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Author’s Note

As a member of the Yale College Class of 2021, I studied environmental studies and
global affairs with particular interests in international cooperation on climate action and
environmental justice. At Yale, I co-founded an action-based environmental group called
GREEN and was involved in various other initiatives grounded in making the world a better
place through the protection of both people and nature.

I conducted this study as part of the Senior Essay Colloquium within Yale College
Environmental Studies (EVST). The purpose of the senior essay requirement is for students to
engage meaningfully in a topic about which they are passionate while tackling a serious
environmental problem. This process was a challenging and rewarding one. It has taught me how
to pursue my curiosities by posing novel research questions that aim to study a potentially
significant aspect of an issue. It has additionally strengthened my ability to persist in the face of
obstacles, particularly the unavailability of information and the extensive (at times exhausting)
data collection process, throughout an independent project. Finally, it has allowed me to practice
my written communication skills through the production of this senior essay. Altogether, I am
grateful for the opportunity and experience that the EVST Senior Essay Colloquium offers
students in the department.

I hope that this final deliverable will be useful and inspiring to readers of all
backgrounds. Lastly, I hope that it will contribute to a greater conversation about and practical
application of environmental justice principles in the context of the transformation towards a
decarbonized future.

Trinidad Kechkian
BS in Environmental Studies, BA in Global Affairs, Certificate in Energy Studies
Yale College, Class of 2021
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Abstract

One of the great obstacles to the transition to clean energy is that not everyone has an
equal opportunity to participate. While previous research has demonstrated that the distribution
of solar photovoltaic and battery storage technologies is correlated with race and ethnicity,
income, educational attainment, and other variables, it has failed to perform similar analyses on
specific clean energy incentive programs. This study evaluates the equitability of past and
current state-level incentive programs for solar photovoltaic and battery storage systems in
California and Massachusetts using multiple linear regression models. Among the most notable
results, for the California programs that are open to the general market, whiter and wealthier
populations yielded a higher average incentive amount and a higher likelihood of being served
by the programs. Overall, when states are intentional about involving communities and serving
environmental justice populations, their programs are more equitable than broad programs for
the general public. Ultimately, this study identifies injustices that may obstruct the shift towards
a decarbonized society and explores more equitable transformation pathways towards a clean and
renewable energy future through distributed energy resources.

Keywords: battery storage, clean energy, community, distributed energy resources,
energy justice, equity, grassroots, renewable energy, resilience, solar photovoltaic
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I. Introduction

Climate change is the most important issue facing humanity today.!' At its best, it
provides a unique opportunity to revolutionize the energy system and uproot past inequities; at
its worst, it poses a threat to almost every aspect of society. Climate scientists warn us with
increasing urgency that greenhouse gas (GHG) emissions must decrease dramatically to limit
average global warming to 1.5 degrees Celsius above pre-industrial levels and prevent
irreversible changes to the Earth’s climate systems, as established by the Intergovernmental
Panel on Climate Change in its 2018 report on global warming and the Fourth National Climate
Assessment by the US Global Change Research Program (IPCC, 2018; USGCRP, 2018). As
droughts, storms, fires, and other natural disasters continue to increase in frequency, the toll on
local populations will be devastating. If we do not take immediate and significant action to
transform the energy sector from fossil fuels to clean energy sources, climate change will
continue to bring about the destruction of infrastructure and precious natural habitats, the
relocation of whole communities, the amplification of epidemics and other public health risks,
and the destruction of ecosystems worldwide (IPCC, 2018; USGCRP, 2018).

Distributed energy technologies (DERs) are one avenue through which to address the
looming problem of transitioning from dirty fossil energy to clean energy. DERs are small-scale
units of local electricity generation or management that are connected to the grid at the
distribution level. The term includes behind-the-meter generation technologies like rooftop solar

systems, energy storage like home batteries, clean transportation technologies like electric

! By no means is climate change the first existential threat (Heglar, 2020; Ray, 2021). I want to acknowledge past
and current existential threats including but not limited to colonialism, physical and cultural genocide, slavery,
capitalism, police brutality, and other forms of violence that are rooted in discrimination on the basis of race,
ethnicity, religion, sexual orientation, and other identities. To say that climate change is the first time that humans
have had to struggle for survival is ignorant and dangerous, as we must recognize and learn from history so that we
can dismantle hateful systems of oppression and build new structures founded in justice, love, and community.



vehicles (EVs) and chargers, and demand response technologies like smart thermostats and
meters (Horowitz et al., 2019). While there certainly is a need to decarbonize at the grid level
and to revolutionize existing infrastructure specifically for the phasing out of fossil fuels, the
integration of DERs at the residential level is also a necessary action through which to achieve
these clean energy transformations (Horowitz et al., 2019).

Currently, however, the distribution and deployment of these critical global warming
mitigation technologies have proven inequitable, obstructing their integration. A recent landmark
study by Sunter et al. (2019) evaluates the effectiveness and equitability of current rooftop solar
policies and programs, revealing that race and ethnicity are significant predictors of rooftop solar
participation. By merging Project Sunroof? data with data from the United States Census Bureau
American Community Survey (ACS),? the researchers found that Black-majority and Hispanic-
majority neighborhoods had 61 and 45 percent less rooftop solar than no-majority
neighborhoods, even when correcting for household income and homeownership, as reported in
Table 1 below. Meanwhile, under the same conditions, White-majority neighborhoods had 37
percent more rooftop solar than no-majority neighborhoods (Sunter et al., 2019). Barbose et al.
(2021)* found a similar trend in their more recent study on the demographics of solar-adopter

households compared to those of all US households.

2 Project Sunroofis a calculator from Google that uses spatial data to map the solar savings potential on rooftops
across the country (Google, n.d.). The tool provides personalized roof analyses to provide users with an optimized
solar plan including a calculation of the annual sunlight that hits a home’s roof, a recommended installation size to
maximize the roof’s potential and minimize electricity bills, and an estimate of the financial costs taking federal,
state, and local incentives into account. For more information, visit google.com/get/sunroof.

3 The American Community Survey is an ongoing survey administered by the US Census Bureau on an annual
basis. It gathers current information about the social, economic, demographic, and housing characteristics that
communities can use to make decisions. The five-year estimates represent data collected over 5-year ranges that can
increase the statistical reliability of the data, especially for areas with smaller populations. For more information,
visit census.gov/programs-surveys/acs.

4 The essay explores the findings by Barbose et al. (2021) in greater detail in Section II.C, infra.
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racial demographics of neighborhoods

Black-majority Hispanic-majority white-majority

% difference in rooftop
solar as compared to no- -61 -45 +37
majority neighborhoods

Table 1. The percentage difference in rooftop solar of Black-, Hispanic-, and white-majority neighborhoods, as
compared to no-majority neighborhoods, based on the work of Sunter et al. (2019).

These inequalities exist not only when it comes to participation in climate mitigation, but
also when it comes to the experience of the negative impacts of climate change. While climate
change is a global problem affecting all people, not everyone bears an equal share of the burden.
Climate change has differential impacts on peoples based on geography, race and ethnicity,
gender and sexuality, able-bodiedness, economic class, and language barriers to communication
among others. In the United States, environmental stresses disproportionately affect Black
communities, Indigenous communities, and people of color (hereafter referred to as BIPOC), as
well as low-income populations. It is precisely because BIPOC and low-income communities
experience climate change differently that there is a dire need to include them in the problem-
solving process.

Similar injustices exist in the energy sector, where different socioeconomic and
demographic groups have differential access to resources. According to a model by Drehobl and
Ross (2016), low-income, African-American, Latino, multifamily, and renting households have a
disproportionately higher energy burden (i.e., they spend larger amounts of their income on
energy) than their higher-income, white, and home-owning counterparts. Participation in clean
energy programs typically saves participants money while often increasing costs for general
ratepayers. The fixed costs of the utility companies, paired with decreased demand due to the

implementation of DERs, inevitably increase the price of electricity sourced from fossil fuels



(Brown et al., 2020; Gearino, 2019; Johnson et al., 2017; Sirgin and Mooney, 2018). If there is
not equal participation in these technologies and, instead, wealthier individuals are the ones who
are implementing these technologies, then low- and middle-income households will suffer a
disproportionate increase in their energy costs and, thus, in their energy burden.

Given these foundational racial and socioeconomic inequities—in participation in DER
programs, household energy burden, climate change impacts, and access and participation in the
policymaking process—this study analyzes the relative equitability of current DER incentive
programs and offers recommendations on how to make them more inclusive. While previous
research by Sunter et al. (2019) demonstrated that the distribution of rooftop solar technologies is
correlated with race and ethnicity, even after controlling for homeownership, the researchers
failed to closely analyze any specific solar incentive programs, which are the key catalyst for
rooftop solar deployment. Sunter et al. did not evaluate other independent factors like level of
education and language barriers. Additionally, past analyses focus mostly on rooftop solar
systems and do not include the increasing array of DER options. Discussed in Section II.C, the
study by Barbose et al. (2021) has similar shortcomings, failing to evaluate participation in state-
level incentive programs, although it does include variables beyond race and income including
home value, credit score, education, occupation, urban/rural status, and age.

This study attempts to quantify the equitability of state-level incentive programs for
rooftop solar systems and battery storage with a focus on two leading clean energy states:
California and Massachusetts. In the sections to come, I provide background on topics of
environmental justice, energy justice, the three DER technologies of interest, and existing
incentive programs in the two states of interest (Section II). Next, I describe the data used in the

statistical model, state the unit of measurement for equitability, and explain the structure and



variables of the statistical model (Section III). The results of the linear regressions performed
using Stata reveal the extent to which race and ethnicity, median income, level of education,
English proficiency, tenure, and household size impact the distribution of rebates across the two
states (Section IV). These results establish the equitability of the incentive programs and rank
their relative values. The following section will identify the elements that explain the programs’
relative equitability (Section V). Finally, I synthesize key findings and offer policy
recommendations for making DER incentive programs more equitable so that all individuals

have equal opportunity to participate in the transition to clean energy (Section VI).



II. Background

A. Energy Justice

Between the late 1970s and 1980s, issues of environmental justice in the United States
began to gain momentum.> During this time, environmentalists and civil rights activists started
collaborating in pursuit of social justice and environmental protection, igniting a quickly
growing movement that now includes issues of pollution, public health, access to clean and
renewable energy, and so many other issues. Inspired by these collaborations, the First National
People of Color Environmental Leadership Summit produced the “Principles of Environmental
Justice” in 1991. The manifesto outlines a vision for environmental justice and includes 17
demands such as ethical and responsible land use, compensation rights for victims of
environmental injustice, safe work environments for all, cessation of hazardous material
production, and protection from damaging nuclear activities (First National People of Color
Environmental Leadership Summit, 1991).6 Its creation reflected the growing awareness of
environmental justice issues, establishing a foundation upon which activists continue to build the

movement today.

> In 1978, Ward Transformer Company began dumping transformer oil containing a variety of toxic chemicals—
particularly polychlorinated biphenyls (PCBs)—along the roadways across North Carolina (Reimann, 2017). With
31,000 gallons of oil dumped, the Environmental Protection Agency (EPA) sought to contain the problem. The
Toxic Substance Control Act of 1976 called for the disposal of PCB-contaminated materials (Yen, 2015, p. 2), and
the state of North Carolina chose Warren County—a 65 percent Black county and one of the poorest in the state—as
the host for the landfill that would hold this waste (Reimann, 2017). In 1982, the EPA-funded landfill opened, ready
to receive the 60,000 tons of contaminated soil. The community resisted, holding nonviolent marches and sit-ins in
an attempt to block the trucks from unloading, concerned about the potential contamination of groundwater sources
and other consequences (NYT, 1982). Six weeks and 500 arrests later, the protest was reported as “the largest civil
disobedience in the South since Dr. Martin Luther King, Jr. marched through Alabama” in a Duke University
Chronicle article (Johansen, 2020, p. 176). Although it was unsuccessful in stopping the landfill’s creation, it is said
to have sparked the modern environmental justice movement.

6 While they each provide specific guidelines across a variety of topics, they all generally encompass three prongs of
environmental justice: recognition, procedural, and distributive (Carley & Konisky, 2020; Jenkins et al., 2016, pp.
176-179). Although these three prongs are each immensely important and arguably inseparable from the others, it is
important to note that practically every issue of environmental justice is one of distributive justice that typically
stems from a lack of procedural and recognition justice (Raymond, 2003).



An emerging branch of environmental justice, energy justice is the application of justice
principles to energy systems and every step in the full lifecycle of energy resources—trom
extraction to waste (Jenkins et al., 2016, p. 179).

An example of an energy injustice at the extraction level is the impact that oil drilling by
large fossil fuel companies has had on surrounding communities. These impacts can include but
are not limited to human rights violations; displacement and use of slow violence; loss of
ecosystem services and increase of public health issues through pollution of life-sustaining water
sources and key natural habitats (Healy et al., 2019, p. 221).7

At the production level, the air pollution that originates from processing plants has
significant negative effects on the health of typically BIPOC and low-income communities with
limited procedural power. For example, in Louisiana, pollution from oil refineries and
petrochemical plants has led to such a dramatic increase in cancer cases that the 85-mile stretch
of land along the Mississippi River between Baton Rouge and New Orleans -- a primarily Black
community -- is colloquially known as “Cancer Alley” (Singer, 2011, p. 142).3

The distribution of energy can have disproportionate effects on the communities through
which energy is transported, either through pipelines, railway, or other methods (e.g., water
contamination; displacement and livelihood disruption) (Healy et al., 2019, p. 221). The
construction of the 1,172-mile-long underground Dakota Access Pipeline from North Dakota to

[llinois threatens the access to clean water and cultural heritage associated with the land of the

7 Around the world, fossil fuel extraction has displaced and poisoned Indigenous communities around the world,
two of the most prominent examples being Chevron-Texaco’s polluting of native Amazonians’ ecosystems in
Ecuador (Patel, 2012) and Shell’s exploitation of the Ogoni people in Nigeria (Boele et al., 2001).

8 Formed in 2000, the justice group Louisiana Bucket Brigade (LABB) uses EPA-approved air sampling devices to
document the pollution (Rolfes, 2013). Although no citizen should have to demand a healthier environment to
protect their unalienable rights to life, liberty, and the pursuit of happiness, LABB has worked to empower
communities negatively impacted by the petrochemical industry. For more information, visit labucketbrigade.org/.
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Dakota and Lakota peoples of the Standing Rock Sioux Tribe, violating and devastating sacred
lands and waters (Whyte, 2019, p. 121).

Regarding disposal, dumping of toxic chemicals and the concentration of GHG emissions
from combustion can contaminate the air, water, and soil in typically BIPOC and low-income
communities with limited procedural power to resist (Healy et al., 2019, p. 221; King & Murphy,
2012, p. 9). One example of injustice at this stage of the lifecycle of energy resources is the
dumping of high-level nuclear waste in native lands deemed “wastelands” by the US military,
which jeopardizes the health and wellbeing of the surrounding environment and Indigenous
communities (Endres, 2009; Kyne & Bolin, 2016).

However, this essay focuses on energy justice at the consumption level, as it relates to
DERs.’ Residential adoption of DER technologies has the opportunity to increase resilience by
providing an alternative method of electricity generation during climate-related power outages
(Federal Energy Management Program, 2019; Zitelman, 2020). Disproportionate adoption of
these technologies, however, can mean that some communities will be more prepared than others
to deal with the negative impacts of climate change.

Inequitable deployment of DERs can also cause energy justice issues. For example, EVs
are charged with electricity from the grid and do not produce tailpipe carbon emissions, which
may cause an overall reduction in emissions. However, the increase in EV adoption may shift air
pollution to neighborhoods where power plants are located, typically in BIPOC and low-income
communities with limited procedural power, which can lead to increased health risks for these

populations (Holland et al., 2016; Mejia-Duwan, 2020).'°

% The essay explores DERs in greater detail in Section I1B, infra.

10 As such, this example is an issue of distributive justice, given that BIPOC and low-income communities affected
do not receive any of the benefits while EV adopters reap the benefits without bearing any of the burden.



The lack of access to affordable energy and energy resources additionally results in
disproportionately high and increasing utility bills for low-income communities (Brown et al.,
2020; Johnson et al., 2017; Sirgin and Mooney, 2018). Here is where the concept of “energy
burden” comes into play. The term refers to the percentage of gross household income spent on
energy costs. While the energy justice movement sees access to affordable energy sources as a
human right, one in three households in the United States reported experiencing energy
insecurity in 2015, whether forgoing a meal to pay for the utility bill or suffering through unsafe
temperatures (Berry et al., 2018).

