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T
he United States emerged from the energy crisis of the 1970s with a strong 
motivation to enhance energy security and develop nonpolluting sources 
of energy. Renewable energy (RE), particularly solar energy, was seen as a 
potential pathway toward a more diverse and sustainable energy portfolio. 

The Solar Energy Research Institute, later the National Renewable Energy Labora-
tory, was established in 1975 to facilitate more intensive research and development 
of solar technologies (National Academy of Sciences, 1975). In 1982, the world’s 
first megawatt (MW)-scale solar power station was turned on in San Bernardino 
County, California (Office of Energy Efficiency & Renewable Energy, undated-b). 
This was quickly followed by additional facilities, which experimented with the 
early solar technologies available at the time. These pioneering facilities met a 
negligible fraction of the nation’s energy demand. However, with expansion of RE 
considered to be in the national interest, the federal government subsidized their 
construction, along with ongoing research and development programs (Hart, 1983). 

More than 40 years later, the U.S. energy landscape has changed markedly. 
In 2020, RE sources—such as hydro, wind, and solar power—were responsible for 
approximately 15 percent of total U.S. electricity generation (U.S. Energy Informa-
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tion Administration, 2021b). This RE expansion has been 
driven by significant reductions in cost that make RE com-
petitive with fossil fuels and by expanded federal and state 
mandates to address climate change and other impacts of 
fossil fuel use. RE technologies are often a preferred choice 
for replacing capacity losses from retiring fossil fuel power 
plants and meeting new energy demands from the growing 
U.S. population and economy. 

Abbreviations

C&I commercial and industrial

CES clean energy standard

DVC disadvantaged and vulnerable 
community

FIT feed-in tariff 

GCAM Global Change Analysis Model

GW gigawatt

IRS Internal Revenue Service

ITC investment tax credit

kW kilowatt

MW megawatt

NEM net metering

PPA power purchase agreement

PUC public utility commission

PV photovoltaics

RE renewable energy

REC renewable energy credit

RPS renewable portfolio standard

SEIA Solar Energy Industries Association

SREC solar renewable energy credit

Solar power, in the form of solar photovoltaics (PV) 
and concentrating solar-thermal power, comprises 3 per-
cent of the nation’s electricity generation capacity (Office 
of Energy Efficiency & Renewable Energy, undated-c). 
However, solar power is rapidly growing as a sector: In 
2021, solar power is expected to make up 39 percent of new 
installed generation capacity, making it the dominant form 
of new power generation in the nation this year (Ray, 2021). 
With the Biden administration positioning the United 
States to reemerge as an international leader on climate 
change, including setting aggressive new targets for climate 
action, some policymakers and solar developers are review-
ing federal incentives to ensure that they are appropriately 
structured to enable solar power to contribute to meeting 
the administration’s policy goals over the next decade. 

In this Perspective, we provide an overview of the 
U.S. solar energy market, the rapid changes that it has 
undergone over the past decade, and the challenges that lie 
ahead as the broader energy system evolves. We highlight 
the roles that different stakeholders, particularly the fed-
eral government, play in incentivizing solar markets. We 
provide commentary on the Section 25D and Section 48 
solar federal investment tax credit (ITC) extensions and 
the parity of these extensions in the context of recent net-
zero climate and energy targets. We explore the potential 
implications of incentives for different solar technologies 
and private-sector business models and identify charac-
teristics of federal incentives that are consistent with the 
Biden administration’s policy objective of achieving deep 
decarbonization of the U.S. economy. We also explore the 
reliability and resiliency of solar power, its co-benefits for 
the jobs market, and its availability to disadvantaged and 
vulnerable communities (DVCs).
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Drivers of Demand for Solar Power

The U.S. solar industry has experienced unprecedented 
growth in recent years. The domestic solar industry has 
grown an average of 49 percent per year for the past ten 
years (Solar Energy Industries Association [SEIA], 2021b; 
see Figure 1). Even as the coronavirus pandemic created an 
uncertain financing environment throughout the energy 
sector, new solar installations remained strong, surpass-
ing all other generation technologies (Dickson, 2021). A 
record 19.2 gigawatts (GW) direct current of solar electric-

ity capacity was installed in 2020.1 This was a 43-percent 
increase over 2019 (SEIA, 2021a). 

Much of this growth is a function of dramatic 
improvements in solar PV technologies; solar power is 
increasingly cost-competitive with other sources of energy, 
such as coal and natural gas. The unsubsidized levelized 
cost of electricity from utility-scale solar PV technologies 
ranged from $29 to $42 per megawatt-hour (MWh) in 
2020—comparable with natural gas combined cycle gen-
eration technologies (Lazard, 2020). 

FIGURE 1

U.S. Solar Photovoltaic Price Declines and Deployment Growth

SOURCE: SEIA, 2021b. Used with permission.
NOTES: The curve represents the blended average price (in dollars per watt) of a solar PV system between 2010 and 2020. Vertical bars represent the annual installed 
capacity of solar PV in MWdc over the same time period. Data reflect an order of magnitude increase in installed capacity in conjunction with a 75-percent reduction in 
system price. MWdc = megawatts direct current.
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For more than 40 years, surveys have indicated that a 
majority of Americans favor renewable sources of electric-
ity and would be willing to pay more per monthly util-
ity bill for power from renewable sources (Farhar, 1999). 
In addition, the increasing affordability of solar power 
also has increased its accessibility to whole new classes of 
developers and consumers. Recent surveys show increased 
interest in installing residential solar, matching patterns 
of solar PV market growth. Approximately 53 percent of 
U.S. adults reported that they would be willing to invest in 
residential or community solar panels if they could recoup 
the investment in five years (Consumer Reports Advocacy, 
2018). Among U.S. homeowners, 46 percent have seriously 
considered installing residential solar panels, and 6 percent 
already have done so (Kennedy and Thigpen, 2019). Of 
homeowners who have demonstrated or acted on this inter-
est, the primary reasons were to save money on utility bills 
(96 percent), help the environment (87 percent), use the 
solar ITC (67 percent), and better the health of the indi-
vidual or their family (60 percent) (Kennedy and Thigpen, 
2019). Strong consumer interest reflects a sizeable market 
for distributed solar generation at the household level—if 
barriers, such as the upfront costs of solar systems, inter-
connection policies and tariffs, and the need for energy 
storage, can be overcome. 

In addition to its popularity, solar power is increas-
ingly seen as an important enabling technology for the 
nation’s transition to a low- or net-zero-carbon economy. 
Decarbonizing the U.S. economy will necessitate large-
scale deployment of a number of technologies, including 
RE (wind and solar), energy storage, bioenergy, and carbon 
capture (Masson-Delmotte et al., 2018). 

