝑠𝑠𝑒𝑛𝑡𝑖𝑎𝑙 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠 =  ℎ𝑜𝑢𝑠𝑖𝑛𝑔;  𝑢𝑡𝑖𝑙𝑖𝑡𝑖𝑒𝑠;  𝑔𝑟𝑜𝑐𝑒𝑟𝑖𝑒𝑠;  𝑡𝑎𝑥𝑒𝑠;  𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛;  𝑚𝑒𝑑𝑖𝑐𝑎𝑙 𝑒𝑥𝑝
• 𝑇 =  𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒

The threshold percentage for net energy should be higher than the typical six percent gross
energy ratio, as the denominator is now smaller. While the six percent energy threshold for
gross income stems from analysis where housing costs (including utilities) should not exceed
30 percent of gross income, the median household in California has a housing burden not
including utilities that exceeds this 30 percent and a housing burden with utilities that
exceeds 36 percent of gross income (Walker and Herman, 2024). For our analysis, we use a
threshold percentage that is less than the median household net energy burden of 8.5 percent
of net income a�er essential expenses.

Income Discussion

Income varies widely across California, both between geographical regions and within census
tracts. In its Consumer Expenditure Surveys, the Bureau of Labor Statistics divides households
into five income categories, or quintiles. But in California, mean incomes within each census
tract quintile range from less than $100 per household per year (in a few census tracts
dominated by university housing near CalPoly and the University of Southern California) to
almost $1.5 million per household per year (in Atherton, one of the wealthiest communities in
the U.S.). Figure A illustrates this, providing the full range of mean household incomes across
census tracts. To capture this variation, each point in Figure A is a census tractʼs average
household income in that quintile, with boxplots showing median and 25th to 75th percentile
ranges. Labels on each boxplot show the maximum, median, andminimum average
household income in that quintile. The color scale shows how these households fit into
statewide income quintiles. The median household income in each census tract quintile is
consistent with the statewide income quintile, but the actual household incomes in various
census tract quintiles can vary widely. For example, for a census tract in San Ramon, the
average income in the census tract's lowest-income quintile is over $95,000 per year, which is
well into the third state-wide quintile. Conversely, a disadvantaged region of Los Angeles has
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a wealthiest quintile average income of $29,157, indicating the highest income quintile in this
census tract is still binned in the lowest-income quintile statewide.

Figure A: Average Household Gross Incomes by Census Tract Quintile. Color scale shows
where each household falls in the statewide income quintiles. Average household incomes
can vary widely both across the state and within census tracts.
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Income and Expenditure Analysis

We performed regression analysis on essential expenses to obtain expenses as a function of
household income, using five years of data on California-wide income quintiles from the
Bureau of Labor Statistics Consumer Expenditure Surveys (Bureau of Labor Statistics, 2019,
2020, 2021, 2022, 2023). Figure B plots prediction and prediction intervals for each
component of essential household expenditures, including housing (rent or mortgage),
utilities (including public services like trash and water), groceries, healthcare, transportation,
and personal taxes.

All models were highly significant, with high coefficients of determination (R2). All expenses
modeled increased with increasing income. However, utilities, food, healthcare, and
transportation all increased at a decreasing rate, with non-linear explanatory models. This
means that wealthier households may spendmore on these essential expenses, but they
spend a smaller fraction of their income on essentials overall.

Personal taxes increased at an increasing rate with income, illustrating progressive tax
brackets. They do not continue to grow indefinitely, as the highest federal income tax rate is
23 percent and the highest California income tax rate is 13 percent, for a total max tax rate of
36 percent. This rate isnʼt realized unless incomes are well into the top quintile at more than
$500,000 gross income per year. Therefore, this had no impact onmore than 90 percent of
California households and is of minimal concern for our equity-focused analysis.
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Figure B. Prediction and Prediction Interval Plots for Each Component of Essential
Household Expenditures.
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Housing costs increased linearly with increased income, and for most households is the most
costly portion of essential expenses. The resulting estimate for housing costs indicated a
particular challenge for lower-income households. Housing costs tended to be approximately
$12,300 plus eleven percent of gross income per year. This means that a household making
less than $13,800 per year would have to spendmore than one hundred percent of their gross
income on housing, which is clearly untenable. Households making less than $95,000 (which
is more than 60 percent of California households) would be considered highly housing
burdened by the aforementioned 30 percent threshold, assuming six percent of gross income
is spent on utilities.

𝐻𝑜𝑢𝑠𝑖𝑛𝑔 (𝑟𝑒𝑛𝑡 𝑜𝑟 𝑚𝑜𝑟𝑡𝑔𝑎𝑔𝑒)  =  (0. 111) *  (𝐺𝑟𝑜𝑠𝑠 𝐼𝑛𝑐𝑜𝑚𝑒) +  $12, 300

The combined total of essential expenses tended to be linear with income, as shown in
Figure C, because housing expenses are linear and are such a large part of the total essential
budget, but also because the non-linearities in components tended to cancel each other out
in total.
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Figure C. Prediction and Prediction Interval for the Sum of Essential Household
Expenditures. Despite non-linearities in the components, the sum is essentially linear with
gross income. This is largely driven by housing costs, which increase linearly with income.