A study by the firm of Fisher, Sheehan, and Colton (FSC, 2003) finds that the difference
between the observed home energy bills and affordable home energy bills (i.e., the “home energy
affordability gap”) is significant and differs greatly across regions. The FSC model calculates the
affordability gap on a county-by-county basis across the country, resulting in two key findings.
First, the total annual affordability gap reached $18.2 billion for 2002. Second, the federal fuel
assistance programs only cover a fraction of that gap with the Low-Income Home Energy
Assistance Program (LIHEAP) covering 9.2 percent in the same year (FSC, 2003). Updated each
year, the affordability gap doubled since 2002, reaching $36.4 billion in 2020, and the gross
LIHEAP allocation was $3.2 billion, covering only a little over 8.9 percent in the same year

(FSC, 2021, p. 1).

Year
2002 2020
Total Annual Affordability Gap $18.2 $36.4
Percentage of Affordability Gap 92 8.9
Covered by LIHEAP
Table 2. Total annual affordability gap and percentage of affordability gap covered by LIHEAP, as calculated by

the FSC model for 2002 and 2020 (FSC, 2003, FSC, 2021).
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The FSC study is a piece of historically important literature for framing the rest of the
conversation on energy burden, and the FSC model has become a crucial tool for research,
policymaking, and policy analysis. That said, its findings are limited because the study only
analyzes the affordability gap based on geography. It fails to address income, race, ethnicity, and
many other factors that may impact energy affordability. Finally, this report only considers
federal assistance programs as an avenue for closing the affordability gap, overlooking energy
efficiency as a possible tool.

Drehobl and Ross (2016) build upon the FSC model and past energy affordability
literature, providing an up-to-date analysis of energy burden across 48 major metropolitan areas
in the United States, taking into account variables previous papers have failed to consider.
Drehobl and Ross find that income, race, household type, homeownership, and geography all
contribute to household energy burden. According to their model, low-income, African-
American, low-income multifamily, Latino, and renting households spend much larger shares of
their income on energy costs compared to the median United States energy burden, as Table 3
below reports (Drehobl & Ross, 2016; pp. 3-4). Further, 67 percent of low-income households
face a high energy burden (defined as spending over 6 percent of household income is spent on
energy costs), a larger share than other demographics (Drehobl & Ross, 2016; FSC, 2003; Pyzyk,

2020).
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Household Demographics

low-income African- low-income Latino renting median
American multifamily

median
percentage
of income 7.2 5.4 5.0 4.1 4.0 35
spent on
energy costs

percentage
of energy
costs that
could be 35 42 - 68 97 -
eliminated
with energy
efficiency

Table 3. The median household energy burden and percentage of energy costs that could be eliminated with
increased energy efficiency by demographics, based on the work of Drehobl & Ross (2016).

Drehobl and Ross (2016) introduce a novel analysis of the role of energy efficiency in
closing the energy affordability gap, a crucial potential solution that the aforementioned FSC
report overlooks. They find that more energy efficiency measures could help eliminate between
35 and 97 percent of excess energy costs for low-income, African-American, Latino, and renting
households, as Table 3 above reports (Drehobl & Ross, 2016). This study introduces the barriers
to and importance of building equity into current and future programs designed to incentivize
household participation in weatherization and energy efficiency programs—concepts which
apply to DER incentive programs, as well (Drehobl & Ross, 2016).

Although Drehobl and Ross mainly focus on energy efficiency as an effective solution to
eliminating excess energy burden for BIPOC and low-income households, there is a dire need for
multiple policies and programs to be working simultaneously. Improving energy efficiency
standards alone accounts for a fraction—although not an insignificant one—of excess energy
burden. However, the equitable deployment of new DERs will be another piece of the puzzle for

closing the equity gap and broadening participation in the clean energy transition.
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B. Distributed Energy Resources

DERs are small-scale units of local electricity generation or management that are
connected to the grid at the distribution level. The term includes behind-the-meter generation
technologies like rooftop solar systems, energy storage like home batteries, clean transportation
technologies like EVs and chargers, and demand response technologies like smart thermostats
and meters (Horowitz et al., 2019). More and more, the DER mix is moving towards residential
technologies with the total capacity from residential load management, distributed solar,
distributed storage, and EV charging expected to reach 387 gigawatts by 2025 (Kellison &
Wang, 2020). The integration of DERs at the residential level is a necessary step in the
transformation and decarbonization of the energy system.!!

The deployment of DERSs is, additionally, one step towards the integration of smart grid
technologies. Smart grid technologies are those with two-way communication between the utility
(and non-utility actors like Google Nest)!? and its customers (Bayindir et al., 2016; Ekanayake et
al., 2012). These technologies include intelligent appliances, net metering, smart thermostats,
and even EVs (when not used for transportation or when not charging, using them as a battery
storage device for the entire grid) among others, which all work to increase energy efficiency.
Instead of transitioning to different sources of energy, a smart grid calls for a shift in behavior to

both decrease overall energy demand and decrease peak demand—particularly at times of grid

1 By no means does that mean that the impetus for addressing climate change falls solely on individuals.
Governments and corporations often try to guilt individuals for the climate crisis to distract from the greater
responsibility that they hold (Byskov, 2019; Hyman, 2020). There certainly is a need to decarbonize electricity
generation at the higher grid level and revolutionize existing infrastructure (the transmission grid and vehicle fueling
supply chain) for the phasing out of fossil fuels and integration of renewable energy sources into the electrical grid
(Gagnon et al., 2016, p. 2; Porter et al., 2020; Tai, 2019).

12 Google Nest is a brand of smart home technologies including Internet-connected thermostats that can facilitate
communication between utilities and customers to achieve a more resilient electrical grid through energy messaging
and demand response (John, 2019a). For more information, visit store.google.com/us/category/google_nest.



http://www.store.google.com/us/category/google_nest
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stress (e.g., peak load times)—or increase beneficial demand at times of peak renewable power

generation (Bayindir et al., 2016; Ekanayake et al., 2012).

1. Solar PV Systems
In 2020’ solar PV accounted fOI' 43 Ne\::)z;s. electricity-generating capacity additions over the last decade
percent of “all new electricity-generating

capacity additions,” the largest increase in the

Share of new capacity additions (%)

industry’s history and the second consecutive

10%

8%

1 2’0‘0 2011 202 2013 2014 2015 2016 2017 2018 2019 2020
year that ranked as the fastest-growing among o e T e o o
all generation technologies, as shown in Figure 1. New electricity-generating capacity
additions in the United States from 2010 to 2020
Figure 1 below (Davis et al., 2021, p. 6). (Davis et al., 2021).

Specifically, residential solar has dramatically increased over time and is currently the dominant
form of DER at the moment. Growing 11 percent in 2020 despite the initial shock of the
coronavirus outbreak, residential solar is expected to see similar record-setting trends in growth
through 2021 (Davis et al., 2021, p. 6).

The National Renewable Energy Laboratory estimates that the total potential for solar
energy production through rooftop PV systems across the United States is 1,432 terawatt-hours
of annual energy generation, which is roughly 39 percent of total national electric-sector sales
(Gagnon et al., 2016). California and Massachusetts, the two states analyzed in this study, can
each theoretically use solar to cover an above-average percentage of their total energy sales,
estimated to be 45-55 and over 55 percent of their sales in 2013, respectively (Gagnon et al.,
2016). These numbers are not insignificant.

Previous research on the disparities of rooftop solar deployment has identified several

barriers, including income and credit scores, tenure and owner/tenant split incentives, and single-
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or multi-family housing among others (Barbose et al., 2021). Incentivizing rooftop solar
generation through state-level rebate programs can help overcome these barriers and additionally
encourage the integration of smart grid technologies. Especially when paired with battery storage
systems, smart meters and time-of-use rates can provide many benefits to both residents and the
rest of the electrical grid, including reduced electricity bills, increased energy security, and

increased climate resilience.

2. Battery Storage Systems

In 2015, Vermont electric utility Green Mountain Power (GMP) launched a Grid
Transformation Pilot that offered Tesla Powerwall batteries to homeowners for $37.50 per month
(John, 2015). Having great success, the pilot became a permanent program in 2020. It now offers
two ways for homeowners to get batteries, either through a 10-year lease of two batteries for $55
a month or through a “bring your own device” option where GMP pays a one-time amount up to
$10,500 based on the capacity (Spector, 2020). Although battery systems are not nearly as
widely adopted as solar PV, they offer savings in energy costs and increased resilience in the
face of power outages (Spector, 2020). The growing demand for batteries, especially in
California communities that experience fire-season safety shutoffs, presents an opportunity to
design the deployment of storage in a more equitable fashion from the beginning, compared to
solar PV systems (John, 2019b; Spector, 2020).

In addition to reducing energy bills and increasing climate resilience, batteries aid in the
transition towards renewables. Referred to as the “duck curve,”!3 Figure 2 below shows

discrepancies between peak supply from renewable energy sources and peak demand throughout

13 For more information on the duck curve, read Jim Lazar’s “Teaching the Duck to Fly” available at
https://www.raponline.org/knowledge-center/teaching-the-duck-to-fly-second-edition/.



https://www.raponline.org/knowledge-center/teaching-the-duck-to-fly-second-edition/
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the day, which make it difficult to rely on clean
and renewable sources like solar and wind 200

energy without storage technologies (Burger,

Megawatts
2 &
(
:
\

2018). However, increasing battery storage

nationwide can lead to decreased reliance on

fossil fuels and a strengthened electrical grid by

Figure 2. This infamous “duck curve” of energy

capturing the excess electricity generated from demand throughout the day. Overlaid is the curve
that tracks solar energy production throughout the

solar in the middle of the day for later use or to same period of time. The area between the two curves
represents the amount of excess renewable energy

. . . that results from these two trends (Burger, 2018).
sell to the grid during peak hours. Especially hat results from these two trends (Burger )

because one of the major barriers to mass deployment of battery storage is its cost, incentivizing
this DER technology can therefore have a large impact on the energy sector, carrying forward the

transition to clean and renewable energy sources.

C. Observed Injustices in the Deployment of DERs

As discussed in Section I, Sunter et al. (2019) have revealed that inequities based on race
exist as they relate to the deployment of solar systems across the country, where white-majority
neighborhoods had higher adoption rates and BIPOC-majority neighborhoods had lower
adoption rates, using no-majority neighborhoods as a baseline. A more recent report by Barbose
et al. (2021) at the Lawrence Berkeley National Laboratory (Berkeley Lab) further supports these
findings and identifies other trends by comparing the demographic of solar-adopter households
with those of general US households.

In their study of solar adoption trends with race and ethnicity, Barbose et al. (2021) found
a similar trend to Sunter et al. (2019). Figure 3 below shows the percentage of the population that

is white non-Hispanic (at the Census Block level) for solar adopters vs. all households by state.



With most states falling below the diagonal line
(indicating a 1:1 ratio), the graph reveals a trend that
solar adopters skew towards areas with relatively
high white non-Hispanic populations, compared to
all households in the state. In California, for
example, solar adopters live in Blocks where the
population is 48 percent white non-Hispanic on
average, while the average Block in the state for all
households is 38 percent white non-Hispanic

(Barbose et al., 2021, p. 32).
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Non-Hispanic White Population of Block Groups:
Solar Adopters vs. All Households by State
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Notes: The size of the bubbles represents the solar-adopter sample size. See the previous
slide for a description of how the plotted values were calculated.

Figure 3. Percentage of the population that
is white non-Hispanic (at the census block

level) for solar adopters vs. all households
by state (Barbose et al., 2021, p. 32).

Evaluating solar-adopter trends according to income, Barbose et al. (2021) found that the

solar-adopter income tends to skew higher than that of the rest of the population. Figure 4 to the

right shows the percentage of households by household income, overlaying the 2019 data for all

households, all owner-occupied households, and households with solar (Barbose et al., 2021, p.

11). Even when comparing only to owner-
occupied households, wealthier households adopt
solar at a higher rate than households with lower
incomes (i.e., the column representing solar-
adopters extends beyond the other two at higher
incomes while the columns for all households and
all owner-occupied households extend beyond the
solar adopter column at lower incomes). The

report by Barbose et al. (2021) additionally

Percent of Households

20%
All U.S. Households

wAll U.S. Owner-Occupied Households

m 2019 Solar Adopters
15%

10%

5%

0%
S0 $25 $50 $75 $100 $125 S$150 $175 $200 $225 >$225
Household Income (thousand $)

Figure 4. Percentage of households by household
income for all households, all owner-occupied
households, and solar-adopters in the United
States (Barbose et al., 2021, p. 11).



reveals that the median household income of solar-
adopters dropped from around 150 to 140 percent of
the area median income between 2010 and 2019, as
shown in Figure 5 to the right (Barbose et al., 2021).
Although these differences in the demographics
between those households with and those without
solar are diminishing over time, they are doing so

rather slowly.

Regarding educational attainment, Barbose et
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Median Income (Thousand $)
$150

Solar Adopters

$100

All Households*

$50

Median Relative Income (% of AMI)
150% —

50%

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Installation Year

*The flat lines for “All Households" reflect incomes in Q1 2020 and simply serve as a
level for the solar-adopter incomes, which are based on the same timeframe.

Figure 5. Median income and median
relative income of solar-adopter households,
as compared to all households, from 2010 to
2019 (Barbose et al., 2021, p. 13).

al. (2021) found that the level of education of solar adopters is generally higher than that of the

rest of the population. 45 percent of solar-adopter households in 2019 had at least one person

with a bachelor’s degree or higher and 22 percent had a high school diploma or less, as compared

to 34 and 35 percent population-wide (p. 28). Figure 6 below shows the percentage of solar-

adopter households in each category of educational
attainment compared to all households from 2010 to
2019, demonstrating that solar adoption tends to
skew towards higher levels of education (Barbose et
al., 2021, p. 28). The difference in solar-adopter
education level and that of the general population is
shrinking over time, as the graph shows, which may
be due to increased public awareness of and

familiarity with these kinds of technologies and

Percent of Solar Adopters us.

Householders
100% Bachelor's Degree or Higher

80%

60%

40% Some College

20%
High School Diploma
-y
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Installation Year

Notes: Education level for each solar adopter is based on the highest known education level
among adult household members, and for the U.S. population is based on the education
level of householders.

Figure 6. Percentage of solar-adopter
households by educational attainment, as
compared to all households, from 2010 to
2019 (Barbose et al., 2021, p. 28).
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related programs. However, this trend is happening at a rather slow pace—nearly over a

decade—and seems to have flattened in recent years.

D. State-Level Incentive Programs

State-level financial incentive programs (in the form of rebates, performance incentives,
etc.) are a key strategy for shifting away from fossil fuel infrastructure and moving towards a
clean and renewable energy future; they can also be a tool for addressing energy injustices like
the ones observed by Sunter et al. (2019) and Barbose et al. (2021). Incentivizing the adoption of
DERs at the residential level can increase the pace of deployment—which is especially important
due to the urgency of the climate crisis—and reduce the cost of these technologies over time via
economies of scale (Lantz & Doris, 2009, pp. 13-17). Additional benefits that may come with
these kinds of programs include reduced household energy bills, increased consumer awareness
of DERs, and social mobilization for climate action (EPA, 2015).

In addition to facilitating the transformation of the energy system, rebate programs that
incentivize these technologies may further encourage people to shift towards other climate-
friendly behaviors, having felt the rewards (i.e., the one-time rebates and long-term decrease in
energy bills) of their actions (Cossman, 2013, pp. 895-900; Salamon & Gage, 2020). Increasing
opportunities for consumer-level action creates a culture of responsibility and even reduces
levels of climate anxiety, as it offers people more agency and teaches them that individual action
is important even in what can sometimes feel like a hopeless fight against climate change (Mark,
2019; Nugent, 2019).

