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California energy crisis

have the potential to cause, unjust and unreasonable rates for short-term energy
(Day-Ahead, Day-of, Ancillary Services, and real-time energy sales) under certain
conditions. While this record does not support findings of specific exercises of market
power, and while we are not able to reach definite conclusions about the actions of
individual sellers, there is clear evidence that the California market structure and rules
provide the opportunity for sellers to exercise market power when supply is tight and
can result in unjust and unreasonable rates under the FPA.

(For more details, see http://www.ferc.gov/industries/electric/indus-act/wec/
chron/chronology.pdf.)

A number of remedies were proposed and on December 15, 2000 many
were adopted. Nonetheless, it is informative to review the mistakes that were
made that contributed to the energy crisis that occurred. The mistakes that
were made in the adoption of restructuring legislation are enumerated here.

Mistake #1

As part of the restructuring process, AB 1890 required that IOUs divest them-
selves of their generating assets and then required them to purchase the power
required to serve native load (or load, as very few retail customers chose a
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FIGURE 10.2 Wholesale prices at Palo Verde. In the summer of 2000, unusually warm
temperatures, coupled with other factors, resulted in prices reaching $500/MWh upon several
occasions, which was the price cap imposed at the time.
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California energy crisis

California market is one of the least successful examples of power systems
deregulation

The market rules were complicated and untransparent so that companies took
advantage of it.

Enron is a famous case of exercising market power

Company’s traders were true believers of the free-maker economy and were
looking for any loophole in the current legislation that would benefit the Enron

Catchy strategies such as Black widow, Death Star, Ricochet, Get Shorty,
Bigfoot, etc.

Check this little documentary
https://www.youtube.com/watch?v=dvLZBv8HsO4
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Illustrative example
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Some observations:
– By bidding strategically, G1 can significantly increase its profit
– Unit G2 is a free-rider
– Operating cost can be drastically increased!
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Some observations:
– Market power is not only about profit maximization. It could be exercised to damage
others’ standing

– Indeed, G3 is a spiteful bidder!
– G3 is interested in the short-term loss-making strategy to gain more significant long-term
benefits
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Modeling market power
How can we compute the optimal bidding strategy?

Through trials and errors? - Quite realistic! By trying different strategies, a
trader can learn the ones that bring the largest benefit

But what if it is a one-shot game?

In this case, we need to build a decision-making tool that will take into account
all possible strategies and produce the optimal one (up to precision of our
believes...)

Cournot or Bertrand (classic yet not realistic)

In fact, there is a plenty of models (check references)

We will solely focus on Stackelberg game
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Modeling market power
Stackelberg game

Leader problem
Follower problem

Profit maximization problem

max Profit

s.t. Limits on bidding strategy
(price and capacity limits)

Market-clearing problem

max Social welfare

s.t. Capacity limits
Power balance

Bidding
decisions

Market-clearing
decisions
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Modeling market power
Stackelberg game

Leader problem
Follower problem

Profit maximization problem

max
β,P

Π = (λ− c)P

s.t. 0 ≤ P ≤ Pmax

β ≥ 0

Market-clearing problem

max
PD

d
,PG

i ,P
SW =

∑
d

udP
D
d −

∑
i

ciP
G
i − βP

s.t. 0 ≤ PDd ≤ P
D
d , ∀d

0 ≤ PGi ≤ P
G
i , ∀i

0 ≤ P ≤ P ,∑
i

PGi + P =
∑
d

PDd : λ.

β, P

λ, P
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Numerical experiments
Test case description

Three-node system with one
wind and two conventional
units

Loads are inelastic, and the
price-cap is set to 200$/MWh

We are aiming at studying the
market power of unit G2

n1 n2

n3

100-MW

100-M
W

10
0-
M
W

100-MW 100-MW

100-MW

200-MW

$15

200-MW

$25
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Numerical experiments
Let’s study the market power of the unit at node two

We will study the market outcomes under different wind penetration levels
Three cases:

– G2 - non-strategic, i.e. it enters the market with actual production cost. This
corresponds to the perfect competition

max (λ− c2)p2

s.t. β = c2

where λ - price, c2 - cost, p2 - scheduled quantity, β - price bid
– G2 - strategic and profit-maximizer. It aims at finding such price bid that
maximizes its profit

max (λ− c2)p2

s.t. β ≥ 0

– G2 - strategic and spiteful. It aims at finding such price bid that minimizes rivals’
profits

min (λ− c1)p1 + (λ− c3)p3

s.t. β ≥ 0
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Numerical experiments
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Numerical experiments
Impact of network congestion

Let’s fix wind power capacity
to 100 MW

By varying transmission
capacity of lines 1-2 and 3-2,
we will see how strategy of
unit G2 and market outcomes
change
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Numerical experiments
Main findings

Market outcomes are quite dependent on weather generation units exercise their market
power or not.

Market power can be exercised to satisfy various preferences of generation companies, e.g.,
profit, market share, etc.
The degree of market power depends on the position of the unit relatively to the
price-setter, congestions in the grid and many other aspects...
From Enron’s audiotapes

– What’s happening?
– There’s a fire under the core line. It’s been derated from 4500 to 2100.
– Burn, baby, burn! That’s a beautiful thing.

By modeling the strategic behavior of generation companies, regulators can identify the
ways to reduce their market power and enhance the efficiency of the existing design.
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Numerical experiments
Possible extensions

Anticipation of real-time market outcomes: optimize day-ahead decisions
considering their projection on the balancing market

Asymmetry of information: We don’t perfectly know other’s bidding strategies,
system demand, network topology, etc.

Consideration of more than one strategic unit: rivals also can exercise their
market power

And many other options (check references)
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Thank you for your attention!
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