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The Solar Futures Study and Supporting Reports 
The Solar Futures Study, initiated by the U.S. Department of Energy (DOE) Solar Energy 
Technologies Office and led by the National Renewable Energy Laboratory (NREL), envisions 
how, over the next few decades, solar could come to power 40% or more of U.S. electricity 
demand, dramatically accelerating the decarbonization of buildings, transportation, and industry.  

Through state-of-the-art modeling, the Solar Futures Study is the most comprehensive review to 
date of the potential role of solar in decarbonizing the U.S. electric grid and broader energy 
system. However, not all the detailed analysis that informed the Solar Futures Study could be 
included within its pages. This further analysis is collected in additional National Renewable 
Energy Laboratory reports, each dedicated to a different technology or socioeconomic concern. 

This report, Affordable and Accessible Solar for All: Barriers, Solutions, and On-Site Adoption 
Potential, focuses on a particular set of economic and social considerations related to the 
decarbonization of the U.S. energy system. 

The Solar Futures Study Reports 
• Solar Futures Study (main report published by DOE) 
• Research Priorities for Solar Photovoltaics in a Decarbonized U.S. Grid 
• The Role of Concentrating Solar-Thermal Power Technologies in a Decarbonized U.S. Grid 
• The Demand-Side Opportunity: The Roles of Distributed Solar and Building Energy Systems in a 

Decarbonized Grid 
• Maximizing Solar and Transportation Synergies 
• The Potential for Electrons to Molecules Using Solar Energy  
• Affordable and Accessible Solar for All: Barriers, Solutions, and On-Site Adoption Potential 
• Forthcoming Environment and Circular Economy Report 

You can learn more about the project and reports on the NREL website at 
https://www.nrel.gov/analysis/solar-futures.html. 

https://www.energy.gov/eere/solar/solar-futures-study
https://www.nrel.gov/docs/fy21osti/80505.pdf
https://www.nrel.gov/docs/fy21osti/80505.pdf
https://www.nrel.gov/docs/fy21osti/80574.pdf
https://www.nrel.gov/docs/fy21osti/80574.pdf
https://www.nrel.gov/docs/fy21osti/80527.pdf
https://www.nrel.gov/docs/fy21osti/80527.pdf
https://www.nrel.gov/docs/fy21osti/80779.pdf
https://www.nrel.gov/docs/fy21osti/78719.pdf
https://www.nrel.gov/docs/fy21osti/78719.pdf
https://www.nrel.gov/docs/fy21osti/80532.pdf
https://www.nrel.gov/docs/fy21osti/80532.pdf
https://www.nrel.gov/analysis/solar-futures.html


v 
This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

List of Acronyms and Abbreviations 
AMI area median income 
ATB Annual Technology Baseline 
BAU business as usual 
GW gigawatts 
LMI low- and moderate-income 
Msqft million square feet 
MWAC megawatts-alternating current 
NREL National Renewable Energy Laboratory 
PV photovoltaics 
REPLICA Rooftop Energy Potential of Low Income Communities in America 
SREC Solar Renewable Energy Certificates 
W watt 



vi 
This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

Table of Contents 
1 Introduction ........................................................................................................................................... 1 
2 Barriers to Affordable and Accessible Solar for All.......................................................................... 3 
3 Modeling Low- and Moderate-Income On-Site Solar Adoption ..................................................... 10 

3.1 Methods ....................................................................................................................................... 11 
3.2 Results ......................................................................................................................................... 16 

4 Transforming Low- and Moderate-Income Solar Adoption? ......................................................... 24 
4.1 Pathways to Expanding LMI Solar Adoption ............................................................................. 24 

4.1.1 Finance and Funding ...................................................................................................... 25 
4.1.2 Community Engagement ................................................................................................ 27 
4.1.3 Site Suitability ................................................................................................................ 28 
4.1.4 Other Policy and Regulation Solutions .......................................................................... 29 
4.1.5 Resilience and Recovery ................................................................................................ 30 
4.1.6 Emerging Structures ....................................................................................................... 30 

4.2 Challenges to LMI Solar Adoption ............................................................................................. 30 
5 Conclusions ........................................................................................................................................ 32 
References ................................................................................................................................................. 35 
 



vii 
This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

List of Figures 
Figure 1. Modeled rooftop solar area by building tenure and occupant income (inputs) ........................... 13 
Figure 2. PV price scenarios in the Solar Futures Study ............................................................................ 15 
Figure 3. Adoption of solar in owner-occupied buildings, PV price, and incentive impacts...................... 17 
Figure 4. Impact of lower PV prices and the split incentive scenarios on solar adoption by renters .......... 19 
Figure 5. Impact of policy incentives and split incentives on solar adoption by renters ............................ 20 
Figure 6. Range of average first-year gross bill savings for each market segment, between 2020 and 2050, 

all scenarios (ATB Moderate Prices and Partially Addressed split incentives) ..................... 21 
Figure 7. Percentage change in average LMI household energy burden when installing PV (2050) ......... 22 
Figure 8. Insert figure caption here ............................................................................................................. 32 

List of Tables 
Table 1. Summary of Barriers to Low-Income Solar Adoption .................................................................... 5 
Table 2. Deployment of Midsized (~10-MW) Urban Distributed Ground-Mounted PV Systems in the 

Solar Futures Study ................................................................................................................ 11 
Table 3. Building and Energy Characteristics by Household Type ............................................................ 12 
Table 4. Discount Rate Assumptions by Income Bracket and Tenure........................................................ 14 
Table 5. Cumulative Results of the Incentives Scenarios on Low- and Moderate-Income Households 

between 2020 and 2050 (Partially Addressed split incentive, ATB Moderate Price) ............ 23 
Table 6. Short- and Long-Term Solutions to LMI Solar Adoption Barriers ............................................... 24 



1 
This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

1 Introduction 
As the main scenarios in the Solar Futures Study (DOE 2021) demonstrate, in 2035, 
the reference case and two alternate scenarios (Grid Decarbonization and High Electrification) 
show similar electricity system costs.1 This is a result of these scenarios including technology 
advancements that continue to bring down the cost of renewable energy. By 2050, however, 
the Grid Decarbonization and High Electrification cases have higher average systems cost of 
electricity; notably, technology advancements also help lower costs for these scenarios. These 
findings suggest that (1) technology advancements play a key role in keeping costs low for all 
customers, which is particularly important for low-income electricity consumers and (2) in cases 
where electricity system costs increase, helping low-income consumers lower their bills via 
customer solar options or other methods (e.g., efficiency and rate design) is increasingly 
important.2  

Solar energy technologies can be used as part of a suite of tools to reduce the energy burden of 
low-income customers, but to date, low-income customers have not adopted solar at the same 
rate as other income groups. Low-income customers are particularly exposed to the impacts of 
changing electricity bills, as they pay a higher percentage of their income in utility bills, which 
results in a disproportionally higher energy burden. The median energy burden for low-income 
households is 8.1%, which is more than three times that of non-low-income households at 2.3% 
(Drehobl, Ross, and Ayala 2020).  

Low- and moderate-income (LMI) households, which include multifamily and renter-occupied 
buildings, represent 43% of all U.S. households (Sigrin and Mooney 2018).3 However, as of 
2018, LMI households comprise 15% of solar adopters (Barbose et al. 2020). This lack of 
penetration does not coincide with a lack of potential or disinterest in solar technologies. When 
multifamily homes and renter-occupied buildings are included, LMI households make up 42% 
of residential rooftop potential (Sigrin and Mooney 2018). LMI-owned single-family homes are 
a key part of the market to consider, as 55.2% of LMI households own their homes. LMI-owned 
single-family homes alone make up 31% of estimated rooftop solar photovoltaic (PV) capacity 
for all single-family homes (Sigrin and Mooney 2018). And Wolske (2020) found that low-
income and high-income solar adopters are interested in solar for the same reasons: addressing 
energy issues, savings on bills, and the overall value of solar as a renewable energy. 

Granting that the degree of disparity varies significantly by region, findings from recent studies 
focused on specific areas support these trends (Barbose et al. 2020). Chicago, Illinois; Riverside, 
California; San Bernardino, California, and Washington, D.C., all exhibit higher rooftop PV 
penetration located in higher-income census tracts. For Washington, D.C., and Chicago, Reames 
(2020) found that although the highest solar potential was in LMI census tracts, this did not 
translate to higher solar adoption. Lukanov and Krieger (2019) analyzed solar adoption rates in 

 
1 ReEDS examines average system cost of electricity—not the electricity prices that consumers pay on their bill. 
Our simplifying assumption is that if average system costs of electricity increase, those increases would be passed 
on to electricity consumers. 
2 Under a High Electrification scenario, low-income customers will need protection from being left paying the costs 
of remaining natural gas facilities. 
3 LMI is defined as households earning 80% or less of the area median income. 
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disadvantaged communities and found that census tracts in the top 5% of the CalEnviroScreen 
database (i.e., the most disadvantaged communities) have adoption rates 8.2 times lower than 
those in the bottom 5% of the CalEnviroScreen (i.e., the least disadvantaged communities).4 On 
a broader scale, a study encompassing California, New York, New Jersey, and Massachusetts, 
found that households earning $45,000 or less annually represented 25% of the total population 
in those states but only 13% of PV installations (Kann and Toth 2017). 

Income is not the only variable that impacts solar adoption; levels of rooftop PV penetration also 
differ by race. Currently, Black and Hispanic households are more likely to experience energy 
insecurity and utility disconnection (Memmott et al. 2021). Additional data show that rooftop PV 
adoption rates are significantly lower in Black- and Hispanic-majority census tracts, even when 
accounting for racial and ethnic differences in household income and home ownership (Sunter, 
Castellanos, and Kammen 2019). When comparing households with the same median household 
income, Sunter, Castellanos, and Kammen (2019) found Hispanic-majority census tracts had 
installed 30% less rooftop PV than no-majority census tracts; similarly, Black-majority census 
tracts had installed 69% less.5 This is a stark difference from white-majority census tracts, which 
had installed 37% more than no-majority tracts. When controlling for home ownership rates, 
Sunter, Castellanos, and Kammen (2019) found comparable results: Black-majority census tracts 
had installed 61% less rooftop PV than no-majority tracks, and Hispanic-majority tracts had 
installed 45% less, while white-majority census tracts had installed 37% more; this report 
focuses on income as an indicator of unequal access to solar, partially as a result of data needs 
related to other demographic indicators. 