Not only can these kinds of programs encourage further engagement in the climate
movement, but they also can inspire a positive ripple or snowball effect (Rowlatt, 2019). Often

referred to as “seeding,” the first-mover users of state-level incentive programs can lead the way
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in growing the adoption of DER technologies in their neighborhoods (Bollinger & Gillingham,
2012; Graziano & Gillingham, 2015; The Solar Foundation & SEIA, 2019, p. 15). This
phenomenon typically occurs with rooftop solar systems, as they are always visible to neighbors,

but other technologies like solar-plus-storage systems and EVs have the potential to spread in

similar ways.
HOWGVCT, Sunter et al. (2019) find that, Existing installations

: No installations
in addition to having fewer solar PV Black 53 47
installations overall, Black-majority Hispank 76 o2
neighborhoods have a disproportionately lower ~ #5@" 83 1
initial deployment of solar than other s i =

0 20 40 60 80 100

demographics. Figure 7 to the right shows the Percentage

Figure 7. Percentages of each census tract with and
without existing rooftop PV installations 2019
(Sunter et al., 2019).

percentage of Black-, Hispanic-, Asian-, and
white-majority census tracts with at least one
existing solar installation. Through this categorical analysis, the researchers found that 47
percent of Black-majority census tracts do not have existing rooftop PV installations, which is
about twice as high as other demographics. However, Sunter et al. find that when seeding does
happen in communities of color, adoption of solar increases more significantly across low-
income households.

Given these results and the potential that state-level incentive programs have for
transforming the energy system—particularly rapidly within BIPOC and low-income
communities—state-level incentive programs must equitably serve people. This study directly
addresses this critical question of the equitability of DER incentive programs and builds upon the

work of Barbose et al. (2021), Drehobl and Ross (2016), and Sunter et al. (2019) by analyzing
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the equitability of past and current state-level incentive programs for solar PV and battery
storage systems in California and Massachusetts. In the subsections below, I present each state’s
position as a national leader in environmental policy, accompanied by background information

on each of the incentive programs they offer (see Table 4 below).

State Technology Period Incentive Program
Battery Storage 2001-Present | Self-Generation Incentive Program
2007-2016 General Market Program
2008-2021 Multifamily Affordable Solar Housing
California 2009-2021 Single-family Affordable Solar Housing
Solar PV

2019-Present | Disadvantaged Communities -
Single-family Affordable Solar Housing

2019-Present | Solar on Multifamily Affordable Housing

2010-2014 Commonwealth Solar

Solar PV
Massachusetts 2011-Present Solarize Massachusetts

Solar PV + Battery Storage | 2018-Present | Solar Massachusetts Renewable Target

Table 4. In chronological order for each state, all California and Massachusetts incentive programs for solar PV
and battery storage systems included in this study.

1. California
California is a pioneer of environmental policies and solutions in the United States. Its
progressive political leaning and susceptibility to poor air quality, droughts, and wildfires mean
that the state is typically one of the first to react to the climate crisis through political action. The

deployment of DERs has been crucial for mitigating precautionary power outages during wildfire
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seasons across the state, and demand for these technologies continues to increase (John, 2019b).
Incentive programs have been a powerful tool for the deployment of DER technologies in

California.

PACIFICORP

Most of California’s DER incentive programs are

LIBERTY
UTILITIES

offered through the state’s three major electric IOU companies:
Pacific Gas & Electric (PG&E), Southern California Edison

(SCE), and San Diego Gas & Electric (SDG&E), together

serving about 12 million electric customers throughout the state

BEAR VALLEY
ELECTRIC

in 2017 (California Department of Technology, 2020). Figure 8 seavice

I Bear Valley Electric Service [ PGAE: Pacific Gas & Electric Company

shows the service territory map for the six electric IOU areas in ey B B P e

| PacifiCorp I SCE: Southern California Edison

Figure 8. Map of the six electric
10U areas in California: Bear

. . Valley Electric Service, Liberty
In the subsections below, I describe each of the solar Utilities, PacifiCorp PG&E,
SDG&E, and SCE (California

and battery storage incentive programs in California included in ~ Energy Commission, 2020).

the state (California Energy Commission, 2020).

this study: the General Market Program, Single-family Affordable Solar Housing (SASH),
Multifamily Affordable Solar Housing (MASH), Disadvantaged Communities - Single-family
Affordable Solar Housing (DAC-SASH), Solar on Multifamily Affordable Housing (SOMAH),

and Self-Generation Incentive Program (SGIP).

a) California Solar Initiative

California has had several residential solar incentive programs over the years through the
California Solar Initiative (CSI), including the General Market Program and two subprograms
specifically designed for low-income communities—SASH and MASH.

Designed with a declining block incentive structure, CSI is meant to support the growth

of the solar industry while reducing its reliance on subsidies. The General Market Program
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supported businesses and existing homes in the adoption of rooftop solar. With an incentive
budget of $1.95 billion and a goal of installing 1750 MW throughout its course, the program ran
from January 2007 to December 2016 (State of California, 2021b). After that point, California
did not see a need for a direct incentive on solar for the general market, as the cost of solar
panels significantly decreased as a result of previous incentive efforts.

Meanwhile, SASH and MASH are in a transition period, soon to be replaced by new
versions of each program. Originally available in the three major IOU service territories, SASH
is only accepting applications for customers in SCE’s service territory for the remainder of 2021
and MASH has completely closed to applications (State of California, 202 1¢; State of California,
2021d). With common goals of reducing household energy bills and increasing solar adoption in
the affordable housing sector, a key difference between the two programs is that SASH offered
one incentive rebate rate while MASH offered two different rates: one for installations where the
tenant received less than 50 percent of the economic benefit of allocated generation and the other

for installations where the tenant received at least 50 percent of the benefit.

b) DAC-SASH and SOMAH
Launched in 2019, California’s two most recent incentive programs—DAC-SASH and
SOMAH—are successors to the state’s earlier SASH and MASH programs, respectively. Both
programs are specifically designed to encourage solar adoption in the affordable housing sector,
accepting applications from low- to moderate-income customers in disadvantaged communities
within the PG&E, SDG&E, and SCE service territories (State of California, 2021e; State of
California, 2021f). SOMAH is additionally available in the Liberty Utilities Company and

PacifiCorp territories.
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Funded by GHG allowance auctions per the state’s Cap-and-Trade Program,'* DAC-
SASH and SOMAH are set to provide $8.5 million and $100 million in incentives annually

through 2030, respectively (CESA, 2021a; CESA, 2021b).

c) Self-Generation Incentive Program

Established in 2001, SGIP originally supported the deployment of solar PV technologies
but has since transitioned to other distributed energy resources (State of California, 2021a). In
particular, the long-running state-level program provides financial incentives for the deployment
of technologies including wind turbines, waste heat to power technologies, pressure reduction
turbines, internal combustion engines, microturbines, gas turbines, fuel cells, and advanced
energy storage systems. Available throughout PG&E, SCE, SDG&E, and SoCalGas service
territories, the program aims to reduce GHG emissions, reduce energy demand, and transform
the market for distributed energy resource technologies (State of California, 2021a).

Utilizing a declining block incentive structure, the program’s rebate rate decreases $0.05-
0.10 per watt-hour over five blocks (“steps,” as they are called within the program) from the
initial $0.50 per watt-hour rate for residential storage systems, allocating a total of approximately
$40 million for energy storage systems at each block (State of California, 2017, p. 24; State of
California, 2021a). SGIP additionally offers higher rebate amounts for low-income, medically
vulnerable, and at-risk for fire communities through its “equity” and “equity resilience”
categories—which constitute the program’s “Equity Budget.” However, the program creates this

Equity Budget by reducing the program budget by 25 percent in Steps 3-5, and by delaying the

14 California’s Cap-and-Trade Program is a market-based approach to regulating and gradually reducing GHG
emissions. Administered by the California Air Resources Board, it establishes a declining limit (or “cap’) on the
amount of permissible GHG emissions throughout the state. Allowances equal to the cap can then be bought and
sold (or “traded”) among businesses and other emitters to comply with the established limit. For more information
on the state’s Cap-and-Trade Program, visit arb.ca.gov/our-work/programs/cap-and-trade-program.



https://ww2.arb.ca.gov/our-work/programs/cap-and-trade-program
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timeline for when qualifying projects would be able to apply the increased “equity” and “equity
resilience” (State of California, 2017, p. 11). Given the urgency of the environmental and climate
crisis in California, where wildfire seasons already cause great devastation, equity and resilience

concerns must be at the core of incentive programs, rather than treated as an addition to them.

2. Massachusetts
Another leader in the environmental policy sphere, Massachusetts has recently passed a
bill that encourages a move towards clean and renewable energy sources (Cronin, 2012). On
March 26, 2021, Governor Charlie Baker!> signed “An Act Creating a Next Generation
Roadmap for Massachusetts Climate Policy” that aims to reduce GHG emissions and protect EJ

communities (192nd General Court of the Commonwealth of Massachusetts, 2021).

An Act Creating a Next-Generation Roadmap for Massachusetts Climate Policy, Section 11F3/4

(a) Each municipal lighting plant shall establish a greenhouse gas emissions standard, which shall be
known as the “Municipal Lighting Plant GGES.”

(b) A Municipal Lighting Plant GGES shall set the minimum percentage of non-carbon emitting energy
sold by each municipal lighting plant to all retail end-user customers purchasing electricity pursuant to rates
established pursuant to section 58 of chapter 164 as follows: (i) 50 per cent non-carbon emitting energy by 2030;
(i1) 75 non-carbon emitting energy per cent by 2040; and (iii) energy sales achieving net-zero greenhouse gas
emissions by 2050.

Table 5. Section 11F3/4 of Massachusetts’s Bill 9, increasing the standards for municipal lighting plants (192nd
General Court of the Commonwealth of Massachusetts, 2021).

The deployment of DERs across the state is essential to reach the objectives outlined in
Table 5 above. Similar to California, Massachusetts has run several incentive programs to
stimulate the adoption of DER technologies at the residential level throughout the past decade

and a half. These include Commonwealth Solar, Solarize Massachusetts (Solarize Mass), and

15 Action on climate and clean energy does not need to be a politically partisan issue. Notably, Governor Baker is a
Republican while Governor Newsome in California is a Democrat. Both understand that a transformation of the
energy system is necessary and inevitable, and that it is imperative to think about equity as it takes place.
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Solar Massachusetts Renewable Target (SMART), in addition to Solar Renewable Energy
Certificate (SREC) I and II, which are not included in this study because incentive amounts for
these programs are variable and not clearly defined due to the nature of the program. In the
subsections below, I describe each of the solar and battery storage incentive programs in

Massachusetts that are included in this study.

a) Commonwealth Solar

Commonwealth Solar is one of Massachusetts’s early solar PV incentive programs.
Launched in 2010, it aimed to increase solar adoption in the residential, commercial, industrial,
institutional, and public sectors and to create jobs across the state (MassCEC, 2015). The
program utilized a declining block incentive structure with two adders'¢ that provided an
increased rebate rate for low and moderate home value and low- and moderate-income
households (Massachusetts Technology Collaborative, 2008, p. 12; OpenEI, 2014). Closing in
2014, the program succeeded at fulfilling both objectives, supporting a local solar industry that
employs over 12,000 people and facilitating a $407 million investment in solar energy by

providing $36 million in rebates (MassCEC, 2015).

b) Solarize Massachusetts
The Massachusetts Clean Energy Center (MassCEC), in partnership with the state’s
Department of Energy Resources, piloted Solarize Mass in 2011 as part of a state-wide initiative
to install 250 megawatts of solar by 2017 (MassCEC, 2012).
The program aims to increase solar through a two-pronged approach: (i) grassroots

education campaigns driven by community leaders and volunteers, and (ii) a tiered pricing

16 Adders are additional incentives incorporated into the program structure that can increase the rebate amount for
applications that meet certain predetermined criteria, as per the program guidelines.
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structure by which the rebate rate increases as more households in the community participate
(MassCEC, 2012). Together, these two components utilize the power of community organizing
to reduce the cost of installations through reduced marketing and acquisition costs and bulk

purchasing.

c) Solar Massachusetts Renewable Target

Launched in November 2018, SMART is a long-term sustainable incentive program that
supports the deployment of solar PV and battery storage systems in Massachusetts. Created as a
successor to Commonwealth Solar and SREC, the current SMART program is a performance-
based program with a 3,200-megawatt declining block incentive structure. Its base compensation
rate depends on the distribution company, size of the solar system being installed, low-income
status, and capacity block. The program offers multiple adders, including ones based on location
(e.g., agriculture, brownfield, building mounted, canopy, and landfill); offtaker (e.g., community
shared, low-income community shared, low-income property, and public entity); solar tracking;

being pollinator-friendly; and incorporating energy storage.

E. Purpose of Study

A growing number of recent studies have analyzed the distribution of DER technologies
and show that the distribution of DERSs is not equitable (Barbose et al., 2021; Drehobl & Ross,
2016; Schunder et al., 2020; Sunter et al., 2019). As described above, Sunter et al. (2019) used
remote sensing and demographic data to show that the deployment of rooftop solar panels
predominantly occurs in white neighborhoods, even after controlling for homeownership. A
more recent report by Barbose et al. (2021) at the Berkeley Lab supports the Sunter et al.

findings, revealing inequalities in DER deployment and adoption based on race and ethnicity,
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income, level of education, and other demographics. Barbose et al. explore how the inequitable
deployment of DERs has cascading effects that can increase the intensity of the unequal
distribution of benefits and burdens of the new clean energy economy—a classic example of
distributive injustice. Furthermore, as explored in Section I above, the inequitable deployment of
DERs exacerbates the vulnerability of those already burdened communities by denying them
energy resilience in the face of climate change-related power outages (Federal Energy
Management Program, 2019; Zitelman, 2020).

States must thus strive towards equitable access to these technologies, paying particular
attention to the aspects of DER incentive programs that may contribute to or take away from
equal participation. With that in mind, my research builds on previous findings, assessing rebate
programs for solar PV and battery storage systems in California and Massachusetts in Sections
IIT and I'V. By analyzing the distribution of these rebates against race and ethnicity, median
income, level of education, English proficiency, tenure, and household size, Section V of my
study quantifies the relative equitability of these programs and identifies elements of each that
might explain their ranking. Finally, in Sections VI, I explore recommendations to increase the
equitability of existing programs and suggest structures for the establishment of new and

equitable solar rebate programs where they do not yet exist.

F. Statistical Model

This study requires that I set a unit of measurement for the DER incentive programs to
determine whether the DER incentives are equitably distributed. I created two statistical models
for each program based on two measures of DER incentive equitability at the zip code level: (i)
the average incentive amount per household by year and (i) the percentage of households that

the program served by year. The first measure explores whether households in specific zip codes,
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differentiated by the demographic data, receive more or less DER incentive money. Meanwhile,
the second measure evaluates whether the DER programs are more or less popular in specific zip
codes, providing the likelihood that a household is served based on demographics.

As for the independent variables in my study, I included race and ethnicity, median
income, level of education, English proficiency, tenure, and household size. I decided to include
this group of independent variables based on data availability, statutory definitions of an
“environmental justice population,” and literature that drew connections between the deployment
of DER technologies at the residential level and these demographics.

While California defines a “disadvantaged community” as the highest scoring 25 percent
of census tracts from California Communities Environmental Health Screening Tool Version
3.0,'7 Massachusetts defines “environmental justice population” in the recently signed Act

Creating a Next-Generation Roadmap for Massachusetts Climate Policy, as follows:

An Act Creating a Next-Generation Roadmap for Massachusetts Climate Policy, Section 56

“Environmental justice population,” a neighborhood that meets 1 or more of the following criteria: (i) the annual
median household income is not more than 65 per cent of the statewide annual median household income; (ii)
minorities comprise 40 per cent or more of the population; (iii) 25 per cent or more of households lack English
language proficiency; or (iv) minorities comprise 25 per cent or more of the population and the annual median
household income of the municipality in which the neighborhood is located does not exceed 150 per cent of the
statewide annual median household income

Table 6. Massachusetts’s statutory definition of “environmental justice population,” as it appears in Bill 9 (192nd
General Court of the Commonwealth of Massachusetts, 2021).

Considering that the definition includes race and ethnicity, median income, and
proficiency in English, I include the following independent variables: race and ethnicity, median

income, level of education, English proficiency, tenure, and household size.

17 California Communities Environmental Health Screening Tool Version 3.0 (CalEnviroScreen 3.0) is the most
recent version of California’s place-based screening tool that depicts the distribution of negative environmental
impacts across communities by census tract. For more information on CalEnviroScreen 3.0, visit
oehha.ca.gov/calenviroscreen/report/calenviroscreen-30.
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1. Race and Ethnicity

My analysis of energy justice will necessarily explore the intersection of energy systems
and social justice, therefore contributing to our understanding of the long history of systematic
racism in the United States that continues to exist. In addition to Massachusetts’s definition of an
environmental justice population, various studies in the literature have revealed a connection
between the deployment of solar energy resources at the residential level and an area’s racial and
ethnic composition.

