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Background



Background: What are the forms of equity addressed 
here
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ü Access
• Is access to clean energy subsidies available to the low-income (LI)?
• Gauged by whether or not LI get the subsidy. 

ü Distributional
• Are the allocations of clean energy subsidies and cross-subsidies equitable 

between the LI and medium and high-income (MHI)? 
• Gauged by comparing the $ value of subsidies and cross-subsidies for LI and 

MHI.

q Procedural—are the processes that shape access and distribution equitable 
between LI and MHI? Not the focus here



Background: Coverage
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Two important clean energy policies examined here

• Rooftop PV subsidies and cross-subsidies
o Net energy meter pricing
o Federal investment tax credits

• Electric vehicle (EV) subsidies and cross-subsidies
o Federal tax credit
o Sampling state subsidies

• That clean energy subsidies bring net benefits to society is a given; focus here is 
on the access and distribution of the monetary benefits between LI and MHI.



Background: Subsidies
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• Regulatory subsidies—put in place by regulator in support of a 
policy goal. Only applies to regulated industry e.g. utility
o Off-budget
o Hard to measure because no reported cash flow

• Direct subsidy—a direct cash payment, grant, or tax credit in 
support of policy goal
o e.g. welfare payments
o Appears on budget 
o Relatively easy to measure because associated cash flow



Background: Cross-subsidies

© 2021 DEFG LLC
9

• Cross-subsidy—charging higher prices to one type of consumers to artificially 
lower prices for another group 
o Can follow from a regulatory subsidy or a direct subsidy
o Revenue neutral-typically designed to maintain the overall level of 

revenues of the regulated company or government

• Example: US Postal Service—delivers a first-class letter to any address in the 
country for the same price, cross-subsidizing rural consumers at the expense of 
urban consumers

• Difficult to measure



Rooftop 
photovoltaic 
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Rooftop PV: Net energy meter pricing (NEM)
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• NEM encouraged by Federal Law (Energy Policy Act of 2005) as an 
administratively simple way to promote distributive generation

• Rooftop PV accounts for 97% of distributed generation capacity participating in 
NEM programs

• Adoption of rooftop PV/NEM driven by mandated renewable portfolio 
standards

• Consumers who install rooftop PV are “prosumers”—they both produce and 
consume  electricity

• On average about 20-40% of a prosumer’s output goes into the grid 

https://sgp.fas.org/crs/misc/R46010.pdf
https://www.seia.org/initiatives/net-metering


Rooftop PV NEM: Low penetration but high growth
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• 45 states required utilities to offer net metering to consumers as 
of 2019

• About 1% of U.S. electricity customers participated in NEM as of 
2018 

• Wide variation across states
• Rapid growth

https://sgp.fas.org/crs/misc/R46010.pdf


Rooftop PV NEM:  Subsidies
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• Under NEM, prosumers are paid at the retail rate for the electricity that they 
export to the grid

• The excess of the retail price paid to the prosumer over the wholesale price 
provides serves as a regulatory subsidy to incentivize installation of rooftop PV

• Prosumers reduce the demand and revenues for the utility

• Utility may need to increase tariffs in the face of lower revenues, creating the 
possibility of a cross-subsidy from consumers to prosumers



Rooftop PV NEM:  Subsidies
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• Since the subsidy is equivalent to the retail price less the wholesale price, it is 
broadly equivalent to the utility’s fixed

• The higher fixed costs, the bigger the subsidy e.g. CA
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Rooftop PV NEM: Access for the LI is quite limited
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• Households with more than $200,000 in income are four times 
more likely to adopt rooftop PV than households earning less then 
$50,000  

• Majority Black or Hispanic neighborhoods have less rooftop PV  

• But some improvement in access in recent years  

https://www.scientificamerican.com/article/solar-powers-benefits-dont-shine-equally-on-everyone/
https://www.cesa.org/event/the-impact-of-policies-and-business-models-on-income-equity-in-rooftop-solar-adoption/


Rooftop PV NEM: the economic literature
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• The literature uses a wide variety of models, definition of costs and benefits, 
time frames and demand growth

• On many fronts the literature reaches different conclusions

• An aside: there is a consensus that fears of a utility “death spiral” from rooftop 
PV may be exaggerated
o The utility death spiral hypothesis holds that rooftop PV reduces utility 

demand which compels an increase in tariffs, which accelerates adoption of 
more rooftop PV, further reducing demand and increasing tariffs…

o However, the literature says little evidence of a death spiral:
• Increases in tariffs are small except at high levels of penetration
• Declines in demand are small in the face of higher tariff because:

• consumers want to maintain their level of energy demand and 
• they have no alternative to their local utility 