To explore alternative scenarios in which technologi-
cal change, the economy, and policy interventions shape 
the future energy landscape, researchers often rely upon 
integrated assessment models. One such model, the Global 
Change Analysis Model (GCAM), has seen extensive use 
in modeling pathways toward deep decarbonization of the 
U.S. economy (The White House, 2016). Recent GCAM 
modeling undertaken by Pacific Northwest National Labo-
ratory generated estimates of future deployment of solar 
generation capacity (both utility-scale and rooftop) for a 
variety of policy scenarios. The scenarios assume that the 
United States achieves a net-zero emissions benchmark 
target by 2040, 2050, or 2060 (Kaufman et al., 2020; see 
Figure 2). These scenarios are compared with a reference 
“do-nothing approach” that assumes that no specific policy 
interventions are made to address climate change. 

All scenarios imply that significant growth in utility-
scale and rooftop solar generation will be needed to get 
to net-zero emissions, indicating that both technologies, 
despite their inherent cost differences, are likely to be 
major contributors to net-zero emissions pathways. Even 
under the reference scenario, solar generation increases for 
several decades into the future. However, the net-zero sce-
narios outpace the reference scenario by a factor of four to 
eight. Meanwhile, total utility-scale generation consistently 
exceeds that of rooftop solar. 

These results represent just one set of scenarios from 
a single model and are sensitive to assumptions within 
GCAM. Therefore, the absolute magnitude of generation 
and the relative contribution of rooftop and utility-scale 
solar projects to future generation remains uncertain. Nev-
ertheless, these results highlight the potential for aggressive 
climate targets to boost demand for solar power. 
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Different Models for Solar Power 
Deployment

Despite a large and growing demand for solar power, 
incentivizing further expansion of solar power in the 
United States likely will be necessary to meet decarboniza-
tion goals. Designing such incentives requires an apprecia-
tion for the different business models through which solar 
projects are financed and developed. Generally, the indus-
try and individual solar projects can be divided into three 

market segments: residential, commercial and industrial 
(C&I), and utility-scale (see Table 1). 

Residential solar projects account for 20 percent of 
total solar generation; their installed capacity is usually 
under ten kW (SEIA, undated-b). These projects tend to be 
installed on individual households. They are designed to 
generate power that is consumed on-site, but opportuni-
ties often exist for excess power to be sold back to a utility 
through the electricity grid. 

FIGURE 2

Utility-Scale and Distributed Rooftop Growth Trend Effects by Net-Zero Year

SOURCE: Authors’ analysis of data created by the Pacific Northwest National Laboratory and supplied to the authors by Noah Kaufman, Alexander R. Barron, 
Wojciech Krawczyk, Peter Marsters, and Haewon McJoen. See Kaufman et al., 2020, for additional analysis.
NOTES: Utility-scale (blue) and rooftop solar (green) generation growth scenarios are consistent with a straight-line path to net-zero carbon in the target year. Scenarios 
were derived from the 50-state version of GCAM-USA and data available as of 2019. TWh = terawatt-hour.
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C&I projects, although highly varied, typically are 
larger than residential solar projects. C&I projects comprise 
17 percent of installed capacity and usually exceed 50 kW 
in capacity (SEIA, undated-a). Utility-scale solar projects 
are generally the largest-scale solar projects, exceeding one 
MW, and constitute 63 percent of installed capacity (SEIA, 
undated-b). Unlike residential and C&I projects, which are 
distributed forms of generation, the electricity produced by 
centralized, utility-scale projects is not used on-site and is 
usually sold to a wholesale electricity market. This makes 
utility-scale projects more like conventional power plants. 

Although this segmentation of solar projects is a useful 
convention, the industry has become more complex because 
of the emergence of varied and multifaceted ownership 
structures for solar assets. This complexity has emerged 
partly because of the structuring of federal financial incen-

tives. These incentives shape whether and how different 
stakeholders can invest in and benefit from solar projects. 

A variety of acquisition models can be used with the 
three project scales. Two common models are (1) direct 
ownership of the solar equipment through purchase and  
(2) nonownership through a lease or a power purchase 
agreement (PPA). Direct ownership occurs through the tra-
ditional sales model, in which the project owner finances 
the solar project through a combination of equity and debt. 
The owner directly receives the benefits of the project: the 
use or sale (or both) of the electricity generated and any 
additional financial incentives. In contrast, nonownership 
models offer financial flexibility by not requiring upfront 
investment. Instead, the customer makes a monthly pay-
ment for the equipment (a solar lease) or is charged a 
per-unit price for each unit of electricity generated as per 

TABLE 1

Example Solar Power Projects by Scale, Ownership, and Acquisition Model

Segment

Percentage 
of Installed 
Capacity

Approximate 
Size

Often Associated 
with On-Site 
Consumption Ownership Options and Key Characteristics Example Firms

Residential 20 <10 kW Yes • Owned by homeowner
 Ȥ Monetizes tax benefits directly

• PPA/Own-leaseback model
 Ȥ Third-party financier monetizes tax benefits

• Private homeowners
• Sunrun
• Tesla
• Google
• SunPower 

C&I 17 50 kW to  
>1 MW

Yes • Owned by commercial entity
 Ȥ Monetizes tax benefits directly

• PPA/Own-leaseback model
 Ȥ Third-party financier monetizes tax benefits

• Google
• Facebook 
• Tesla
• SunPower

Utility-scale 63 >1 MW No • Owned by utility or independent power 
producer 

• NextEra Energy Partners
• Dominion Energy
• Berkshire Hathaway Energy
• Cypress Creek Renewables
• AES Clean Energy 

NOTE: kW = kilowatt.
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a PPA. Financial incentives meant to promote solar devel-
opment are then received by the third party that provided 
the upfront financing for the project. There are a variety of 
reasons why this third party may opt to retain some or all 
of the incentive. Tax equity financing or the securitization 
of bundled ITCs are associated with higher administrative 
costs; therefore, the third party might opt to withhold a 
greater fraction of the incentive benefits as compensation.

Policy Incentives Relevant to Solar 
Deployment

Since the federal government started investing in solar 
power in the 1970s, a variety of policy approaches and 
incentives have been used to encourage the development 
and uptake of solar technologies, including basic and 
applied research and development and incentives aimed at 
increasing deployment of solar generation capacity. Federal 
efforts have been complemented by a number of impor-
tant state incentives and mandates—such as renewable 
portfolio standards—that vary significantly from one state 
to another. Collectively, these interventions in the solar 
market have contributed to bringing down the costs of the 
technology and expanding the installation of solar capacity 
throughout the United States. The Biden administration’s 
plan to significantly accelerate decarbonization of the U.S. 
economy, including 100 percent carbon-free electricity by 
2035, creates new demands for continued expansion of 
renewables (The White House, 2021a). 

Under status quo policies, projections for renew-
able electricity fall short of what is needed, reaching only 
42 percent of total installed capacity by 2050 (U.S. Energy 
Information Administration, 2021a). This indicates a need 

to continue to incentivize investment in RE, including 
solar technologies, not only to meet growth in electricity 
demand but to accelerate the retirement of existing fossil 
fuel power plants (The White House, 2021c). Such market 
interventions must be carefully designed and evaluated to 
ensure that they are effective in achieving policy objectives 
and that their benefits are fairly allocated. This includes 
considering who is eligible to receive incentives and the 
downstream impacts of different incentive structures. 