Community solar and solar on multifamily buildings can also provide solar access pathways to 
LMI households and households of color. Community solar has become an attractive option for 
those for whom rooftop PV is not an option, and policies in some states have made it more 
accessible to LMI customers in recent years. However, as of 2018, less than half of community 
solar projects in the United States included low-income households, and only 5% of projects 
included low-income households as a “sizeable share,” which was defined as more than 10% 
of subscribers (Gallucci 2019). 

We begin this Solar Future Studies report with a review of the market and regulatory barriers 
to low-income solar access and affordability, and we summarize current solutions to those 
challenges (Section 2). In Section 3, we model future low-income on-site solar adoption, using 
the National Renewable Energy Laboratory’s (NREL’s) dGen model. We expand existing dGen 
capabilities by creating new agent types by income class, building type (single-family and 
multifamily), and tenure (renter and owner). We model future scenarios assuming no changes 
in the current LMI solar policy and program environment, and we add two incentives to low-
income households for adopting solar: a $3,000 incentive and a full incentive (i.e., the full cost of 
a PV system). While we model a financial incentive, this dollar reduction in cost could also come 
from other efforts, for example, reductions in solar soft costs. In Section 4, we discuss more 

 
4 CalEnviroScreen is a database and geospatial mapping tool that integrates environmental burden and 
socioeconomic data at the census tract level in California (Rodriquez and Zeise 2017). Disadvantaged communities 
are defined as the census tracts that score in the top 25% statewide according to the CalEnviroScreen 3.0 metric; 
these are the 25% of California communities that suffer the most from a combination of socioeconomic, health and 
environmental burdens. 
5 “No majority” tracts are those where no single racial or ethnic group comprises more than 50% of the population. 
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transformational changes—both positive and negative—that can work either jointly with or 
separately from the modeled added incentives to influence low-income solar adoption. 

2 Barriers to Affordable and Accessible Solar for All 
Numerous barriers keep low- and moderate-income individuals from being able to access solar 
for their homes (Table 1); we categorize these barriers as finance and funding barriers, 
community engagement barriers, site suitability barriers, policy and regulatory barriers, and 
resilience and recovery barriers. 

LMI communities have less disposable income, which means high upfront costs rooftop solar 
can be a substantial barrier. Even when upfront costs are reduced, they do not always provide 
an equitable benefit to low-income households. Third-party ownership (TPO) models and 
community solar may provide low-income households with a smaller financial benefit than high-
income households, as LMI customers tend to consume less electricity to begin with, thus seeing 
smaller reductions in their bills from transitioning to a cheaper solar option.6 In addition, some 
market tools traditionally used in conjunction with renewable energy can disproportionally affect 
low-income households with added financial burdens. For example, some utilities increase their 
fixed costs to all customers, which can increase low-income customers’ energy burden even 
more (O’Connor 2018).  

Although several solar incentives and financing mechanisms are in place to reduce the expenses 
associated with installing solar, some are still not as accessible to LMI customers. These 
individuals often have low credit scores, which excludes them from typical financing 
mechanisms such as loans or power purchase agreements that have minimum requirements 
(Cook and Bird 2018). To date, residential solar adoption has occurred primarily in households 
with high incomes and high credit scores, as almost 90% of solar adopters have been reported 
to have prime credit scores (680–740) or super-prime credit scores (>740) (Barbose et al. 2020). 
Nearly 30% of low-income consumers are credit invisible, and another 15% have unscored 
records; these are significantly higher percentages than those found in high income 
neighborhoods (Brevoort, Grimm, and Kambara 2015). Insufficient tax burdens and timing 
issues can also exclude them from tax credit incentives like the federal investment tax credit for 
solar. Borenstein and David (2016) found that households with annual income of $75,000 or 
more received 62% of the residential energy tax credits. Nonprofit organizations and tribes, 
which are ineligible for tax incentives, cannot apply the investment tax credit to serve LMI 
communities without partnering with private entities. Nor, for similar reasons, can LMI 
households, nonprofits, and tribes take advantage of some additional local and state income 
or property tax incentives. 

Because low-income communities have historically not been targeted for solar investment, they 
can be generally unfamiliar with solar products.7 Also, because these communities have been 

 
6 The U.S. Energy Information Administration’s Residential Energy Consumption Survey indicates energy 
consumption increases correlate with increased annual household income (EIA 2018). 
7 Peer effects can play a role in solar adoption, though it has been found that there are not significant differences in 
these drivers between income groups. Low-income and high-income solar adopters are alike in terms of the key 
determinants of solar adoption, including the sense of personal obligation to address energy issues, savings on 
energy bills, and desire to demonstrate the value of solar as a renewable energy (Wolske 2020). 
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targeted for scams and exploitation, they can be distrustful of promises of energy savings, 
making consumer protection measures even more important. Language barriers and lack of 
internet access can compound the issue by increasing the lack of access to information; more 
than 25 million Americans have a first language other than English, and lack of accessibility for 
limited English-proficient communities has also been linked as an impediment to environmental 
participation and decision making (Teron and Ekoh 2018). About 44% of households with 
incomes below $30,000 a year do not have access to home broadband services (Perrin 2018). 
And in some cases, lack of internet access has been found to negatively associate with rooftop 
solar penetration (Reames 2020). The increased expenses and more deliberate trust-building 
efforts required for LMI customer acquisition can discourage general market interest in these 
communities.  

Those who own single-family homes often face housing-related barriers to adopting rooftop PV, 
such as rooftop suitability and faulty or dated electrical wiring. Roofs best suited for solar have 
strong infrastructure, have no leaks, and must not require any significant maintenance at the time 
of installation. Low-income families are more likely to live in older homes than high income 
families and therefore are more likely to need the costly upgrades to their homes to host on-site 
solar arrays (Fernald 2013). In addition, older homes often host asbestos, lead, and mold, which 
can make home repairs more complicated and can result in added costs to the owner (Snell et al. 
2000). This disparity stems from a history of suburbanization, redlining, and discriminatory 
housing policies that have resulted in people of color and LMI families being more likely to live 
in older homes that need costly repairs and upgrades (Holtje 2020). 

Renting can present its own significant barriers to accessing solar. As of 2020, low-income 
households accounted for 38% of the rental market (Joint Center for Housing Studies 2020). 
Renters currently subject to utility allowance rules set by the U.S. Department of Housing and 
Urban Development, which provide flat rent and electric bills, cannot reduce their bills any 
further with solar.8 Additionally, Black and Hispanic households are more likely to rent, as 58% 
of Black households and 54% of Hispanic households rent their homes (Sunter, Castellanos, and 
Kammen 2019). Renter barriers to solar include ineligibility for specific tax credits. For example, 
renters are not eligible for the Residential Energy Efficient Property Credit, a tax credit that can 
be applied for renewable energy installation. This is significant, as the credit totaled $3.5 billion 
in tax expenditures between 2005 and 2012, with 54% going to solar panels at an average above 
$5,000 per household (Borenstein and Davis 2016). Additionally, renters are not eligible for the 
federal investment tax credit, though in some circumstances a property owner can claim the 
credit under Section 48, which provides a credit to commercial property owners.9 

Additional barriers include split incentives and challenges associated with tenants lacking the 
authority or bill crediting mechanism to take advantage of on-site solar. For example, some 
renters pay their own utility bills, and some share a meter, splitting their electric payments with 
other tenants of the building. Additionally, more than 25% of renters have utilities included in 
their cost of rent, which allows them less control and flexibility over their power source 

 
8 California’s Solar on Multifamily Affordable Housing program was granted an exception. Some groups have 
called for that exception to be extended nationally (see for example, Kienbaum and Ferrell 2021).   
9 Homeowner’s Guide to the Federal Tax Credit for Solar Photovoltaics,” U.S. Department of Energy Office of 
Energy Efficiency and Renewable Energy, https://www.energy.gov/eere/solar/homeowners-guide-federal-tax-credit-
solar-photovoltaics.  

https://www.energy.gov/eere/solar/homeowners-guide-federal-tax-credit-solar-photovoltaics
https://www.energy.gov/eere/solar/homeowners-guide-federal-tax-credit-solar-photovoltaics
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(Levinson and Niemann 2004). When a tenant does not have direct autonomy over their utility 
bill, they must seek approval from the property owner or other tenants who would need to 
approve the decision to invest in solar.  

Both renters and unit owners residing in multifamily affordable housing face additional barriers 
to those faced by renters of single-family homes. They must also seek the approval of the 
property owner to invest in solar but might not fully reap the benefits. A property owner may 
also choose to invest in rooftop PV to reduce their own utility bills for master-metered properties 
or common areas, resulting in distributed benefits which may not reach the residents of the 
building. Policies for housing assistance for residents and for operational assistance for owners 
can acquiring and benefiting from solar on multifamily affordable housing procedurally complex 
and challenging. The U.S. Department of Housing and Urban Development created its 
Renew300 initiative to (1) help federally assisted housing properties manage utility costs through 
the installation of onsite or community-based renewable energy and (2) provide technical 
assistance to affordable housing providers, which can aid them navigate solar-related incentives 
and polices. 

Low-income households face many of the same barriers to offsite community solar as are faced 
with traditional rooftop solar, including financing, education, and outreach. In addition, a lack 
of enabling policies keeps community solar from flourishing in some states, removing it as an 
option for interested households. In states where community solar is enabled, no low-income 
specific component might be available to those interested in subscribing. Consumer protection 
measures such as the ability to cancel or transfer subscriptions without penalty are also important 
for members of LMI households, who may relocate more often and who are particularly 
burdened by increased costs in any given month. 

For both rooftop and community solar, widely varying policy frameworks among states, 
localities, and utilities can pose their own barriers. Solar incentives and policies can be piecemeal 
and not well integrated with other programs and incentives, leading to confusion and 
inefficiency. Low-income solar programs can also suffer from failure to ensure long-term 
funding and continuity. High “soft costs,” such as costs related to permitting and interconnection 
delays, also can especially burden LMI households. 

