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The energy transition and its equity impacts

The energy transition can have substantial impacts on households that can be highly
heterogeneous.

Example: Rich households have easier access to solar and batteries. Net-metering of solar
can leave poorer households stranded without policy action.

Uneven impacts combined with climate change impacts:
▶ Households most exposed to extreme events tend to have the lowest income (poor building

construction and insulation, heat islands).
▶ Also least able to adapt and upgrade with resilience equipment (solar + backup battery, solar

+ EV as battery).
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Example: adoption of EV and solar in Catalonia

Source: Enrich and Reguant, 2023. “Efectes distributius de la transició energètica: reptes i oportunitats per a una transformació justa.” Nota d’Economia.
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Equity impacts can be substantial
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Equity impacts can be devastating
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Many energy/climate policies tend to be regressive

Energy policies tend to favor the highest income quintiles.

Electric vehicles and rooftop solar panels are key examples, but this pattern applies more
generally.

While energy expenditure as a share is higher for low-income households, energy
expenditure in levels grows with income.

Additionally: credit constraints, tax credits, real estate ownership, etc.
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Many open questions to address efficiency and equity

Critical need to think about open topics concerning the energy transition that seem highly
suited for economists and that touch distributional issues:
▶ Equity impacts of non-linear and dynamic pricing during energy transition.
▶ Stranded assets and design of tariffs for fixed costs.
▶ Competition with dynamic prices and heterogeneous inattentive consumers.
▶ Solar panel and battery adoption with credit constraints.
▶ Transportation electrification and combustion car phase out.
▶ Heterogeneous ability to engage in reliability and resilience.
▶ Etc.
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Examples of tools/topics in the literature

Studies focus on different policies/tools and data:
▶ Quantification of impacts via detailed tax/purchase data (Davis and Borenstein, 2016 – US

energy tax credits; Borenstein, 2017 – solar PV).
▶ Comparisons of pricing impacts with micro data and aggregate income/demographic data

(Borenstein, 2012 – non-linear pricing; Leslie et al, 2021 – RTP pricing using substation
data; Cahana et al, 2022 – RTP pricing using household data).

▶ Counterfactual equilibrium model of demand and supply based on household data (Wolak,
2016 – water; Feger et al., 2021, DeGroote and Verboven, 2022 – solar panels).

▶ Responses to uneven impacts of energy policies using survey/voting data (Fabre and
Douenne, 2022 – Yellow Vests) and electoral data (DeGroote, Gautier and Verboven, 2022 –
solar PV).

▶ Quantification of the impacts of a carbon tax, looking at the entire system (Metcalf, 2019;
Cronin et al., 2019; Paoli and van der Ploeg, 2021),...
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Today: uneven participation to policies meets rooftop solar

Rooftop solar is a textbook case where climate policy, tariff design, and inequality interact.

Access to subsidies for renewable power tends to be uneven.

Additionally, renewable power tends to get favorable electricity tariffs.

The two create an advantage to high-income households.

It can potentially unravel, the so-called ”death spiral”: low income households are left
behind with the older infrastructure, which becomes more and more costly to maintain
per person.

We will first establish some of these facts and then build the intuition in the model.

Note: not all papers are strictly about solar.
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Inequity channels

Three elements favor high-income households:
▶ Access channel: who can adopt
▶ Tariff channel: who benefits more conditional on adoption
▶ System channel: who pays when many adopt (”death spiral”)
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Borenstein and Davis (2016) - Access channel

Borenstein and Davis (2016) document tax credits.

They use tax return data (IRS) to examine
characteristics of recipients.

Results suggest these are highly regressive.

Plausably more regressive than carbon taxes,
although much more popular (to a certain extent).
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Energy tax credits for EVs and solar in the US
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Evolution of overall spending

Paper focuses on a period of large energy
programs via the American Recovery and
Reinvestment Act (Recovery Act).

Large programs to subsidize energy
efficiency (windows, furnances, heat
pumps), solar panels and alternative
vehicles.

Over $18 billion over the period of study
on residential-focused subsidies alone.
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Distributional analysis: access

Thanks to the very detailed micro data
from the US Treasury (IRS), authors can
document that adoption of energy tax
credits is very low by low income
households.

Due to the nature of these tax credits,
some of these tax credits cannot be
accessed by low income households.

This is in addition to several other barriers
(credit constraints, renter status, etc.).
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Distributional analysis: concentration curves

Authors also compute concentration
curves of transfers of energy tax credits.

x-axis: income / y-axis: transfers.

Concentration is very large, and much
larger than the distribution of income
(annual gross income or AGI).

Figure: example from EVs.
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How to deal with uneven access?

Many policies try to now explicitly target low-income households.

Example: weatherization assistance program (WAP), community solar programs.

In practice, difficult to implement in low-income neighborhoods with high participation
costs and limits on ability to directly benefit from program (e.g., renters).

Need to pool across several housing units also makes practical implementation harder
(e.g., community solar rooftop: problems with community agreements, also with
bureaucracy, limits on property tax credits, etc.).
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Solar PV in California: low-income focus?

Source: California Distributed Generation Statistics, https://www.californiadgstats.ca.gov/.

Access remains an important channel in rooftop solar equity concerns.

18 / 39



Borenstein (2017) - Tariff channel

Paper studies the distributional impacts of solar PV
in the PG&E territory.

It uses detailed billing data with solar panel
installation and production data to quantify
adoption and winning by income quintiles (Census
block group). Also, limited hourly consumption
data for a sample of households.

Paper computes the relevance of rate design in
effective solar PV adoption.