Using these statewide income regressions, we developed household spending profiles for the
average household in each income quintile for each census tract in California. That is, in each
of the 8,057 census tracts in California, we used ACS data on the average income in each
income quintile for that census tract and the regressions above to estimate typical essential
expenditures for each quintile in each census tract (40,285 representative households, five per
census tract, one per quintile in each census tract).

We then calculated net income-based energy burden ratios given these essential expenses.
The resulting energy burden ratios are shown in Figure D. Households with gross incomes
below $13,000 per year were highly energy burdened when using the gross income ratio. But
the highly burdened category moved to gross incomes of almost $50K per year when using
the net income ratio. In fact, below a gross income of $20,000 per year, net income becomes
negative a�er expenses (note the vertical asymptote in the net income ratio at gross incomes
approximately $20,000 per year). While housing, energy, food and other support programs for
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essential expenses exist, we have not yet found data to separate these from BLS spending
trends, and reserve detailed analysis on these programs for future work.

Figure D. Comparison of Gross and Net Energy Cost Burdens. ECB-G in bright blue versus
ECB-N in dark blue. Highly burdened thresholds for each are also shown at six percent (gross)
and 8.5 percent (net).

Step Two: Integrating Outage Costs Into Affordability Analysis Methods

While useful for capturing energy affordability challenges, the energy affordability ratio and
energy affordability gap analysis methods outlined so far did not capture the impacts of
energy reliability and resilience on affordability. The difference is apparent if we compare two
locations with the same ECB-N, but where one experienced no power outages while the other
averaged a week-long outage every year. The location that experienced outages has higher
costs—the cost of potential damages from the outages and/or the cost to mitigate the impact
of outages on the household. As households in that location must bear these costs, they can
be integrated into the energy burden and understood as more complete metrics of resilient
energy affordability.
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To incorporate the cost of a lack of energy resilience into the affordability metrics above, we
introduced a resilient energy burden and resilient energy gap: Resilient Energy Cost
Burden-Net (RECB-N) and Resilient Energy Affordability Gap-Net (REAG-N).

These are simply the ECB-N and EAG-N with an added factor in the numerator: the cost of
experiencing outages. For this analysis we focused on the cost of experiencing outages; future
work will compare unmitigated outage costs to various mitigation methods.

Calculating Outage Costs

To calculate these resilience metrics, we used outage costs from a variety of studies and
surveys on the topic that include lost income, food, property, and other costs.

We valued lost income such that an hour of income or equivalently valued leisure time is lost
for each hour of outage (Gorman, 2022) (Shivakumar et al., 2017). This method has some
challenges, including that it does not account for different impacts during different times of
day (an outage at midnight might be less impactful than an outage at noon) and it can
underestimate impacts on households with no reported income (Gorman, 2022). We
mitigated the inequities in income-based outage cost estimates by converting these to
burdens as a ratio of income.

Outage damage estimates come from an Argonne National Lab study and include lost food,
physical damage to property, and other out of pocket costs including expenses for ice,
fireplace fuel, batteries, andmeals eaten away from home (Krohm, 1978). The study provides
the damages to the average household in 1978, so we adjusted these for inflation from 1978
dollars to 2019 dollars, with a total inflation rate of 479 percent (Bureau of Labor Statistics,
2024).
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Table 1. Outage Damage Losses and Inflation Adjustments.

Power Outage Losses and Adjustments

Loss Category
1978 Value 2019 Value

Percent of
household
income

($ 1978) ($ 2019) (%)

Income losses 1,167 5,588 5.77

Food losses 25 120 0.12

Physical losses 16 74 0.08

Other costs 19 91 0.09

Total 1,227 5,873 6.06

Given that food, property, and other expenses scale with income, we also adjusted the
damages relative to income using the values in Table 1 as the baseline for the average
household income. Data for the average California household is shown in Table 1.

We see that a week-long outage impacting a household at the average statewide income in
2019 ($98,000) would put that household into the highly energy burdened category by the six
percent threshold of ECB-G, even without including actual energy costs.

We converted weekly damages to daily and hourly impacts, in order to thenmultiply these
losses by the average annual outage durations in each county, and thus generate the local
outage losses. This may overestimate the impact of short outages, as some damages, such as
food loss, only occur a�er refrigerators are le� unpowered for several hours. That said, lost
income (including lost wages and leisure time) dominated the function, and did not suffer
from non-linearities in impact given different outage durations. We will explore nonlinearities
in the daily and hourly damage in future work.