Incentives are often described as either “carrots”—
rewards (often financial rewards, such as tax credits or 
rebates) for behavior consistent with a desired objective—or 
“sticks”—punishments (e.g., fees, fines, taxes) for behavior 
that runs counter to the policy objective. Such incentives 
can be directed at specific technologies or can focus on 
broader outcomes, such as pollution emissions. Incentives 
for renewables are typically paid to stakeholders and are 
based on the upfront investment in the energy asset (e.g., 
during project development and construction) or based on 
the per-unit value of electricity produced over time. Unlike 
conventional power systems, the cost of wind and solar 
projects primarily involves upfront capital and installation, 
not fuel and operations and maintenance. Incentives should 
reflect these differences in the structure of costs.

We examine various incentives that have been used by 
the federal government to support U.S. solar markets in 
recent years; incentives that have featured prominently in 
U.S. energy and climate debates but have yet to be enacted 
at the federal level; and state-level policies that interact, or 
could interact, with federal incentives (see Table 2). Under-
standing how these incentives work, both as originally 
intended and as currently implemented, and their typical 
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market effects is important for considering any changes in 
the structure of solar incentives. 

Tax Credits

A variety of tax credit incentive programs for solar assets 
exist throughout the United States. They can be divided 
into two categories: nonrefundable and refundable. A non-
refundable tax credit cannot be used to create or increase a 
tax refund and therefore cannot exceed the amount of tax 
an individual or business owes the Internal Revenue Ser-
vice (IRS). As a consequence, they tend to be more valuable 
to those with large tax burdens, such as wealthy homeown-
ers or large businesses and investors. The federal solar ITC 
is a nonrefundable tax credit and is one of the most impor-
tant incentives for the solar power industry; it is credited 
for the 52-percent average annual growth rate on a capacity 
basis since 2006 (SEIA, undated-c). The modern version 

was first signed into law in the Energy Policy Act of 2005 
and modified in subsequent legislation (see Table 3). The 
solar ITC is regulated under two provisions of the Internal 
Revenue Code of 1986: Section 25D for individual home-
owners and Section 48 for commercial entities (IRS, 2021a 
and 2021b). 

Under these two provisions, homeowners and compa-
nies receive the same tax credit rate (currently a 26-percent 
deduction of the value of an eligible, solar energy system 
from federal income tax liability). The eligible system must 
be placed in service (for the Section 25D credit) or must 
have started construction (for the Section 48 credit) by the 
end of the year corresponding to the tax credit rate. 

A key feature of the solar ITC is its sunset provisions. 
An incremental phasing out of the ITC was scheduled to 
begin at the end of 2020. However, in December 2020, the 
ITC was extended with a new sunset schedule (see Table 4). 
The phasing out of federal support for industries and 

TABLE 2

Policy Incentives to Mitigate Climate Change and Increase Solar Deployment

Incentive Type Incentive Method 
Scale of 

Implementation

Nonrefundable tax credits Investment subsidy for eligible RE equipment relying on the project owner’s tax liability Federal/state

Refundable tax credits Investment subsidy for eligible RE equipment Federal

Clean energy standards Generation threshold standard for RE production State

Carbon pricing Greenhouse gas (GHG)–associated per-unit price State/region

Renewable energy credits 
(RECs)

Generation certificate credit for per-unit RE power generation State

Net energy metering (NEM) Generation payment tariff program for net power purchased from utility (typically  
subtracting a customer’s power production from power consumed over a set billing cycle)

State

Feed-in tariffs (FITs) Generation guaranteed payment program for RE power generation State
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technologies as they mature is common practice; however, 
because of the additional growth needed in renewables, 
such sunsets may be premature. Moreover, the ITC’s 
renewal periods have become shorter and shorter; renewal 
periods are now shorter than the average development 
cycle of a solar energy project. This causes uncertainty, 
which, in turn, suppresses investment (Dewey, 2011). 
The Biden administration’s Made in America Tax Plan 
recommends a ten-year extension of the solar ITC (U.S. 
Department of the Treasury, 2021). However, the plan does 
not stipulate whether Sections 25D and 48 will both be 
extended for ten years. 

Another idiosyncrasy of the solar ITC is that provi-
sions differ among market segments. The ITC rate for com-
mercial entities under Section 48 will fall from 26 percent 

to 10 percent but then remain at that level indefinitely. 
However, it drops to zero in 2024 for individual homeown-
ers using Section 25D. This subtle nuance in the ITC has 
significant implications for stakeholders’ future benefits 
and, therefore, for the contributions that different market 
segments will make to decarbonization and other energy 
policy goals. 

In contrast to nonrefundable credits, refundable tax 
credits can be monetized without any tax liability. They 
have been referred to as direct pay tax credits because the 
Department of the Treasury effectively pays eligible par-
ticipants the difference if the value of the credit exceeds the 
tax liability, even if the liability is zero. Although currently 
inactive, these tax credits were first used in the solar indus-
try when Congress passed the Section 1603 program as a 

TABLE 3

History of Solar Investment Tax Credits
Year Enacted Public Law Description

2005 The Energy Policy Act • Established a 30-percent tax credit for investments in eligible solar energy property through 
Section 25D for individuals and Section 48 for commercial entities in the Internal Revenue 
Code of 1986

2006 The Tax Relief and Health Care 
Act

• Extended the residential and commercial ITC through December 31, 2008

2008 Emergency Economic 
Stabilization Act

• Extended the residential and commercial ITC through December 31, 2016
• Removed residential solar project monetary eligibility constraint
• Allowed commercial organizations paying the alternative minimum tax to qualify for the ITC

2015 Omnibus Appropriations Act • Extended the Residential and Commercial ITC through December 31, 2023 
• Replaced the “placed-in-service” standard to “commence construction” for completed project 

ITC qualification by December 31, 2023

2017 Tax Cuts and Jobs Act • Preserved the residential and commercial ITC for projects completed by December 31, 2023

2020 Consolidated Appropriations 
Act

• Extended the phasedown of the ITC until December 31, 2023
• Changed the placed-in-service date to January 1, 2026

SOURCE: SEIA, undated-d.
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component of the American Recovery and Reinvestment 
Act in 2009; at the time, the number of tax equity investors 
willing to make investments had decreased by 75 percent 
(Mendelsohn and Harper, 2012). Between 2009 and the 
program’s end in 2011, Section 1603 funded 84,162 residen-
tial projects (which incentivized 462 MW of capacity) and 
19,889 nonresidential solar projects (which incentivized 
8,976 MW of capacity) through approximately $9.82 billion 
of direct payments. Under Section 1603, the Department 
of the Treasury made direct matching payments in lieu of 
the solar ITC to eligible applicants (U.S. Department of 
the Treasury, 2017). These direct payments were treated as 
an overpayment of taxes and were able to be monetized as 
cash refunds after filing a federal tax return. 

