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motivation



the fuel poverty

French Law Grenelle 2: ”Household who has particular difficulties in
obtaining the necessary supply of energy to meet its basic needs be-
cause of the inadequacy of its resources or housing conditions.”
▶ Affects low–income and fragile households, with a small propensity
to save, already spending a large part of their income on energy.
▶ Lead them to adopt risky behaviours, causing health problems and
housing deterioration (Lacroix and Chaton [2015]).

Neglected by households but highly expensive for the society!

▶ Energy voucher in France since 2018 (5.8M households in 2019).

How to prevent households from fuel poverty?
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impact of an income loss

Chaton and Gouraud [2019]: fuel poverty is essentially linked to a tem-
porary loss of income.
▶ Act on the prevention side by proposing an insurance policy that is
activated if the household loses income.

Existing reimbursement insurances:

”Assurénergie” by EDF & AXA. 2, 3, 4, 6 or 8€/month, reimbursement
of energy expenses if: job loss, sick leave, hospitalisation, dis-
ability or death... Refund ranging from 25 to 200€/month.

”Assurance Facture” by ENGIE. 5€/month, refund limit of 5000€.

▶ In–kind support: if the household suffers from a loss of income,
it will receive a specified amount of energy, ensuring an adequate
consumption.
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extension to staple goods

Staple goods: essential products, such as food, water, energy, rental
fee, health care, feminine hygiene products... Constant demand re-
gardless of the price or the households’ financial situation. But...

▶ A loss of income can have a negative impact on some households
who are forced to reduce their consumption of some particular sta-
ple goods, such as fresh food, energy, medicines, feminine hygiene
products... See Milne and Molana [1991], Freeman [2003] for health.
▶ Can lead to serious illnesses.

▶ Focus on modest households, who are not used to saving money in
anticipation of the future ⇒ Model without savings, as in Menegatti
[2009] for prevention.

▶ Use Contract Theory, in particular a Principal–Agent model, to com-
pute the optimal menu of insurance contracts (Stiglitz [1977]).
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the model



a two–period/two–good principal–agent model...

Two–period: t ∈ {0, 1} (Schlesinger and Zhuang [2019]).
Two–good: essential one (price pe) and representative one (py).
The Agent (he): a household, who consumes the two goods, at each

period t, with his income wt. Between the two periods, he can
suffer from a loss of income.

The Principal (she): the staple good producer/supplier, or an insurer,
propose an insurance with benefit in kind.

The insurance contract: at time t = 0, the Agent subscribe (or not) to
the insurance by paying the insurance premium T associated to
a contractible quantity emin. In this case, and if the income loss
is sufficient, the Agent receives the quantity emin of staple good
at time t = 1.

▶ Combine amodel of consumption with a traditional insurancemodel.
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... under adverse selection

The risk of income loss is different among the Agents.

▶ The random income at time t = 1 of an Agent of type ε is w1 := ωw0,
where w0 is the initial income and ω is a random variable:

ω =

{
ω w. prob. ε,
ω w. prob. 1− ε,

for ε ∈ [0, 1] and ω > ω̃ ≥ ω > 0.

The insurance is activated when ω ≤ ω̃, where ω̃ is the (exogenous)
income loss barrier.

Assumption (Adverse Selection)
The Principal cannot observe the type of an Agent, but knows the
distribution of the types of her potential clients.

⇒ Menu of contracts: various emin with associated premium T.
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the agent’s problem



the utility without insurance...

▶ Preferences of the Agent toward the goods’ consumption, at time t:

U(et, yt) := α ln(et) + ln(yt), for et, yt > 0,

where α parametrises the longview elasticity of substitution between
the staple good and the composite one.

▶ The Agent maximises, independently at each period t, the utility
previously defined, under budget constraint:

V∅(wt) := max
(et,yt)∈R2

+

U(et, yt), u.c. etpe + ytpy ≤ wt.