19 / 39



What does the paper do?

Question: To which extent is net-metering a subsidy to solar adoption? How does it
relate to income?

Data: Monthly billing data for the three largest utilities in California (PG&E, SCE,
SDG&E), social bonus status (CARE), median and mean income at the Census block
group level (precise, small neighborhood area, but not individually).

Method: Ecological methods to bound redistributive impacts under assumption of
perfect sorting (higher consumption → higher income) vs. no sorting vs. weighted based
on survey data (most realistic).

Findings: Net-metering can be as large of a subsidy as the subsidies themselves!
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Concentration indices

Concentration curves show a higher
concentration of adoption in high-income
categories.
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Factors making solar very attractive in California

Federal tax credit

Accelerated Depreciation Value (if under
lease)

State subsidies (CSI program)

Good solar radiation

High electricity prices

Rate structure (net-metering)
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What is net-metering (NEM)?

Under NEM, households will get the
energy produced from their solar panels
subtracted from their demand.

They are only charged for their net
demand, e.g., at the monthly level.

Traditionally, energy-based, so the implicit
price for solar power is the retail price.

Due to non-linear pricing, net-metering is
more attractive to high energy users,
which on average, are higher income.
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NEM can be a substantial subsidy

Under traditional NEM expected
the net present value (NPV) of
solar panels can be much larger.

This is due to the fact that the
retail energy prices can be much
larger than the marginal cost of
electricity.

In California, there were no
fixed fees: all the distribution
network is paid via retail prices
that are proportional to
electricity consumption.

IBP = Increasing block pricing
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NEM interacts with income

Going from traditional NEM to a flat rate per solar output
reduces benefits of households.

It also reduces benefits to higher income households
disproportionately more, making differences across
households much smaller.

Note: A - Monthly IBP. C - flat tariff. Solid line denotes higher
income.
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Feger, Pavanini & Radulescu (2022) - System channel

Estimates a structural model of:
▶ household electricity demand, and
▶ dynamic rooftop solar adoption.

Households respond to:
▶ volumetric electricity tariffs,
▶ fixed grid fees, and
▶ solar installation subsidies.

Uses the model to simulate equilibrium outcomes as
solar adoption increases:
▶ tariff adjustments needed to recover grid costs,
▶ adoption responses,
▶ welfare and distributional effects.

Why a model? Tariff incidence and adoption
decisions interact, so partial-equilibrium accounting
is no longer sufficient.
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FPR - When solar adoption scales up: the “death spiral”

Rooftop solar adoption reduces households’ purchases from the grid.

But electricity networks have largely fixed costs.

When fewer kWh are sold, volumetric tariffs must rise to recover largely fixed network
costs.

Higher retail prices make solar adoption even more attractive.

This feedback loop is often referred to as the utility “death spiral”.
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FPR - Data

Administrative panel data for 135,000 households in the Canton of Bern (Switzerland).

Annual electricity consumption, prices, and fixed fees from local utilities.

Matched income and wealth data from tax records.

Detailed information on rooftop solar adoption and building characteristics.

Simulated household-level solar production to evaluate counterfactual adoption.
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FPR - Main results

Solar adopters save substantially on electricity bills.

Non-adopters face rising tariffs as grid costs are reallocated.

Because adoption is concentrated among higher-income households:
▶ the access channel is regressive across adopters vs. non-adopters;
▶ the system channel can appear progressive across income groups on average, since

higher-income households consume more electricity and adoption remains limited in the Swiss
context.

Equity conclusions depend on which margin we focus on and on the institutional context.

In settings with higher solar potential and faster uptake, both margins are likely to become
regressive (e.g. Spain, California), where death spiral is already playing a major role.
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System channel: In vs. out

Net metering has implications for other
households, due to the high cost of this
implicit subsidy.

This has led to an evolution of net
metering policies in many states and
countries.

We will create a baby simulation of the
death spiral.
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A growing challenge

Demand of electricity is not always well
timed with solar production.

Net-metering is equivalent to assuming
that we produce electricity when we need
it.

With few customers, this might be
manageable.

However, with more and more households,
one needs to properly incentivize
consumption at the right time (or promote
battery adoption).
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The duck curve and wholesale market prices
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What is the “correct” NEM policy?

With the duck-curve effect, traditional net-metering (NEM) subsidies tend to be even
larger (as consumer retail prices are typically not real-time).

More and more, NEM policies tend to separate self-consumption of solar power vs.
“mismatched” consumption of solar power.

This distinction is enabled by smart meters, as traditionally the old-fashioned NEM was
the easiest.

Updated NEM:
▶ If self-consumption, it cancels demand and it tends to cancel retail price obligation (or

something close to it).
▶ If pouring it into the grid (“mismatched”), household receives a different price, based on

retail competitive offers, wholesale day-ahead or real-time prices, or regulated “avoided cost.”
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NEM payoffs

1.0
▶ Pay and receive a constant high retail price pr for consumption or generation.

Bill = pr
∑
t

(dt − qt),

where dt is demand, qt is solar output.

2.0
▶ Receive retail price only if consumption is coincidental.
▶ Receive wholesale price pw for non-coincidental demand if they produce in excess.

Bill =
∑
t

(
(1(dt − qt ≥ 0)pr + 1(dt − qt < 0)pw

)
(dt − qt)

▶ Households receive high pw if they are net-producing: an incentive to consumption shifting
or battery adoption.
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Practicum goals

We will model self-consumption and solar output of residential households.

We will add grid costs to the model

We will examine the value of solar power with different forms of NEM.
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Let’s practice.
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