The Made in America Tax Plan recommends reinstat-
ing direct pay solar tax credits, but it does not state whether 
Sections 48 and 25D will receive the same treatment or 
which agency should manage the program. This latter 
point—whether the Department of Treasury or the IRS will 
manage a new direct pay program—is a matter of ongo-
ing debate. Traditionally, the Department of the Treasury 
has administered such tax credits while the IRS focuses on 
enforcement. However, this was not the case with the Sec-
tion 1603 program, with the Department of the Treasury 
requiring grant awardees to submit system performance 

reports for five years (U.S. Department of the Treasury, 
undated). Meanwhile, the management of the ITC program 
has consistently been the responsibility of the IRS, which 
can use its existing tax filing processes and has provided 
public advice related to the solar ITC’s use and function. 

Clean Energy Standard and Renewable 
Portfolio Standard Programs

Clean energy standard (CES) programs (also known as 
clean electricity standard programs) and renewable port-
folio standard (RPS) programs use “stick” approaches 
to increase renewable use. They mandate minimum RE 
thresholds for electricity generation in particular markets. 

Compliance with a CES or an RPS program can be 
achieved through multiple mechanisms: electricity suppli-
ers owning a RE facility and its power generation, the pur-
chase of RECs or solar RECs (SRECs) from other entities, 
or the purchase of bundled renewable electricity (a combi-
nation of RECs, SRECs, and electricity) (Cox and Esterly, 
2016; SRECTrade, undated). RECs and SRECs can reduce 
barriers to solar market entry by reducing the cost to oper-
ate a solar installation and enabling utilities to meet annual 
RPS quotas by purchasing SRECs. 

RPS and CES programs also typically include legisla-
tive mandates that penalize noncompliance. Approxi-
mately half of U.S. RE generation between 2000 and 2018 
was associated with a state RPS program (Barbose, 2019). 
Thirty-four states and U.S. territories have enacted their 
own RPS requirements, and eight states and U.S. ter-
ritories have passed voluntary RPS programs or targets 
(Shields, 2021). These policies are often accompanied by 
long-term emissions reduction targets. As of September 

TABLE 4

Solar Investment Tax Credit Sunset Timeline
Year Section 25D Section 48

2021 and 2022 26% 26%

2023 22% 22%

2024 and beyond 0% 10%
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2020, 14 states and the District of Columbia had targets of 
100-percent clean or renewable electricity by 2050 at the 
latest (Database of State Incentives for Renewables and 
Efficiency, 2020). In terms of specifically encouraging solar 
power use, some RPS programs have included solar set-
asides that prioritize solar deployment (Cox et al., 2015). 

Federal incentives for solar energy can complement 
state RPS programs. In states with an RPS, solar power 
developers can use the solar ITC to offset the costs of 
deploying additional renewables, lowering the overall cost 
of compliance. Meanwhile, state RPS programs have been 
models for potential federal programs. A federal CES has 
been a topic of debate in Congress since the late 1990s, but 
no such program has been enacted to date (Lawson, 2021). 
Draft legislation for a federal CES—the Clean Energy 
Act—was introduced into Congress in early 2021 in sup-
port of the American Jobs Plan. By requiring 100 percent 
clean energy by 2035, this policy would fundamentally 
reshape the U.S. energy economy by either retiring carbon-
based power plants or outfitting them with carbon capture 
technologies.2 

A federal CES with targets exceeding state levels 
might eliminate the need for state-specific RPS programs 
and also could reduce the need for other market incen-
tives (such as the solar ITC) for clean energy. Similarly, 
continued declines in the costs for renewables could lead 
to a diminishing role for state or federal CES and RPS pro-
grams. Nevertheless, CES and RPS programs’ specific tar-
gets and timetables make them more effective at achieving 
decarbonization goals than market forces alone. Addition-
ally, the need to achieve aggressive CES targets still would 
create strong market demands for financing. 

Carbon Pricing

A carbon price is a general incentive mechanism that 
assigns a cost to carbon-based pollution, such as GHGs. 
This price is meant to reflect the external cost of this pol-
lution. The carbon price can be fixed or can fluctuate (e.g., 
based on demand for reductions in carbon emissions; 
based on the estimated social, economic, and environmen-
tal impact of carbon). 

The primary mechanism for instituting a carbon price 
is a cap-and-trade system that places a cap on total allow-
able emissions and then distributes emissions permits 
among a group of participating entities. Participants can 
then trade emissions allowances as needed. Those econom-
ically capable of reducing their emissions generate excess 
allowances that can be sold to other program participants. 
This ability to monetize emissions reductions creates 
financial incentives to reduce emissions and comes from 
the cap on emissions. 

The approach has been successfully applied to con-
ventional pollutants, but despite several attempts to pass 
federal cap-and-trade legislation over the past two decades, 
it has never been enacted nationally for GHGs. However, 
regional cap-and-trade systems exist among groups of 
states, such as the Regional Greenhouse Gas Initiative in 
the New England region and the Western Climate Initiative 
between California and the Canadian province of Quebec 
(Regional Greenhouse Gas Initiative, 2021; Western Cli-
mate Initiative, Inc., undated).

A more direct mechanism for establishing a price on 
carbon is a carbon tax, which is attached to carbon pollu-
tion on a per-unit basis. Carbon emissions trading allows 
carbon emitters to trade emission units to meet emission 
targets, typically on an economy-wide, national basis. 
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These methods are generally considered to be economically 
efficient, comprehensive, and effective policies for reduc-
ing carbon emissions (Howard and Sylvan, 2015). Despite 
consensus on the effectiveness of the carbon tax method, 
carbon taxes are uncommon, likely because they “impose 
costs on customers” and therefore can be difficult political 
propositions (Hagmann, Ho, and Loewenstein, 2019). Addi-
tionally, a carbon tax is technically challenging to imple-
ment across an economy, especially for industries that do 
not have a cost-effective replacement technology available 
to significantly curb carbon emissions—such as air travel, 
long-haul trucking, and steel and aluminum production. 

Just as with cap-and-trade, a federal carbon tax has 
never been enacted by Congress, nor has such a tax been 
proposed by the Biden administration to date. In particu-
lar, carbon taxes and other pricing schemes have been 
labeled as regressive policies that disproportionately impact 
lower-income households, which spend a greater propor-
tion of their income on energy than wealthier households. 
Mitigating these regressive impacts is often contingent on 
using the revenue generated by the tax.

Tariff Policies and Structures

A variety of tariffs—pricing structures used by a power 
utility to charge customers for consumption—can be used 
to incentivize solar power. We examine two categories 
of tariffs that are commonly used by American utilities 
and regulatory bodies: (1) NEM and (2) FITs. NEM is a 
financial instrument that enables power customers to be 
credited for the power that their distributed generation sys-
tems supply to the power grid by subtracting it from their 
grid-consumed power. The policy is regarded as a funda-

mental tool for deploying distributed solar generation, and 
its presence or absence can severely impact solar energy 
deployment (Lawson, 2019b). Program details vary by state 
and local jurisdiction, but typically, electric utilities bill the 
net consumption of customers over a defined period. In 
some states, customers may sell their excess generation and 
credit the sale against their bill. Some states have included 
provisions to require time-of-use rates to reflect changes in 
the demand for (and therefore value of) power during dif-
ferent parts of the day. 

