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Motivation

Increasing adoption of residential solar panels Challenge regulators: network
financing and vertical equity.

Grid costs are paid by consumption-based marginal retail price.

Adopters are usually wealthier households. Regressive residtrivutive effect in

green energy incentives ⇒ subsidy received by richer households.

Question: Should grid financing be based on consumption or fixed?

Rich households share the same burden as poorer households. But it may

reduce the incentive to adopt solar panels, and it might increase grid

expenditure relatively more for low-consumption households.
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Results Preview

Marginal cost is more cost-efficient and progressive to incentivize PV adoption as

rich households consume more and are less price sensitive. But it also causes a

larger welfare loss.
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Remuneration

2008-2013: subsidized feed-in tariff

2014 onwards: Self-consumption and feed-in tariff
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Data

165,000 households in Canton of Bern, Switzerland (2008-2014)

Variables:

Energy Companies: Energy consumption, expenditures, electricity price, solar

panel installations;

Admin Data: income, wealth, building characteristics;

Energy Advisory Platform: simulation for potential energy production and

self-consumption.
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Price Breakdown
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Households Quintiles
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Simulated Energy Production
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Assumptions

Consumers respond to 1-year lagged average electricity price.

Subsidized feed-in tariff and solar panel prices both decrease over time.

Solar adoption does not affect electricity price and consumption level.
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Setup

household i = 1, ...,N decides every year t = 1, ...∞ electricity consumption

Cit , other good Qit and solar panel adoption PVit = {0,1}.
Energy demand function:

Cit = P
βi
ut · eα+X ′

itω+νit (1)

Put : electricity price, Xit : household characteristics, νit : idiosyncratic shock.
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Household’s Problem I

1 Indirect utility without solar panel:

vit(PVit = 0) = Ĩit −Fut −
1

β̂i +1
PutCit (2)

2 Indirect utility with solar panel:

vit(PVit = 1) = Ĩit −Fut −
1

β̂i +1
PutCit +Rit (3)
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Household’s Problem II

3 Rit : remuneration from self-consumption and feed-in tariff.

RFT
it =

t+24

∑
s=t

ρ
s−t(1−ξ )s−t · τit ·Yi +ρ

25RSC
t+25

RSC
it =

∞

∑
s=t

ρ
s−t(1−ξ )s−t ·Yi · [SCi ·E [Put ]+ (1−SCi ) ·E [Pe

ut ]]

(4)

E [Put ]: average electricity price, E [Pe
ut ]: average feed-in tariff price, SCi :

self-consumption rate (exogenous).
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Household’s Problem III

4 Fit : solar panel installation cost:

Fit = (1−S)(1−Ti ) ·kWpi ·C kWp
t (5)

Ti : marginal income tax rate, S : subsidy rate, 30%.

5 Optimal stopping model subject to yearly budget constraint:

Vi (Sit)=max
PVit

{θvvit(PVit)+εit(PVit)+PVit(θvVit+θFiFit)+(1−PVit)ρE [Vi (Sit+1|Sit ])}

(6)

Vit : presented value of future utility, εit : type I extreme value shock.

Parameter θv and θFi are going to be estimated.

6 Sit = {Rit ,Fit}: state variable, follow AR(1) process.
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Household’s Problem IV

7 normalize vit(PVit = 0) = µ , consumption and adoption are

independent. Then the probability of adoption is:

Pr(PVit =1|Sit)=
exp[θvRit +θFiFit ]

exp[θvRit +θFiFit ]+ exp[ρ
∫
Sit+1

E [Vi (Sit+1|Sit)]p1(Sit+1|Sit)]
(7)

p1(Sit+1|Sit) is the transition probability of state variable.
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Estimation Methodology

Energy demand function:

ln(Cit) = α +βi ln(Put−1)+α +X ′
itω +µt +ξb+ ν̃it︸ ︷︷ ︸

νit

(8)

µt : time fixed effect, ξb: border fixed effect.

Adoption probability: Log-likelihood maximization:

L(θv ,θFi )=
N

∑
i=1

T

∑
t=1

{PVit ln(Pr(PVit =1|Sit))+[1−PVit ] ln(1−Pr(PVit =1|Sit))}

(9)

Feger et al. (2022), RES. Welfare and redistribution in residential electricity markets with solar power May 31, 2024 15 / 26



Introduction Data Model Results Counterfactural Analysis

Demand Elasticity
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Transition Process
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Adoption Results
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Regulator’s Problem I

constraints:

1 Solar Energy Target
2 Fixed Grid Investment Costs

Stimulus:

1 Upfront cost subsidy
2 Self consumption

Alternative policys:

1 Subsidy: additional source of financing
2 Marginal price increase: more incentive, additional grid revenue, lower

consumption
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Regulator’s Problem II

3 Fixed price: lower incentive, fixed fee increases comparably more for

low-consumption households.

Network financing:

GEit(PGt ,Ft) = Ft +PGt · [P t
βi
eX

′
itω +νit −SCi ·Yit ·Pr(PVit = 1|PGt ,Ft ,S)]

(10)
N

∑
i=1

GEit(PGt ,Ft)=GC0+
N

∑
i=1

Pr(PVit =1|PGt ,Ft ,S) ·[0.055(1−SCi )Yit+SFit ]

(11)

GC0: fixed grid investment cost, SFit : solar panel subsidy. additional grid

cost of CHF 0.055 per kWh for non-self-consumed electricity.
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Regulator’s Problem III

Solar Energy Target:

∑i YitPr(PVit = 1|PGt ,Ft ,S)

∑i ĉit(PVit ,PGt ,Ft)
≥ SET (12)

ĉit : net consumption.
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Objective Function
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Counterfactual Results
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Distributional Effects
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Conclusion

Because of lower price elasticicty of rich households,marginal price increase

is the most cost-efficient and progressive way to incentivize solar panel

adoption, but high welfare loss.

High fixed cost and high subsidy is the most expensive and regressive

strategy, but achieves least welfare loss.

Welfare/Equity objective gives an intermediate solution.

Cost/Equity target has a slightly higher welfare loss, but lower costs and

distribute grid expenditure more equally across households in different

income quintiles.
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