Using the findings by Sunter et al. (2019) and Barbose et al. (2021) discussed in Sections
I'and I1.C as a foundation, I included race and ethnicity in my study, represented by the “white
non-Hispanic” variable and measured as the percentage of the population within a zip code that

identifies as white non-Hispanic.

2. Median Income
In addition to being part of Massachusetts’s definition of an environmental justice
population, economic status is a key dimension of social justice. The findings by Barbose et al.
(2021) discussed in Section II.C combined with the fact that low-income households experience
the highest energy burden, spending 7.2 percent of their income on energy costs, it is important
for state-level DER incentive programs to financially support households with the greatest needs
(Drehobl & Ross, 2016). To evaluate the equitability of these programs based on income, I

included an income variable, measured as the median household income by zip code.

3. Level of Education
Given the trend observed by Barbose et al. (2021) and discussed in Section I1.C, I

included a variable that represents a population’s level of education to evaluate whether the same
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skew towards more highly educated households occurs with state-level incentive programs for
DERR technologies as it does with solar adoption. The education variable is measured as the
percentage of the population within a zip code that has earned a bachelor’s degree or higher.
Including this variable in the statistical models allows me to measure the accessibility of

incentive program materials based on educational attainment.

4. English Proficiency

Along with the average level of education, the percentage of non-English speaking
households is another variable that may measure the equitability of incentive programs. If
programs fail to provide materials in different languages representative of the state population,
then people with low proficiency in English may be systematically excluded from participating.
Additionally, given that a population’s level of English language proficiency enters into the
definition of an environmental justice community, I included a variable that represents English
proficiency measured as the percentage of households that are not limited English-speaking
households, as per the ACS (192nd General Court of the Commonwealth of Massachusetts,

2021).

5. Tenure
Whether a household is owner- or renter-occupied plays an important role in the tenants’
ability to control their energy usage and sourcing. As previously discussed, Drehobl et al. (2020)
find that renters face a higher energy burden than the median US household at 4.0 percent and
that 97 percent of those energy costs could be eliminated with increased energy efficiency.
However, because landlords would bear the cost of upgrading appliances and improving

weatherization while tenants receive the immediate benefits (often referred to as “split
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incentives”), landlords typically under-invest in these opportunities for energy savings (Bird &
Hernandez, 2012; Melvin, 2018).

The same is true for electricity sourcing. In their report, Barbose et al. (2021) discuss that
solar-adopter households included in their analysis are almost entirely owner-occupied due to the
increased control that owners have over their rooftops and the shortcomings of the owner/tenant
split incentive. Consequently, the limited agency and ability that tenants have to install solar PV
and battery storage systems decrease their likelihood to apply for and use state-level incentive
programs for these technologies. Given these findings, I included a variable representing tenure,

measured as the percentage of households within a zip code that are owner-occupied.

6. Household Size

Although there is no set maximum size of a solar array that households are allowed to
install, states and local utilities typically cap the amount of electricity that residents can generate
on their rooftops based on their average annual household electric usage, as a measure to prevent
residences from over-producing solar energy and competing with utilities. Although California
does not set a maximum size for solar installations, residents who install arrays larger than 15
kilowatts must pay higher permitting fees; SDG&E additionally sets a service area-specific limit
of 125 percent of the average household energy usage (Freedom Forever, 2019). Meanwhile,
Massachusetts takes a different approach. Although there is no state-wide limit on the size of
solar arrays permitted, there is a cap on the amount of solar that is eligible for net metering at 10
kilowatts (EnergySage, 2020).

Given that the size of solar and, consequently, battery systems are typically determined
by the average household energy usage, a household with more people will typically use more

energy and thus be eligible for a larger solar array installation. However, other factors like



decreased leisure time to learn about DERs and related incentive programs may lead larger
households to be less likely to discover and use these opportunities. For these reasons, it is
important to evaluate the effect that household size can have on rebate amounts and the
likelihood of being served by these programs. In this study, household size is measured as the

average number of people per household within a zip code.
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III. Methods

A. Selection Process

California and Massachusetts were chosen for this study because of their robust
programming that incentivizes DER technologies. Both states are leaders when it comes to
offering rebate programs for the three technologies chosen for this study. The programs of
interest—General Market Program, SASH, MASH, DAC-SASH, SOMAH, SGIP, Solarize
Mass, and SMART—were chosen because they cover the programs previously and currently

offered in each state for solar PV and battery storage systems.

B. Data Collection & Formatting

Sourcing from Social Explorer,'® I used the ACS five-year estimates as the source of
foundational demographic data for California and Massachusetts at the zip code level. I
downloaded two data sets for the years 2010-2014 and 2015-2019, including the variables listed
in Table 7 below (US Census Bureau, 2015; 2020). Because data for the years before 2010 and
after 2019 were not available at the zip code level, I stretched the data two to three years in each
direction to include all of the years during which the programs covered in this study operate,

covering a total year range from 2007 to 2021.

18 Social Explorer is a web-based tool that provides easy access to current and historical data about the United States
population. It can be used to create maps and other visualizations. For more information on Social Explorer, visit
socialexplorer.com/.
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Name Description

B01003 Total Population

B03002 Hispanic or Latino Origin by Race

B11016 Household Type by Household Size

B15003 Educational Attainment for the Population 25 Years and Over

C16002 Household Language by Household Limited English Speaking Status

B19013 Median Household Income in the Past 12 Months (in 2019 Inflation-Adjusted Dollars)
B25003 Tenure

Table 7. List of variables used from the ACS five-year estimates for the years 2010-2014 and 2015-2019 (US Census
Bureau, 2015, 2020).

For the race and ethnicity variable in my study, I transformed the white non-Hispanic
variable under “Hispanic or Latino Origin by Race” into a percentage by dividing it by the total
population. For the household size variable in my study, I divided the total population by the
total number of households under “Household Type by Household Size.” For the education
variable in my study, I added the number of people with a bachelor’s or higher degree and
divided it by the total population to obtain the percentage of the population with a bachelor’s or
higher degree. For the language barrier variable in my study, I added the “English Only” and all
of the “Not a Limited English Speaking Household” under “Household Language by Household
Limited English Speaking Status,” later dividing it by the total number of households to obtain
the percentage of households in which at least one person has an adequate proficiency in English.
For the income variable in my study, I did not modify the median income variable from the ACS
data sets. Finally, for the tenure variable in my study, I divided the number of “Owner-
Occupied” households by the total number of households to obtain the percentage of owner-

occupied households, as opposed to renter-occupied.
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As for the incentive programs, the California General Market Program data were taken
from the CSI data set provided by the California Distributed Generation Statistics
(CaliforniaDGStats), assuming that the “Small Commercial and All Residential” category
represents the General Market Program. As reported on the website, I used the “completed” and
“in payment” incentive applications for my study, ensuring to use only the projects at the
residential level (CaliforniaDGStats, 2021).

California’s SASH, MASH, and DAC-SASH data were all taken from the Low-Income
data set provided by CaliforniaDGStats. As reported on the website, I used the “completed” and
“confirmed reservation” incentive applications for my study, ensuring to use only the projects at
the residential level (CaliforniaDGStats, 2021). MASH specifically supports solar PV projects on
multifamily housing, but some of the values for the number of units in the participating
multifamily housing developments were missing. Where the number of units was missing, I
multiplied each data point by 36, representing the average number of units per multifamily
housing development, calculated across the entire data set.

California’s SOMAH data were provided by the California Distributed Generation
Statistics. As reported on the website, I used the “completed” and “in progress” incentive
applications for my study, ensuring to use only the projects at the residential level
(CaliforniaDGStats, 2021). Given that SOMAH specifically supports solar PV projects on
multifamily housing, I used the “Total Number of Units” column as the number of households
served.

Data for the final California program, SGIP, were provided by the program website

(Center for Sustainable Energy, 2021). As reported on the website, I used the “completed” and
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“reserved incentive” applications for my study, ensuring to use only the projects for battery
storage at the residential level.

Massachusetts’s Commonwealth Solar and Solarize Mass data were provided by
MassCEC. This data sheet provided the “in service” incentive applications, and I ensured to use
only the projects at the residential level (MassCEC, 2021). Unfortunately, data for Solarize Mass
were not available after the year 2016, although the program continues to run today. This lack of
available data is a limitation of my study.

With support from Marx Science and Social Science Library at Yale University, SMART
program data were extensively reformatted because the original data did not report the amount of
money given to each household. I used the “approved” incentive applications for my study,
ensuring to use only the projects at the residential level. Using the data and key provided by the
Commonwealth of Massachusetts (2021), I calculated the amount of money awarded to each
application, ensuring to account for adders and other special cases that impact the rebate rate.
Because the SMART incentive amount is based on the actual amount of solar energy generated
by the solar array, I had to use some reasonable assumptions to calculate the incentives.
Specifically, I used the same generation rate of 1,250 kilowatt-hours per year for all households
with an annual degradation rate of 0.5 percent. Additionally, to calculate the storage adder rate, I
estimated that 1 kilowatt AC is equal to 1.5 kilowatts DC. Using the resulting values for the
storage adder rate, I created two different rebate rates for each SMART application: (1) the full
rebate rate and (ii) the storage adder rate. I used the first one to evaluate the equitability of
SMART as a complete solar incentive program and the second to evaluate the equitability of

SMART as a battery storage incentive program.
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For all of the California and Massachusetts solar programs, I downloaded the data in
March and April 2021 to ensure I used the most recent versions available, as current programs
provide weekly or monthly updates. I used the pivot table function in Microsoft Excel to export
the data, creating rows for each zip code by year and columns for the incentive amount awarded
and the number of households served under each program. After merging the demographic data
with the program data, I divided both the incentive amount and the number of households served
by the number of households within that zip code to get the incentive amount per household and

the percentage of households served for each program.

C. Assumptions & Limitations

Assumptions are a necessary part of any study to simplify the issue at hand into one that
can be modeled and analyzed, and this study is no exception. In addition to the generalizations
made throughout the data processing and formatting process, I assumed that each application
represents a unique project for a unique household, except for multifamily-specific applications,
as mentioned in Section II1.B above.

Additionally, to perform the multiple linear regressions, I assume that there is a linear
relationship between the dependent and independent variables in each model; independent
variables are not highly correlated with each other (i.e., little to no multicollinearity); residuals
are normally distributed (i.e., multivariate normality) and the variance of residuals is constant
(i.e., homoscedasticity); and that observations are independent of one another.

Other limitations to my study include that program data was only available at the zip
code level. This macro-level analysis means that, although rebate dollars may be allocated
towards zip codes with a relatively low white non-Hispanic population (for example), there is no

way to know from the data whether they specifically went to a white non-Hispanic household or
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a household of color. Further, because the data was not available through the ACS, I did not
include the average household size in terms of square footage. This data would be relevant, given
that the size of solar and battery systems is typically determined by the average household
energy usage, and that a larger house that requires a greater amount of energy to maintain may
impact the amount of money it receives from incentive programs for the adoption of DERs

(Freedom Forever, 2019).

D. Statistical Analysis

For each incentive program, I constructed two multiple linear regression models that look
for significant independent variables that explain the following two dependent variables: (i) the
incentive amount per household within each zip code by year and (ii) the percentage of
households within each zip code that the program served by year. The first measure explores
whether households in specific zip codes, differentiated by the demographic data, receive more
or less DER incentive money. Meanwhile, the second measure evaluates whether the DER
programs are more or less popular in specific zip codes, providing the likelihood that a
household is served based on demographics.

As for the independent variables in my study, I included the percentage of the population
that is white non-Hispanic, median income, the percentage of the population with a bachelor’s
degree or higher, the percentage of the population that is proficient in English, the percentage of
owner-occupied households, and the average household size in number of people. I additionally
created indicator variables for each year to control for factors that may have changed across all

observations for a given year.
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Table 8 below shows the command that I used to reach the results in Section IV. For each
program, I ran the regression twice, replacing “[program variable]” with each of the two

dependent variables.

Stata Command

regress [program variable] race income education language tenure household_size i.year, robust

Table 8. Stata command used to reach the results in Section IV.
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IV. Results & Analysis

The results tables are included in Appendix 1, where Tables 9 and 10 correspond to
incentive programs for solar PV deployment, and Tables 11 and 12 correspond to incentive
programs for battery storage systems. Tables 9 and 11 both show the regression output when the
dependent variable was the percentage of households served in a zip code. Tables 10 and 12
show the regression output when the dependent variable was the percentage of households

served in a zip code.

A. Race and Ethnicity

The coefficient for the variable representing the percentage of the population that is white
non-Hispanic is positive and statistically significant for California’s General Market Program in
both regressions, as reported in Tables 9 and 10. The direction and statistical significance of the
coefficient indicate that, as the white non-Hispanic population within a zip code grows, so too do
the incentive amount per household given to that zip code and the likelihood that a household is
served by an incentive program. The same is true for California’s SGIP, as reported in Tables 11
and 12.

Additionally, for the California programs specifically designed to serve disadvantaged
communities—MASH and DAC-SASH—this coefficient is negative and statistically significant.
The direction and statistical significance of the coefficient indicate that, as the white non-
Hispanic population within a zip code grows, the incentive amount per household given to that
zip code and likelihood that a household is served by an incentive program both decrease.

The rest of the programs do not have statistically significant results with respect to race

and ethnicity, which suggests that the percentage of the population that is white non-Hispanic
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does not impact the average amount of money that these other programs award to a zip code or

the likelihood of being served.

B. Median Income

The coefficient for median income is positive and significant for California’s General
Market Program in both regression models, as reported in Tables 9 and 10. The direction and
statistical significance of the coefficient indicate that, as the median income in a zip code
increases, so too does the incentive amount awarded and the likelihood of being served by this
program. I expected to see this result, as California’s General Market Program is one of the
earliest of its kind nationwide and was not specifically designed to serve lower-income
populations.

Meanwhile, the coefficient is negative and significant for California’s SASH program
and Massachusetts’s Commonwealth Solar and SMART programs. The direction and statistical
significance of the coefficient indicate that, as the median income in a zip code increases, the
incentive amount awarded and the likelihood of being served by these programs decreases. The
results suggest that the programs are succeeding in reaching lower-income communities, which
may be because they became active years after California’s General Market Program and may
have learned from its mistakes. As opposed to California’s program, these programs were
specifically designed either to serve low-income residents (SASH) or have special incentives for
low-income participants (Commonwealth Solar and SMART).

The rest of the programs in California and Massachusetts do not have statistically
significant results, which suggests that median income does not impact the average amount of

money that a program awards to a zip code or the likelihood of being served.
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C. Level of Education

The regression results for the education variable are mixed. The coefficient for education
was negative and statistically significant for California’s General Market Program, SASH, and
DAC-SASH. This variable indicates that the average rebate amount awarded and the likelihood
of being served by these programs in California both decrease as the percentage of the
population with a bachelor’s or higher degree increases. However, for both Massachusetts
programs, Commonwealth Solar and SMART, the opposite is true: the coefficient is positive and
significant.

One explanation for these results might be that the concepts and language surrounding
DERs can often be jargony and difficult to understand without higher education or prior
knowledge on these technologies and the available state-level incentive programs. Therefore, it
makes sense that, at least in Massachusetts, zip codes with a higher percentage of the population
with a bachelor’s or higher degree are more likely to utilize these kinds of programs and, as such,
receive higher incentive amounts on average. What may account for the difference between the
two states is that California may succeed in making program materials accessible to the general
public by using plain language and embarking on more thorough education campaigns; further
research on California’s communication and marketing strategies is necessary.

A noteworthy result is that the one program in Massachusetts that does not have a
significant coefficient for this variable is Solarize Mass, a program specifically designed around
a grassroots approach to education. The statistical analysis thus shows that educational
attainment is not a driver of participation in the program in either direction. The data suggest that
a program like Solarize Mass, which utilizes a grassroots education approach, may do a good job

of making program materials available to all. For this and the rest of the programs that do not
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have a significant coefficient, the data suggest that educational attainment does not impact the

average amount of money that a program awards to a zip code or the likelihood of being served.

D. English Proficiency

The coefficient representing the percentage of the population that is proficient in English
was only statistically significant for two of the programs but in different directions: positive for
California’s General Market Program and negative for California’s SASH. The direction and
statistical significance of the coefficient for the General Market Program indicates that, as the
percentage of households with English proficiency in a zip code increases, so too does the
likelihood of being served by this program. Meanwhile, for the SASH program, the opposite is
true for both dependent variables; as the percentage of households with English proficiency in a
zip code increases, both the average amount of money awarded and the likelihood of being
served by the program decrease. This result could be explained by further research into whether
SASH employs a publicity campaign that specifically targets the non-English speaking
population.