The rate compensation method for NEM has been a 
point of contention among NEM customers, non-NEM 
customers, and their utilities. As NEM use rates increase 
within a utility’s service area, the power grid maintenance 
costs may shift disproportionately to non-NEM customers, 
raising concerns over rate payment fairness. Studies exam-
ining the inequities of NEM have shown mixed results, pri-
marily because of state-by-state market variance (National 
Association of Regulatory Utility Commissioners, 2016; 
Tanton, 2018). 

FITs are complementary instruments to NEM; they 
are rates paid to power generators above market price to 
encourage development of certain technologies, such as 
renewables. FITs are often fixed-price generation incen-
tives that are a component of PPAs, providing a more stable 
form of market incentives to customers. The rate structure 
of FITs varies by utility service region and state, depending 
on the underlying program objectives. 

Although NEMs and FITs have been used at the 
national level and for large power projects in other coun-
tries, they have been confined to state-level initiatives in 
the United States, partly because of constraints on federal 
interventions in state energy markets. Federal law does not 
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require NEM (16 U.S.C. 46). However, the Energy Policy 
Act of 2005 does require that states consider the policy’s 
adoption (Pub. L. 109-8, 2005). As of June 2020, 35 states 
and the District of Columbia have developed mandatory 
NEM for certain utilities, five states have non-NEM state-
wide distributed generation compensation rules, and five 
states are in transition to non-NEM statewide distributed 
generation compensation rules (U.S. Energy Information 
Administration, 2020). Idaho and Texas do not have state-
wide rules, but some utilities in those states allow NEM. 

Similarly, there is currently no federal policy for FITs. 
As of December 2020, Vermont, Washington, New York, 
Indiana, Hawaii, and California have FITs, totaling 1.1 GW 
in installed capacity that involves a variety of small-scale 
renewable projects, such as PV, micro wind, and fuel-cell 
technologies (Database of State Incentives for Renewables 
and Efficiency, undated). 

Comparing Costs and Benefits of 
Solar Incentives 

Given the expansion of RE—and solar generation 
specifically—needed to enable the United States to meet 
aggressive new decarbonization goals, critical reflection 
on the effectiveness of existing and proposed incentives 
is needed. In assessing the different incentives introduced 
previously, we consider the following five elements and 
their implications for solar deployment via their effect on 
solar project scales and acquisition models: 

1. alignment of incentives with policy objectives
2. how solar projects contribute to system reliability 

and resiliency

3. potential co-benefits of solar technologies
4. the fairness with which incentives are implemented 

across market segments 
5. the equity of access to solar incentives and technolo-

gies among different populations.

Each element is discussed further in the following 
sections.

Ensuring Incentive Alignment with Climate 
and Energy Policy Objectives

Existing incentives have played an important role in 
catalyzing solar deployment. For example, the solar ITC 
is regarded as a major market catalyst that has acceler-
ated adoption throughout the United States. Meanwhile, 
RPS mandates in U.S. states and regional cap-and-trade 
programs have been central drivers of solar technology 
deployment, particularly of utility-scale projects that ben-
efit from economies of scale and can be readily integrated 
into the grid. 

The expansion of solar deployment has contributed 
to the rapid reduction in costs to the point of some utility-
scale systems being competitive with fossil generation, 
but projections suggest that this might not be sufficient 
to scale-up solar deployment to the levels that are needed 
to pursue a net-zero target within a few decades. Solar 
costs need to decrease to a point where they are not only 
a competitive option for new generation capacity but also 
incentivize replacement of existing fossil fuel genera-
tion. As solar capital costs decline amid flat-to-increasing 
commercial and retail electricity prices, installing on-site 
solar power increasingly becomes a more attractive invest-
ment option to offset electricity costs (Center for Climate 
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and Energy Solutions, undated; U.S. Energy Information 
Administration, 2021c).

Meeting energy and climate policy objectives will also 
require supporting technologies to accompany solar gen-
eration capacity expansion, particularly storage technolo-
gies. This creates additional downward cost pressures for 
solar technologies. Moreover, maximizing the deployment 
of solar technologies means boosting not only utility-scale 
generation but also residential and commercial systems (see 
Figure 2). Financial incentives that address capital costs of 
deployment, such as the solar ITC, have been credited with 
catalyzing increased market share for residential and C&I 
solar. Such incentives as FITs, NEM, and SRECs (via CES) 
can complement the ITC and lead to even greater adop-
tion of distributed solar generation. The ability to pay for 
net electricity use improves the return on the initial capital 
investment in residential and C&I solar systems. In addi-
tion, the emergence of leasing options for solar systems that 
capitalize on the ITC has expanded the range of financing 
options available to customers, which boosts adoption and 
generation by reducing barriers to market entry. 

Ensuring incentive alignment to policy objectives also 
means addressing barriers that limit these objectives’ effec-
tiveness. Such challenges often arise disproportionately in 
the residential and C&I segments of the market. Some states 
still lack NEM, creating a fundamental barrier to capital-
izing on the opportunities for solar generation in the dis-
tributed generation market. The federal government has not 
intervened in state energy markets to mandate NEM rules. 

Meanwhile, many utilities recently have been lobby-
ing their respective public utility commissions (PUCs) 
to increase distributed generation capacity fees, increase 
residential electricity fixed charges, reduce distributed 

generation rate minimum charges, or reduce NEM pay-
outs (Proudlove, Lips, and Sarkisian, 2021). These fees can 
negatively impact the return on investment of smaller solar 
power projects. Utilities argue that distributed generation 
customers are using the grid but not paying for it, which 
shifts the costs of maintaining the grid to those not par-
ticipating in the distributed generation market. Although 
such assertions have been studied, the results are incon-
clusive (Bird et al., 2013; Lawson, 2019b). However, many 
utilities agree that the state rate policies for distributed 
generation tariff structures should be updated to ensure 
fair cost sharing for power grid use and the maintenance of 
electric service reliability (Edison Electric Institute, 2013). 
Although this example is not wholly representative of all 
relevant market participants, this presents an opportunity 
for the federal government to provide additional clarity, as 
Congress did in the Energy Act of 2005, or provide incen-
tives to promote these state-owned market mechanisms so 
they align with federal strategies on climate change, grid 
modernization, and energy security. 

Congress’s first attempt at promoting distributed gen-
eration through NEM was through the Energy Policy Act 
of 2005, which stated that distributed generation “may” be 
used to offset utility-provided electricity by adding it to the 
list of “states-must-consider” standards of the Public Util-
ity Regulatory Policies Act of 1978 (Pub. L. 109-58, 2005). 
Because of limits on federal involvement in state-level 
power markets, the Federal Energy Regulatory Commis-
sion has historically remained agnostic to NEM and FIT 
policies. However, establishing clearer, more coherent fed-
eral guidance on tariff incentive structures and federally 
incentivizing the NEM and FIT policies, rather than simply 
relying on regulatory encouragement, can increase the 
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utility of such federal incentives as the solar ITC or a clean 
energy standard.

