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An illuminating example of baseline inflation
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Introduction

Demand reponse is a critical issue for power markets, following
industry restructuring and entry of intermittent renewables

Peak Time Rebate (PTR) in day-ahead electricity markets is one
approach to demand response, which appeals to market designers and
policy makers

But experience shows that, in practice, the implementation of PTR is
fraught with challenges

In particular, PTR mechanisms create incentives for customers (or
their demand response operator) to inflate their baseline:

under standard ”full requirements” contracts, customers purchase
(almost unlimited) power at a constant flat rate
PTR enables customers to resell power at the spot price
if information about baseline is asymmetric, baseline inflation ensue
(Wolak, 2007)
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Research objective and main results

Research objective: determine optimal PTR-compatible retail
contracts, accounting for information asymmetry (i.e., using
mechanism design)

Main results

1 The only Incentive Compatible (IC) PTR-compatible retail contracts
have customers purchase forward their baseline

2 Customers on full requirements constant price contracts therefore
have no incentive to pay a premium to enroll in PTR

3 More generally, enrollment depends on (i) competitive intensity in the
retail markets, and (ii) maintained subsidies to non-switchers

if retail competition is perfect, and subsidies not allowed, PTR
converges to Real Time Pricing (RTP) and full enrollment occurs
otherwise, partial enrollment occurs
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Previous debates about PTR and literature review

A false start: regulators have (surprisingly) forgotten that electricity,
like any other good, must be bought before it can be sold (Chao,
2010; Hogan, 2010; Crampes and Léautier, 2012).

A challenge for engineers and statisticians: accurate estimation of the
baseline is everything but easy (Grimm, 2008; Newsham et al., 2011).

Cost efficiency?: PTR may reward random shocks in consumption
(Ito, 2013), decreasing its cost-effectiveness (Joskow and Marron,
1992).

Achieved reductions in peak demand: PTR may be less efficient than
CPP in reducing peak demand (Newsham and Bowker, 2010; Faruqui
and Sergici, 2010). Due to cognitive biases and bill protection?
(Fenrick et al., 2014)
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The model

States-of-the-world t (any dimension)

Utility function: U(q, θ, t), where q is the quantity consumed,
θ ∈

[
θ, θ̄
]

is private individual information (focus on a single class of
consumers with the same contractable characteristics). Pure adverse
selection modeled (θ is exogenously given for each consumer), moral
hazard can be obtained by adding a cost-to-cheat function

q(p, θ, t) is the demand function of a type θ consumer facing price p
in state t: ∂qU(q(p, θ, t), θ, t) = p

Exogenous wholesale prices p(t), competitive wholesale market (can
be made endogenous, as in Spulber, 1992)

q∗(θ, t) the socially optimal consumption: q∗(θ, t) = q(p(t), θ, t)
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Astier/Léautier (TSE) Demand Response 09/2015 6 / 16



The model

States-of-the-world t (any dimension)

Utility function: U(q, θ, t), where q is the quantity consumed,
θ ∈

[
θ, θ̄
]

is private individual information (focus on a single class of
consumers with the same contractable characteristics). Pure adverse
selection modeled (θ is exogenously given for each consumer), moral
hazard can be obtained by adding a cost-to-cheat function

q(p, θ, t) is the demand function of a type θ consumer facing price p
in state t: ∂qU(q(p, θ, t), θ, t) = p

Exogenous wholesale prices p(t), competitive wholesale market (can
be made endogenous, as in Spulber, 1992)

q∗(θ, t) the socially optimal consumption: q∗(θ, t) = q(p(t), θ, t)
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Optimal ”stand alone” contract

Mechanism:

1 Retailer proposes a menu {T (.), t → q̄(., t)}θ of payments T (.) and
maximum consumption q̄(., t)

2 Consumers report θ̂, hence pay T (θ̂) and get allocated a maximum
consumption q̄(θ̂, t)

3 State t is realized. Customers consume any quantity q ≤ q̄(θ̂, t) and
resell the rest at p(t)

Proposition

An IC socially optimal mechanism in which the lowest type gets the
surplus she would get under RTP is such that:

1 For almost all (θ, t), q̄(θ, t) ≥ q∗(θ, t)

2 T (θ) = Et [p(t)q̄(θ, t)]
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IC contract with a fixed price, full requirements contract

Consumers have access to an affine constant-price full requirement
contract: consuming q costs A+ pRq

Participation to the PTR scheme is mandatory.

Constrained mechanism (with mandatory opt-in):

1 Retailer proposes a menu {T (.), t → q̄(., t)}θ of payments T (.) and
baseline consumption q̄(., t)

2 Consumers report θ̂, hence pay T (θ̂) and get allocated a baseline
q̄(θ̂, t)

3 State t is realized. Customers can consume any quantity q, and resell
(q̄(θ̂, t)− q)+ at p(t). They pay A+ pRq if they do not resell, and
A+ pR q̄(θ̂, t) if they do.
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Incentive compatible contract when a fixed price is offered

Define the indifference quantity q̂(θ, t) such that

U(q(pR , θ, t), θ, t)− pRq(pR , θ, t) ≡ U(q∗(θ, t), θ, t)− pR q̂(θ, t)
+p(t)(q̂(θ, t)− q∗(θ, t))+

Proposition

An IC (constrained) optimal mechanism is such that:

1 For almost all (θ, t), q̄(θ, t) ≥ q̂(θ, t) when p(t) > pR

2 T (θ) = Et

[
(p(t)− pR)q̄(θ, t)1p(t)>pR

]
1 Some off-peak under-consumption occurs (not optimal)
2 No ex ante screening (consumers are indifferent between any high

enough baseline)
3 Current PTR implementations set T (θ) = 0. Hence, they naturally

lead to arbitrage, i.e., baseline inflation
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Incentive compatible contract when a fixed price is offered

IC PTR schemes IC are equivalent to variable Critical Peak Pricing
schemes (vCPP), which are much easier to implement, although there
may be some behavioral trade-offs, see Letzler (2010)

Consumers have no incentives to switch from their standard contract
to an vCPP contract:

Off-peak (p(t) ≤ pR), no difference between contracts
On-peak pay p(t) > pR

This leads to an apparent policy dilemma: if information asymmetry
is an issue, ignoring it leads to costly and unjust baseline inflation,
and including it leads to no enrollment in PTR

However, since IC PTR/vCPP contracts increase social surplus, one
should be able to induce at least some enrollment by modifying retail
contracts, for example offering switching consumers a lower fixed fee
(B < A) or off-peak price (p < pR)
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Astier/Léautier (TSE) Demand Response 09/2015 10 / 16



Incentive compatible contract when a fixed price is offered

IC PTR schemes IC are equivalent to variable Critical Peak Pricing
schemes (vCPP), which are much easier to implement, although there
may be some behavioral trade-offs, see Letzler (2010)

Consumers have no incentives to switch from their standard contract
to an vCPP contract:

Off-peak (p(t) ≤ pR), no difference between contracts
On-peak pay p(t) > pR

This leads to an apparent policy dilemma: if information asymmetry
is an issue, ignoring it leads to costly and unjust baseline inflation,
and including it leads to no enrollment in PTR

However, since IC PTR/vCPP contracts increase social surplus, one
should be able to induce at least some enrollment by modifying retail
contracts, for example offering switching consumers a lower fixed fee
(B < A) or off-peak price (p < pR)
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Perfect competition among retailers and no subsidy

Proposition

Under perfect competition, variable CPP contracts converge toward RTP.

Proof.

Net surplus is higher closer to RTP. If a retailer offers a variable CPP
contract away from RTP, a competitor can undercut her.

Proposition

If customers staying on standard rate not subsidized, almost all consumers
switch to RTP in equilibrium.
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Proof of full enrollment to RTP

Notations:

V 0(θ) a type θ consumer’s surplus under the standard rate, V RTP (θ)
under RTP
W 0(θ) the net social surplus under the standard rate, W RTP (θ) under
RTP

The standard tariff is not subsidized if and only if

Eθ

[{
W 0(θ)− V 0(θ)

}
1V 0(θ)≥V RTP (θ)

]
≥ 0

Using V RTP(θ) = W RTP(θ), the no cross-subsidies condition can be
rewritten:

Eθ


W 0(θ)−W RTP(θ)︸ ︷︷ ︸

≤0

+V RTP(θ)− V 0(θ)︸ ︷︷ ︸
≤0

 1V 0(θ)≥V RTP (θ)

 ≥ 0
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Perfect competition among retailers, maintained subsidies
to non-switchers

The no cross-subsidies assumption may be demanding:

1 ”the fear of large redistributions across customers is possibly the
largest impediment to further adoption of dynamic pricing” (Joskow
and Wolfram, 2012).

2 Borenstein (2007) showed, using simulations on a given panel dataset,
that significant wealth transfers are indeed likely to occur.

If the standard rate remains constant, full enrollment is no longer
guaranteed.
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Benevolent monopoly retailer, no subsidies

Introduce ∆ (θ) the gain from switching, i.e., consumer θ switches to
the IC PRT if and only if ∆ (θ) > 0

The no-subsidy conditions for non switchers is

Eθt

[
A+ (pR − p(t))q(pR , θ, t)|∆(θ) ≤ 0

]
≥ 0,

while the no-subsidy condition for switchers is

Eθt

[
B + (p − p(t))q(p, θ, t)1p(t)≤p |∆(θ) > 0

]
≥ 0.

Full-enrollment may no more be the unique equilibrium outcome
because of cross-subsidies within switching consumers

The cost of supplying a given switching consumer depends on the
covariance between p(t) and q(p, θ, t), conditionnaly on being off-peak
(p(t) ≤ p)
Since this covariance term plays no role in the self-selection of
consumers, a disproportionate amount of ”costly-to-supply” consumers
may enroll first, maintaining the IC PTR tariff at a high level and
preventing further adoption
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Benevolent monopoly retailer, subsidies allowed

Ramsey-Boiteux optimization program: maximize the net surplus
under the budget balance.

If a single crossing condition holds, solving the program yields a
on-peak resale price lower than the spot price: efficiency loss on-peak
compensated by the gains from increased enrollment.

Under the exogenous constraint of a frozen historical tariff, perfect
competition does not achieve the second-best.
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Concluding observations

Peak Time Rebate, while popular with policy makers, seems to be a
difficult path to demand response: even if customers are required to
purchase power before reselling it, information asymmetry may enable
(some) customers to inflate their baseload, which would generate
undue rents, but also could weaken system reliability

Reducing information asymmetry requires significant (and costly)
statistical analysis, with no guarantee of success

Accepting information asymmetry requires offering different retail
contracts to customers enrolling in Peak Time Rebate, and modifying
rates of non-switching customers. Full enrollment occurs only if retail
competition is perfect and subsidies to non-switchers are not allowed

Further research should therefore examine the empirical magnitude of
this information asymmetry
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