▶ The optimal consumptions at time t ∈ {0, 1} in each goods are:

y∅t :=
1

1+ α

wt
py

and e∅t :=
α

1+ α

wt
pe

,

and induce the maximum utility V∅(wt) = (1+ α) ln(wt) + Cα,pe,py .
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... give us the reservation utility

Participation: the Agent accept the insurance contract only if his utility
with insurance is bigger than his utility without.
▶ Expected utility of an Agent of type ε without insurance:

EU∅(ε) := V∅(w0) + βEPε[
V∅(ωw0)

]
,

where β ∈ [0, 1] is a discount factor.
▶ Reservation utility, can be computed explicitly:

EU∅(ε) = (1+ α) ln
(
ωβεωβ(1−ε)w2

0
)
+ (1+ β)Cα,pe,py .

Endogenous reservation utility, depends on the probability ε.
▶ Countervailing incentives: the most risky Agents will be selected by
the Principal, she will exclude the ”good” types (see Lewis and Sap-
pington [1989]).
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utility with insurance

For a fixed insurance contract (emin, T):

Subscription. The payment of the insurance premium T only impacts
his budget constraint at time t = 0: V0(w0, T) := V∅(w0 − T).

Activation. The insurance ensures the quantity emin of the staple good
at time t = 1, if ω ≤ ω̃, i.e. ω = ω:

V1(ωw0, emin) := max
(e1,y1)∈R2

+

U(e1 + emin1ω=ω, y1), under BC.

▶ Expected utility of an Agent of type ε, with contract (emin, T):

EUQ(ε, emin, T) := V0(w0, T) + βEPε[
V1(ωw0, emin)

]
.

Normalised contract: (q, t0), q ∈ R+, t0 ∈ [0, 1) such that

emin := qαωw0/pe, and T := t0w0.
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participation constraint

For q ∈ R+:

U(q) :=

 (1+ α) ln(1+ qα) if q < 1,

α ln(q) + (1+ α) ln(1+ α) if q ≥ 1.

▶ Explicit form for the expected utility of an insured Agent of type ε

with a normalised contract (q, t0):

EUQ(ε,q, t0) = EU∅(ε) + (1+ α) ln(1− t0) + βεU(q).

▶ The Agent of type ε will subscribe the insurance when his expected
utility with the insurance is greater than his reservation utility.
⇔ t0 ≤ tmax(ε,q), where tmax is defined for (ε,q) ∈ [0, 1]× R+ by:

tmax(ε,q) := 1−

 (1+ qα)−βε if q < 1,

q−βε α
1+α (1+ α)−βε if q ≥ 1.
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the principal’s problem



first–best case

Monopoly situation: the Principal can choose the range of emin she
wants to offer, but also the price associated to each quantity.

She is risk–neutral and wants to maximise her profit:

(i) she receives at time t = 0 the earnings from the sale of the in-
surance to Agents of type ε ∈ [0, 1] who agree to subscribe...

(ii) ... but needs to provide them the quantity emin they have chosen
if they suffer from an income loss in the next period.

▶ If the Principal knows the type ε of the Agent, her optimisation prob-
lem is defined by:

πε := sup
emin,T

(
T− εpeemin

)
, (1)

under the participation constraint of the Agent of type ε.
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first–best case: solution

▶ We can explicitly compute the optimal contract for any type ε, as
well as the Principal’s profit.

Application: a middle–class household of 4 people (a couple and two
children) in an all–electric (heating and hot water) house.

(i) initial annual disposable income (after taxes) of w0 = 35, 000 e;
(ii) annual electricity consumption of e∅0 = 14, 403 kWh;
(iii) average price of electricity in France: pe = 0.18 e/kWh;
(iv) ω = 0.4: probability ε to have an annual disposable income of

w1 = 14, 000 e at time t = 1;
(v) β = 1.

We deduce from the expression of e∅0 the value α = 8%.
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optimal insurance in the first–best case.
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third–best case: with adverse selection

Intuition from the FB case: the optimal menu of contracts in the First–
Best case is no longer optimal if the Principal cannot observe the
Agents’ type.
▶ An Agent of type ε > 0 should lie and pretend to be a less risky
agent in order to pay less for a higher quantity insured.
▶Menu of revealing contracts: an Agent of type ε will subscribe to the
insurance contract designed for him, i.e. (emin(ε), T(ε)).