We calculated average annual outage damages using outage statistics from the Department of
Energyʼs “Environment for Analysis of Geo-Located Energy Information” (eagle-i) record of
electricity outages (Brelsford et al., 2023). Outage instances from this data set, with locational
precision at the county level and covering 2014-2024, were converted to average number of
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outage hours per year in each county in California. Using the damage functions developed
above, the outage durations were used to estimate average annual outage impacts in each
county.

As shown in Figure E, county-level average outage hours range from less than one hour to
more than 30 hours per year, with most of the highest annual outage hours associated with
the forested areas of the mountain ranges including the Sierra Nevada Range (central eastern
California), Cascade Range (north central), Klamath Mountains (north central), and the
Coastal Range. The strikingly low outage totals in Modoc and Lassen Counties in the northeast
and Stanislaus County in the Central Valley may bemore explained by local municipal and
co-op utility data availability for eagle-i than by actual outage statistics. This bears further
study.

Figure E. County Outage Statistics from DOEʼs Environment for Analysis of Geo-Located
Energy Information (eagle-i) data set (Brelsford et al., 2023).Mountainous, forested areas
in California typically had the highest annual outage hours.
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From the outage data, we then calculated the total energy and outage damage ratios, or the
Resilient Energy Cost Burden-Net (RECB-N), for each quintile in each census tract. These are
shown in Figure F. This added damages from outages to the data from Figure D. The result is
that households that were already cost burdened become evenmore so, andmany
households that were below the 8.5 percent net threshold were moved above it and would be
considered highly (resilient) energy burdened. Households with negative net incomemust
also be considered energy burdened and resilient energy burdened, as the affordability gap
for these households was greater than their energy spend and outage damages.

Figure F. Outage Costs Added to Energy Costs to Show the Net Energy and Damage Cost
Burden or RECB-N.Many households that were below the burdened threshold without
including outage impacts would now be considered highly burdened.

Overview of Results

Statewide Summary

High energy cost burdens are a widespread and long-term problem for low-income
communities. From 2017 surveys, nearly a third of U.S. households struggle to pay their utility
bills, and 14 percent have received a disconnection notice (EIA, 2018). Estimation of energy
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cost burden as a function of gross income (ECB-G) has been the most widely usedmetric to
identify areas and populations experiencing undue financial burden from energy bills (Colton,
2021). While common and straightforward to use, this metric does not account for differences
in disposable income, so here we will focus on ECB-N.

As shown in Table 2, Californians consume approximately $24 billion worth of energy each
year. However, 4.4 million of Californiaʼs 13 million households (34 percent) also faced high
energy burdens such that they spent more than 8.5 percent of their net income a�er essential
expenses on energy. The total energy affordability gap, or the sum of all energy expenditures
above that 8.5 percent of net income, was $4.1 billion annually. Although energy spending
increases with increased income—the top quintiles in each census tract use 1.8 times more
energy than the bottom quintiles in each tract—the energy affordability gap was concentrated
in the lowest income quintiles.

Similarly, most of the residential outage costs impacted upper quintile households, such that
67 percent of outage costs were concentrated in the top two quintiles, while only 17 percent
were seen in the bottom two quintiles. But outage costs that contribute to resilient energy
burdens that exceed household net income bymore than 8.5 percent were once again
concentrated in lower andmiddle quintiles. Of the $920 million resilient energy affordability
gap state-wide, $640 million (70 percent) was concentrated in the two lowest income quintiles
in each census tract, with only $90 million (less than 10 percent of the gap) in the top two
income quintiles in each tract (40 percent of the state population).
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Table 2. Summary of Energy and Resilient Energy Affordability Gaps.

Energy and Resilience Affordability Gaps

Income
Quintile

Energy Resilient Energy

Total
Energy
Spend

($million)

Energy Gap
Households

(#)

Energy
Afford-

ability Gap
($million)

Outage
Costs

(# million)

Resilient
Energy Gap
Households

(#)

Resilient
Energy
Afford-

ability Gap
($million)

1 3,400 2,500,000 2,900 310 2,600,000 310

2 4,300 1,400,000 1,000 610 1,500,000 330

3 4,800 450,000 230 910 620,000 190

4 5,300 56,000 18 1,300 140,000 72

5 6,200 500 0.5 2,400 14,000 18

Total 24,000 4,406,500 4,149 5,530 4,874,000 920

Regional Analysis

We analyzed cost burdens geographically across California to explore where local income
disparities intersect with outage impacts. This allows us to recommend local resilience
interventions where the resilient energy affordability gap indicates a lack of household ability
to invest.

We began with energy and net income analysis to frame the focus of this analysis on resilient
energy cost burdens. We continue to present results in terms of census-tract income quintiles.
Additional local variance in food, housing, and utility expenses driven by local economics
outside of the statewide income analysis were le� for future study.