Rooftop PV NEM: the economic literature

© 2021 DEFG LLC
17

• There is also a broad consensus that: 
o Subsidies—Rooftop PV does lead to lower bills for prosumers and thus 

substantial subsidies
o Cross-subsidies—Consumers do provide a cross-subsidy to prosumers

• However, different results on the magnitude of the subsidies and cross-
subsidies i.e. on distributional equity



Rooftop PV NEM: representative study

© 2021 DEFG LLC
18

• Reported here are results from one representative and reputable paper:
o Accounts for not just residential but also commercial users
o Takes into account shifts in peak load

• Uses data from New Jersey, which has relatively high tariffs

• Rooftop PV shifts the peak load to the evening when solar production falls off

• The shifting of the peak load affects the allocation of costs between residential 
and commercial customers

http://:0/www.sciencedirect.com/science/article/abs/pii/S0957178715300230
https://www.electricchoice.com/electricity-prices-by-state/


Rooftop PV NEM: Representative estimate of subsidies 
and cross-subsidies
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• MHI prosumers enjoy large subsidies (lower annual electricity bill) of around $900 at 5% 
and 15% penetration

• MHI consumers pay cross-subsidies (higher bill) of $16 and $195 at 5% and 15%
• LI consumers incur substantial cross-subsidies (higher bill) of $11 at 5% and $127 at 15% 

penetration
Source: https://www.sciencedirect.com/science/article/abs/pii/S0957178715300230 and Stone estimates.
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Rooftop PV NEM: Representative estimate of subsidies 
and cross-subsidies
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• Residential consumers face higher costs at higher levels of penetration

• The increase in cross-subsidies at higher levels of penetration have 
bigger hit on LI budgets

• According to this study, at 15% penetration rate LI consumers provide 
cross-subsidy to prosumers equivalent to about 1% of their income.

Source: https://www.sciencedirect.com/science/article/abs/pii/S0957178715300230 and Stone estimates.

https://www.sciencedirect.com/science/article/abs/pii/S0957178715300230


Rooftop PV NEM equity: broadly inequitable
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• Inequitable access to rooftop PV: LI clearly have low rate of adoption of rooftop 
PV compared to the MHI

• Somewhat mixed picture of distributional equity
o Subsidies for prosumers large (especially over the lifetime of the rooftop PV 

installation)
o Cross-subsidies do not appear to be onerous for LI at low rates of 

penetration, but increase quickly as penetration rises



Rooftop PV NEM: Some alternatives to NEM pricing
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• Avoided cost/wholesale price—Instead of retail rate, pay prosumers 
the wholesale rate i.e. the cost that would otherwise be paid by the 
utility (no subsidy to incentivize rooftop PV here)

• Value of solar—Price can include some or all of utility costs as well 
as quantification of the benefits to society (can be a subsidy if VOS 
price exceeds wholesale price)

• Adding fixed charge to bills—Helps utility recover fixed costs

• Others



Rooftop PV ITC: Federal investment tax credits for Rooftop 
PV
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• Rooftop PV ITC is a Federal 26% tax credit (directly reduces tax bill) for systems 
installed in 2020-22  

• Example: For installation of a PV worth $20,000, the household saves $5,200 
(0.26 *$20,000)

• This is a direct subsidy

• To get the full tax credit, rooftop PV owner must have tax liability of at least 
$5,000, or income exceeding about $62,000, ruling out the low income

• Biden $3.5 trillion bill blueprint extends the rooftop PV ITC for 10 years at 30% 
(conditional on prevailing wages and apprenticeships)

http://www.energy.gov/eere/solar/homeowners-guide-federal-tax-credit-solar-photovoltaics


Rooftop PV ITC: investment tax credit equity takeaways
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• Similar to NEM takeaways

• Highly inequitable access to LI: LI can’t get the ITC because they don’t have a 
high enough tax liability to realize the full credit (and often can’t afford rooftop 
PV)

• Mixed picture of distributional equity
o ITC subsidies for rooftop PV owners large—equivalent to about 25% of low-

income annual income
o Cross-subsidies from the LI to MHI are negligible because LI make up such a 

small share of overall Federal tax revenues



Electric Vehicles
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Electric Vehicles: Federal tax credits

Federal tax credit
• Currently up to $7,500 tax credit (directly reduces taxes)
• This is a direct tax subsidy
• First offered in 2008
• Applies to new EVs bought from manufacturers who have sold<200,000 

cars (excluded are Tesla, Chevy, GMC, Buick)
• Starts with a base incentive of $2,500, and then for ramped up with higher 

battery capacity up to $7,500  
• To get full credit, must have at least $7,500 in owed taxes

Alternative fuel infrastructure tax credit
Consumers who purchase qualified residential fueling equipment prior to end-
2021, may receive a tax credit of up to $1,000. 
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https://www.fueleconomy.gov/feg/taxevb.shtml


Electric Vehicles—More Federal tax credits in the pipeline?