Table 1. Summary of Barriers to Low-Income Solar Adoption 

Barriers to Low-
Income Solar Adoption Details 

Finance and funding 
barriers 

Inability to afford an upfront solar payment 
Difficulty accessing low-cost financing options for solar/low or no 
credit score 
Limited LMI specific incentives, credits, or financing mechanisms to bring 
down the cost of solar and enable bill savings from day one 
LMI incentives that may exclude community-based organizations, tribal 
entities, and others 
Varying utility bill payment structures, resulting in lack of bill autonomy 
for renters  
Lack of financial motivation for property owners to reduce tenant 
electricity bills 
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Barriers to Low-
Income Solar Adoption Details 

Inability or unwillingness of property owners to pass on savings from solar 
to tenants in master metered buildings  
LMI households without tax appetite to benefit directly from the federal 
investment tax credit 

Community engagement 
barriers 

Lack of information on solar in LMI communities because of market 
disinterest, lack of outreach and technical assistance to LMI community 
organizations, language barriers, failure of solar representatives to engage, 
or other causes 
Lower solar adoption rates that are due to peer effects (Seeing neighbors 
adopt solar leads to increased solar adoption.) 
Low level of trust for solar technologies and developers, paired with 
contracts and bill crediting schemes that can be time-consuming to 
understand 
Trusted organizations lacking the capacity to include solar in the 
information and services they offer to LMI communities 
Limited capacity to participate in utility and regulatory processes because of 
their highly technical, expensive, and difficult-to-navigate proceedings, 
resulting in programs that reflect lack of community input and are not well 
designed to meet LMI household needs  

Site suitability barriers Higher proportions of old roofs and roofs in need of repair or replacement 
before solar can be installed 
Increased needs for home improvement measures before solar can be 
installed (e.g., updating of electrical wiring or service panels) 
Lack of decision making authority for making solar investments in cases 
where LMI individuals reside in rental homes, apartments, condos, or 
multifamily affordable housing units 

Policy and regulatory 
barriers 

Absence of enabling legislation for community solar in some states  
Absence of adequate consumer protections in place for low-income 
customers 
Solar incentives and policies that can be piecemeal, inconsistent over time, 
and not well integrated with other programs and incentives, such as energy 
assistance, home and vehicle electrification efforts, and disaster planning 
and mitigation 
“Soft costs” such as permitting and interconnection delays, especially for 
LMI households 
Some energy policies that might result in adverse effects for LMI 
households, including nonadopters 
Energy programs for LMI households that are sometimes siloed in separate 
agencies, resulting in inefficiencies and lack of holistic energy offerings that 
would include solar and other solutions as part of a package 

Resilience and recovery 
barriers 

LMI households face more adverse effects of natural disaster and 
economic hardship 
Inability of LMI households to take advantage of disaster recovery funds at 
the same rate as higher-income households 
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Existing Solutions to Address LMI Solar Barriers 
Even with considerable barriers, solar adoption has been gradually migrating toward lower 
income ranges over time (Barbose et al. 2020). In this section, we discuss existing and emerging 
solutions to address LMI solar barriers.10 

The shift toward increasing income diversity in on-site solar adoption reflects the expanding U.S. 
solar market, as well as expansion of alternatives to rooftop PV, policy changes, and financing 
mechanisms. Third-party ownership, for example, has become a prominently adopted financing 
solution for LMI customers to access solar. Under third-party ownership, a developer owns, 
operates, and maintains the PV system, resulting in up-front costs to the customer that are lower 
than the costs of purchasing a PV system themselves. Among LMI solar adopters in 2016, 
57% opted for a third-party ownership structure and 48% of non-LMI adopters went this route 
(Barbose et al. 2018). 

For LMI customers applying for solar incentives and financing options, having a low credit score 
can be their core barrier to entry. Alternatives to FICO credit scores have been designed to both be 
more inclusive of LMI customers and reduce the risk of delinquency. EnergyScore, a customer 
risk indicator designed by researchers at Stanford, the Massachusetts Institute of Technology, and 
Solstice, can predict the delinquency of customers under credit scores ranging from 650 to 730. 
EnergyScore is more inclusive of LMI customers than FICO and has expanded access to 
households earning 80% or less of the sample median income of $50,000 (Solstice 2018).  

A loan loss reserve, such as the Mass Solar Loan Program, is another option to allow those with 
low credit scores access to solar financing. The loan loss reserve is a fixed renewable account 
that acts as a form of insurance to lenders by containing public funds held in reserve to cover 
potential losses that loan providers may incur if a customer defaults on a loan. For loans without 
a loss reserve, underwriting criteria can be adapted to be more inclusive of LMI customers. 
Expanding thresholds of traditional metrics, employing alternative metrics such as past utility 
bill repayment or EnergyScore, or a hybrid approach of the two can expand access to customers 
with lower credit scores. 

Other financing options have been used to expand solar access to low-income communities, such 
as on-bill financing and direct incentives. On-bill financing, a practice not dependent on credit 
scores, is used to recover funds directly through a customer’s electric utility bill. Reducing the 
number of bills received and having the utility bill savings from solar offsetting loan payments 
in one place make the financing easier to understand. Some cities and states such as Washington 
D.C. offer incentive programs to cover the cost of these systems directly. D.C.’s Solar for All 
Program provides incentives for community solar systems that can benefit multifamily 
residential homes regardless of home ownership or renter status, as well as no-cost rooftop solar 
installations to both renters and homeowners who are income qualified. Illinois’ Solar for All 
program similarly offers incentives for low-income single-family residences, and it recently saw 
installed the first of these single-family systems to benefit five families living on Chicago’s 
South Side. These incentive programs are key to increasing solar deployment to LMI 

 
10 In Section 4, we discuss solutions for the 2035 and 2050 time-frames. 
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households, as incentives targeted toward LMI households are a key driver of more equitable 
PV adoption (O’Shaughnessy et al. 2021). 

Weatherization and energy efficiency funds are also being used to help deploy rooftop solar 
installations to low-income communities in at least two states. Colorado was the first state 
integrate PV into its weatherization assistance program, using funds from the U.S. Department 
of Energy’s Weatherization Assistance Program and the U.S. Department of Health and Human 
Services’ Low Income Home Energy Assistance Program. By applying these funds, the Colorado 
Energy Office has been able to deploy rooftop solar to customers spending more than 4% of 
household income on energy costs (Cook and Shah 2018). California’s Low-Income 
Weatherization Program has also prioritized solar PV in its weatherization goals, and it has seen 
more than 2,900 no-cost solar PV systems installed as of March 2018 (California Department of 
Community Services and Development 2018). 

Community solar is prominent alternative to rooftop PV for low-income customers is. It is 
attractive to those who face barriers to entry for traditional rooftop PV because community 
solar does not require rooftop installation, and it is accessible to renters as well as those with 
insufficient roof conditions to support a rooftop PV system. Increasingly, in the major 
community solar markets, subscribers are not paying upfront costs for their subscriptions and 
are saving 5%–15% on their electricity bills. As of 2020, more than 1,184 MWAC of community 
solar has been deployed; and more states have been incentivizing low-income inclusion in 
community solar programs, making it more accessible than in previous years (Heeter, 
O’Shaughnessy, and Chan 2020). States are doing this via a mix of LMI community solar 
mandates, incentives for LMI participation, and grant funding. The Colorado Energy Office, for 
example, launched its low-income community solar demonstration project in 2015 to help reduce 
customers’ energy burdens. A total of $1.2 million was granted to support co-op and municipal 
community solar projects, resulting in eight implemented projects totaling over 1.5 MW of 
capacity of capacity and serving more than 380 low-income customers. And the project has since 
grown, adding funding for 20 MW of 100% low-income community solar projects in investor-
owned utility territories (Heeter et al. 2018). Fifteen states and Washington, D.C., have added 
provisions to prioritize and encourage the inclusion of LMI subscribers in community solar. In 
2021, the State of New Mexico passed legislation requiring a community solar program and 
included a 30% carve-out for LMI customers. States like Maryland, Connecticut, and Colorado 
also use a portfolio-based approach to LMI community solar, requiring a specific carve-out of 
the generation produced to be subscribed by LMI customers. Other states have adopted incentive 
and grant programs to encourage LMI participation in community solar.  

Low-income families living in multifamily affordable housing have gained access to solar 
through less traditional channels. California and Washington, D.C., have active multifamily 
affordable housing solar programs, and Massachusetts has introduced incentives specific to 
multifamily solar adoption. In the District’s initial round of projects under its Solar for All 
program, the Department of Energy and Environment designated $8 million to install 4–8 MW 
of new solar capacity on multifamily homes, as well as commercial buildings and nonresidential 
surface spaces (GRID Alternatives and Vote Solar 2018). The Solar Massachusetts Renewable 
Target Program awards a higher price for solar renewable energy credits generated by projects 
that are considered low-income community-shared solar or that serve low-income property such 
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as affordable housing, as did its predecessor the Solar Renewable Energy Certificates-II (SREC-
II) program.  

To bring solar to multifamily affordable housing units in California, the Solar on Multifamily 
Affordable Housing program was introduced in June 2019. This new program marked a 
transition away from the previous program, the Multifamily Affordable Solar Housing Program. 
The new incentive program uses cap-and-trade funding streams directed from the electric 
investor-owned utility’s “greenhouse gas auction proceeds.” This funding source allows $100 
million to be directed toward subsidized solar energy systems on multifamily affordable housing 
each year, substantially increasing the funding granted through the program. The program 
focuses on bringing solar to the State’s most disadvantaged communities, identified through 
CalEnviroScreen.  

In some utility service territories, utility-supplied PV can also be an option for LMI customers. 
In 2018, the utility-scale sector, which includes projects larger than 5 MWAC, accounted for 
approximately 60% of all new solar capacity (Bolinger, Seel, and Robson 2020); though these 
projects do not typically result in significant bill reduction for low-income customers, structures 
are emerging to do so. For example, the Imperial Irrigation District in California launched a 
program in late 2019 to supply 30 MW of solar to its more than 12,000 low-income customers. 
The solar program provides up to 5% savings on each customer’s monthly electric bill, which 
is in addition to the already offered 20% discount to income qualifying customers (Imperial 
Irrigation District 2019). 
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3 Modeling Low- and Moderate-Income On-Site Solar 
Adoption 

To understand the potential for low- and moderate-income (LMI) solar adoption, assuming 
barriers identified in Section 2 are partially or fully mitigated, we build on NREL’s existing 
dGen model, which has traditionally focused on single-family owner-occupied household 
adoption of solar systems, to include the adoption of solar in multifamily buildings and with 
renter-occupied buildings. We also expand dGen to consider the financial barriers, suitable roof 
space, and energy consumption of three income groups and the impact of different solar prices 
and incentives on adoption by LMI households. Lastly, we consider the impact of these adoption 
decisions on utility bill savings and the potential to have a lasting impact on energy burden for 
LMI households. 

We focus on on-site rooftop PV access, though ground-mounted community solar and lower cost 
utility-scale solar can also provide benefits to low-income households. Lower-cost utility-scale 
solar is explored in DOE (2021) and could result in lower retail utility rates which could have a 
meaningful impact on energy burden. Community solar is also another very relevant option for 
low-income households to gain access to solar, especially for those homeowners with a roof 
which is unsuitable for solar or renters. 

