


values can be used as prices. Specifically, they propose making linear payments for each of the commodities
traded, and a supplemental payment associated with each ‘integer’ activity. In an electricity market, the first
part of their proposal is to make payments for energy and reserves based on the dual variables associated
with the system energy- and reserve-balance constraints. The second part makes discriminatory payments
to each generator based on the dual variable associated with the constraints fixing the commitment decisions
to their optimal values. O’Neill et al. (2005) note that the prices on these commitment activities may be
negative, for instance to incent a generator to remain offline if it is suboptimal to commit it. In such a case,





Indeed, it is straightforward to show that in a more general single-period electricity market with N

generators, every generator receives exactly zero net profit under T. To see this, we define the more general
version of the augmented LP as:

min
q,u

N∑

i=1

si · ui + ci · qi

s.t.

N∑

i=1

qi = D (η)

qi ≤ Ki · ui ∀ i = 1, . . . , N (λi)

ui = u∗

i ∀ i = 1, . . . , N (µi)

qi ≥ 0 ∀ i = 1, . . . , N,

where Ki is generator i’s capacity and D is the demand. The dual of this LP is:

max
η,λ,µ

D · η +
∑

i

u∗

i · µi

s.t. η + λi ≤ ci ∀ i = 1, . . . , N (1)

− Ki · λi + µi =



to deviate from the SO’s socially optimal solution. This is important to stress, since claims appear in the
literature that can be construed as implying that the make-whole payments used by SOs are equivalent to T.
More specifically, there are four possible cases for the optimal values of u∗

i and µ∗

i to consider. If u∗

i = 1 and
µ∗

i > 0, then T and the make-whole mechanism provide the same incentives, since it is efficient for generator
i to operate and a positive supplemental payment must be provided to guarantee this. If u∗

i = 0 and µ∗

i > 0,
T and the make-whole mechanism similarly provide the same incentives for generator i to remain offline. If
u∗

i = 0 and µ∗

i < 0, it is suboptimal for generator i to operate. T provides a negative supplemental payment
to guarantee this, whereas the make-whole provision does not—implying that generator i may have different
incentives under such a scheme. Finally, if u∗

i = 1 and µ∗

i < 0, T imposes a ‘penalty’ on generator i for
operating, which eliminates its inframarginal rents, whereas the make-whole provision does not.

This final case and our example suggests that T may have important implications for long-term capacity
expansion. This is because restructured electricity markets may rely on spot market prices and associated
inframarginal rents to signal the need for capacity to be added to the system. Indeed, one can explicitly model
load curtailment as a ‘generation technology’ with zero startup cost and variable cost equal to a high value
of lost load (as an example, Kariuki and Allan (1996) estimate a value of lost load of between $4600/MWh
and $18500/MWh). The resulting high price of energy when generation capacity is exhausted and load
is curtailed is intended to provide a strong signal for capacity investment. Our example demonstrates,
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