Energy and Net Income Analysis

Energy Net Cost Burden (ECB-N) considers household income a�er essential expenses. We
considered households to be highly burdened when the ratio of energy to net income is above
8.5 percent. Figure G shows ECB-N for California census tracts, broken out by census tract
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income quintile. Details are provided for Los Angeles County and Bay Area Counties (Sonoma,
Napa, Solano, Contra Costa, Alameda, Santa Clara, San Mateo, Marin, and San Francisco
Counties). For the lowest income quintile in each census tract, most areas were either highly
burdened (red) or had negative income a�er essential expenses (gray). Only in the middle
quintile and above did we start to see most census tracts dropping out of the highly burdened
category. The total energy affordability gap—the sum of energy costs that exceed the 8.5
percent threshold—was $4.1 billion annually, as shown above in Table 2.

Across California, the lowest income quintiles in each census tract tended to be highly energy
burdened, or to have negative income a�er essential expenses. The latter is evenmore
challenging, as it indicates that solving the energy net cost burdenmay require solutions
beyond the energy sector.

23 | Equity in Energy Resilience | PSE Healthy Energy



Figure G. Energy Net Cost Burden by census tract across California, Los Angeles County,
and Bay Area Counties. Color scale breaks between red (highly burdened) and green (not
highly burdened) at 8.5 percent of net income, with yellow indicating the ratio is exactly at the
threshold. Gray areas indicate negative net income a�er essential expenses.
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Energy and Net Income A�er Energy Subsidies Analysis

Energy Net Cost Burden a�er a theoretical energy subsidy (ECB-NESub) is shown in Figure H
for each census tract income quintile in California, with more detailed views for Los Angeles
County and Bay Area Counties. This presents the result of a theoretical subsidy that effectively
cuts energy spending to a maximum of 8.5 percent of net income for each household. This
eliminated the energy affordability burdens for each household and the total energy
affordability gap state-wide. The required subsidy was equivalent to the Energy Affordability
Gap shown in Table 2.

Where household net incomes were negative, the subsidy cannot address the total
affordability gap, so many lower-quintile households still had negative net income (shown in
gray). Several census tracts had high energy burdens even a�er this subsidy, as they had
negative net income before the subsidy.

25 | Equity in Energy Resilience | PSE Healthy Energy



Figure H. Energy Net Cost Burden A�er Energy Subsidies. By census tract across California,
Los Angeles County, and Bay Area Counties.

Negative net incomes and high energy burdens even a�er subsidies were not just a function of
disadvantaged community (DAC) designations. Figure I shows DAC versus non-DAC stats for
California, Los Angeles County, and Bay Area counties. (OEHHA, 2023) Especially for the
lowest-income quintiles, these challenges exist in both DAC and non-DAC communities.
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Figure I. Census Tracts Designated as Disadvantaged Communities (DAC) by California
Senate Bill 535. DAC is one indicator of vulnerability, but it fails to capture local income
variances that generate affordability challenges regardless of DAC status.

Resilience and Net Income A�er Energy Subsidies Analysis

Resilient Energy Net Cost Burden a�er Energy Subsidies (RECB-NESub) is shown in Figure J
for each census tract income quintile in California, with details provided for Los Angeles
County and Bay Area Counties. This presents the remaining resilient energy affordability
challenges resulting from the theoretical subsidy addressing energy affordability gaps, but
now incorporating outage costs into the ratio.

Nearly 4.9 million households were in the highly burdened category when outage costs were
incorporated, even a�er subsidizing the energy affordability gap. More than half of these
households were in the lowest income households in each census tract. An additional resilient
energy affordability subsidy of almost one billion dollars would be required to address this
affordability gap statewide.
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Figure J. Energy Net Cost Burden A�er Energy Subsidies. By census tract across California,
Los Angeles County,and Bay Area Counties.

Housing Burden Analysis

While external to energy and resilient energy analyses, a key driver of affordability challenges
was the burden of housing costs. For the lowest-income quintiles in each census tract,
negative income a�er essential expenses remained a significant challenge for 1.6 million
households. Combined, these households had a total negative net annual income of $6.5
billion. The largest component of household expenses was housing, such that across
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California only the top-income quintile in most census tracts might be considered
non-housing burdened with housing expenses above 30 percent of gross income.

Figure K. Housing Burden by Census Tract Across California. Only the highest income
quintiles avoid widespread housing burdens.

Step Three: Using Local Survey Data to Ground Truth Methods and Results

The aforementioned data from the Bureau of Labor Statistics and American Community
Survey represent real people facing energy affordability and resilience challenges. To ground
truth the methods and results—in particular, to confirm we were considering the factors that
actually mattered to people—we collected data from Bay Area residents. This took the form of
a focus group with in-person surveys in Marin and distributed surveys conducted by local
college students around the greater Bay Area. This also allowed us to uncover potential
nuances specific to the Bay Area, and future work would benefit from additional
ground-truthing surveys in multiple geographic regions.