We include new capabilities to explore the adoption of solar multifamily buildings; these solar 
projects could be implemented as community solar, shared solar, or behind-the-meter solar. We 
do not model traditional community solar projects, which are typically ground-mounted and not 
connected to building load. 

Different types of benefits may be associated with different scales of solar (e.g., single-family 
rooftop solar versus ground-mounted community solar versus utility-scale solar). Those benefits 
could include: 

• Direct or indirect electricity bill reduction 
• Economic benefits to the participant and community, in particular, depending on the size 

and location of the installed PV system  
• Noneconomic benefits (e.g., community ownership) 
• Social welfare benefits. 

This analysis focuses on modeling customer adoption of rooftop solar options for single-family 
homes and multifamily buildings; we do not model adoption of ground-mounted solar arrays that 
could provide solar access to LMI consumers via community solar or other pathways. For 
example, the mid-sized, ground-mounted solar capacity installed in the Solar Futures Study 
scenarios could be used for community solar, though those projects are larger in size than the 
average community solar project to date (<2 MW). In the Solar Futures Study scenarios, 37–96 
GW urban-sited, ground-mounted midsized systems (~10 MW) are installed through 2050 
(Table 2). 
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Table 2. Deployment of Midsized (~10-MW) Urban Distributed Ground-Mounted PV Systems 
in DOE (2021) 

Scenario 2035/36 2050 

Reference 23.7 GW 37.3 GW 

Grid Decarbonizationa 40.9 GW 57.7 GW 

High Electrificationa 53.7 GW 95.6 GW 

a The Reference scenario uses the NREL Annual Technology Baseline (ATB) moderate cost projection, and the 
Grid Decarbonization and High Electrification scenarios use the ATB advanced utility solar cost projections. 

Other assumptions regarding these scenarios can be found in DOE (2021).  

Another consideration in this analysis is that marginalized or underserved communities can be 
defined by several characteristics (e.g., disproportionate environmental impacts, communities of 
color, access to affordable housing, and employment) and in this analysis, we focus primarily on 
income as an indicator of unequal access to solar. We build on existing work funded through the 
U.S. Department of Energy’s Solar Energy Technologies Office, including the Rooftop Energy 
Potential of Low Income Communities in America (REPLICA) data set, which provides solar 
technical potential data for each census tract, by income, building type, and tenure. 

3.1 Methods  
To date, NREL has used the dGen model to forecast solar adoption by single-family owner-
occupied households. Because many low-income households reside in multifamily, and renter-
occupied buildings, we developed—for the Solar Futures Study—new capabilities in dGen to 
forecast the adoption of solar by low-and moderate-income households that reside in both 
multifamily or renter-occupied dwellings.11 With the expanded representation of LMI 
households in DGen, we determined the influence of incentives, solar prices, and other decision 
parameters (e.g., discount rate) on LMI adoption of distributed solar. 

The first step in expanding representation of LMI solar adoption in dGen was to develop agent 
profiles of LMI, multifamily, and renter-occupied households. Next, we modeled agent decisions 
using the Bass diffusion model (Bass 1969). Because each household type has different financial 
outlook, consumer decision of each household type was modeled by changing the respective 
inputs to the Bass model. In this section, we describe the agent profile development process and 
consumer decision making. 

 
11 We rely on the assumptions used in the main scenario modeling for dGen, including the net metering provisions. 
We assume net metering (NEM) policies are phased out based on the end dates specified by utilities that currently 
offer it, and we assume the utility moves to net billing after the end date. Typical NEM policy phaseout is in 2030. 
For any utility that has NEM but no prescribed closing date, dGen evaluates those consumers based on the state in 
which they reside. Depending on the state’s historical policies and favorability toward solar, a threshold value is 
developed in the form of percentage of maximum cumulative capacity NEM is valid. Once a state’s cumulative 
capacity reaches the threshold, NEM expires for that state and switches to net billing. NEM phase-out year in this 
case depends on the rate of adoption. In some states (e.g., South Dakota), there are no net metering policies; in those 
cases, no net billing or net metering is assumed. 
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To develop the new agent profiles, we used the REPLICA data set (Mooney et al. 2018). It 
provides estimates of rooftop solar technical potential by tract, categorized by: 

• Income: very low (0%–30% area median income [AMI]), low (30%–0% AMI), moderate 
(50%–80% AMI), medium (80%–120% AMI), and high (>120% AMI) 

• Household type: single-family and multifamily 
• Tenure: owner/renter-occupied. 

For the purpose of this report, we aggregate income into low, moderate, and high categories as 
shown in Table 3 and Figure 1.   

Table 3. Building and Energy Characteristics by Household Type 

Income Building 
Type 

Tenure Number of 
buildings 
(millions) 

Suitable 
roof area 
(million ft2) 

Average Annual 
Energy Consumption 
per Building (kWh) 

Low  
(0%–60% AMI)a 

Single-
family 
 

Owner-occupied 10.01 4,521 11,330 

Renter 5.87 2,325 11,019 

Multifamily 
 

Owner-occupied 0.56 689 2,664 

Renter 9.65 4,607 6,431 

Moderate  
(60%–120% AMI) 

Single-
family 
 

Owner-occupied 8.37 3,853 12,035 

Renter 2.53 1,033 11,762 

Multifamily 
 

Owner-occupied 0.44 570 5,197 

Renter 4.35 2,120 6,968 

High  
(> 120% AMI) 

Single-
family 

Owner-occupied 40.20 18,665 13,609 

Renter 4.58 1,894 12,294 

Multifamily 
 

Owner-occupied 2.47 3,025 6,207 

Renter 9.08 4,219 6,795 

Source: REPLICA data (“Rooftop Energy Potential of Low Income Communities in America: REPLICA,” 
NREL Data Catalog, https://data.nrel.gov/submissions/81) 

a = area median income 

Suitable roof area in REPLICA was derived using lidar data of rooftops at 1 m2 resolution. 
Shading, tilt, and azimuth were assessed for each household to determine suitable roof size in 
each building (Sigrin and Mooney 2018; Gagnon et al. 2016). More than twice as much suitable 
roof space is available for high-income households (27,803 million ft2) than low-income 
households (12,142 million ft2) (Table 3, Figure 1). The amount of suitable roof space for low-
income households is approximately the same in single-family owner-occupied buildings (4,521 
million ft2) and multifamily renter-occupied buildings (3,853 million ft2). Most suitable roof 
space for high-income households is in single-family owner-occupied buildings (18,665 million 
ft2), which is more than four times as much suitable roof space in single-family owner-occupied 
buildings for low-income households (4,521 million ft2). Moderate-income households reside in 
buildings with the lowest amount of suitable roof space (7,576 million ft2). Additionally, across 

https://data.nrel.gov/submissions/81
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income groups, single-family owner-occupied have more than double the amount of suitable roof 
space (27,039 million ft2) that multifamily renter-occupied buildings have (10,946 million ft2). 
The suitable roof area for each income category and building type will drive the solar adoption 
results for each category in this analysis.  

 

 

Figure 1. Modeled rooftop solar area by building tenure and occupant income  
Msqft = million square feet 

Discount Rates 
To differentiate consumer decision making between household types, we employed several 
strategies. First, we assigned appropriate discount rates to differentiate household types by the 
three income brackets we identified in Table 2. Currently, the dGen model uses the weighted 
average cost of capital from NREL’s 2020 Annual Technology Baseline (ATB) (NREL 2020) 
as the discount rates for single-family owner-occupied households. To develop estimates of the 
weighted average cost of capital for our three income categories, we assumed the current 
discount rate represents a moderate income (60%–120% AMI) households, and we interpolated 
with discount rate by income decile data from Samwick (1998).  

Second, we used discount rates to differentiate buildings owned by the tenant and those rented 
by the tenant. We create 1) multifamily owner-occupied agents that represent decisions akin to 
condominium owners (i.e. those who own their property) and 2) multifamily renter-occupied 
agents that represent decisions akin to renters. Though owners of the rental buildings are 
responsible for installing solar, their decision-making landscape is significantly different from 
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that of household owners who live on their property.12 Though it cannot be directly reflected in 
the dGen model, we explored two approaches for representing the adoption of solar by renters: 

• Increasing Discount Rates to Account for Ownership Frictions: For example, the 
dGen model optimizes system size based on the net present value of the system 
(increasing discount rates of renters) and decreases the size of the system (sometimes to 
zero when using large discount rate values), thereby indirectly reducing the penetration 
rate of renters. 

• Derating the Relationship between Payback Period and Willingness to Adopt for 
Renters (i.e., Maximum Market Share): Adoption in dGen is based on a modified Bass 
model, where a variable named maximum market share constrains the number of 
adopters each year. Maximum market share is derived based on relationship payback 
period for PV in that year. Derating the relationship between payback period and 
maximum market share means for the same payback period the maximum market size 
of renters is set a lower value than that of owners. 

First, we examined two scenarios: (1) we assumed renters behave the same as owners (i.e., split 
incentives and other barriers do not exist) and therefore used the same discount rate for both 
owners and renters, and (2) we assumed the split incentive problem persists in the future and 
therefore we assumed renters have a significantly higher discount rate (100%) than owners to 
prevent rental units avoid installing solar PV. We also add a high discount rate variation 
scenario. Finally, we did not apply any discount rate differentiation between single-family and 
multifamily households. Table 4 summarizes our assumptions. 

Table 4. Discount Rate Assumptions by Income Bracket and Tenure 

Income Class Tenure Standard Discount 
Rate Variation 

High Discount Rate 
Variation  

Low income  Renter (no split incentives) 
and owner* 

3.5% 4% 

Moderate income  Renter (no split incentives) 
and ownera  

3.1% 3.1% 

High income  Renter (no split incentives) 
and ownera 

2.5% 1.8% 

All income levels Renter (full split 
incentives) 

100% 100% 

a All results presented in this analysis for owners use the standard discount rate variation case. 