Maintaining Reliability and Resilience

Solar power has both benefits and liabilities for reliability 
and resilience. Without an integrated power storage solu-
tion and demand response, solar power cannot meet fluc-
tuating power demand, making it a nondispatchable power 
source (a source that cannot be “turned on” or “turned off” 
to meet demand) (Afework et al., 2018). Furthermore, as 
solar power deployment becomes a larger share of electric-
ity generation portfolios, electricity systems could experi-
ence difficulty providing an adequate amount of power 
to satisfy demand, particularly at night or during times 
of reduced sun (Lawson, 2019a). Power markets with high 
levels of solar penetration will require integrated stor-
age solutions, expanded transmission systems, increased 
demand response, and complementary renewable or con-
ventional power generation assets to balance the market’s 
instantaneous supply and demand requirements. 

Conversely, because C&I and residential solar are 
often interconnected with the power grid and an on-site 
load, allowing for two-way power flow, these projects may 
contribute to further reliability issues stemming from high 
system renewables penetration without sufficient storage 
(Office of Energy Efficiency & Renewable Energy, 2020). 
Furthermore, the two-way flow of power can complicate 
the interconnection process because most electric distribu-
tion systems were not originally designed to accommodate 
two-way flow in either an engineering or market sense. 
Moreover, when a gridwide power outage occurs, electric-
ity utilities often limit power dispatch from these systems; 

this is done to protect workers responding to grid outages 
and other power grid equipment from feedback damage. 
Electricity utilities are making progress toward develop-
ing more-robust distribution networks to accommodate 
distributed generation feedback during power outages but 
have thus far been resistant to reconfiguration (New York 
Department of Public Service, 2016). For the United States 
to reach its power grid decarbonization rates, these techni-
cal obstacles will have to be mitigated, allowing higher C&I 
and residential solar power market penetration. 

Employment Co-Benefits of Solar 
Technologies

Promoters of solar technologies often argue that large 
investments in solar energy, and public subsidies in par-
ticular, are justified by potential co-benefits. One major 
co-benefit is job creation. The Biden administration has 
made green jobs a prominent focal point of its climate and 
energy policy (The White House, 2021b). Industry data 
indicate that between 2010 and 2019, solar employment 
grew 167 percent to approximately 250,000 jobs (The Solar 
Foundation, 2020); between 2014 and 2019, it accounted 
for one of every 150 new U.S. jobs (U.S. Bureau of Labor 
Statistics, 2020). The largest solar supply chain segment 
by employment—installation and project development—
accounted for approximately 65 percent of solar employ-
ment and grew 269 percent between 2010 and 2019 
(Figure 3). Solar installation and project development jobs 
include activities throughout the entire solar project con-
struction life cycle. 

However, a closer look at this job category reveals 
significant disparities among market segments. Of the 
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162,126 installation and project development jobs cre-
ated in 2019, 56 percent were residential, 25 percent were 
nonresidential, and 19 percent were utility-scale jobs (The 
Solar Foundation, 2020). The residential and nonresidential 

distributed solar generation market segments represent 
more than 80 percent of installation and project develop-
ment jobs and more than 52 percent of total solar jobs in 
the United States. These jobs tend to be high quality; they 

FIGURE 3 

Solar Employment by Solar Supply Chain Segment

SOURCE: The Solar Foundation, 2020 and 2021. Used with permission.
NOTES: The data represent total number of solar jobs from 2010 to 2020 for different elements of the supply chain. Data are based on the Solar Jobs Census, a 
collaborative effort of SEIA, The Solar Foundation, and the Interstate Renewable Energy Council. 
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receive an 11-percent salary premium and are 11 percent 
more likely to include health care benefits over parallel 
industry occupations (E2, 2020). However, the distributed 
generation solar market segment has lower labor produc-
tivity and economies of scale because of the high transac-
tion costs compared with utility-scale solar generation. 
Although they are less economically efficient, studies show 
that distributed generation solar jobs have a positive effect 
on induced jobs (jobs that are created when the wealth 
generated by the RE industry is spent elsewhere in the 
economy) (International Renewable Energy Agency, 2011). 

Although difficult to measure, this effect demonstrates 
the co-benefits that distributed generation solar power can 
produce in terms of employment. At the same time, expan-
sion of employment translates into growth in labor costs. 
Recent estimates indicate that achieving a net-zero target 
translates into approximately $200 billion in wages that 
must be paid during the 2020s and $200 billion to $500 bil-
lion during the 2040s (Mayfield et al., 2021). Therefore, 
when assessing net costs and benefits of incentives, the 
employment effects of increased deployment across differ-
ent market segments should be considered. 

Ensuring Fair Competition

The incentives that federal and state governments use to 
promote the deployment of solar power have different 
implications for different solar projects. Differences in 
incentive access may arise naturally and make policy sense 
because of intrinsic differences between market segments, 
but the ability for some actors to capitalize on incentives 
more effectively than others raises questions regarding 
the fundamental fairness of those incentives—particularly 

when there is misalignment between how an incentive is 
currently being used and its original intentions. 

One clear example is the proliferation of tax equity 
financing in solar markets. Because of the solar ITC, tax 
equity financing is now the most common method of 
third-party financing on a power capacity basis. Tax equity 
financing requires investors with enough tax liability—
typically the most profitable and financially secure banks, 
insurance companies, or large corporations—to contrib-
ute investment capital in a partnership with the project 
developer in exchange for the ITC tax credits. Tax equity 
investors benefit from the use of the Modified Accelerated 
Cost-Recovery System depreciation schedule in addition to 
the benefits that they receive from the ITC (provided that 
the investor has a positive 704(b) capital account) (“Inside 
Capital Account (704(b)),” undated). With Modified Accel-
erated Cost-Recovery System accelerated depreciation, 
companies can claim higher expenses earlier in the equip-
ment’s design life and thus lower their short-term taxable 
income. This earlier deduction allows companies to reap 
higher interest savings or investment returns, making the 
investment more tax-efficient. When combined with the 
solar ITC, this accelerated depreciation can return up to 
44 percent of a solar project’s costs to an efficient tax equity 
investor in the first year of operation (Weaver, 2020).

This scale of tax equity financing is not economically 
efficient for an individual residential solar project because 
utility-scale and C&I solar power systems receive more 
favorable financing terms and because of the administra-
tive burden associated with the piecemeal financing of resi-
dential solar power projects (Feldman and Schwabe, 2017). 
The difference in the ease of ITC application does not 
preclude residential projects from the variety of financing 
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options available, but it inadvertently provides Section 48 
users a distinct advantage over firms relying on homeown-
ers using Section 25D to finance solar projects.3 A variety 
of third-party financing opportunities for residential solar 
projects exist, but they rely primarily on traditional loans 
or the securitization of bundled Section 48 solar ITC tax 
credits from solar leases and PPAs to the same tax equity 
institutional investors.

 The early sunsetting of the Section 25D ITC (com-
pared with that of Section 48) provides an advantage to 
commercial developers, who can outcompete and consoli-
date residential solar installation market share. This might 
create future barriers to market entry for private individu-
als looking to capitalize on the residential tax credit. This 
exclusionary provision in the federal tax code undercuts 
the United States’ ability to deploy solar power at greater 
rates by selectively incentivizing a particular market par-
ticipant type. Commercial installers, who primarily use 
Section 48, can enter more leases or PPAs with residential 
homeowners and outcompete installers who relied on resi-
dential owner project financing and Section 25D. 