Marin City Focus Group

Wemet with eight residents of Marin City, an historically black, working-class community
between Sausalito and Mill Valley across the Golden Gate Bridge from San Francisco. We were
connected to local residents through a community-based organization in Marin City, and a
variety of ages and occupations were represented within the survey group, including a
daycare owner, a county librarian, and an entrepreneur.

Surveys were distributed to collect demographic information, including income ranges,
number and of residents per household, age, health risks; as well as outage data, including
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frequency and duration of outages over the past five years, outage damages and health
impacts, and potential adaptations households had undertaken to prepare for outages.

The eight households surveyed averaged 3.25 people per household, with none having fewer
than two occupants. This is a bit higher than the 3.01 or 2.88 average household size in
California (for owner-occupied and renter-occupied units, respectively) (US Census Bureau,
2019). Five of the eight households also reported having children at home. This is important
to consider because more people living in each household means more people impacted by
outages, including those who cannot contribute to a householdʼs income, like children.
Roughly a third (3/8) of these households reported making less than $40k/year, while nearly
two thirds (5/8) reported less than $80k/year. For context, in 2019 the mean household
income was $98,000 per year in California, (U.S. Census Bureau, 2019) and the Area Median
Income for the Bay Area for a 3-person household was $110,850 (San Francisco Mayorʼs Office
of Housing and Community Development, 2019). Of the eight participants, seven were
renters. This is significantly higher than is typical across California, where roughly 45 percent
of households rent (ACS, 2019). Itʼs also critical to consider that certain resilience solutions,
such as installing solar and energy storage backup systems, are less accessible to renters. Five
of the eight households also reported some type of health risk.

All eight households reported experiencing outages up to 24 hours, with half experiencing
numerous shorter outages andmore than half (5/8) experiencing outages greater than four
days. For longer outages, households reported hardships—such as a loss of food—because of
these interruptions. Multiple respondents also reported childcare needs due to daycare
closures during outages as a significant challenge.

All participants also reported some reaction cost to outages, including flashlights, ice, and
food. Most also reported some stress or worry caused by outages, with longer outages
typically causing higher levels of stress. However, even outages under two hours were
stressful for more than half of participants.

Along with surveys to record quantitative demographic and outage information, the session
included a qualitative discussion of outages, outage impacts, and outage adaptation within
the community. Anecdotally, people reported numerous and frequent outages. Many
participants had vivid recollections of specific outages—memories related to missing work
because of a lack of daycare, to unsafe situations experienced by their families or others, and
to beneficial adaptation measures taken by the local library. However, participants found the
specifics around outages difficult to remember precisely, and people had different
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recollections of when outages happened, how long they lasted, and whether the local utility
or local library was responsible for popup outage mitigation measures.

Additionally, imprecise recall of outages canmake it difficult to say with certainty which
neighborhoods experience the most frequent, or the longest, outages—adding another layer
of difficulty for prioritizing funding. This can be improved by more transparent reporting from
utilities around the frequency and duration of outages at a finer geographic scale than
currently exists. While utilities report metrics such as System Average Duration Index (SADI),
System Average Frequency Index (SAFI), and Customer Average Duration Index (CADI), these
metrics are reported at much wider geographic areas than a neighborhood or census tract.

Bay-Area Wide Surveys

As part of their coursework under the guidance of Teach Earth Action professors, students at
Chabot College in Hayward and College of San Mateo conducted surveys in neighborhoods
around the Bay Area. Surveys captured demographic information such as age, ethnicity, and
renter/owner status as well as information on income, household expenses, and outage
impacts from the past five years.

Survey results for income and expenditures were reported in ranges.6 Table 3 shows the
percent of income spent on different necessities for households with different incomes, as
well as the percent of owners versus renters in each income category. For this comparison, the
average value of each range was used, with the average between zero and the highest value
for cost categories that began with ʻLess than ,̓ the stated value for categories that began with
ʻMore than ,̓ and $20,000 for the ʻLess than $20kʼ income range. Weekly food costs and
monthly utility costs were also converted to annual costs to calculate percent of annual
income spent in each category.

6 Costs of essential expenditures were reported in ranges of ʻLess than $50 ,̓ ʻ51-$150 ,̓ ʻ151-$250 ,̓ ʻ251-$350 ,̓ and
ʻMore than $350 .̓
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Table 3. Student-Led Survey Results: Percent of Household Income Spent on Essential
Services by Household Income. Lower income households spend proportionately more of
their income on essential services. Percentages for the lowest and highest income categories
may be skewed by the use of the values used in the ʻLess thanʼ and ʻMore thanʼ ranges,
respectively.