Derating 
The discount rates in Table 4 provide the upper bounds of solar adoption when a building owner 
rents a residence and experiences a split incentive, which we refer to in the results as “solved” 
and “never resolved” respectively. Another method for reflecting the split incentive issue is to 

 
12 Generally, there are three scenarios for utility bill payment with multifamily buildings: (1) owners pay the utility 
bills, (2) utility bills are included in tenants’ rent, and (3) tenants pay their own utility bills. In the last two scenarios, 
the owners may not have an incentive to make a capital investment in PV when the benefit (electric bill reduction) 
goes to the tenants. This issue has been described in the energy efficiency literature and now in the distributed solar 
adoption literature as the split incentive problem (Blumstein et al. 1980). 
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derate the relationship between payback period and maximum market size for renters. In this 
approach, the relationship between the payback period and the renter’s market share will be only 
87% of the maximum market potential of the owners. In Nie et al. (2020) and Melvin (2018), 
split incentives resulted in 16% lower adoption of energy efficiency measures and 10.6% lower 
adoption of distributed PV by property owners; we used these studies to represent an optimistic 
scenario, Partially Addressed, in which split incentives are partially addressed for renter-
occupied buildings in the United States by derating the maximum market share of distributed 
PV for renters by 13% in this analysis. However, current adoption of solar by renter-occupied 
building owners is likely much lower and data could be collected to better characterize this 
market segment.  

Because many low-income policies are programs are being developed at the state level, 
we developed agents by income-level and tenure and for each state.13 In addition to the 
differentiation by the discount rates outlined in Table 2, the suitable roof space and annual 
energy consumption from Table 1 also contribute to the differentiation between agents. Other 
attributes such as utility tariffs and the load profile of the households will be driven by data for 
each state but remain the same for all income- and tenure-based agents.  

Solar PV Prices 
Other Solar Futures Study reports explored how different solar price trajectories can impact solar 
deployment and achieve national goals. In this report, we also explored how solar prices might 
affect adoption trends for each income group, building type, and tenure. The two solar price 
scenarios we explored are from NREL’s 2020 ATB Moderate and Advanced cases (Figure 2).  

 
Figure 2. PV price scenarios in the Solar Futures Study (DOE 2021) 

 
13 The original dGen agents are sampled at the county-level, REPLICA provides data at the census-tract level, and 
we may be able to explore agents at the county or census-tract level in the future. 
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Incentives 
In addition to the business-as-usual scenario, we modeled two different investment-oriented 
incentives. First, we assumed a partial incentive of $3,000 to LMI households on the capital cost 
to reflect the threshold for renewable energy investments by U.S. Department of Energy’s 
Weatherization Assistance Program.14 To date, few states have been approved to use 
Weatherization Assistance Program funding to upgrade and weatherize low-income households 
with solar (Ulrich et al. 2018; Cook and Shah 2018). In this analysis, we considered the 
possibility of solar adoption and utility bill impacts if that incentive were available to all LMI 
households in the country. Second, we assumed a full incentive (i.e., the full capital cost is 
covered for LMI households). This full incentive was designed to reflect a few programs in the 
country that cover a substantial cost of a solar system for an income-qualified household; for 
example, California’s Single-Family Affordable Solar Homes program provided $3/W.15 The 
full incentive could also represent value that is provided through multiple sources, such as tax 
incentives, solar renewable energy certificates, or philanthropic funding. 

Limitations of the dGen Analysis 
Though we attempted to represent consumer decision making capabilities for different income 
groups and the split incentive issue for renters, these are still imperfect approaches to capturing 
a comprehensive set of financial and noneconomic barriers that LMI households face in adopting 
solar. In the scenarios for lower PV prices and incentives, we might not be explicitly addressing 
the other barriers and any adoption scenarios might be representing an upper bound of what 
might be possible if these barriers were also addressed, potentially through the game changers in 
Section 4. A more comprehensive consideration of the economic and noneconomic benefits and 
challenges of different solar access options—scale and business models—is needed. The energy 
efficiency customer adoption literature offers examples of empirical and econometric analysis 
that could be conducted to better isolate and quantitatively characterize economic and 
noneconomic barriers to adoption (Nie et al. 2020; Melvin 2018).  

3.2 Results 
In this section, we examine the potential impact of different solar prices and incentives on 
adoption by households of different income levels, building types, and tenure. 

Owners 
Single-family owner-occupied households adopted more solar overall than multifamily owner-
occupied households (Figure 3). This is due in part to the difference in suitable roof space 
between single-family homes (27 million ft2) and multifamily owner-occupied buildings (4 
million ft2). However, there is still a tenfold difference in adoption per square foot of suitable 
roof space between single-family owner-occupied and multifamily owner-occupied buildings. 

 
14 The U.S. Department of Energy’s Weatherization Assistance Program specifies that expenditures for labor, 
materials and related matters cannot exceed $3,000 subject to annual cost-of-living updates (“The Use of Solar 
PV in the WAP,” WAP Memorandum 024, January 17, 2017, 
https://www.energy.gov/sites/prod/files/2017/01/f34/WAPMEMO%20024%201.17.17.pdf. 
15 https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/demand-side-management/california-solar-
initiative/csi-single-family-affordable-solar-homes-program  

https://www.energy.gov/sites/prod/files/2017/01/f34/WAPMEMO%20024%201.17.17.pdf
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/demand-side-management/california-solar-initiative/csi-single-family-affordable-solar-homes-program
https://www.cpuc.ca.gov/industries-and-topics/electrical-energy/demand-side-management/california-solar-initiative/csi-single-family-affordable-solar-homes-program
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Total energy consumption is also higher for single-family owner-occupied buildings (37 GWh) 
than multifamily owner-occupied buildings (14 GWh). 

 
Figure 3. Solar adoption in owner-occupied buildings 

Single-Family Owners 
Lower prices led to increased adoption of solar across all income levels, with an increase in 
capacity for the Advanced PV price case by 5 GW (low-income), 3 GW (moderate-income), and 
30 GW (high-income). Lower prices had the most effect on the low-income and high-income 
groups. Though the difference in the level of adoption was driven by the available roof space for 
the high-income group, the growth in capacity by suitable roof area, was similar across income 
groups.  

The incentives—a partial incentive of $3,000/household and a full incentive that would cover 
the full price of the system—were only available to low- and moderate-income households. The 
impact of the incentives was most pronounced for the low-income households, as the incentives 
resulted in more than a doubling of customer adoption by 2050 from 22 GW to 52 GW with the 
Advanced PV prices, and a tripling of adoption from 15 GW to 45 GW with Moderate PV prices. 
The impact on moderate income single-family owners was much lower, increasing adoption by 
only 6 GW. Though the adoption per suitable roof space was approximately the same across 
income groups without the incentive, adoption per square foot was much higher in the low-
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income group with the full incentive and advanced prices (0.6 kW/ft2) than in the moderate 
income group (0.3 kW/ft2) and the high-income group (0.25 kW/ft2).  

Multifamily Owners 
Again, the impact by 2050 of lower PV prices was much more pronounced in the high-income 
group without any new incentives, with an increase in capacity for the ATB Advanced PV price 
case by 0.15 GW in the low-income and moderate-income groups compared to an increase of 
1 GW installed capacity in the high-income group due to the decrease in PV prices. However, 
there was a progressive increase in the adoption of solar given the suitable roof space as income-
levels increased for multifamily owners. 

When the partial and full incentives were offered to multifamily low- and moderate-income 
owners, they had more impact on the low-income multifamily owners than the moderate-income 
group on a purely capacity basis. When accounting for the available roof space for solar, the 
levels of adoption per available roof area were comparable in the low-income and moderate-
income groups, but the jump in adoption between the No Incentive and the Incentive cases was 
more pronounced for low-income than for moderate-income multifamily owners.  

We also differentiated the discount rates of each income level but found that this variable did not 
have much impact on representing the financial barriers that lower income groups face with 
respect to adopting solar.  

Renters, Split Incentive 
Next, we considered how the split incentive affects solar adoption of renters in both single-
family and multifamily buildings. The Solved and Never Resolved scenarios provide bookends 
for the solar adoption potential for renters. In the Solved scenario, we assumed the split incentive 
issue no longer exists because of new policies, programs, metering, or other solutions. Thus, 
renters adopt with the same discount rate as their owner counterparts. In the Never Resolved 
scenario, we assumed split incentives result in very little adoption, and in the Partially Addressed 
scenario, we assumed the split incentive issue improves substantially, but the maximum market 
share remains lower for renters than for owners. 
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Figure 4. Solar adoption in renter-occupied buildings 

When we assumed the split incentive issue was addressed, solar adoption was tenfold higher for 
low-income multifamily renters (12 GW) than low-income multifamily owners (1.2 GW) (Figure 
4). This is due in part to the suitable roof space for low-income multifamily renter-occupied 
buildings is more than double that available for multifamily owner-occupied buildings (Table 3).  

For all renters, lower PV prices did not have much effect on the Never Resolved scenario in 
which the split incentive resulted in very low adoption overall. Lower prices did result in a 
similar increase in adoption within all income levels across the other split incentive scenarios. 
Low-income and high-income renters seem to have a higher level of adoption than moderate-
income renters in both single-family and multifamily buildings, especially as the split incentives 
were addressed. That might be because suitable roof space for both low-income (6,932 million 
ft2) and high-income (6,113 million ft2) renters is approximately double that available to 
moderate-income renters (3,153 million ft2). When adoption was normalized against the suitable 
roof space, the capacity by roof area was very similar by PV price and split incentive scenarios 
across all income levels for single-family renters and also across multifamily renters.  

Renters, Incentives 
We then applied the partial incentive ($3,000 per household) and the full incentive to renters 
under the Moderate PV price, and we explored how that affected adoption under different split 
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incentive scenarios (Figure 5). In these scenarios, both the partial and full incentives did 
encourage more adoption in the Never Resolved scenarios for both single-family and multifamily 
low-income renters. For low-income single-family and multifamily renters, the full incentive 
brought the adoption levels for the Never Resolved split incentive scenario up to the same level 
of adoption (~7.5 GW of capacity by 2050) as when the split incentive issue was addressed in the 
Solved case without any incentives. 

 
Figure 5. Impact of incentives and split incentives on solar adoption by renters 

The impact of the incentives on adoption did not seem to be as linked to the suitable roof space 
as the other factors (e.g., prices or split incentives). The incentives did seem to have a similar 
impact on low-income single-family adoption for renters as they did on owners, with the partial 
incentive for renters (15 GW) increasing adoption twofold from the case with no incentive (7.5 
GW) and over threefold with the full incentive (26 GW) by 2050. We saw a similar impact with 
multifamily low-income renters with the partial incentive having a slightly higher impact on 
adoption than with single-family renters, with a difference of about 5 GW of adoption by 2050. 
The full incentive and no incentive cases resulted in very similar levels of adoption for the 
multifamily renters as single-family renters. Additionally, we might be able to achieve similar 
levels of adoption for low-income renters by either addressing the split incentives issue or 
providing a full incentive. 