Already, commercial solar installers are leveraging 
economies of scale cost efficiencies and using Section 48 
to enter the residential solar market, consolidating a 
40-percent market share of small, distributed solar genera-
tion (U.S. Energy Information Administration, 2021b). 
Alternative third-party financing is an important method 
of offering access to those without sufficient upfront capi-
tal the opportunity to participate in the market. However, 
Sections 25D and 48 sunsetting at different times inadver-
tently incentivizes the market share consolidation of the 
residential market and reduces options for market access. 
Additionally, the higher Section 48 incentive for third-

party solar projects can potentially induce a higher system 
price because tax credits are being used to supplement proj-
ect soft costs (e.g., permits, labor, supply chain costs) rather 
than equipment. There is no existing congressional com-
mentary that explains why commercial entities are allowed 
to continue receiving Section 48 in perpetuity while private 
individuals cannot receive Section 25D. Maintaining equal 
sunset provisions between Section 25D and Section 48 
ITCs could help to preserve a competitive marketplace, 
increase market participation for private individuals, and 
allow more direct, efficient, and flexible use of a federal tax 
credit. However, such benefits of the deployment of solar 
generation capacity should be weighed against the costs. 
The amount of forgone revenue associated with Section 48 
alone has been estimated at $34.9 billion between 2020 and 
2024 (Joint Committee on Taxation, 2020).

The inequities created by the ITC could be ameliorated 
by reverting to an expired version of the ITC, specifically 
the refundable solar tax credit (also called direct pay). If 
the original intention of the ITC was to decrease solar 
installation costs, spur industry growth, and reduce barri-
ers to market entry, reenabling the refundable provisions 
would eliminate dependence on tax equity financing and 
tax credit rollover. Direct pay is a more efficient project 
finance option, eliminating the premium paid to tax equity 
and third-party investors for project financing and ensur-
ing that project installers receive the full benefit. There 
are other benefits that the refundable tax credit provides 
besides effective financial utilization and equity. Between 
2009 and 2011, the refundable solar tax credit program 
allowed 110,000 projects to monetize the credit. The largest 
number of projects were residential solar systems. Addi-
tionally, the program was attributed with the creation of 
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75,000 direct and indirect jobs (Steinberg, Porro, and  
Goldberg, 2012). However, the refundable solar tax credit 
proved expensive because of the high uptake. Therefore, 
expanding access to the ITC for more individuals ultimately 
results in the federal government bearing a greater burden 
of solar generation deployment costs. 

Another method to achieve net-zero emissions and 
ensure a fairer market is implementing a CES and a 
complementary carbon price. A carbon price provides an 
economic signal to equate the marginal abatement costs 
across pollution sources and often can incentivize carbon 
reduction across an entire economy at the lowest possible 
overall cost (Schmalensee and Stavins, 2017). A carbon 
price is a more systematic approach to decarbonization but 
can be considered less intrusive than more-prescriptive 
incentives because it allows market participants the choice 
in how to approach decarbonization. When paired with 
other incentives, a carbon price can be a potent policy lever 
that can further motivate the expansion of particular RE 
technologies. However, because carbon pricing has such 
wide-ranging effects on an economy and typically gives 
market participants a diverse set of options in how to 
approach decarbonization strategies, it can be difficult to 
fully determine the effects of other decarbonization incen-
tives and policies as they may be masked by the variety of 
options (Somanathan et al., 2014). However, “it is rare that 
carbon pricing is the only lever that policy makers pull” 
(Best, Burke, and Jotzo, 2020).

Electricity in the United States is not sold like other 
commodities because of its market regulatory structure. 
Consideration should be given to how and who benefits 
from incentive program expansion. U.S. electric utilities 
are given monopolies over their service regions to provide 

electricity at a fair rate in exchange for being regulated by 
PUCs, which exist to ensure fair market pricing. Never-
theless, electric utilities have a history of anticompetitive 
and antitrust behavior (Gross, 1979; Turetsky, 1996). As 
the capital costs of distributed solar generation have fallen 
and the technology has become more ubiquitous, issues of 
market competition have arisen between utilities and dis-
tributed solar companies. This has occurred whether or not 
utilities own distributed generation assets and threatens to 
usurp fair and competitive power markets through consoli-
dation of distributed generation market share. 

Utilities have asserted issues of socioeconomic equity 
to defend their practices—such as concerns over wealthier 
ratepayers taking advantage of the benefits of distributed 
generation assets and leaving ratepayers least able to afford 
it to cover fixed costs of the grid (SEIA, 2016). In Califor-
nia, which has the most distributed solar generation in the 
United States, the California PUC found that participants 
benefited—to the detriment of nonparticipants (Verdant, 
2021). This is a critical example of designing competitive 
markets in which the benefits of distributed generation 
are balanced with their contribution to the grid to prevent 
costs shifting to those who cannot afford solar. 

Distributed solar generation companies have been 
identified as “substantially disadvantaged” compared with 
vertically integrated power utilities, which have positioned 
themselves as the arbiters of their power market jurisdic-
tions (SEIA, 2016). The Department of Justice has also 
identified these anticompetitive behaviors in utility prac-
tices, making distributed solar generation uneconomical 
and forcing customers to exclusively purchase retail, utility-
provided electricity (Ellis, 2020). When regulated electric 
utilities do not own distributed generation assets, a host 
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of regressive distributed generation market methods have 
been used, including increasing fixed charges, demand 
charges, solar taxes, and standby charges and delaying 
permission to operate or applications for distributed gen-
eration interconnection. Moreover, electric utilities have 
received support from regional, state, and local authorities 
to prevent competition (SZ Enterprises, 2014).

Enhancing the Equity of Access to the 
Benefits of Solar

Various federal and state incentives will continue to play 
a role in stimulating solar technology deployment, but 
the ability of different groups to capitalize on the benefits 
of these incentives varies significantly. This ultimately 
contributes to inequities in incentive structures and their 
social impacts. Despite its elegant use in project financ-
ing solar projects, the ITC was not originally designed as 
a mechanism for tax equity financing of large solar proj-
ects: Structurally, the tax credits were intended to assist 
residential homeowners and commercial solar developers 
(Keightley, Marples, and Sherlock, 2019). However, many 
homeowners and commercial solar developers generally do 
not pay sufficient federal taxes to take full advantage of the 
ITC in offsetting the significant costs of system installation 
(SEIA, undated-e; Wuebben, 2019). 

For DVC households that own their homes, the aver-
age residential rooftop solar system could generate an ITC 
benefit of approximately $4,600 using Section 25D (Fu, 
Feldman, and Margolis, 2018). The bottom 50 percent of 
U.S. income earners pay an average of $626 per year for 
electricity, requiring an average of more than seven years 
to realize the full monetization of the tax credit (York, 

2021). Additionally, rolling over the tax credit year-over-
year means losing the value of the ITC to the time value of 
money. Meanwhile, the average income taxpayer in the top 
50 percent will, on average, realize the ITC’s full value in 
the project’s first year of operation because of their higher 
tax liabilities. 