Breakdown of Select Expenses by Household Income

Annual
Household
Income

Percent of income spent on essential services

Food Electricity Gas Internet Phone

< $20k 40% 9% 7% 5% 5%

$20-40k 30% 7% 6% 4% 5%

$40-80k 20% 3% 3% 2% 3%

$80-120k 10% 2% 2% 1% 2%

$120-200k 7% 2% 1% 1% 1%

> $200k 7% 1% 1% 1% 1%

Income and spending data was reasonably consistent with the American Community Survey
and Bureau of Labor Statistics data shown earlier, with some discrepancies that could be
explained by the Bay Areaʼs high cost of living. For example, the percentage of income survey
participants spent on food was generally within a few points of the corresponding spending
data, with the exception of participants in the $20K-$40K range. In this case, survey
participants reported spending a significantly higher percentage of their income on
food—averaging around 30 percent rather than the Bureau of Labor Statistics estimated 10-20
percent.

Household incomes reported in the Chabot-led surveys varied slightly from those reported in
the Marin City focus group, with a smaller percentage of households reporting incomes under
$40K and $80K per year (21 versus 38 percent and 44 versus 63 percent for under $40K and
under $80K in the Chabot-led versus Marin City surveys, respectively). Household size was
more consistent, with both groups reporting that roughly 50 percent of households had 3-4
occupants and 20-30 percent of households had either 1-2 or 5-6 occupants. However, both
survey groups reported a higher average household size than the ACS estimates for California.
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Data collected on outages was also segmented into seven buckets, this time based on length.
Roughly five percent of those interviewed had not experienced any power outages they could
recall over the past five years. However, roughly 80 percent had experienced at least one
outage that lasted less than two hours, 15 percent had experienced at least one outage that
lasted more than 24 hours, and four percent had experienced at least one outage that lasted
more than five days. The frequency with which outages of different lengths were experienced
is shown in Table 4.

Table 4. Frequency of Power Outages of Various Durations.More households experienced
shorter outages, and experienced themmore frequently. Longer outages impacted fewer
households and were less common.

Frequency of Power Outages by Duration

Outage
Duration

Number of Outages Experienced

0 1 2 3 4 5+

0-2 hours 73 67 85 47 32 75

2-6 hours 147 90 67 32 13 30

6-12 hours 251 72 26 15 3 12

12-24 hours 304 43 16 8 1 7

1-2 days 330 29 12 3 1 4

2-4 days 344 22 7 3 1 2

5+ days 365 7 4 1 0 2

Those who had experienced outages reported challenges including the inability to use
technology, loss of food and/or medication due to spoilage, missed work, and the inability to
appropriately respond to extreme temperatures (e.g., use a heating or air conditioner). Similar
to the responses fromMarin City, loss of food was among the most commonly reported
difficulties. However, in this more widespread survey group, just over half of those who
experienced outages reported some loss of food, compared to all respondents fromMarin
City.
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Narrative responses about difficult outages also highlighted where certain household
demographics made outages particularly dangerous—for example, caring for a baby during a
summertime outage when temperatures were high—or could compound inequalities, such as
making it difficult to complete homework assignments. While 96 percent of respondents did
not lose medication because of an outage, many still expressed concern over this possibility
for family members and recognized the potential for serious consequences for those who rely
onmedication or medical equipment.

These outage damages generally reflected the expected damages, with a few additions such
as people becoming trapped in their homes or housing complexes because of electric garage
doors or gates.

Utilities do have existing programs to help some categories of customers through outages, for
instance PG&Eʼs Medical Baseline Program targeted at electrically-dependent medical device
users. However, this doesnʼt cover all households where it could be medically dangerous to
lose power (such as households with newborns or elderly residents) and relies on customers
to ensure they are on the appropriate program list.

Roughly 40 percent of those who experienced outages reported spending more than $50
reacting to those outages, while a small fraction of (roughly three percent) spent more than
$500. Reaction costs include buying ice to keepmedication cold, purchasing candles or a
flashlight, picking up batteries, going somewhere else where there is power available, and/or
installing a generator. They do not include lost time or wages.

While this data collection was a productive benchmark, more extensive data collection is still
needed. Increasing the sample size and including further questions, such as resilience costs to
households, would generate more robust results. However, given recent increases in inflation,
some damage costs may already be outdated. Additionally, survey results prompted
numerous follow up questions, such as whymany residents who endured difficult outages
only responded by taking limited resilience action. Further questions are outlined in the
Power Outage Survey Final Report prepared by Teach Earth Action about this data. (Belloso et
al., 2024) These questions, among others, are worth exploring further to understand the
connection between different demographic variables and resilience, which can help
policymakers develop the most appropriate solutions.

