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1 Introduction
Imperfectly competitive electricity markets are
exposed to strategic bidding behaviors by big play-
ers and are thus threatened by significant ineffi-
ciency. The related literature has studied rele-
vant game-theoretic models based on equilibrium
problems with equilibrium constraints. However,
the papers of this literature consider, each time, a
given system (e.g. particular generators and cost
functions) and assess the equilibrium inefficiency
of that particular system. In this work, the goal
is assessing the inefficiency of market equilibria,
not for a single (arbitrary) set of participants, but
in the worst-case.

2 Preliminaries & System Model
Consider a day-ahead electricity market for a hori-
zon of discrete timeslots, t ∈ T . A set of gen-
erators, g ∈ G, submit price-quantity bids in the
market, and the operator decides the dispatch to-
wards satisfying a demand profile at the minimum
possible cost, to maximize welfare. The opera-
tor’s problem therefore reads as in Figure 1.
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Figure 1: Market operator’s problem

The cost of a generator is modeled by
C(g,t;αg,t, βg,t), where αg,t, βg,t parame-
terize the function. If the market operator knows
the true values of αg,t and βg,t, then the Mar-
ket Clearing problem leads to the optimal sys-
tem cost, Copt. Since each generator is a profit-
maximizing player, it is incentivized to strategize
over its bids (bαg,t, bβg,t)t∈T so that it steers the
market outcome towards solutions that maximize
its own profit. Thereby, the generator’s bidding
optimization problem takes a bi-level form, as Fig-
ure 2 shows, reformulated into an MPEC.
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Figure 2: Strategic generator’s problem

When more (or all) generators bid strategically,
there is a collection MPECg∈G of interdependent

problems, known as EPEC, as in Figure 3. This
models the electricity market as a game E. A so-
lution of the EPEC defines a Nash Equilibrium of
the game E, and it is denoted by Ceq.
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Figure 3: Market equilibirum problem

3 Problem formulation & Methodology
The inefficiency of a market is defined as the
game’s Price of Anarchy (PoA), i.e. the ra-
tio between the system cost at equilibrium and
the minimum system cost. Given a game E, the
PoA reflects market inefficiency from generators’
strategic behavior and depends on their true costs
(αg,t, βg,t)g∈G. The vector θ = (θg)g∈G con-
tains the types of all generators, then a game’s
PoA reads as:

PoA(θ) =
Ceq(θ)

Copt(θ)
≥ 1

The objective at hand is to identify the genera-
tors configuration that maximizes market ineffi-
ciency, thereby defining the Robust Price of Anar-
chy (RPoA) as a stress-test of the market mech-
anism.

RPoA(E ) = max
θ∈Θ(E )

{PoA(θ)}

RPoA
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Figure 4: Robust Price of Anarchy problem

Solving The RPoA is computationally challeng-
ing. It is solved as illustrated in Figure 5.

θ0

θi

EPEC LP

Diagonalization

Algorithm

j-iterations

Market

Clearing

ϵ-convergance

Ceq Copt

PoA(θ)

PSO

RPoa(E )

imax or ε ≤ tol

Yes

No

Figure 5: Robust Price of Anarchy problem

4 Results
Figure 6 shows the results compared to the theo-
retical upper bound given in the literature, show-
ing that the market mechanism inefficiency is
higher than anticipated.
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Figure 6: Robust price of anarchy as a function of the
number of strategic market participants.

The frequency of PoA occurrences is assessed in
Figure 7, which presents the empirical PoA dis-
tribution.
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Figure 7: Empirical frequency of the PoA for three gener-
ators (discretized grid of cost function parameters).
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