The rest of the programs do not have statistically significant results, the data suggest that
English proficiency does not impact the average amount of money that a program awards to a zip

code or the likelihood of being served.

E. Tenure

Across most of the programs, the variable representing tenure is positive and statistically
significant. What this means is that zip codes with a higher percentage of owner-occupied
households receive a higher rebate amount and are more likely to be served by the incentive

programs. It makes sense that the more households within a zip code are owner-occupied, the
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higher the rebate amount, because homeowners have greater agency over the property upon
which they live, as compared to renters. Conversely, when a household is not owner-occupied,
the tenants have little agency and ability to make these kinds of decisions themselves.
Additionally, as described in Section II.F.5 above, owner/tenant split incentives reduce
uptake of DER in rental property, because landlords do not have a financial reason to invest in
energy resources that would only benefit the tenant. Because these solar and battery DER
programs are often publicized as a way for households to reduce their energy bills and generate
their own electricity, it is not surprising that homeownership was a significant variable across

many of the programs assessed in this study.

F. Household Size

The results for the variable representing average household size (in number of people) are
mixed, and too few of the programs have significant results to make any sort of comparisons
among programs. There are a few and not mutually exclusive options for what may be occurring.
One is that households with more people in them typically use more energy than those with
fewer people. Because there are barriers to installing large solar arrays based on the household’s
electricity consumption patterns, households with fewer people may be limited to smaller solar
arrays—even though they might have enough space for a larger array on their roofs—thus
limiting in the average amount of money they receive through these programs. Because of the
added complexity of the limits on solar size, and how these rules vary by state, as explained in
Section II.F.6 above, it is not surprising that regression output for household size may not yield
statistically significant results.

Simultaneously, the unavailability of data on average household size in terms of square

footage may create confusion in these results, as square footage also impacts the average
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household energy consumption. To make any conclusion for how household size may impact the
average amount of money awarded and the likelihood of being served, the study would likely
have to include a variable that represents the average physical size of households within a zip

code.
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V. Discussion
A. Policy Implications & Importance of Equity

Looking at the race and income variables across the programs, the coefficients that are
positive and significant correspond to the solar and battery programs in California that are open
to all. Meanwhile, the rest of the programs that either has negative and significant coefficients or
have non-significant coefficients correspond to programs that specifically support disadvantaged
communities or are otherwise community-centered. The results in Section IV reveal that, when
programs are intentional about involving communities and serving environmental justice
populations, they are more equitable than the programs that are meant for the general public.

Specifically, the coefficients for race and income for California’s General Market
Program are both positive and significant, meaning that the whiter and richer that a population
grows, the larger the incentive amount they receive and the more likely they are to be served by
the program. After its termination in December 2016, however, the state no longer saw a need to
subsidize solar for the general public. Instead, it continued to fund programs dedicated to single-
and multifamily low-income households.

Despite the state’s current and relatively successful focus on solar deployment in low-
income communities, California’s more recent program for battery storage systems—SGIP—
seems to show some of the same shortcomings as the General Market Program did. On the one
hand, the higher rebate amounts that SGIP offers low-income, medically vulnerable, and at-risk
for fire communities through its “equity” and “equity resilience” categories seem to prevent a
positive relationship between the dependent variables and income. On the other, the negative and
significant coefficient for the race variable follows a similar trend as the General Market

Program did. There may not be a need for California to offer battery subsidies for the general
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public, and it can instead dedicate the full program budget to supporting the most vulnerable
communities.

Another noteworthy observation is that SOMAH and Solarize Mass are the only two
programs with no significant coefficients, suggesting that race and income are not drivers of
participation in these programs in either direction. Particularly interesting are the strategies that
SOMAH and Solarize Mass employ.

SOMAH has incorporated as part of its structure a community advisory council that
continuously informs program development and strategizes how to increase the program’s
effectiveness in supporting communities (California Public Utilities Commission, 2021). The
program has formed partnerships with community-based organizations including the California
Environmental Justice Alliance and Asian Pacific Environmental Network among others that
provide support in maximizing participation and the program’s benefits to residents (California
Public Utilities Commission, 2021).

Solarize Mass’s two-pronged community-driven approach has also proven successful in
terms of supporting the equitable deployment of DERs. Its grassroots education campaign and
increasing tiered pricing structure encourage participants to engage with their neighbors and
other community members, share experiences with the program and knowledge about rooftop
solar systems, and maximizes seeding potential (MassCEC, 2012).

It is important to note that the strategies that SOMAH and Solarize Mass use to involve
community members are not accidents or after-the-fact additions; they are at the core of these
programs. As such, it is imperative that decision-makers consider issues of equity during a
program’s initial stages and not as an afterthought, as tends to be the case. Especially considering

the leading roles that California and Massachusetts have in environmental policy, identifying
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injustices and effective strategies to mitigate them allows for other states to implement more

equitable programs from the start.

B. Approaches to Equity

As explained by leading energy justice scholar Shalanda Baker,!” many approaches to
clean energy deployment in the energy sector tend to support the “resilience” of the energy
sector -- and not in the positive sense of the word “resilience,” which is commonly used to
describe the energy system’s ability to withstand severe weather. Rather, resilience-focused
problem-solving methods in the energy sector act to reinforce existing structural inequalities that
have accrued over time throughout the entire energy system, as outlined in Sections I and II
above (Baker, 2019, p. 6). Solutions that aim for a transition to a clean energy system fail to
consider the need for a complete transformation of the existing energy infrastructure and for the
alleviation of social, economic, and environmental injustices that are baked into our existing
energy system, are resistant to change and typically fall upon BIPOC and low-income
communities. In response to this negative resilience of the energy system, Baker (2019, p. 26)
urges decision-makers to include these communities in the shift towards a clean and renewable
energy system instead of merely hoping that they “bounce back” from traumatic experiences
after the fact. The key lesson from Baker’s work is that DER incentive programs must include all
people in the transformation of the current energy model to a clean energy future.

This call for procedural justice follows the seventh Principle of Environmental Justice

that “demands the right to participate as equal partners at every level of decision-making,

19 Shalanda H. Baker is a professor of law, public policy, and urban affairs at Northeastern University. A Black,
queer woman from a single-parent family, she is the co-founder and co-director of the Initiative for Energy Justice.
Most recently, Baker was appointed by the Biden Administration as the Department of Energy’s first Deputy
Director for Energy Justice and Secretary’s Advisor on Equity. For more information, visit
energy.gov/contributors/shalanda-h-baker.
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including needs assessment, planning, implementation, enforcement and evaluation” (First

National People of Color Environmental Leadership Summit, 1991). Currently, state-level

incentive programs for DERs fail to incorporate community members’ experiences and instead

leaves the immense potential and power that they hold untapped. To ensure that programs are

effective, states must focus on involving communities more meaningfully. The “Spectrum of

Community Engagement to Ownership” in Figure 9 below can guide state governments in this

process (Gonzalez, 2019).

STANCE
i DEFERTO
COMMUNITY
5
IMPACT Marginalization Placation Tokenization Voice Delegated Community
Power Ownership
COMMUNITY Deny access to Provide the Gather input from Ensure community Ensure community Foster democratic
ENGAGEMENT decision-making community with the community needs and assets capacity to play a participation and equity
GOALS processes relevant information are integrated into leadership role in through community-
process & inform implementation of driven decision-
planning decisions making; Bridge divide
between community &
governance
MESSAGE TO Your voice, needs We will keep you We care what you You are making Your leadership It’s time to unlock
COMMUNITY & interests do not informed think us think, (and and expertise are collective power
matter therefore act) critical to how we and capacity for
differently about address the issue transformative
the issue solutions
ACTIVITIES Closed door Fact sheets Public Comment Community MOU's with Community-driven
meeting Open Houses Focus Groups organizing & Community-based planning
Misinformation Preseritatione Community Forums advocacy organizations Consensus building
Systematic Billboards Surveys House meetings Community Participatory action
Interactive organizing research
Videos workshops Citizen advisory Partici
articipatory budgeting
Polling omiees Cooperatives
Community forums Open Planning
Forums with Citizen
Polling
RESOURCE 100% 70-90% 60-80% 50-60% 20-50% 80-100%
ALLOCATION Systems Admin Systems Admin Systems Admin Systems Admin Systems Admin Community partners
RATIOS and community-driven
10-30% 20-40% 40-50% 50-70% processes ideally
Promotions and Consultation Community Community generate new value and
Publicity Activities Involvement Partners resources that can be
invested in solutions

Figure 9. Steps along the “Spectrum of Community Engagement to Ownership” from ignoring communities (a zero
on the spectrum) to deferring to communities (a five) (Gonzalez, 2019, p. 2).

Except for marginalization, each element of the Spectrum of Community Engagement in
Figure 9 is a necessary part of “building capacity for community collaboration and governance”

(Gonzalez, 2019, p. 5). That said, in the few instances that governments attempt to increase
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community engagement, informing and consulting communities is the most common form. This
level of participation is often viewed by policymakers as sufficient for understanding the
problems that communities face and identifying solutions for them. However, because these
“solutions” are not developed and implemented by community members for community
members, the solutions often fail to fully address the issue at hand and, even worse, can lead to
the creation of new problems.

The problem that energy-focused programs are facing is that decision-makers are failing
to foster meaningful connections with community members. A study by Catalano et al. (2019)
analyzed conservation projects that have failed, categorizing their causes for failure by five
primary themes: people, action, information, funding, and economic and political.?’ Having
reviewed a final selection of 59 articles, the researchers found that the “people” category was the
most common reason for failure with “relationships between stakeholders” being the top

secondary theme, as shown in Figure 10 below (Catalano et al., 2019).

20 Catalano et al. (2019) additionally recognized two limitations to their study. The first is that it is often difficult to
tell whether a project has “succeeded” and “failed” based on reporting because the language used is unclear and
there are no fully defined criteria for success. The second is that institutions and project managers rarely report
failed projects either because they do not think it would be useful to do so or because they want to preserve their
reputation. The researchers thus urge planners both to indicate how they are measuring the project’s success or
failure and to report failures, as they are oftentimes just as useful as success stories (Shiffman, 2019).
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Primary theme Secondary theme Frequency  No. of articles
1. People (55) a. Relationships between stakeholders (e.g. conflict, too many competing interests) 210 38
b. Experiences (e.g. failure of local leaders, failure to learn from past experiences, negative past experience with 167 38
conservation initiatives)
c. Psychological reactions (e.g. fear, blame, motivation, risk aversion, trust) 164 36
2. Action (47) a. Management problems (e.g. lack of enforcement, inadequate management, failure of project to outlast external 105 30
involvement)
b. Implementation problems (e.g. putting plans, strategies, and implementation tools in place) 86 34
c. Lack of capacity 32 15
d. Avoid difficult decisions or courses of action 18 8
3. Information (37) a. Communication failures (e.g. failure to communicate with local people, manage expectations, seek information) 67 29
b. Lack of feedback or reflection 47 16
c¢. Data collection problems 15 6
4. Funding (34) a. Lack of funding (e.g. for pl ation, or to sustain project over longer term) 70 30
b. Funding misallocation or mi (e.g. corruption, delays) 16 10
c. Donor conflicts 11 6
5. Economic and political (28)  a. Overriding imperative for production (e.g. no incentive for conservation, economic development trumps 60 22
conservation) and alternative income problems
b. Lack of political support, shifting political conditions, or government policies counter to conservation aims 51 17

Figure 10. Primary and secondary themes used to categorize the causes for failure across 59 failed conservation
projects. “Frequency” values represent the number of times a theme was coded, and “No. of articles” values
represent the number of project reports that mentioned each secondary theme. Parenthetical values under “Primary
theme” represent the number of project reports in which the theme appears (Catalano et al., 2019, p. 4).

Given these results, governments must prioritize building an inclusive and collaborative
policymaking infrastructure through which officials can foster strong and lasting relationships
with community members. As such, community ownership of energy programming (through
intimate involvement in its conception, creation, approval, and deployment) is key for creating a
people-centered approach to policy-making and ensuring that programs operate as effectively as
possible to benefit communities. What this means is that the community should be self-defined,
and members should hold a high level of decision-making power, responsibility, and control over
the policies, projects and programming, narrative, and other activities that impact their

community (Isle de Jean Charles Biloxi-Chitimacha-Choctaw Tribe, 2019, p. 22).
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VI. Recommendations
A. Strategize and Expand Community Involvement

Environmental and energy equity “requires the provision of conditions and resources”
that meets the needs of communities and allows them “to freely express their opinions”
(Hampton, 1999). As suggested by the regression results in Section III and Appendix 1, it is
important for policymakers to involve underrepresented communities and the communities most
affected in the initial stages of any project, program, or policy.

Recall that two programs—SOMAH and Solarize Mass—did not have any significant
coefficients that would show bias towards whiter, wealthier, more educated, or more English-
speaking communities. These two programs also were specifically designed to engage
communities at the grassroots level.

The lessons and best practices we can glean from these programs for the design of future
programs include fostering partnerships with local organizations and other leaders that can serve
as community liaisons and facilitate communication with residents. Hosting various town halls
on the subject and conducting focus groups that cover other preferred methods of public
participation for underrepresented communities could also aid in consulting and involving
residents, as per the “Spectrum of Community Engagement to Ownership” (Gonzalez, 2019).
Further, establishing an advisory committee that includes experts, government officials, and
community members can serve as a way to prioritize collaboration over tokenization (Gonzélez,
2019).

Certainly, these approaches are not exhaustive or mutually exclusive. Programs can
utilize all of them in a thorough and multi-pronged approach to community outreach and

involvement.
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B. Embark on Grassroots Education and Training Campaigns

DERs and incentive programs can be really difficult to understand without higher
education or prior exposure to them due to their degree of technical sophistication. Even tools
meant to simplify programs (e.g., SMART’s Energy Storage Adder Calculator) require a
relatively high level of understanding, and the general public is likely not sufficiently informed
to accurately interpret them (Commonwealth of Massachusetts, 2020). Although the regression
yielded mixed results for the education variable, programs can adopt similar education and
training campaigns as Solarize Mass does. Marketing and application materials can use simple
and everyday vocabulary with an overall readability score appropriate for (at most) a high school
level of education.

Further, learning from Solarize Mass, programs can design their education campaigns to
take a grassroots approach. Holding information sessions at community centers, parks, and other
public locations where communities are active can be a useful strategy for spreading knowledge
about the programs. Training events can tap into the community’s organizing capacity by
empowering individuals to engage with their own neighborhoods. Hearing about DERs and
state-level incentive programs from active and trustworthy members of the community can, in
turn, increase residents’ openness to participation. In these cases, it is important to consider the
target population when coordinating events. Making these sessions as accessible as possible
(e.g., language, geographic location, cultural context, physical accessibility, date and time) will

ensure that all members of the community are given equal opportunity to participate.
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C. Increase Language Accessibility

Although the regression yielded mixed results for the English proficiency variable, a
widely recognized best practice is to make program materials more accessible in languages
representative of the population, depending on the languages spoken by local communities
(West, 2008). Even beyond limited English-speaking households, people have different language
proficiency levels depending on the topic of conversation. This fact reinforces the

recommendation that materials use plain language and be accessible in multiple languages.

D. Reassess Program Structure

As the regression results reveal, programs tended to be more equitable when specifically
designed to serve disadvantaged or environmental justice communities. Even compared to
programs open to the general public that offer increased rebate rates for low-income applicants,
the programs where only low-income households are eligible ranked higher in terms of equity
(i.e., had either a negative, significant coefficient or a non-significant coefficient for income). As
such, states may have more success in serving the most vulnerable and under-resourced
communities if programs are not open to the general public. This strategy has the additional
advantage of focusing program outreach and education efforts on these communities instead of
attempting to reach the entire state’s population under a limited budget. Further, for programs
with a declining block incentive structure, limiting participation to historically under-represented
groups would eliminate the possibility that wealthier households occupy the first blocks and
receive the highest rebate rates, leaving lower rates for those who would likely benefit the most
from the program.

A second recommendation for rethinking the program structure is to consider an

increasing tiered pricing structure (as Solarize Mass uses) by which the rebate rate for a
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community increases as the number of participating households grows. This structure employs a
similar incentive theory that businesses’ referral programs employ, tapping into the community’s

organizing power and benefitting all parties with a higher rebate rate.