34 | Equity in Energy Resilience | PSE Healthy Energy

https://www.teachearthaction.org/power-outages


Integrated Conclusions

High energy burdens, where energy costs are greater than 8.5 percent of net income, impact
4.4 Million households and generate a total affordability gap of $4.1 billion dollars in
California. If the costs of dealing with power outages are included, an additional almost $1
billion in resilient energy affordability gap emerges, impacting 4.9 million households.
Resilient energy affordability gaps should be considered in energy policy decisions and
investments toward more reliable and resilient infrastructure, helping to reduce burdens for
those least able to afford the costs of outages.

Surveys and questionnaires implemented in Marin City and across the Bay Area reinforce the
statistical analysis in multiple ways. First, they reiterate that the high percentage of income
necessary for essential expenses like food and utilities present a significant challenge for
lower income households. Second, they show the elements we used to quantify outage
impacts were felt within the community.

Importantly, the surveys and questionnaires also show some of the limitations of the
publicly-available data from the Census Department, the Bureau of Labor Statistics, and
DOEʼs eagle-i outage data.

County-wide average outage data can hide wide disparities in outage experiences. Survey
respondents in the Bay Area experienced roughly 10 hours per year of outages, compared to
an average of four hours per year across Bay Area counties in the eagle-i data. Eagle-i reported
outage totals in Bay Area counties range from 2.3 hours in Alameda to 15 hours in Napa, while
survey respondents in Alameda reported an average of almost 10 hours per year and the
single survey respondent from Napa reported an estimated 45 hours annually over the last
five years. Survey respondents in Alameda reported anywhere from zero to hundreds of hours
of outages, indicating that averaging outages—and outage impacts—across a full county is
likely to overestimate the impact on some households while severely underestimating the
impacts on others. The average 10 hours reported by survey respondents also hides the
significant impacts of multiple multi-day outages experienced by some respondents.

Surveys also showed that in addition to food and income losses, somemore difficult to
quantify impacts were also experienced, including damages to physical andmental health.
These impacts should be addressed in future research, especially health impacts for those
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who are particularly vulnerable to climate-related health risks like extreme heat or poor air
quality. Outage impacts become evenmore dangerous when power outages turn off air
conditioners, air filters, refrigerators, andmedical devices, especially for people with
vulnerabilities (e.g. people with asthma or heart disease, people dependent on refrigerated
medicines like insulin, infants, and the elderly).
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Implications for Policy and Future Research

The resilient energy burden and gapmetrics can inform future research and, in turn, future
efforts to create more energy policy supporting both equity and resilience. The work is far
from finished, however. This section discusses some of the potential implications for policy
and research required to pursue these avenues.

The Goal: Improve Resilience by Reducing Outage Impacts

The goal of resilience is to ensure households can easily withstand and recover from the
burden of unexpected shocks like power outages. If you can reduce outages to zero, you
reduce outage burden to zero. However, this is likely infeasible at a grid scale, as the economic
cost of a perfectly reliable grid likely exceeds the cost of a few, short outages. That said, the
way outages are currently addressed—determining targets for limiting outages andmeasuring
whether those targets are met—relies on inequitable measurements like (1) overly-broad
outage frequency and duration statistics that neglect geographic specificity and do not
consider differential impacts on different households, or (2) VoLL, which values wealthier
households higher than lower-income ones and is thus inequitable in its measurements and
outcomes. This shortcoming could potentially be addressed by using an equity-focused VoLL
calculation to determine which areas and outages are prioritized for funding.

Distributed energy, for instance solar and energy storage systems, can improve resilience by
reducing customer-side outages. However, these systems are currently unaffordable for
and/or unavailable to many households. Thus reducing outages with distributed energy
resources or other customer-side interventions requires, in many cases, developing subsidies,
policy, and programs that enable greater access. Ideally, these measures are equitably
distributed—installed on households that are, or would be, the most severely impacted by
outages. As discussed above, determining which households are most impacted requires
access to household-level outage frequency and duration, as well as underlying demographic
factors like income.
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Potential Strategies and Areas of Future Research

Reduce Household Energy Burdens

Simply reducing a householdʼs energy burden canmake it easier for that household to
withstand and recover from outages. The less a household has to spend on energy each
month, the more they can afford to spend on resilience and the less impacted they will feel
from outage damages. This lessening in outage impact is because households with lower
energy burdens are likely to have more disposable income available to deal with unexpected
events like outages or to put towards investments in resilience. But the closer a household is
to being energy burdened—e.g., spending more than six percent of their gross or 8.5 percent
of their net income on energy—themore resilience and/or outage damage costs are likely to
squeeze their budgets and push them into the energy burdened category.

Programs like the California Alternate Rates for Energy (CARE) can and do help. The eligibility
criteria that, for example, a three person household can get CARE assistance if their income is
less than $51,640 per year is consistent with our results. (CPUC, n.d.-b) Our energy burden
analysis shows that households with income less than $50,000 would need help keeping their
energy affordability ratio below the 8.5 percent threshold. But the assistance rates in CARE of
a 30-35 percent reduction in energy costs is less consistent with our findings. Households
below $20,000 in annual gross income would need a 100 percent bill reduction to not be
energy burdened, as their net incomes are negative a�er essential expenses. And households
with less than $35,000 in annual gross income would need a greater than 50 percent bill
reduction to not be considered highly energy burdened.