21 
This report is available at no cost from the National Renewable Energy Laboratory at www.nrel.gov/publications. 

First Year Bill Savings 
First-year utility bill savings are generally higher for single-family owners (Figure 6), regardless 
of income class and incentive structure, than for multi-family owners or renters of either type. 
Savings for single-family owners range from $525 to $870 and may be a function of this group 
having the highest suitable roof space. The lowest first-year bill savings, which occurred mostly 
with both single-family and multifamily renters, ranged as low as $40–$50 in average first-year 
bill savings, except when a full incentive was offered. Both incentives had the most impact on 
first-year bill savings for all low-income households. The full incentive brought up the lower 
range of the first-year bill savings for low-income single-family owners by $135, low-income 
single-family renters by $460, and low-income multifamily renters by $315 as compared to the 
scenarios without any additional incentives. The full incentive also increased the top range of all 
first-year bill savings by $20–$110 from the scenario with no incentives. The incentives 
impacted the lowest first-year bill savings for low-income multifamily renters, from $45 (no 
incentive), $160 (partial incentive), and $360 (full incentive). The full incentive had the most 
impact on low-income single-family owners, increasing the range of first-year bill savings from 
$525–$725(no incentive) to $660–$805(full incentive).  

 
Figure 6. Range of average first-year gross bill savings for each market segment, between 2020 

and 2050, all scenarios (ATB Moderate Prices and Partially Addressed split incentives) 
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Energy Burden 
We also calculated the energy burden, or the portion of a household’s income that goes toward 
energy expenditures, for each of the scenarios. We compared the average change in energy 
burden for each state from the scenario with no incentives. The partial incentive resulted in 
energy burden reductions from 0.2% to 42.6%, compared to no incentives, and half of the states 
had a change in energy burden above the average of all states (Figure 7). The average energy 
burden reduction was 17.8%. Utah, Wisconsin, and Delaware experienced the largest reductions 
in average energy burden for LMI households in 2050.  

With a full incentive, households installed larger PV system sizes than in the partial incentive 
scenario, thus providing greater reductions in energy burden than the partial incentive (Figure 7). 
Reductions in energy burden ranged from 8.6% to 81.2%, and the average reduction in energy 
burden jumped from 17.8% from the partial incentive scenario to 26.3% in the full incentive 
scenario. Twenty-one states had an average reduction in energy burden above 26.3%; Colorado, 
Delaware, Ohio, Wisconsin, and Utah had more than 40% reductions in energy burden with the 
full incentive by 2050. The full incentive increased the reduction in energy burden by at least 1.5 
times for over half the states when compared to the change in energy burden with the partial 
incentive.  

 
Figure 7. Percentage change in average LMI household energy burden when installing PV (2050) 

BAU = business as usual 

Lastly, we examined the overall impacts of the incentives on adoption of solar by low- and 
moderate-income households and what total funding might be needed to provide these 
incentives. With the partial incentive, 51% more cumulative capacity of distributed solar systems 
were installed for low- and moderate-income households as compared to the scenario with no 
incentive and 122% more cumulative capacity when offered a full incentive.  

In the scenarios with the partial incentive, $43 billion on incentives was spent between 2020 and 
2050, resulting in 14.7 million low-and moderate-income households adopting solar across the 
country over the 30-year time-frame, compared to only 8.8 million LMI households when no 
incentive was offered.16  

 
16 In the cases where the system cost was less than $3,000, only the balance was allocated thereby constraining 
households to select small system size.   
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However, when offered a full incentive, $127 billion on incentives was spent between 2020 and 
2050 to provide 15.3 million low- and moderate-income households across the country solar 
between 2020 and 2050. When offered a full incentive, households chose to build a larger system 
(on average 4.9 kW) than when offered a partial incentive (on average 3.9 kW). See Table 5.17  

Table 5. Cumulative Results of the Incentives Scenarios on Low- and Moderate-Income 
Households between 2020 and 2050 (Partially Addressed Split Incentive, Moderate PV Price)  

Incentive 
Level  

Cumulative 
Capacity 
Installed 
Households 
(GW) 

Adopters 
(million  
households) 

Ave. 
System 
Size (kW) 

Total 
Investment 
in Solar 
($ billion)  

Total 
Incentives 
Provided 
($ billion) 

Total Net 
First-Year 
Bill Savings 
($ billion) 

No 
incentive 

41 8.8 3.8 47 0 30 

Partial 
Incentive 
($3,000) 

62 14.7 3.9 87 43 69 

Full 
Incentive 

91 15.3 4.9 127 127 101 

Note: Total investment includes the cost of the incentives provided as well as the remaining cost of the solar system, 
if applicable.  

Though the larger incentive did increase the number of LMI households adopting solar, the 
impact on system size was greater than that on the number of household adopters (Table 5); this 
is because the Bass model constrains future adoption based on system capacity and not number 
of households. Furthermore, once a threshold level of adoption is reached, the net metering 
benefit expires, making it less financially attractive for some households to adopt solar.  

If the incentives were allocated evenly over the 30-year time-frame of 2020–2050, 
approximately $2.1 billion–$3.4 billion would be spent annually, depending on whether a full or 
partial incentive is provided.18 This level of support is of a similar magnitude to that collectively 
spent by  U.S. Department of Energy’s Weatherization Assistance Program, the U.S. Department 
of Health and Human Services on the Low-Income Energy Assistance and Heating Program, and 
the U.S. Department of Housing and Urban Development on energy assistance and crisis 
programs annually (Mueller and Ronen 2015; Paulos 2017). This level of funding could provide 
48%–49% of LMI households with solar systems, resulting in $69 billion–$101 billion in total 
net first-year utility bill savings for LMI households. And there would likely be additional utility 
bill savings for LMI households over the full project life (e.g., 20–25 years) for a solar system.  

 
17 The average system sizes did not differ much when households were offered a partial incentive— 3.6 kW with 
no incentive to 3.9 kW with an incentive—but they did increase to 4.9 kW when offered a full incentive.  
18 This assumes the ATB Moderate PV price and that split incentives are substantially improved in the Partially 
Addressed scenario for renters. 
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4 Transforming Low- and Moderate-Income 
Solar Adoption?  

In modeling our scenarios, we used informed judgement about what changes could occur to 
enable low-income adoption of onsite PV generation. In this section, we discuss on-the-ground 
methods for achieving those outcomes. We also discuss how other solar options, such as 
community solar, can enable greater solar access and affordability. We do not touch on the 
broader societal transformations that could occur, for example, addressing barriers to low-
income individuals owning their own homes or broader efforts to mitigate income disparity. 
Certainly, such transformations would impact the ability of low-income individuals to receive 
benefits from solar. 

4.1 Pathways to Expanding LMI Solar Adoption  
Solutions to enable low-income adoption of onsite PV generation need be able to both scale and 
provide automatic access to low-income customers. Table 6 frames the solution space in terms 
of short term (2035) and long term, transformative change (2050 and beyond), building on the 
barriers identified in Section 2. Many of the solutions touch on multiple barriers but are placed 
in one category here for the sake of simplicity.  

Table 6. Short- and Long-Term Solutions to LMI Solar Adoption Barriers 

 Short Term (2035) Long Term (2050+) 

Finance and 
funding  

• Enabling of solar leasing and other zero-
down solar products, such as community 
solar  

• Increase in utility, state, and federal 
dollars toward low-income solar 
deployment  

• Wide-spread adoption of alternative 
underwriting criteria (e.g., Solstice 
Initiative’s EnergyScore) rather than 
consumers’ credit scores  

 

• Automatic enrollment of low-
income customers in a solar 
option that is designed with their 
input (either on-site or off-site) 
and provides a utility bill 
reduction from day one 

• Application of funding sources 
for low-income energy 
assistance programs to solar, 
providing savings on a long-term 
basis 

 

Community 
engagement 

• Collaboration of solar industry, including 
policymakers and project developers, 
with community organizations to 
implement new pilot programs by 
building expertise within those 
organizations and providing technical 
assistance  

• School-based events to educate children 
on solar; continued outreach efforts at 
events, seminars, and open forums in 
LMI communities  

• Implementation of strategies of strategies 
by utilities, regulators, and others to 
gather input on solar policies and 

• Meaningful roles are filled by 
community organizations in 
creating low-income solar 
options 

• Community organizations and 
other organizations have optimal 
ways to use solar as a wealth 
building strategy for low-income 
communities 
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 Short Term (2035) Long Term (2050+) 
programs from LMI consumers and those 
who serve them 

Site suitability • Increase in programs by utility, state, and 
federal agencies that combine solar with 
multiple other service delivery options  

• Ability to use solar funding mechanisms 
for ancillary needs (e.g., roof repair or 
replacement, and electric wiring updates) 

• Comprehensive service delivery 
of all low-income services  

• Off-site solar options designed 
with low-income input provided 
on a default basis to low-income 
households 

Policy and 
regulation 

• Increase in interest by states and/or 
federal government in including low-
income access mandates for on-site and 
off-site solar programs, with funding and 
incentives to support the mandates 

• States enabling off-site solar options and 
ensuring robust consumer protections 

• States ensuring against adverse effects 
of energy policies on LMI households. 

• Providing households and communities 
access full suite of incentives and ability 
to retain solar savings, including those in 
tribal or federally assisted housing 

• Requirements for solar (on-site 
or off-site) on all buildings 
serving low-income populations 

• Utility regulation modified to align 
the natural incentives of solar 
developers, low-income building 
owners, and tenants, for 
example via performance-based 
regulation or utility business 
model transformation 

Resilience and 
Recovery 

• Development of pilot technology projects 
that provide community resilience 
capabilities and allow low-income 
buildings to both be grid assets and 
provide community resilience  

• Increased efforts by stakeholders to 
ensure federal pre- and post-disaster 
funding is more readily available and 
used by low-income households  

• Pre- and post- disaster funding 
used more by low-income 
households than non-low-income 
households 

4.1.1 Finance and Funding 
Implementing financing mechanisms that provide easier access to capital, or which require 
consumers to provide minimal or no capital outlay, can expand solar access to low-income 
customers. Low-income solar adopters likely need little to no up-front cost to adopt solar. 
Several short- and long-term solutions have been explored to address financing and funding 
barriers.  