This has real-world effects: In California, DVC house-
holds have less than half the distributed solar in their 
communities than those in the wealthiest neighborhoods 
(Lukanov and Krieger, 2019). This is after considering the 
increased C&I solar in lower-income communities. These 
same households also face an electricity bill burden three 
times higher than non-low-income households and would 
reap outsized health and environmental benefits from solar 
power because natural gas- or oil-burning power plants are 
more likely sited in DVCs (Krieger, Casey, and Shonkoff, 
2016; Office of Energy Efficiency & Renewable Energy, 
undated-a).

Reducing the tax burden of the top 50 percent of earn-
ers using the ITC while increasing residential property 
value directly contributes to the widening wealth gap in the 
United States (Lei, 2017; Sunrun, 2021). By changing the 
nonrefundable tax provision back to a refundable tax credit 
for at least lower-income earners, the federal government 
could increase participation in the solar market. Lower-
income earners could realize the full value of the ITC 
within the first year of the project’s operation like their 
higher-income counterparts. 

DVCs also face challenges in adopting distributed 
solar generation because the high rate (59 percent) of 
low-income households that are renters (Office of Energy 
Efficiency & Renewable Energy, undated-a). Incentives to 
improve energy efficiency and install distributed genera-
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tion are often misaligned with renters, depending on who 
is responsible for utility costs. Multifamily residences, 
whether owned at the individual unit level or rented, create 
additional challenges for making use of the ITC. 

However, there are good examples of expanding access 
to solar power without using individual ITC residence 
applications. Existing programs in California, such as the 
Disadvantaged Communities–Single-Family Affordable 
Solar Homes and Solar on Multifamily Affordable Housing 
programs, are in the nascent stages. These programs evalu-
ate the availability of financial incentives and resources 
for homeowners and property owners in DVCs who might 
want distributed solar power for their properties. Com-
munity solar could be an attractive policy lever for increas-
ing access for rural DVCs or urban DVCs with significant 
industrial or commercial rooftop capacity. 

Conclusions and Policy 
Implications

By renewing commitments to international climate change 
compacts, setting ambitious domestic policy goals, and ini-
tiating a whole-of-government approach, the Biden admin-
istration has taken an aggressive stance on climate change. 
Fully implementing this vision and achieving climate and 
energy objectives will require the strategic harmonization 
of government interventions in the energy sector. With 
administration efforts still in the early stages of develop-
ment, policymakers should reflect critically on the existing 
portfolio of incentives to determine if they remain both 
necessary and sufficient for catalyzing the requisite levels 
of RE while satisfying other policy objectives, such as 
energy reliability and equity. 

Accordingly, we identify the following courses of 
action for consideration: 

• Solar power is a core technology for transition-
ing away from fossil fuel-based electricity. Energy 
pathways that lead to decarbonization of the U.S. 
energy system imply rapid increases in the rate of 
deployment of solar generation, even relative to the 
growth seen over the past decade. As demonstrated 
by energy and economic modeling, this growth will 
likely be needed across all solar market segments—
residential, C&I, and utility-scale. Therefore, align-
ing incentives to stimulate growth of solar across all 
these fronts can enhance the ability of solar technol-
ogies to contribute to achieving the administration’s 
net-zero goals. 

• Given the diversity of federal and state incentives for 
solar technology deployment and the rapid evolu-
tion of the solar market in recent years, policymak-
ers should consider revisiting various incentives to 
determine whether each is appropriately structured 
to achieve policy objectives and to evaluate poten-
tial consequences and interactions among them. 
The potential impact of extending the federal ITC 
is undermined by the absence of NEM and FITs for 
distributed resources in a number of states, and the 
observed increase in distributed generation capacity 
fees is eroding revenue from the sales of surplus elec-
tricity by owners of distributed electricity systems. 

• Extending the Section 25D and 48 provisions for 
an extended period of time and offering parity in 
credit size and the eventual elimination of the cred-
its would enable longer-term investment planning 
and facilitate more equitable market participation 
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for residential, C&I, and utility-scale customers and 
developers. Meanwhile, particular attention is also 
needed for incentives that are accessible to DVCs, 
which have had limited opportunities to enter solar 
energy markets. Reverting the nonrefundable tax 
credit to a refundable one would help a broader 
spectrum of Americans access incentives, thereby 
enabling the benefits to be received by those directly 
installing distributed energy resources. However, 
although refundable credits catalyze deployment of 
distributed solar generation, they reduce tax revenue 
to the federal government and therefore should be 
periodically evaluated to determine whether there is 
an ongoing need for their use. 

• Increased levels of solar deployment can yield co-
benefits, such as increased employment and system 
resiliency. However, the size and distribution of 
such co-benefits is highly contingent on the design 
and implementation of policies. Furthermore, too 
much solar power deployment in the absence of 
complementary technologies, such as energy stor-
age, can reduce system reliability and cost savings. 
The design of incentives should consider the tech-
nical and economic trade-offs when planning to 
incentivize a particular technology.

• Clarifying federal guidance and providing addi-
tional incentives for distributed generation tariffs 
can contribute to the national decarbonization 
agenda on a regional scale. Federal regulations 
already allow states flexibility in power market 

design, limiting the ability of the federal gov-
ernment to dictate changes from the top down. 
However, federal agencies can provide enhanced 
guidance on the value of NEM for increasing 
deployment of solar power systems and on pricing 
structure for solar FITs and their alignment with 
other energy policies and targets. 

• If policymakers want an economywide approach 
to incentivizing rapid deployment of RE, then the 
implementation of a national clean energy standard 
is a technology-neutral approach to decarboniza-
tion that makes use of all available technologies 
and allows for custom market solutions based on 
regional differences in existing policies and genera-
tion portfolios. Coupling a clean energy standard 
with a carbon price can be an economically efficient 
and effective mechanism for reducing emissions, 
motivating both the public and private sectors 
toward a common goal. Nevertheless, these are 
complex policy structures that generate both costs 
and benefits for different stakeholders.

Galvanizing the low-carbon energy sector with this 
combination of policies has the potential to accelerate the 
ongoing energy transition toward renewables and yield 
employment, social, and environmental benefits for future 
generations of Americans. If the costs and benefits are 
shared fairly, the energy transition also can contribute to 
reducing the disproportionate financial burden placed on 
DVCs with respect to energy costs.
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Endnotes
1 Direct current (DC) is the rating of the solar capacity before it is con-
verted to alternating current (AC) to be exported to the power grid.
2  Although the federal CES would force early retirement of many fossil 
fuel power plants throughout the country, Grubert has shown that it 
would only financially strand approximately 15 percent of fossil capac-
ity-years and 20 percent of job-years (Grubert, 2020). (A stranded asset 
is a resource or job that has lost its value or ability to produce income 
because of external changes; Makower, 2019.) This level of stranded 
assets is very low on a global energy economy basis (Kefford et al., 2018). 
3  There are many financing options available to residential projects, 
including traditional loans, solar leases, and Property Assessed Clean 
Energy financing.
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