Energy efficiency measures, weatherization, and distributed energy resources like solar can all
help reduce energy bills. This can lower energy burdens, freeing upmoney that can be spent
mitigating outage damages or investing in resilience.

Improving energy affordability is also cost effective. A 2022 analysis showed that grants for
efficiency and weatherization, investments in home energy upgrades, and expansion of
efficiency, community solar, and demand response programs could improve energy
affordability for the most burdened households (Lukanov et al., 2022). A 2024 study also
demonstrated that roo�op solar could reduce a householdʼs energy burden, particularly for
low- andmoderate-income households with high energy burdens (Forrester et al., 2024).
Equity-focused efficiency and weatherization measures can also make resilience systems like
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paired solar and storage less expensive by lowering the amount of energy required to heat,
cool, and power a home.

Reduce Energy Resilience Burdens

Some households may not be considered energy burdened under day-to-day circumstances,
but may become energy burdened when resilience or outage damage costs are considered.
Reducing these costs to consistently bring these households below the energy burdened
threshold can be done through a combination of energy affordability measures and lowering
the impact of outages on these households. This can be done by (1) reducing outages through
grid infrastructure improvements; (2) installing solar and storage systems so they do not lose
power during inevitable grid outages; (3) determining least-cost grid-vs-distributed
investments by accounting for outage impacts.

Resiliency measures do not necessarily have to provide 100 percent of normal energy needs.
Further research into community and household critical energy needs could allow for efficient
deployment of smaller scale resiliency investments. These could include resilience hubs to
support medical needs, clean air, cooling, and refrigeration for vulnerable populations.
Reducing income losses by investing in critical support services to enable work even during
outages goes beyond powering workplaces. It may need to include resilient power for
communications and internet as well as resilient power for schools and daycare centers to
allow people to leave their homes without worrying about children le� home without
electricity.

Consider Cross-Cutting Interventions

Resilience-boosting interventions can also be cross cutting, as measures that improve energy
affordability can also reduce energy resilience burdens. While further research is needed to
understand all of the various potential policy levers andmodel cost-optimal community-level
solutions, a few key areas for consideration are outlined here. Potential cross-cutting policy
levers include:

● Energy Efficiency. Improving a homeʼs energy efficiency, including through
weatherization, can lower household energy bills and is particularly effective for older
housing stock.

● Equitably Distributed Energy Resilience. Distributed energy resources like solar and
battery storage can help lower energy bills andmake homes resilient to outages.
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● Electrified Heating Using High-Efficiency Heat Pumps. Efficient heat pumps are less
expensive to operate than other heating systems such as fuel oil, propane, and electric
baseboard heating. Heat pumps can also be used for both heating and cooling,
lowering summer energy usage in households that typically use wall AC units.

● Reduced Housing Burden. Beyond energy policy, the high cost of living, driven by
high housing costs, drives down net income, and thus increases energy and resilient
energy burdens and gaps. Lowering housing costs, especially for the lowest-income
households, would help reduce energy and resilient energy burdens. More than 5.7
million households (44 percent of California households) face housing burdens greater
than 30 percent of household gross income, with a total housing affordability gap of
more than $34 billion dollars annually. Housing assistance programs like the Homeless
Housing, Assistance and Prevention Program, State Low-Income Housing Tax Credits,
and others help. But these total only $3.3 billion in assistance—less than 10 percent of
the $34 billion housing affordability gap (Legislative Analystʼs Office, 2023).

Policy measures should target both homeowners and landlords, as roughly 35 percent of
households in the U.S.—which grows to 44 percent in California—are renters (PPIC, 2024).
Policy to target both groups will help ensure affordability and resilience benefits are not
confined to homeowners alone.

Additionally, policies to promote community-level solutions may significantly reduce costs, as
some resilience-boosting technologies—for instance, backup solar and energy storage
systems—are significantly less expensive as they are scaled up to become community-level
solutions. Updating policy that currently acts as a barrier to community-level solutions, for
instance aroundmicrogrids, can help lower the cost of resilience for communities.

Examine the Challenges of Decarbonization

Policymakers are pursuing widespread electrification to meet economy-wide decarbonization
goals. This effort has clear implications for resilience. It mitigates climate change, and in the
long term can reduce exposure to outages. But as more services begin to depend on
electricity, the transition from fuel combustion to electrical heating, water heating, and
cooking in homes and other buildings puts additional importance on resilient electricity
systems to ensure these services are available. Additional research exploring the challenges
and opportunities of electrification on resilience is warranted.
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