E. Better Data Collection & Regular Reporting

As learned throughout the completion of this study, data on DER incentive programs are
not universally available, varies in quality, and may be inconsistent across programs or
jurisdictions. For example, because program data did not include demographic data and listed zip
codes (in some cases, census tracts) as the lowest geographic level, I was unable to create a data
set and regression model with a finer level of detail. If incentive programs tracked demographic
information for each application, policymakers could create more accurate evaluations of the
equity of their DER deployment program.

Additionally, studies on the equitability of these programs—Iike this one—can be
conducted on a continuous or regular basis. States can require program managers to publish a
publicly available report every six months or on a yearly basis. Additionally, the state could
require these programs to have a visualization tool on their website that uses continuously

updated data.
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VII. Conclusion

The results revealed that, when programs were broad and open to the public without a
structure that specifically supports low-income populations, whiter and wealthier populations
yielded a higher average incentive amount and a higher likelihood of being served. Conversely,
when states were intentional about involving communities and serving EJ populations, their
programs were successful in reaching BIPOC and lower-income communities.

The analysis of DER incentive programs in this study can be expanded upon in a variety
of ways. Most clearly, performing the statistical analysis at a finer level—either census tract or
household—would yield more accurate results. Additionally, future research could include
independent variables that were not available through the ACS, including: household size in
square footage,?! households with older people and persons with disabilities,?? and urban/rural
status.??

Further, pursuing questions related to the time variable may allow for the evaluation of
the adoption rate for different demographic groups. This kind of time-series analysis may reveal
trends about the implementation of DER technologies and could answer questions, such as
whether areas with larger white non-Hispanic populations tend to utilize state-level incentive
programs earlier than communities of color. Especially important for programs with a declining

block incentive structure, his type of improved understanding of early adopters versus late

21 The essay discusses household size in square footage as a potentially significant independent variable in greater
detail in Section IL.F.6, infra.

22 power outages are expected to happen more frequently given the increasing frequency and severity of weather
conditions due to climate change. The elderly and persons with disability are especially vulnerable to these outages
if they rely on assistive technologies that require a constant flow of electricity (Fuller, 2019). Therefore, DERs
would increase their resilience and preparedness for these kinds of situations, and they could make the difference
between life and death.

23 Barbose et al. (2021, p. 30) found that solar adoption tends to skew slightly towards urban households compared
to the United States as a whole, although it varies at the individual state level.
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adopters would reveal whether certain groups have prime access to the highest available rebate
rates while others may be subject to lower incentive rates after the first and highest-paying
capacity blocks have been exhausted. Such a study can inform recommendations regarding
targeted marketing strategies and program eligibility.

Lastly, this study can be replicated for other DER incentive programs offered in
California and Massachusetts, or in other states or cities. One area of interest for further study is
programs that support community choice aggregation (CCA). CCA programs increase energy
democracy and prioritizes community ownership above community engagement. Specifically,
California offers two CCA programs: Solar Green Tariff Program (CSGT) and Disadvantaged
Communities - Green Tariff Program (DAC-GT), specifically designed so that households that
are not physically able to install rooftop solar systems are able to come together and install a
shared solar array that provides electricity for the entire community. The reason for their
exclusion in this study is that they have yet to begin accepting applications. That said, both
programs are expected to open in the coming months. Future studies can also evaluate programs
for other kinds of DER technologies, including EVs. Specifically, analyzing the Clean Vehicle
Rebate Project (CVRP) in California and Massachusetts Offers Rebates for Electric Vehicles
(MOR-EV) would be a great addition to this study of incentive programs for solar PV and
battery storage systems in the two states.

In summary, to create more equitable incentive programs for DERs and support
communities in the necessary and inevitable transformation of the energy system, states must
build equity into every level of programming—from development to implementation and

accountability. This is the way forward.
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household
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constant
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General SASH

Market

0.078** -0.010
(0.02) (0.00)
0.000* -0.000**
(0.00) (0.00)
-0.134 -0.022%*
(0.07) (0.00)
0.012 -0.034*
(0.03) (0.01)
0.006 0.010
(0.03) (0.01)
-0.054 -0.011**
(0.03) (0.00)

-5.671%* 4.429%*
(1.36) (0.95)
21606 21484
0.008 0.004
118.0%* 13.25%*
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MASH DAC-SASH
-0.011%+ -0.008%*
(0.00) (0.00)
-0.000 0.000
(0.00) (0.00)
0.005 -0.007%*
(0.01) (0.00)
0.012 -0.000
(0.01) (0.01)
-0.002 0.004*
(0.00) (0.00)
-0.005 0.020
(0.00) (0.01)
-0.296 0.368
(0.64) (0.53)

21516 4878
0.017 0.015
6.374%* 9.286%*

SOMAH

-0.080
(0.05)

-0.000
(0.00)

-0.062
(0.11)

-0.222
(0.24)

-0.020
(0.07)

0271
(0.29)

36.415
(20.08)

1621

0.111

2.982%*

Commonwealth
Solar

-0.002
(0.01)

-0.000%*
(0.00)

0.204%*
(0.04)

-0.071
(0.04)

0.204%*
(0.03)

0.027%*
(0.01)

0.684
(2.48)

5199

0.002

27.50%*

Solarize Mass

-0.062
(0.06)

0.000
(0.00)

0.093
(0.09)

-0.221
(0.22)

0.065
(0.07)

0.043
(0.04)

14.797
(16.09)

2951

0.002

1.019
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SMART

1.361
(3.90)

0.013*
(0.00)

13.600
(8.92)

-5.841
(11.54)

22.182*
(7.68)

0.554
(1.50)

-367.358
(716.91)

2059
0.21

7.376%*

Table 9. Regression output for all six solar photovoltaic incentive programs when the dependent variable was the
amount of money given per household within each zip code. The numbers in parentheses are the standard error for
each coefficient. The single asterisk (*) indicates a significant p-value <0.05 and >0.01. The double asterisk (**)

indicates a significant p-value < 0.01.



white non-
Hispanic

median
income

education

English-
speaking

owner-
occupied

household
size

constant

RZ

General
Market

0.001%*
(0.00)

0.000%*
(0.00)

-0.001%*
(0.00)

0.001*
(0.00)

0.001%*
(0.00)

-0.001
(0.00)

-0.194%%
(0.02)

21606

0.162

227.4%*

SASH

-0.000
(0.00)

-0.000%*
(0.00)

-0.000%*
(0.00)

-0.000%*
(0.00)

0.000
(0.00)

-0.000*
(0.00)

0.040%*
(0.01)

21484

0.009

13.73%*

MASH

-0.000%*
(0.00)

-0.000
(0.00)

-0.000
(0.00)

0.001
(0.00)

-0.000
(0.00)

-0.000
(0.00)

-0.023
(0.01)

21516

0.002

8.035%*

DAC-SASH

-0.000%*
(0.00)

0.000
(0.00)

-0.000%*
(0.00)

0.000
(0.00)

0.000*
(0.00)

0.000
(0.00)

0.004
(0.00)

4878

0.017

8.610%*

SOMAH

-0.002
(0.00)

0.000
(0.00)

-0.000
(0.00)

-0.006
(0.00)

-0.000
(0.00)

-0.007
(0.01)

0.847
(0.41)

1621

0.015

3.723%%*
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Commonwealth  Solarize Mass SMART
Solar
0.000 -0.003 -0.003
(0.00) (0.00) (0.00)
-0.000** 0.000 -0.000%*
(0.00) (0.00) (0.00)
0.004** 0.004 0.020**
(0.00) (0.00) (0.00)
-0.001 -0.011 -0.002
(0.00) (0.01) (0.01)
0.003** 0.003 0.014%**
(0.00) (0.00) (0.00)
0.000 0.002 0.001
(0.00) (0.00) (0.00)
-0.038 0.705 0.101
(0.04) (0.74) (0.58)
5199 2951 2059
0.111 0.02 0.067
39.17** 1.014 25.74%*

Table 10. Regression output for all six solar photovoltaic incentive programs when the dependent variable was the
percentage of households served in a zip code. The numbers in parentheses are the standard error for each
coefficient. The single asterisk (*) indicates a significant p-value <0.05 and >0.01. The double asterisk (**)

indicates a significant p-value < 0.01.
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SGIP SMART
white non- 0.279** -0.184
Hispanic (0.06) (0.40)
median -0.000 -0.001
income (0.00) (0.00)
education -0.126 0.887

(0.15) (0.98)
English- -0.048 0.895
speaking (0.11) (1.00)
owner- 0.195* 1.329
occupied (0.07) (0.93)
household -0.525 -0.048
size (2.56) (0.13)
constant -12.995 -105.851

(11.72) (65.99)
N 3991 2059
R? 0.102 0.004
F - 1.961*

Table 11. Regression output for the two battery storage incentive programs when the dependent variable was the
average amount of money per household given. The numbers in parentheses are the standard error for each
coefficient. The single asterisk (*) indicates a significant p-value <0.05 and >0.01. The double asterisk (**)

indicates a significant p-value < 0.01.
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SGIP SMART
white non- 0.002%** -0.000
Hispanic (0.00) (0.00)
median -0.000 -0.000
income (0.00) (0.00)
education 0.001 0.002

(0.00) (0.00)
English- 0.000 -0.000
speaking (0.00) (0.00)
owner- 0.002** 0.001*
occupied (0.00) (0.00)
household 0.017 0.000
size (0.02) (0.00)
constant -3.17* -0.042

(0.10) (0.03)
N 3991 2059
R? 0.138 0.040
F - 11.28**

Table 12. Regression output for the two battery storage incentive programs when the dependent variable was the
percentage of households served in a zip code. The numbers in parentheses are the standard error for each
coefficient. The single asterisk (*) indicates a significant p-value <0.05 and >0.01. The double asterisk (**)

indicates a significant p-value < 0.01.
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Abbreviation Term

AC alternating current

ACS United States Census Bureau American Community Survey
Berkeley Lab Lawrence Berkeley National Laboratory

BIPOC Black, Indigenous, and people of color

CalEnviroScreen 3.0

California Communities Environmental Health Screening Tool Version 3.0

CalEPA California Environmental Protection Agency
CCA community choice aggregation

CSGT Community Solar Green Tariff

CSI California Solar Initiative

CVRP Clean Vehicle Rebate Project

DAC disadvantaged community

DAC-GT Disadvantaged Communities - Green Tariff
DAC-SASH Disadvantaged Communities - Single-family Affordable Solar Housing
DC direct current

DER distributed energy resource

DOER Massachusetts Department of Energy Resources
EJ environmental justice

EPA United States Environmental Protection Agency
FSC Fisher, Sheehan, and Colton

GMP Green Mountain Power

IPCC Intergovernmental Panel on Climate Change
10U investor-owned utility

kW kilowatt

kWh kilowatt-hour

LIHEAP Low-Income Home Energy Assistance Program
MASH Multifamily Solar Housing
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MassCEC Massachusetts Clean Energy Center

MOR-EV Massachusetts Offers Rebates for Electric Vehicles
OEHHA Office of Environmental Health Hazard Assessment
PCBs polychlorinated biphenyls

PV photovoltaic

SASH Single-family Solar Housing

SGIP Self-Generation Incentive Program

SMART Solar Massachusetts Renewable Target

Solarize Mass

Solarize Massachusetts

SOMAH

Solar on Multifamily Affordable Housing
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Appendix 3: Glossary

Term

Abbreviation

Definition

adaptation

(in the context of climate change) “In human systems,
the process of adjustment to actual or expected climate
and its effects, in order to moderate harm or exploit
beneficial opportunities. In natural systems, the process
of adjustment to actual climate and its effects; human
intervention may facilitate adjustment to expected
climate and its effects” (IPCC, 2018, p. 542)

adder

additional incentives incorporated into the program
structure that can increase the rebate amount for
applications that meet certain predetermined criteria, as
per the program guidelines

alternating current

AC

flow of electric charge that periodically reverses
direction, as in home appliances; state-level incentive
programs specify rebate amount as a specific dollar
amount per AC or DC watt; see also “direct current”

American Community Survey

ACS

survey program conducted every year by the US Census
Bureau that gathers detailed demographic and housing
information about the nation’s population

battery storage system

rechargeable battery system that stores electrical energy
for use at a later time

California Communities
Environmental Health
Screening Tool Version 3.0

CalEnviroScreen 3.0

most recent version of California’s place-based
screening tool that depicts the distribution of negative
environmental impacts across communities by census
tract; released by the Office of Environmental Health
Hazard Assessment within the California Environmental
Protection Agency

cap-and-trade

market-based approach to regulating and gradually
reducing greenhouse gas emissions by which a declining
limit (i.e., cap) of permissible emissions is set, and by
which allowances equal to the cap can be bought and
sold (i.e., traded) among emitters to comply with the
limit

clean energy

energy from sources that emit little to no greenhouse gas
emissions; includes solar, wind, water, geothermal, and
nuclear energy; excludes fossil fuels and biomass energy

Clean Vehicle Rebate Project

California-based incentive program for electric vehicles

climate anxiety

psychological impacts of climate change as a result of
both direct and indirect experiences; “a chronic fear of
environmental doom,” as defined by the American
Psychological Association (Clayton et al., 2017, 68);
also referred to as eco-anxiety
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climate change

long-term changes in local, regional, or global average
weather conditions, such as temperature and rainfall;
caused by increased greenhouse gas emissions primarily
due to human activity, particularly the burning of fossil
fuels, agriculture, and land-use change (NASA, 2021;
UN, 1992, p. 3)

Commonwealth Solar IT

Massachusetts-based incentive program for solar
photovoltaic systems at residential, commercial,
industrial, institutional, and public facilities;
administered by the Massachusetts Clean Energy Center

community choice aggregation

CCA

program that allows individuals within a service area to
purchase electricity in bulk from an alternative supplier
while the existing utility continues to control and operate
transmission and distribution infrastructure; mechanism
that increases communities’ agency and local control
over their electricity generation, sources, and costs; also
referred to as municipal aggregation (Fairchild &
Weinrub, 2017, p. 140)

community engagement

degree of participation in which the community is
consulted, but ultimately holds a low to moderate level
of decision-making power, responsibility, control over
policies, projects, programs, and other activities that
impact the community

community ownership

degree of participation in which the community holds a
high level of decision-making power, responsibility, and
control over policies, projects, programs, and other
activities that impacts the community

Community Solar Green Tariff

CSGT

California-based incentive program for community solar
photovoltaic projects with a specific focus on
households in disadvantaged communities who are
limited in their ability to install solar on their roof; will
launch in the coming months as of April 2021

declining block incentive
structure

program structure in which incentive amounts decline as
predetermined capacity blocks are exhausted

direct current

DC

flow of electric charge in only one direction, as in a
battery; state-level incentive programs specify rebate
amount as a specific dollar amount per AC or DC watt;
see also “alternating current”

disadvantaged community

DAC

(in California) highest scoring 25 percent of census
tracts from California Communities Environmental
Health Screening Tool Version 3.0 as disadvantaged
communities; includes some exceptions to this rule
depending on the reliability of available data; designated
by California Environmental Protection Agency

Disadvantaged Communities -
Green Tariff

DAC-GT

California-based incentive program for community solar
photovoltaic projects with a specific focus on income-
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qualified households in disadvantaged communities who
are limited in their ability to install solar on their roof;
will launch coming months as of April 2021

