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Context: Texas Electricity Market

Day-ahead Market:bilateral market to schedule an initial plan for the next

day’s production.(95-98%)

Balancing Market:Centralized Auction to procure (sell) additional supply

in order to balance actual demand.(2-5%)

This paper looks into balancing market.
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Context: Bid

Step-wise price-quantity bid. S(p,Q)

one auction for each hour, in total 24 auctions per day.

e.g. S1(30,100),S2(40,100), .... Generally 10 steps, but at maximum 40 is

allowed.
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Context: Characteristics in Texas Market

Heterogeneous generating firms:

Size difference: large incumbents, large private investors, small municipal

utilities.

Generating units difference: coal, gas, oil, wind, solar, nuclear, hydro etc.

Cost is public information. So asymmetric information is day-ahead position.
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Research Question

Puzzle: Bayesian Nash Equilibrium̸= Actual Bid Function. heterogeneity in

this deviation.

Does this deviation come from bounded rationality of generating firms? If

so, does this deviation relate to the size/profession of the firm?
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Descriptive Analysis
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Setup

Multi-unit Auction Model + Cognitive Hierarchy Auction Model (CH model)

Multi-unit Auction Model: Winners produce share of total quantity.

Cognitive Hierarchy Auction Model: bidders are ranked by their strategic
ability to play. k levels:

type 0: non-strategic, vertical bid

type 1: all others are type 0, then to maximize expected profit

type 2: all others are combination of type 0 and type 1, then to maximize

expected utility.

type k : all others are combination between type 0 and k−1, then to

maximize expected utility.
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Bidding Rule

#I Generators, for each firm i is a k-step thinker, so ki . Each firm i has

day-ahead position for hour t, so QCit . Both are private information,

anything else is public.

Each firm i submit Sk
it(p,QCit).

Market clearing price pct is determined by:

N

∑
i=1

Sit(p
c
t ,QCit) = Dt(p

c
t )+ εt (1)

Win the auction if p < pct , the probability of winning is:

1−Hit(p, Ŝit(p);ki ,QCit) = Pr(p < pct |Ŝit(p),ki ,QCit) (2)
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Maximization Problem

max
Ŝit(p)

∫ p̄

p
U(p · Ŝit(p)−Cit(Ŝit(p))− (p−PCit)QCit)dHitHit(p, Ŝit(p);ki ,QCit)

(3)

FOC:

p−Cit ′(S
∗
it(p

c
t ,QCit)) = (S∗

it(p
c
t ,QCit)−QCit)

H∗
s (p, Ŝit(p);ki ,QCit)

H∗
p(p, Ŝit(p);ki ,QCit)

(4)
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CH model distribution

Type follows poisson distribution: τi = exp(X′
iγ),X

′
i is the characteristics, we

need to estimate γ .
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Error Minimization

γ̂ =γ ∑
i

∑
t

∑
k

∑
p

(
bdatait (p)−bmodel

it (p|k)
data(p|K )−bmodel

it (p|0)

)2

×P(p)

Pi (k ||K |, γ̂)

 (5)
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Data

01/08/2002-31/01/2003, 6 p.m. firm level

Fuel costs

Hourly bid

heat rate

hourly demand

balancing price
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γ Estimation
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Estimated CDFs
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Fitness
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Fitness 2
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Cost
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Profit
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Sophistication
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Merger
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Main Takeaways

Firms exhibit heterogeneity in bidding strategy. Large firms are able to take

more sophisticated strategy which corresponds to Nash equilibrium.

Merger between small and large firms can increase efficiency by increasing

the ability of sophistication.
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