Enabling Solar Leasing and Other Zero-Down Solar Products 
O’Shaughnessy et al. (2021) found that for on-site PV systems, the presence of solar leasing 
created more equitable adoption of solar, and the addition of leasing resulted in a reduction in 
adopter income bias. Other solar options, such as community solar, can mitigate the need for 
individuals to secure their own financing for a solar investment while still providing bill credits 
to low-income customers. Community solar developers have developed shorter-term contracts 
that do not require subscribers to have their credit checked or provide an upfront investment. 
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State, Federal, or Other Funding 
The existing landscape of LMI solar funding has focused on state-level activities, but it certainly 
could be expanded from the 21 states and Washington, D.C., that currently have low-income 
solar programs (including community solar, single-family, and multifamily home programs, 
programs targeting organizations that serve low-income clientele, and programs targeting 
historically disadvantaged communities or communities where environmental justice is a concern 
(Stanton 2020)). At the federal level, a direct pay option for the investment tax credit—for either 
for all solar projects or only those that provide benefits to low-income consumers—would 
provide funding to customers who do not have a tax appetite (Bolinger 2014). 

Other grant, rebate, loan, and financing options have been proposed to enable low-income solar 
adoption. For example, the Affordable Solar Energy for Our Communities Act passed the House 
in 2020, and if enacted would provide $200 million of funding for grants, rebates, and low-
interest loans specifically benefiting low-income homeowners, nonprofits that serve low-income 
households, and multifamily affordable housing complexes.19 Another similarly focused bill has 
also been introduced, the Clean Energy and Sustainability Accelerator Act, which could provide 
financing to eligible regional, state, and local green banks, and which could make direct 
investments in renewable energy projects.20 The U.S. Department of Housing and Urban 
Development and the U.S. Department of Agriculture can also directly fund solar deployment. 

At the state level and local levels, governments adjust or develop new programs targeted to low-
income adopters. This could be done at the household level (e.g., providing an added incentive 
for low-income households to install solar), community solar level (e.g., providing an added 
incentive for community solar projects that subscribe low-income households as is done in 
Massachusetts), or the utility-scale level (e.g., providing automatic enrollment for low-income 
households in its cost-saving community solar program as is done Imperial Irrigation District in 
California). To fund these programs states and utilities could draw from existing energy-related 
funding. For example, California has used revenue from its cap-and-trade program to fund low-
income community solar projects in the state. Funding opportunities are not limited to 
government activity; for example, philanthropic foundations could use grants and investments to 
support low-income solar adoption directly or indirectly (Sanders and Milford 2017).  

Utilities could also create customer programs targeted at low-income solar adoption. Using 
funding typically reserved for bill-repayment, or other sources, utilities could provide funding for 
installations on low-income single-family homes. 

Using pre-and post-disaster recovery dollars to invest in solar could be another funding strategy. 
Analyses show that low-income communities are subject to worse national disaster effects based 
on their location (Hallegatte et al. 2016; Ross 2013; Lee 2018). And housing assistance after 
extreme weather events often favors middle-class victims, particularly homeowners (Pastor et 
al. 2006).  

 
19 “H.R.8165: Affordable Solar Energy for Our Communities Act,” 116th Congress (2019–2020),  
https://www.congress.gov/bill/116th-congress/house-bill/8165?r=2&s=1.  
20 “H.R.806: Clean Energy and Sustainability Accelerator Act,” 117th Congress (2021–2022), 
https://www.congress.gov/bill/117th-congress/house-bill/806. 

https://www.congress.gov/bill/116th-congress/house-bill/8165?r=2&s=1
https://www.congress.gov/bill/117th-congress/house-bill/806
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Changes in Credit Agreements 
Changes in credit agreements could also promote more equitable access. For example, 
innovating financing programs that address barriers such as long-term contract requirements, 
nontransferable solar subscriptions, low credit, and seasonal income fluctuations are being 
investigated by NREL and others via funding from the U.S. Department of Energy (DOE 
SETO 2020). 

In the longer term, eliminating the need for low-income customers to finance their systems 
would provide a streamlined way for low-income customers to access the cost-savings of solar 
energy. Access could be provided via on-site options (e.g., a utility or third-party-owned system) 
or off-site options (e.g., automatic enrollment in a community solar or utility solar program). 
Funding for low-income energy assistance programs could be applied to solar first, providing 
savings on a long-term basis. 

Aligning Financial Incentives 
Alignment of utility and other business incentives could provide greater investment in low-
income solar. This could be accomplished, for example, through a refundable investment tax 
credit or through utility-specific reforms that tie a state’s low-income objectives to utility 
performance metrics. For example, in Hawaii, regulators have adopted performance-based 
regulation framework that includes a focus on customer equity and affordability (Hawaii Public 
Utilities Commission 2020). 

4.1.2 Community Engagement 
Several short- and long-term solutions have been explored to address the limited community 
engagement that has happened to date in LMI communities.  

Education and Outreach Efforts 
Community organizations have begun working with solar developers to implement pilot 
programs. In the longer term, community organizations need to become more familiar with solar 
projects and incorporate them into the possible solution set to improve lives of LMI residents. 
Because community organizations are time- and budget-constrained, they rely on others to 
provide the capacity, technical assistance, and financial assistance. Solar developers can partner 
with and financially support community-based organizations addressing the information and trust 
gaps within their communities regarding energy and solar. Such expanded efforts to educate LMI 
communities could include events, seminars, and open forums to enable a greater trust and 
understanding for solar technologies, as well as increased solar adoption (Ramanan et al. 2021).  

Participatory Processes 
Most citizens and smaller community organization have difficulty participate in utility processes 
and proceeding. Because of their time-consuming, often expensive, and technical nature, these 
proceedings limit the input from people and organizations in the best position to understand what 
LMI communities need. Holding meetings in LMI communities and providing transportation or 
childcare can reduce some of the barriers that often keep important stakeholders from 
participating. Utilities, regulators, and others could also create more-inclusive processes by, for 
example, providing a stipend to be involved in these processes, taking surveys, funding capacity-
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building and training, or hiring a third party facilitator to help explain difficult issues in everyday 
language (Ramanan et al. 2021). 

Wealth Creation 
Community engagement encompasses not only participatory, inclusive processes but also the 
ability to create new ways to create wealth in communities. Renewable energy technologies are 
more capital-intensive than other generation sources, meaning they disproportionately benefit 
the investment class. Some communities may want to take a more active role in investing in 
renewable energy technologies so they can receive the benefits of owning the technologies. 
Some emerging models prioritize community development, control, and ownership of solar 
systems and programs, such as by providing technical assistance and raising incentive levels for 
project development by community-based nonprofits or cooperatives (Baker 2021). Also, solar 
incentives for LMI and underserved communities can be combined with worker protections, 
local job training, and entrepreneurship support targeting underrepresented populations. 

4.1.3 Site Suitability 
Solutions involving providing funding for improving housing stock exist and can address the 
barrier of site suitability, as can solutions offering off-site solar options, which do not require 
housing improvements to be made. Several short- and long-term solutions have been explored 
to address site suitability barriers. 

Funding for Housing Stock Improvements 
Programs that provide funding for ancillary efforts to support installation, such as rooftop 
replacement or electrical panel upgrades, could significantly expand the number of eligible 
homes owned or occupied by LMI households and could reduce drop-off rates among otherwise 
interested households.  

Integrated Service Delivery 
In the future, low-income adoption could be accelerated by integrating solar installation with 
other low-income services. These services could be energy-related, such as weatherization 
efforts, or more broadly focused on other low-income housing services or other benefits, such 
as the Supplemental Nutrition Assistance Program and the Temporary Assistance for Needy 
Families program. Packaging solar with other service delivery options can provide additional 
savings for tenants and streamline the customer adoption process. Service delivery of on-site 
solar via the U.S. Department of Energy’s Weatherization Assistance Program has been 
demonstrated, and renewable energy is considered a weatherization measure; the December 2020 
Stimulus Bill provides $1.7 billion for the Weatherization Assistance Program and formally 
considers renewable energy installations as eligible weatherization measures (Morehouse 2020). 

Off-Site Solar Options 
The primary workaround for unsuitable buildings is to source the solar from off-site projects. 
Providing off-site solar directly to households could deliver bill savings. However, one challenge 
to sourcing from off-site solar projects is that the program might miss the added benefit of 
integrated service delivery, for example, if homes are automatically enrolled in a new off-site 
solar program but no visit to the home is conducted and no additional weatherization or other 
services are offered. 
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4.1.4 Other Policy and Regulation Solutions 
Many barriers could be addressed through policy and regulation reforms. To address the policy 
and regulation barriers, several short- and long-term solutions have been explored. 

Eliminating the Landlord-Tenant Split Incentive Problem 
Though landlord-tenant issues are not unique to low-income individuals, they disproportionately 
effect the ability of low-income tenants to have access to on-site solar. Solutions for delivering 
energy efficiency and solar in light of split incentives have been proposed, including on-bill 
financing options, green leases, and building standards (Bird and Hernández 2012; Hynek, Levy, 
and Smith 2012). Solutions could also include incentives or mandates for including solar on new 
construction or as a condition of receiving or retaining federal assistance, as well as off-site solar 
solutions.  

Federal rules can exacerbate the split incentive problem. In some federally assisted housing 
facilities, “utility allowance” calculations combine rent and utility payments to determine a cost 
cap paid by tenants; households do not retain reductions in utility payments from solar because 
they are counterbalanced by subsequent increases in rent under the allowance. This issue has 
been resolved by the U.S. Department of Housing and Urban Development for California’s Solar 
on Multifamily Affordable Housing program,21 and legislation or rulemaking could expand the 
retention of solar savings to households receiving federal housing assistance nationwide.  

In our dGen modeling work, we provide three split incentive scenarios to highlight the 
uncertainty in whether, how fast, and to what degree this issue could be resolved through 2050:  

• State Policies for Solar Access: States, in crafting renewable portfolio standards or clean 
energy standards, community solar programs, or building standards, could specify a 
percentage of program funding, capacity, or another metric dedicated to low-income solar 
access. For example, in New Jersey, the community solar pilot program was required to 
include a 40% carve-out for projects serving at least 51% LMI customers (Stanton 2020). 
States could also create non-income specific access mandates, such as building standards 
that require solar for all new construction. 

• Low-Income Program Eligibility Reform: Existing and emerging low-income solar 
programs require low-income customers to demonstrate eligibility, which often results 
in longer times to enroll customers. Emerging solutions have focused on streamlining 
the eligibility qualification process, for example, by allowing participants in other low-
income assistance programs to automatically qualify for a low-income solar program.22 
Longer-term solutions could include broader use of income attestations and geographic-
based eligibility criteria; however, these longer-term solutions could possibly reduce 
efforts to enroll customers in multiple low-income programs at the same time, thus 
providing more need for comprehensive service delivery. 