Disadvantaged Communities -
Single-family Affordable
Solar Housing

DAC-SASH

California-based incentive program for solar
photovoltaic systems on income-qualified single-family
households in disadvantaged communities; designed to
be the successor to Single-family Affordable Solar
Housing

distributed energy resource

DER

small-scale units of local electricity generation or
storage either connected to the electric power grid at the
distribution level or isolated in stand-alone applications

distributive justice

fairness in the allocation of burdens and benefits

duck curve

graph of power production showing the discrepancies
between peak supply from renewable energy sources and
peak demand throughout the day

energy burden

percentage of gross household income spent on energy
costs

energy democracy

movement towards a more intersectional understanding
of decarbonization that merges the technological energy
transition with increased public participation and
community engagement in decision-making; “climate
resilience initiative to address the existential
consequences of the extractive economy through the
creation of a new regenerative economy, one based on a
decentralized renewable energy model that advances
ecosystem health, economic sustainability, and social
justice through the empowerment of our communities,
and the democratization of our society” (Fairchild &
Weinrub, 2017, p. 14)

energy insecurity

“inability to adequately meet basic household energy
needs” (Hernandez, 2016)

energy justice

application of justice principles to the energy systems
and every step in the full lifecycle of energy resources

environmental justice

EJ

“fair treatment and meaningful involvement of all
people, regardless of race, color, national origin, or
income, with respect to the development,
implementation, and enforcement of environmental
laws, regulations, and policies” (EPA, 2021)

environmental justice
population

EJ population

(in Massachusetts) a community that meets the set
criteria based on annual median household income,
racial and ethnic composition, or English proficiency, as
per Section 56 of Bill 9 (192nd General Court of the
Commonwealth of Massachusetts, 2021);
disproportionate exposure to environmental hazards and
increased vulnerability to these hazards are both
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considered when identifying environmental justice
populations; also referred to as environmental justice
community

fossil fuels

fuel formed by the decomposition of organic matter;
human use (burning) of fossil fuels for energy emits
greenhouse gases and is a leading driver of climate
change; considered neither clean nor renewable, as they
release greenhouse gases and are depleted at a much rate
faster than they are formed

greenhouse gas GHG gas that absorbs and emits infrared radiation, resulting in
the greenhouse effect; increased atmospheric
concentration of greenhouse gases due to human activity
have led to raised global mean temperature in recent
decades

Home Energy Affordability --- model by Fisher, Sheehan, and Colton that estimates the

Gap gap between “affordable” home energy bills and
“actual” home energy bills (FSC, 2003)

investor-owned utility 10U private utility company that generates electricity and
distributes it to electric customers over a defined service
territory

kilowatt kW unit of power; equivalent to 1,000 watts of electrical
power

kilowatt-hour kWh unit of electrical energy; equivalent to 1,000 watts of
electrical power sustained for one hour

limited English-speaking --- a household where no person 14 years old and over

household either speaks only English or speaks English “very well”
(US Census Bureau, 2021)

Massachusetts Offers Rebates | MOR-EV Massachusetts-based incentive program for electric

for Electric Vehicles vehicles

mitigation - (in the context of climate change) “human intervention
to reduce emissions or enhance the sinks of greenhouse
gases” (IPCC, 2018, 554)

Multifamily Affordable Solar | MASH California-based incentive program for solar

Housing

photovoltaic systems with a specific focus on qualifying
affordable multifamily housing properties; see also
Single-family Affordable Solar Housing and Solar on
Multifamily Affordable Housing

procedural justice

fairness in decision-making processes

renewable energy

energy from natural sources or processes that replenish
themselves at a rate equal to or faster than the rate of
extraction; includes solar, wind, water, geothermal, and
biomass energy; excludes fossil fuels and nuclear energy
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resilience -—- (in the context of climate change) ability to prepare for,
recover from, and adapt to climate change impacts
(Center for Climate and Energy Solutions, 2019, p. 1;
IPCC, 2018, p. 557)

seeding --- phenomenon where initial adoption of solar panels at the

residential level inspires neighbors to follow; seeding
potential additionally exists for other distributed energy
resource technologies

Self-Generation Incentive
Program

SGIP

California-based incentive program for distributed
energy resources, including wind turbines, waste heat to
power technologies, pressure reduction turbines, internal
combustion engines, microturbines, gas turbines, fuel
cells, and advanced energy storage systems

Single-family Affordable
Solar Housing

SASH

California-based incentive program for solar
photovoltaic systems with a specific focus on qualifying
affordable single-family housing; see also
Disadvantaged Communities - Single-family Affordable
Solar Housing and Multifamily Affordable Solar
Housing

Solar on Multifamily
Affordable Housing

SOMAH

California-based incentive program for solar
photovoltaic systems with a specific focus on
multifamily affordable housing properties; designed to
be the successor to Multifamily Affordable Solar
Housing

Solarize Massachusetts

Solarize Mass

Massachusetts-based incentive program for solar
photovoltaic systems that aims to increase solar adoption
through grassroots educational campaign and reduced
pricing; partnership between Massachusetts Clean
Energy Center and Green Communities Division of the
Massachusetts Department of Energy Resources

Solar Massachusetts SMART Massachusetts-based incentive program for solar

Renewable Target photovoltaic systems; offers an increased rate for battery
storage systems

solar photovoltaic system solar PV clean and renewable energy system consisting of

photovoltaic panels, an inverter, and other hardware that
generates electricity from solar energy

split incentives

circumstance between owner and tenant, where capital
investments that yield energy improvements (e.g.,
reduced utility bills, increased resilience) result in one
party bearing the cost while the other receives the
benefits




69

References

Baker, S. H. (2019). Anti-Resilience: A Roadmap for Transformational Justice within the Energy
System. Harvard Civil Rights-Civil Liberties Law Review, 54, 1-48.
https://ssrn.com/abstract=3362355

---. (2021). Revolutionary Power: An Activist's Guide to the Energy Transition. Island Press.

Barbose, G., Forrester, S., O'Shaughnessy, E., & Darghouth, N. (2021, April). Residential Solar-
Adopter Income and Demographic Trends: 2021 Update. 1-42. https://eta-
publications.Ibl.gov/sites/default/files/solar-adopter income trends_final.pdf

Bayindir, R., Colak, I., Fulli, G., & Demirtas, K. (2016, December). Smart grid: technology and
applications. Renewable and Sustainable Energy Reviews, 66, 499-516. ScienceDirect.
10.1016/j.rser.2016.08.002

Berry, C., Hronis, C., & Woodward, M. (2018, September 19). One in three U.S. households
faces a challenge in meeting energy needs. U.S. Energy Information Administration.
https://www.eia.gov/todayinenergy/detail.php?1d=37072

Bird, S., & Hernandez, D. (2012, September 1). Policy options for the split incentive: Increasing
energy efficiency for low-income renters. Energy Policy, 48, 506-514. National Center
for Biotechnology Information. 10.1016/j.enpol.2012.05.053

Boele, R., Fabig, H., & Wheeler, D. (2001, April 24). Shell, Nigeria and the Ogoni. A study in
unsustainable development: 1. The story of Shell, Nigeria and the Ogoni people—
environment, economy, relationships: conflict and prospects for resolution. Sustainable
Development, 9, 74-86. Wiley Online Library. 10.1002/sd.161

Bollinger, B., & Gillingham, K. (2012, November-December). Peer Effects in the Diffusion of

Solar Photovoltaic Panels. Marketing Science, 31(6), 873-1025. 10.1287/mksc.1120.0727



70

Brown, M. A., Soni, A., Lapsa3, M. V., Southworth, K., & Cox, M. (2020, October 27). High
energy burden and low-income energy affordability: conclusions from a literature review.
Progress in Energy, 2(4), 1-35. 10Pscience. 10.1088/2516-1083/abb954

Burger, A. (2018, May 30). US Grid Operators, Utilities Getting to Know their “Duck Curves”.
Solar Magazine. https://solarmagazine.com/us-grid-operators-utilities-getting-to-know-
their-duck-curves/

Byskov, M. F. (2019, January 10). Climate change: focusing on how individuals can help is very
convenient for corporations. The Conversation. https://theconversation.com/climate-
change-focusing-on-how-individuals-can-help-is-very-convenient-for-corporations-
108546

California Department of Technology. (2020, December 23). California Electric Utility Service
Areas. California State Geoportal.
https://gis.data.ca.gov/datasets/b95cal 82aa254c3db8ad4d92bd32a73¢ 0/data?geometry=
-148.431%2C31.071%2C-
90.115%2C43.276&orderBy=Utility&page=4&selected Attribute=Number_ Accounts 20
17

CaliforniaDGStats. (2021). Download Data. California Distributed Generation Statistics.
https://www.californiadgstats.ca.gov/downloads/

California Energy Commission. (2020, August 24). Electric Investor-Owned Ultility Areas.
California Energy Commission. https://cecgis-
caenergy.opendata.arcgis.com/datasets/be5721ddbfac47e382dcOdea9c41ac20

California Public Utilities Commission. (2021). About the Program. Solar on Multifamily

Affordable Housing. https://calsomah.org/about#



71

Carley, S., & Konisky, D. M. (2020, June 12). The justice and equity implications of the clean
energy transition. Nature Energy, 5(8), 569-577. 10.1038/s41560-020-0641-6

Catalano, A. S., Lyons-White, J., Mills, M. M., & Knight, A. T. (2019, October). Learning from
published project failures in conservation. Biological Conservation, 238, 1-10.
ScienceDirect. 10.1016/j.biocon.2019.108223

Center for Climate and Energy Solutions. (2019, April). What is Climate Resilience, and Why
Does it Matter? Climate Essentials, 1-12.
https://www.c2es.org/site/assets/uploads/2019/04/what-is-climate-resilience.pdf

Center for Sustainable Energy. (2021). SGIP Program Statistics. Self-Generation Incentive
Program. https://sites.energycenter.org/sgip/statistics

CESA. (2021). Disadvantaged Communities - Single-Family Affordable Solar Housing Program
(DAC-SASH). Clean Energy States Alliance. https://www.cesa.org/projects/state-energy-
strategies-project/directory-of-state-lmi-clean-energy-programs/program-description/

---. (2021). Solar on Multifamily Affordable Housing Program (SOMAH). Clean Energy States
Alliance. https://www.cesa.org/projects/state-energy-strategies-project/directory-of-state-
Imi-clean-energy-programs/program-description/

Clayton, S., Manning, C. M., Krygsman, K., & Speiser, M. (2017, March). Mental Health and
Our Changing Climate: Impacts, Implications, and Guidance. American Psychological
Association, and ecoAmerica., 1-70.

Commonwealth of Massachusetts. (2020, October). Solar Massachusetts Renewable Target
(SMART) Program. Commonwealth of Massachusetts. https://www.mass.gov/info-

details/solar-massachusetts-renewable-target-smart-program



-—-. (2021). SMART Solar Tariff Generation Units. Commonwealth of Massachusetts.
https://www.mass.gov/doc/smart-solar-tariff-generation-units

---. (2021, March 26). Governor Baker Signs Climate Legislation to Reduce Greenhouse Gas
Emissions, Protect Environmental Justice Communities. State Library of Massachusetts.

https://archives.lib.state.ma.us/bitstream/handle/2452/840474/0cn795183245-2021-03-
26b.pdf?sequence=1&amp;isAllowed=y

Cossman, B. (2013, Fall). Anxiety Governance. Law & Social Inquiry, 38(4), 892-919.
10.1111/1s1.12027
Cronin, T. (2021, April 8). Understanding the New Massachusetts Climate Law. Climate

XChange. https://climate-xchange.org/2021/04/08/understanding-the-new-massachusetts-

climate-law/?mc_cid=119708efd5&amp;mc_eid=b5851badb1#

Davis, M., Smith, C., White, B., Goldstein, R., Sun, X., Cox, M., Curtin, G., Manghani, R.,
Rumery, S., Silver, C., & Baca, J. (2021, March). U.S. Solar Market Insight: Executive
summary. Wood Mackenzie/Solar Energy Industries Association, 1-19.
https://www.seia.org/research-resources/solar-market-insight-report-2020-q4

Drehobl, A., & Ross, L. (2016, April 20). Lifting the High Energy Burden in America’s Largest
Cities: How Energy Efficiency Can Improve Low Income and Underserved
Communities. American Council for an Energy-Efficient Economy, 1-54.
http://aceee.org/research-report/ul 602

Drehobl, A., Ross, L., & Ayala, R. (2020, September 10). How High Are Household Energy

Burdens? An Assessment of National and Metropolitan Energy Burdens across the U.S.

American Council for an Energy-Efficient Economy.

https://www.aceee.org/sites/default/files/pdfs/u2006.pdf

72



Ekanayake, J. B., Jenkins, N., Liyanage, K., Wu, J., & Yokoyama, A. (2012). Smart Grid:
Technology and Applications. Wiley. 10.1002/9781119968696

Endres, D. (2009, October 15). From wasteland to waste site: the role of discourse in nuclear

power's environmental injustices. Local Environment, 14(10), 917-937. Taylor & Francis

Group. 10.1080/13549830903244409

EnergySage. (2020). Net metering in Massachusetts: one of the Bay State’s top solar incentives.

EnergySage. https://news.energysage.com/net-metering-massachusetts-top-solar-

incentive/#:~:text=Homeowners%?20can%20choose%20t0%20install,with%20n0%20gua

rantee%200n%?20approval.

EPA. (2015). Energy and Environment Guide to Action: State Policies and Best Practices for
Advancing Energy Efficiency, Renewable Energy, and Combined Heat and Power.
United States Environmental Protection Agency.
https://www.epa.gov/sites/production/files/2017-06/documents/guide action full.pdf

---. (2021, March 4). Environmental Justice. United States Environmental Protection Agency.
https://www.epa.gov/environmentaljustice

Fairchild, D., & Weinrub, A. (Eds.). (2017). Energy Democracy: Advancing Equity in Clean
Energy Solutions. Island Press.

First National People of Color Environmental Leadership Summit. (1991, October 27). The
Principles of Environmental Justice. Natural Resources Defense Council.

https://www.nrdc.org/sites/default/files/ej-principles.pdf

Freedom Forever. (2019, December 24). What’s the maximum size solar system you can install?

Freedom Forever. https://freedomforever.com/maximum-size-solar-system/



74

FSC. (2003, July/August). Low-Income Home Energy Affordability Gap Reaches $18.2 Billion.
Fisher, Sheehan & Colton's Law and Economics Insights, (03-4), 1-4.
http://www.fsconline.com/downloads/FSC%20Newsletter/news2003/n2003 0708.pdf

---. (2021, April). The Home Energy Affordability Gap 2020. Fisher, Sheehan, & Colton's
Public Finance and General Economics, 2, 1-13.
http://www.homeenergyaffordabilitygap.com/downloads/2020 Released Apr21/HEAG2
020%20Regional%20Fact%20Sheets.pdf

Fuller, T. (2019, October 9). 500,000 in California Are Without Electricity in Planned Shutdown.
The New York Times. https://www.nytimes.com/2019/10/09/us/pge-shut-off-power-
outage.html

Gagnon, P., Margolis, R., Melius, J., Phillips, C., & Elmore, R. (2016, January). Rooftop Solar
Photovoltaic Technical Potential in the United States: A Detailed Assessment. National
Renewable Energy Laboratory. Tech. No. NREL/TP-6A20-65298

Gearino, D. (2019, June 11). 4s Rooftop Solar Grows, What Should the Future of Net Metering
Look Like? Inside Climate News. https://insideclimatenews.org/news/11062019/rooftop-
solar-net-metering-rates-renewable-energy-homeowners-utility-state-law-changes-map/

Gonzalez, R. (2019). The Spectrum of Community Engagement to Ownership. Movement
Strategy Center, 0-13. https://movementstrategy.org/b/wp-
content/uploads/2019/09/Spectrum-2-1-1.pdf

Google. (n.d.). Project Sunroof. https://www.google.com/get/sunroof

Graziano, M., & Gillingham, K. (2015, July). Spatial patterns of solar photovoltaic system
adoption: The influence of neighbors and the built environment. Journal of Economic

Geography, 15(4), 815-839. 10.1093/jeg/1bu036



75

Hampton, G. (1999, June). Environmental Equity and Public Participation. Policy Sciences,
32(2), 163-174. SpringerLink. 10.1023/A:1004591620163

Healy, N., Stephens, J. C., & Malin, S. A. (2019, February). Embodied energy injustices:
Unveiling and politicizing the transboundary harms of fossil fuel extractivism and fossil
fuel supply chains. Energy Research & Social Science, 48, 219-234. ScienceDirect.
10.1016/j.erss.2018.09.016

Heglar, M. A. (2019, February 18). Climate Change Isn’t the First Existential Threat. ZORA.
https://zora.medium.com/sorry-yall-but-climate-change-ain-t-the-first-existential-threat-
b3c999267aa0

Hernandez, D. (2016, October). Understanding ‘energy insecurity’ and why it matters to health.
Social Science & Medicine, 167, 1-10. ScienceDirect. 10.1016/j.socscimed.2016.08.029

Holland, S. P., Mansur, E. T., Muller, N. Z., & Yates, A. J. (2016, November). Distributional
Effects of Air Pollution from Electric Vehicle Adoption. National Bureau of Economic
Research, 1-38. http://www.nber.org/papers/w22862

Horowitz, K., Peterson, Z., Coddington, M., Ding, F., Sirgin, B., Saleem, D., Baldwin, S. E.,
Lydic, B., Stanfield, S. C., Enbar, N., Coley, S., Sundararajan, A., & Schroeder, C. (2019,
April). An Overview of Distributed Energy Resource (DER) Interconnection: Current
Practices and Emerging Solutions. National Renewable Energy Laboratory, 1-75. Tech.
No. NREL/TP-6A20-72102

Hyman, E. (2020, January 2). Who’s Really Responsible for Climate Change? Harvard Political
Review. https://harvardpolitics.com/climate-change-responsibility/

IPCC. (2018). Global Warming of 1.5°C (V. Masson-Delmotte, P. Zhai, H. O. Portner, D.