▶ If the distribution of the type ε in the population considered by the
Principal is uniform on [0, 1]:

sup
emin,T

∫ 1

0

(
T(ε)− εpeemin(ε)

)
dε, (2)

under the participation constraint, and where emin and T are appro-
priate functions of ε.
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revelation principle

If the optimal quantity emin chosen by an Agent of type ε can be imple-
mented through some mechanism, then it can also be implemented
through a direct and truthful mechanism where the Agent reveals his
information ε (see e.g. Salanié [2005]).
▶ We can restrict the study to incentive compatible (IC) mechanisms.
▶ Restriction to ”smooth enough” IC mechanisms (q, t0): same regu-
larity as in the FB case.

The IC constraint says that the utility of an Agent of type ε ∈ [0, 1] has
to be maximal for the choice of the contract (q(ε), t0(ε)), i.e.

EUQ(ε,q(ε), t0(ε)) = max
ε′∈[0,1]

EUQ(ε,q(ε′), t0(ε′)).
Notation: ε1 := min{ϵ ∈ [0, 1], s.t. q(ϵ) = 1}.
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incentive compatibility constraint

A ”smooth enough” mechanism (q, t0) satisfies the IC constraint for
all ε ∈ [0, 1] if and only if

(i) the function q is non–decreasing on [0, 1];
(ii) there exists cq ≥ 0 such that the price t0 satisfies, for all ε,

t0(ε) = 1− cqeβQ0(ε) ×


(
1+ αq(ε)

)−βε if ε ∈ [0, ε1),(
1+ α

)−βε(q(ε))−βεα/(1+α) if ε ∈ [ε1, 1],

where

Q0(ε) :=


∫ ε

0
ln
(
1+ αq(ϵ)

)
dϵ if ε ∈ [0, ε1)∫ ε1

0
ln
(
1+ αq(ϵ)

)
dϵ+ α

1+ α

∫ ε

ε1

ln
(
q(ϵ)

)
dϵ if ε ∈ [ε1, 1].
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participation constraint

An Agent of type ε ∈ [0, 1] accept the contract if his utility with it is
bigger than without.

▶ By choosing cq in the formula of t0, the Principal can select or not
Agents with smaller types.
▶ More precisely, an Agent of type ε ∈ [0, 1] subscribes to the insur-
ance if and only if cq ≥ c(ε), where:

c(ε) :=
{

e−βQ0(ε) if ε < ε1,

(1+ α)−β(ε−ε1)e−βQ0(ε) if ε ≥ ε1,

▶ Moreover, for ε := min{ε ∈ [0, 1], s.t. cq = c(ε)}, the participation
constraint is satisfied only for Agents of type ε ∈ [ε, 1].
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optimal contract

▶ For ε ∈ [0, 1] fixed, we can restrict the study to admissible and re-
vealing mechanisms such that the participation constraint is satisfied
for all ε ∈ [ε, 1] ⇒ cq = c(ε).
▶ By Calculus of Variation, finding the optimal menu of contract is
equivalent to finding a (well–behaved, non–explicit) solution Q of a
second–order non–linear ODE.
▶ Given this solution Q, the optimal admissible mechanism for the
Principal is:

q(ε) = 1
α

(
eQ′(ε) − 1

)
, t0(ε) = 1− eβ(Q(ε)−εQ′(ε)), for ε ∈ [ε, ε1),

q(ε) = e 1+α
α Q′(ε), t0(ε) = 1−

(
1+ α

)−β(ε1)eβ(Q(ε)−εQ′(ε)), for ε ∈ [ε1, 1].

▶ It remains to optimise the Principal’s profit on ε.
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optimal insurance
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principal’s profit
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electricity consumption
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conclusion and extensions



conclusion and extensions

▶ Two–period Principal–Agent problem with adverse selection and
endogenous reservation utility to model an insurance with benefits
in kind:

(i) semi–explicit solutions;
(ii) prevent fuel poverty among middle–class households;
(iii) better than an income insurance;
(iv) costs pooled between the (risky) Agents.

▶ Without savings, and because of the concavity of the utility, Agents
who anticipate a loss of income with a high probability are willing to
pay a very high price for the insurance.

▶ Need regulation:

(i) propose the insurance for all, i.e. ε = 0;
(ii) address the monopoly position of the supplier;
(iii) encourage savings, for ex. by proposing a prepayment option.
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optimal prepayment
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first–best case if prepayment option available
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