 
21 “Treatment of Solar Virtual Net Energy Metering Credits on Tenant Utility Bills,” U.S. Department of 
Housing and Urban Development. Memorandum. 
https://calsomah.org/sites/default/files/docs/SOMAH_HUD_Solar_VNEM_Credits_memo_2019-07-08.pdf. 
22 Programs can be energy-related or not (e.g., low-income programs like the Supplemental Nutrition 
Assistance Program).  

https://calsomah.org/sites/default/files/docs/SOMAH_HUD_Solar_VNEM_Credits_memo_2019-07-08.pdf
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• Coordinating Electrification Programs: Rather than being limited by historical usage, 
LMI households could be allowed to size their PV systems to accommodate 
contemporaneous or future electrification of their homes, appliances, and if applicable, 
vehicles. Program harmonization and co-marketing would help enable more one-time 
installations of solar along with other technologies. Multifamily affordable housing 
providers likewise could be encouraged through various means, including technical 
assistance and incentives, to combine solar installation with electrification and electric 
vehicle charging infrastructure for residents.  

4.1.5 Resilience and Recovery  

Increased Technology Deployment to Support Low-Income Customer Resilience 
Pairing solar with other technologies, for example, storage, can help support low-income 
customer resilience. Communities considering deploying resilience projects could plan for 
infrastructure to support critical needs, not only facilities such as hospitals but also facilities that 
serve low-income populations in cases of grid outages. The positive health and safety impact 
would be especially significant in areas that do not presently have reliable access to electricity 
(e.g., some tribal communities).  

Use of Pre- and Post-Disaster Mitigation and Recovery Funding for Low-Income 
Households 
As noted above, research has shown that low-income households and communities suffer 
disproportionately from disasters, yet many disaster mitigation and recovery programs fail to 
help the most vulnerable people get back on their feet. Many LMI households do not qualify for 
disaster loans, and they are especially affected by funding delays or shortfalls. Ensuring LMI 
households receive effective assistance that includes solar can help LMI communities suffer less 
damage and recover more quickly and fully.  

4.1.6 Emerging Structures  
Over the next 30 years, there will certainly be program and project designs that we cannot 
predict today. Emerging areas of design could include creation of local virtual power plants 
targeted at low-income communities. Similarly, community-based microgrids could both reduce 
energy burden and create greater resiliency capabilities for low-income communities. Though 
these structures have not yet been implemented at scale, they and other applications could be 
targeted to low-income communities. 

4.2 Challenges to LMI Solar Adoption 
Changes over the study period of the Solar Futures Study (2020-2050) could adversely impact 
equity in the solar PV market. First, as solar markets evolve, some utilities are proposing changes 
to their rate designs. Some utilities are proposing higher fixed charges in their rate structures. 
Higher fixed charges, depending on their structure, can result in higher bills for solar adopters 
(regardless of income); higher charges disproportionately impact LMI households as a fraction 
of income and in terms of impact on monthly household budgets (Bird et al. 2015). Some utilities 
and states are also considering changes to net metering, which we did not model for this report 
but which likewise could have negative impacts on LMI solar adopters, depending on design. 
See O’Shaughnessy and Shah (2021) for considerations regarding rate design changes.  
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Second, as states develop new clean and renewable energy policies, there has been some 
discussion about whether and how to include access for all customer types. Some argue that if a 
utility is supplying a large percentage of utility-scale renewable energy to all its customers, there 
is less need to provide targeted programs, funding, or incentives to a subset of customers, 
including low-income customers, for distributed solar. Though customers may be getting higher 
percentages of renewable energy, they would not see the same bill reduction if they were hosting 
an on-site system; nor would they see any of the other potential benefits specific to distributed 
solar, such as resilience and community ownership. 

Third, changes in financial markets could impact lending and qualification criteria. If lending 
markets start to become more conservative, lending environments could become more 
conservative. Feldman, Bolinger, and Schwabe (2020) describe various factors that could 
influence financing costs for renewable energy projects: changes in interest rates, changes in tax 
credits, along with other issues, including movement away from power purchase agreements.  

Fourth, changes in underlying housing characteristics could make deploying on-site solar more 
difficult. For single-family homes, this could be roofing or electrical issues that make solar more 
difficult or costly to install. For multifamily homes, this includes risks that the availability of 
affordable multifamily housing declines. As the LMI solar market matures, the risk remains that 
the remaining properties will be those for which installations are more expensive because of 
roofing, electrical, or other issues. 

Fifth, underlying future energy dynamics may present additional barriers to low-income 
customers. In the Solar Futures Study’s High Electrification scenario, low-income customers 
might be the last to switch from natural gas to electricity, and from internal combustion engines 
to zero-emission vehicles, without deliberate promotion of equity in electrification-related 
policies. In such a case, these customers could be adversely affected because (1) they would not 
install larger solar systems (to account for larger electrified loads) and (2) if rates were not 
properly designed, they could represent a large share of a gas utility’s rate base and thus pay 
more for the costs of transitioning from natural gas to electricity. 
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5 Conclusions 
Much is known about the barriers that LMI households face when installing solar. This report 
summarizes key barriers and emerging solutions, and for the first time, projects deployment of 
on-site, distributed PV by income group and housing type under various scenarios.  

If current trends continue, LMI on-site solar would reach around 40 GW of capacity, or about 
half of what is installed on non-LMI households (80 GW) (Figure 8). This would result in about 
18% of LMI households having on-site PV, compared to 25% of non-LMI households.  

Alternative scenarios include a partial or full incentive for LMI households. We model an 
incentive as a reduction in the solar price; these reductions in prices could also represent value 
that is provided through multiple sources, such as tax incentives, solar renewable energy 
certificates, or philanthropic funding. In the full incentive scenario, LMI on-site solar capacity 
reaches parity with non-LMI on-site solar capacity in 2025. The parity in deployment levels 
(GW) translates to LMI households having a greater percentage of solar installed (33%) than 
non-LMI households (23%) (Figure 8). 

 
Figure 8. Solar Deployment by Income and Incentive (2020-2050) 
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Key Findings  
The suitable roof area for each market segment can drive solar adoption opportunities for low-
income households, especially with single-family owner-occupied and multifamily renter-
occupied buildings. Single-family owner-occupied suitable roof area (27,039 ft2) is more than 
double that of multifamily renter-occupied suitable roof space (10,946 ft2), and 5-6 times that of 
the suitable roof area for single-family renter-occupied (5,252 ft2) and multifamily owner-
occupied buildings (4,284 ft2). Even assuming the split incentive problem had been solved, low-
income single-family owners adopted more with the full incentive (approximately 55 GW by 
2050) than single-family renters (approximately 12 GW by 2050). For multifamily buildings, 
however, under a solved split incentive scenario, solar adoption was nearly ten times greater for 
low-income multifamily renters than for low-income multifamily owners (12 GW compared to 
1.2 GW).  

The impact of incentives was most pronounced for single-family owner-occupied buildings for 
low-income households. The full incentive doubled to tripled PV adoption for single-family 
owner-occupied buildings, depending on whether the Advanced PV prices or Moderate PV 
prices were used. The full incentive had the most impact on single-family owners by increasing 
the range of first-year bill savings from $510–$720 (no incentive) to $650–$810 (full incentive). 

Both the partial and full incentives resulted in similar levels of solar adoption by single-family 
and multifamily renter-occupied buildings across split incentive scenarios. Even though the 
multifamily renter-occupied suitable roof area was twice that of single-family renter-occupied 
roof space, the adoption of solar per roof area was double in single-family renter-occupied 
buildings as compared to multifamily renter-occupied buildings. We also saw similar levels of 
solar adoption by either addressing the split incentives issue or offering a full incentive, which 
indicates there might be multiple policy interventions that could address solar adoption 
challenges in renter-occupied buildings.  

Between 2020 and 2050, reducing or eliminating the cost of a solar system for LMI households 
would provide 48%–49% of today’s LMI households with access to solar. If a total of $43 
billion–$127 billion were spent between 2020 and 2050 in either a partial or full incentives, LMI 
households would receive $69 billion–$101 billion in first year utility bill savings. On an annual 
basis, this level of funding, $2.3 billion–$3.4 billion per year, is similar to the level of funding 
that is collectively spent by the U.S. Department of Energy’s Weatherization Assistance 
Program, the U.S. Department of Health and Human Services on the Low-income Energy 
Assistance and Heating Program, and the U.S. Department of Housing and Urban Development 
on energy assistance and crisis programs annually (Mueller and Ronen 2015). 

LMI solar adoption faces several barriers, including finance and funding, community 
engagement, site suitability, policy and regulatory, and resilience and recovery barriers. In a 
low-cost solar future, barriers to LMI solar will remain. Solutions are centered on four key 
questions: 

• How can solar be used as a tool to resolve larger societal failures? 
• How can solar be delivered to low-income households in a way that saves them money 

on their electricity bills but also provides other needed services, including energy and 
non-energy services? 
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• How can financial motivations of solar implementers be aligned? 
• How can off-site solar solutions and building improvement mandates be used to resolve 

site suitability issues? 
This study has taken a first look at future PV adoption by income group. Remaining questions 
specific to this analysis include:  

• How does deployment vary by state, under the scenarios modeled here? What are the key 
drivers of any differences among states? 

• What is the impact of reducing financing barriers on LMI PV adoption? How does 
potential reduction in financing barriers compare to providing an incentive? 

Additional data needs, and analysis we were unable to conducted for this study, include:  

• Data on multifamily renter-occupied solar adoption 
• Survey research to establish the solar adoption curve for renter-occupied buildings 
• Analysis to answer these questions: 

o What are the historical solar access rates by race, ethnicity, environment justice 
indicators, disaster prone regions, and other indicators for underserved communities? 
What could future solar adoption look like for these subgroups?   

o What are the resilience, grid, health, and real estate benefits of solar adoption for LMI 
households, especially with respect to communities disadvantaged by air quality, 
other environmental issues, or natural disasters? 

o What is the potential for LMI customers to access solar (and electricity bill reduction) 
via off-site solar options, such as utility-scale programs, community solar, or other 
designs? 

o What are the implications of distribution system upgrades on LMI communities? For 
example, at high penetrations of distributed solar, are the required distribution system 
upgrades concentrated in LMI communities?  

o What are the equity implications of the intersections of solar deployment with energy 
storage and electrification?  
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