Roberts, J. Skea, P. R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S.



76

Connors, J. B.R. Matthews, Y. Chen, X. Zhou, M. 1. Gomis, E. Lonnoy, T. Maycock, M.
Tignor, & T. Waterfield, Eds.). Intergovernmental Panel on Climate Change.
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15 Full Report High Res.pd
f

Isle de Jean Charles Biloxi-Chitimacha-Choctaw Tribe. (2019). Preserving Our Place: A
Community Field Guide to Engagement, Resilience, and Resettlement. 1-29.
https://staticl.squarespace.com/static/59700e9ba803bb186a0f08cc/t/5dd4bf69e6c45a5b9
7247875/1574223732802/191031 IDJC+Toolkit Spreads.pdf

Jenkins, K., McCauley, D., Heffron, R., Stephan, H., & Rehner, R. (2016, January). Energy
justice: A conceptual review. Energy Research & Social Science, 11, 174—182.
ScienceDirect. 10.1016/j.erss.2015.10.004

Johansen, B. E. (2020). Environmental Racism in the United States and Canada: Seeking Justice
and Sustainability. ABC-CLIO, LLC.

John, J. S. (2015, December 8). What’s the Value of a Tesla Powerwall? $50 per Month, Bets
Green Mountain Power. Greentech Media.
https://www.greentechmedia.com/articles/read/green-mountain-powers-bet-on-tesla-
powerwall-value-50-per-month

---. (2019, April 11). Google Expands Its Voice Control Support for Utilities. Greentech Media.
https://www.greentechmedia.com/articles/read/google-expands-its-voice-control-support-
for-utilities

---. (2019, November 5). Bay Area CCAs Solicit 30MW of Distributed Batteries to Weather Grid
Outages. Greentech Media. https://www.greentechmedia.com/articles/read/bay-area-cca-

solicit-30mw-of-distributed-batteries-to-weather-grid-outages



71

---. (2020, August 28). Distributed Energy Helped Fight California’s Grid Outages, But It Could
Do Much More. Greentech Media.
https://www.greentechmedia.com/articles/read/california-outages-distributed-energys-
grid-potential-barriers-to-access

Johnson, E., Beppler, R., Blackburn, C., Staver, B., Brown, M., & Matisoff, D. (2017, July).
Peak shifting and cross-class subsidization: The impacts of solar PV on changes in
electricity costs. Energy Policy, 106, 436-444. ScienceDirect.
10.1016/j.enpol.2017.03.034

Kellison, B., & Wang, F. (2020, June 18). What the Coming Wave of Distributed Energy
Resources Means for the US Grid. Greentech Media.
https://www.greentechmedia.com/articles/read/coming-wave-of-der-investments-in-us

King, T. J., & Murphy, K. (2012, June). Procedural Justice as a component of the Not In My
Backyard (NIMBY) syndrome: Understanding opposition to the building of a
desalination plant in Victoria, Australia. Alfred Deakin Research Institute, 2(27), 1-27.

Kyne, D., & Bolin, B. (2016, July 12). Emerging Environmental Justice Issues in Nuclear Power
and Radioactive Contamination. International Journal of Environmental Research and
Public Health, 13(7), 1-19. National Center for Biotechnology Information.
10.3390/ijerph13070700

Lantz, E., & Doris, E. (2009, March). State Clean Energy Practices: Renewable Energy Rebates.
National Renewable Energy Laboratory, 1-28. NREL/TP-6A2-45039

Mark, J. (2019, November 26). Yes, Actually, Individual Responsibility Is Essential to Solving
the Climate Crisis. Sierra Club. https://www.sierraclub.org/sierra/yes-actually-individual-

responsibility-essential-solving-climate-crisis



78

Massachusetts Technology Collaborative. (2008). Commonwealth Solar Program Manual.
Massachusetts Technology Collaborative.
https://www.concordma.gov/DocumentCenter/View/4351/Commonwealth-Solar-
Program-Manual-PDF

MassCEC. (2012, February). Solarize Massachusetts Pilot Overview. Massachusetts Clean
Energy Center.
https://files.masscec.com/uploads/attachments/Solarize%20Massachusetts%20Pilot%200
verview.pdf

---. (2015, January 21). MassCEC Ends Successful Solar Rebate Program. Massachusetts Clean
Energy Center. https://www.masscec.com/technology-programs/commonwealth-solar-ii

---.(2021). Data and Reports. Massachusetts Clean Energy Center.
https://www.masscec.com/data-and-reports

Mejia-Duwan, J. (2020, April 24). Unintended Consequences: How California's Clean Vehicle
Rebate Project Exacerbates Environmental Justice Inequities Through Emissions
Redistribution. (Unpublished bachelor’s thesis). Yale College Environmental Studies.
https://evst.yale.edu/node/36460

Melvin, J. (2018, April). The split incentives energy efficiency problem: Evidence of
underinvestment by landlords. Energy Policy, 115, 342-352. ScienceDirect.
10.1016/j.enpol.2017.11.069

Merchant, E. F. (2019, January 14). Report Finds Wide Racial and Ethnic Disparities in Rooftop
Solar Installations. Greentech Media.
https://www.greentechmedia.com/articles/read/report-finds-wide-racial-and-ethnic-

disparities-in-rooftop-solar



79

NASA. (2021, January 28). Overview: Weather, Global Warming and Climate Change. Global
Climate Change. https://climate.nasa.gov/resources/global-warming-vs-climate-change/

Nugent, C. (2019, November 21). Terrified of Climate Change? You Might Have Eco-Anxiety.
Time. https://time.com/5735388/climate-change-eco-anxiety/

NYT. (1982, August 11). Carolinians Angry Over PCB Landfill. The New York Times.
https://www.nytimes.com/1982/08/11/us/carolinians-angry-over-pcb-landfill. html

Office of Sustainability & Racial and Environmental Justice Committee. (2019, Fall). The City
of Providence’s Climate Justice Plan. City of Providence, 1-88.
https://www.providenceri.gov/sustainability/climate-justice-action-plan-providence/

192nd General Court of the Commonwealth of Massachusetts. (2021, March 26). An Act
Creating a Next-Generation Roadmap for Massachusetts Climate Policy.
https://malegislature.gov/bills/192/S9

OpenEl. (2014, December 17). Commonwealth Solar Il Rebates (Massachusetts). OpenEI.
https://openei.org/wiki/Commonwealth Solar II Rebates (Massachusetts)

Patel, S. (2012, Winter). Delayed Justice: A Case Study of Texaco and the Republic of Ecuador's
Operations, Harms, and Possible Redress in the Ecuadorian Amazon. Tulane
Environmental Law Journal, 26(1), 71-110. http://www.jstor.org/stable/24673677

Porter, S., Motyka, M., Thomson, J., LaCroix, C., Hardin, K., & Amon, C. (2020, September
21). Utility decarbonization strategies: Renew, reshape, and refuel to zero. Deloitte.
https://www?2.deloitte.com/us/en/insights/industry/power-and-utilities/utility-
decarbonization-strategies.html

Pyzyk, K. (2020, September 10). 67% of low-income households face high energy burden:

ACEEE. Smart Cities Dive. https://www.smartcitiesdive.com/news/67-of-low-income-



80

households-face-high-energy-burden-
aceee/584961/#:~:text=Dive%20Brief%3 A,%2DEfficient%20Economy%20(ACEEE).

Ray, S. J. (2021, March 21). Climate Anxiety Is an Overwhelmingly White Phenomenon.
Scientific American. https://www.scientificamerican.com/article/the-unbearable-
whiteness-of-climate-anxiety/

Raymond, L. (2003). Private Rights in Public Resources: Equity and Property Allocation in
Market-Based Environmental Policy (1st ed.). Routledge. 10.4324/9781936331277

Reidmiller, D. R., Avery, C. W., Easterling, D. R., Kunkel, K. E., Lewis, K. L., Maycock, T. K.,
& Stewart, B. C. (Eds.). (2018). Impacts, Risks, and Adaptation in the United States:
Fourth National Climate Assessment. U.S. Global Change Research Program, 2, 1-1515.
10.7930/nca4.2018

Reimann, M. (2017, April 3). The EPA chose this county for a toxic dump because its residents
were ‘few, black, and poor’. Timeline. https://timeline.com/warren-county-dumping-race-
4d8fe8de06¢cb

Rolfes, A. (2013, January 15). Louisiana Bucket Brigade (LABB). Scientific American.
https://www.scientificamerican.com/citizen-science/louisiana-bucket-brigade/

Rowlatt, J. (2019, September 20). Climate change action: We can't all be Greta, but your choices
have a ripple effect. BBC. https://www.bbc.com/news/science-environment-49756280

Salamon, M. K., & Gage, M. (2020). Facing the Climate Emergency: How to Transform
Yourself with Climate Truth. New Society Publishers.

Schunder, T., Yin, D., Bagchi-Sen, S., & Rajan, K. (2020, August). A spatial analysis of the

development potential of rooftop and community solar energy. Remote Sensing



81

Applications: Society and Environment, 19, 1-10. ScienceDirect.
10.1016/j.rsase.2020.100355

Shiffman, D. (2019, November 25). We Need to Talk About Environmental Projects That Fail.
The Revelator. https://therevelator.org/conservation-failure/

Singer, M. (2011, June). Down cancer alley: the lived experience of health and environmental
suffering in Louisiana's chemical corridor. Medical Anthropology Quarterly, 25(2), 141-
163. PubMed. 10.1111/5.1548-1387.2011.01154.x

Sirgin, B., & Mooney, M. (2018, April). Rooftop Solar Technical Potential for Low-to-Moderate
Income Households in the United States. National Renewable Energy Laboratory, 1-56.
Tech. No. NREL/TP-6A20-70901

The Solar Foundation/SEIA. (2019). U.S. Solar Industry Diversity Study 2019. The Solar
Foundation/Solar Energy Industries Association.
https://www.seia.org/sites/default/files/2019-05/Solar-Industry-Diversity-Study-2019.pdf

Spector, J. (2019, November 7). Batteries vs. Blackouts: 1,100 Homes Powered Through
Vermont Outage With Storage. Greentech Media.
https://www.greentechmedia.com/articles/read/green-mountain-power-kept-1100-homes-
lit-up-during-storm-outage

---. (2020, October 16). From Pilot to Permanent: Green Mountain Power’s Home Battery
Network Is Here to Stay. Greentech Media.
https://www.greentechmedia.com/articles/read/from-pilot-to-permanent-green-mountain-
powers-home-battery-network-is-sticking-around

State of California. (2017, December 18). Self-Generation Incentive Program Handbook.

California Public Utilities Commission, 1-126.



82

---. (2018, June). California Climate Investments to Benefit Disadvantaged Communities.
California Environmental Protection Agency.
https://calepa.ca.gov/Envlustice/ GHGInvest/

---. (2021). About the Self-Generation Incentive Program. California Public Utilities
Commission. https://www.cpuc.ca.gov/general.aspx?id=11430

---. (2021). CSI General Market Program. California Public Utilities Commission.
https://www.cpuc.ca.gov/General.aspx?1d=6058

---. (2021). CSI Multifamily Affordable Solar Housing (MASH) Program. California Public
Utilities Commission. https://www.cpuc.ca.gov/general.aspx?id=3752

---.(2021). CSI Single-Family Affordable Solar Homes (SASH) Program. California Public
Utilities Commission. https://www.cpuc.ca.gov/general.aspx?1d=3043

---. (2021). Solar in Disadvantaged Communities. California Public Utilities Commission.
https://www.cpuc.ca.gov/SolarInDACs/

---.(2021). The Solar on Multifamily Affordable Housing (SOMAH) Program. California Public
Utilities Commission. https://www.cpuc.ca.gov/General.aspx?1d=6442454736

Sunter, D. A., Castellanos, S., & Kammen, D. M. (2019, January). Disparities in rooftop
photovoltaics deployment in the United States by race and ethnicity. Nature
Sustainability, 2, 71-76. ResearchGate. 10.1038/s41893-018-0204-z

Tai, H. (2019, April 17). Decarbonizing the grid: Stabilizing the future of renewables. McKinsey
& Company. https://www.mckinsey.com/business-functions/sustainability/our-
insights/sustainability-blog/decarbonizing-the-grid-stabilizing-the-future-of-renewables

UN. (1992). United Nations Framework Convention on Climate Change. New Y ork: United

Nations, General Assembly.



83

US Census Bureau. (2015). American Community Survey Tables: 2010-2014 (5-year Estimates).
Social Explorer. https://www.socialexplorer.com/data/ACS2014 Syr

---. (2020). American Community Survey Tables: 2015-2019 (5-year Estimates). Social Explorer.
https://www.socialexplorer.com/data/ACS2019 Syr

---. (2021). Frequently Asked Questions. United States Census Bureau.
https://www.census.gov/topics/population/language-
use/about/fags.html#:~:text=What%20is%20a%20Limited%20English,least%20some%2
Odifficulty%20with%20English.

USGCREP. (2018). Impacts, Risks, and Adaptation in the United States: Fourth National Climate
Assessment (D. R. Reidmiller, C. W. Avery, D. R. Easterling, K. E. Kunkel, K. L.M.
Lewis, T. K. Maycock, & B.C. Stewart, Eds.). U.S. Global Change Research Program, 2,
1-1515.10.7930/NCA4.2018

West, D. M. (2008, November 20). Equity and Accessibility in E-Government. Journal of E-
Government, 1(2), 31-43. Taylor & Francis Group. 10.1300/J399v01n02 03

Whyte, K. P. (2019). The Dakota Access Pipeline, Environmental Injustice, and US Settler
Colonialism. In C. Miller & J. Crane (Eds.), The Nature of Hope: Grassroots Organizing,
Environmental Justice, and Political Change (pp. 320-337). University Press of
Colorado. 10.3375/043.040.0326

Yen, J. H. (2015, September 14). The Toxic Substances Control Act (TSCA): A Summary of the
Act and Its Major Requirements. Congressional Research Service.
https://crsreports.congress.gov/product/pdf/RL/RL31905/27

Zitelman, K. (2020, April). Advancing Electric System Resilience with Distributed Energy

Resources: A Review of State Policies. National Association of Regulatory Utility



Commissioners, 1-27. https://pubs.naruc.org/pub/ECD7FAA5-155D-0A36-3105-

5CE60957C305

84



	An Equitable Transformation of the Energy System: The Role of State-Level Incentives for Distributed Energy Resources
	Recommended Citation

	Author’s Note
	Acknowledgments
	Abstract
	List of Figures
	List of Tables
	I. Introduction
	II. Background
	A. Energy Justice
	B. Distributed Energy Resources
	1. Solar PV Systems
	2.  Battery Storage Systems

	C. Observed Injustices in the Deployment of DERs
	D. State-Level Incentive Programs
	a) California Solar Initiative
	b) DAC-SASH and SOMAH
	c) Self-Generation Incentive Program
	2. Massachusetts
	a) Commonwealth Solar
	b) Solarize Massachusetts
	c) Solar Massachusetts Renewable Target


	E. Purpose of Study
	F. Statistical Model
	1. Race and Ethnicity
	2. Median Income
	3. Level of Education
	4. English Proficiency
	5. Tenure
	6. Household Size


	III. Methods
	A. Selection Process
	B. Data Collection & Formatting
	C. Assumptions & Limitations
	D. Statistical Analysis

	IV. Results & Analysis
	A. Race and Ethnicity
	B. Median Income
	C. Level of Education
	D. English Proficiency
	E. Tenure
	F. Household Size

	V. Discussion
	A. Policy Implications & Importance of Equity
	B. Approaches to Equity

	VI. Recommendations
	A. Strategize and Expand Community Involvement
	B. Embark on Grassroots Education and Training Campaigns
	C. Increase Language Accessibility
	D. Reassess Program Structure
	E. Better Data Collection & Regular Reporting

	VII. Conclusion
	Appendix 1: Results
	Appendix 2: List of Abbreviations
	Appendix 3: Glossary
	References