Federal tax credit proposed in Biden’s $3.5 trillion budget 
blueprint adds $5,000 to the current $7,500 tax credit available 
for a total of $12,500 potentially available to EV buyers. 
To qualify, an EV must:

• be assembled in the US and with union labor (disqualifies nonunion 
automakers such as Tesla and Toyota) 

• use a US-built battery to qualify for the full $12,500 incentive
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https://www.cnet.com/roadshow/news/ev-tax-credit-bill-biden/


Electric Vehicles—Quite limited access to Federal tax 
credits
• Access by income: top income quintile has received about 90% of all 

Federal tax credits for electric vehicles

• EV owner must have MHI to get the credit; $160,000 needed to get 
the proposed $12,500 credit!
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Electric Vehicles—Limited access by ethnicity

• Qualification of access by ethnicity: 
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https://rc.library.uta.edu/uta-ir/bitstream/handle/10106/29451/Liu_EV_Equity_FinalReport.pdf?sequence=1&isAllowed=y


Electric Vehicles— State EV subsidies

• 25 states have offered battery EV purchase incentives and 22 states have 
offered plug-in hybrid EV purchase incentives, as of May 2020

• Range from $500 in Montana to a $4,500 rebate in California

• Thirteen states have implemented rebate programs

• Seven states implemented state income tax credits 
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https://afdc.energy.gov/laws/state
https://rc.library.uta.edu/uta-ir/handle/10106/29450


Electric Vehicles— Some state EV subsidies more 
accessible than Federal

• Many state programs have in theory better access than Federal tax credits

• Rebate programs—e.g. CA instant electric vehicle reward up to $1,500

• Excise tax exemption—Three states and DC 

• A few states offer larger EV incentives to lower-income households
o California—Grants under Clean Vehicle Assistance Program  
o Vermont—financial incentives solely to low- and moderate-income 

residents  
o Connecticut—grants for those in a state or federal income qualified 

program
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https://afdc.energy.gov/laws/state
https://rc.library.uta.edu/uta-ir/handle/10106/29450
https://cleanvehiclegrants.org/
https://afdc.energy.gov/laws/12230
https://afdc.energy.gov/laws/11609
https://portal.ct.gov/-/media/DEEP/air/mobile/CHEAPR/CHEAPR---Rebate-Plus---Qualifying-State-and-Federal-Programs.pdf


Electric Vehicles—Federal cross-subsidies are negligible

• Cross-subsidies from the LI to MHI electric vehicle owners are 
negligible 

• Federal tax revenues are almost all paid by MHI taxpayers not by the 
LI

• The same logic applies to some of the state incentives
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Electric vehicle equity takeaways

• Access equity: Highly inequitable owing to small tax 
liabilities of the LI

• Distributional equity: 
o EV owners who are mainly MHI enjoy large subsidies
o Cross-subsidies from the LI to the MHI are negligible
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Electric Vehicles—Alternatives to Federal ITCs 
• Research shows that many or most of incentives now in place are not effective 

for the LI

• Alternatives:
o Provide instant rebate “cash on the hood”
o Make tax credits fully refundable (negative tax)
o Provide accessible and equitable financing
o Larger incentives for the low-income
o Used vehicle initiatives
o Scrap and replace
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The Big Picture
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Big picture summing up

• Access equity: the low income have highly inequitable 
access to clean energy subsidies 

• Distributional equity:
o The large subsidies for the medium and high income

rooftop PV and EV owners mean highly inequitable 
distribution  

o Generally small cross-subsidies from the low income to 
the medium and high income, except for rooftop PV at 
higher levels of penetration
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Final thought

A household that is:

(i) a solar PV prosumer and

(ii) gets the full Federal EV tax credit

can save about $8,500/year, equivalent to half the poverty guideline for a two-
person household…the LI are missing out!

The higher EV credit in Biden’s $3.5 trillion budget blueprint raises this figure to 
$13,500, or four-fifths of the poverty guideline!
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Questions?
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Contacts

Jamie Wimberly, CEO, DEFG
jwimberly@defgllc.com

Nat Treadway, Managing Partner, DEFG 
LLC

ntreadway@defgllc.com

DEFG is a consumer insights and advisory 
firm in the utility space. Through 

collaborative research, data analysis and 
peer-to-peer networking, we help our 

clients achieve ways to better serve their 
consumers.


