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Abstract- In power systems, transmission network constraints
and losses can introduce gross distortions in the market for
electrical energy. Congestion occurs frequently in weakly
connected networks and may split a market into regions unable to
compete properly with each other.

The oligopoly structure of the market and the network
constraints may produce results far from the perfect competition.
This may cause lack of cheap energy in some areas and surplus in
others. Consideration of market power caused by congestion is the
main aids of our paper. We have used a methodology in order to
evaluate any events that are suspected to have any relation to the
market power. Since some participants have the ability to raise
prices without losing market share, we should identify them and
determine the amount of this energy. Bidding strategies, such as
withholding capacity and bidding at higher price, influence the
network and cause transmission congestion. The methodology
was tested on IEEE 30 buses standard system by some indices
such as HHI and Lerner index, finally the results of identification
have been confirmed. For this simulation MATPOWER version
3.2 was used as OPF solver using both AC and DC power flow
representation.

Keywords: Electricity markets, market performance indices,
monopoly, Transmission constraints.

I. INTRODUCTION

Electricity markets recently have been involved in serious
restructuring aimed at promoting competition among market
participants[1]. The assumption in this paper is a pool system.
Electricity pool is a contractual arrangement entered into by
generators and suppliers that provides the wholesale market
mechanism for trading electricity. The electricity pool does not
itself act as market maker buying or selling electricity but
instead facilitates a competitive bidding process between
generators that sets the wholesale price paid for electricity for
every period of every day. It also establishes the preferred
generation merit order at the day-ahead stage. Transmission
constraints and losses in the network connecting these
generators and loads can introduce gross distortions in the
market for electrical energy [3]. If the number of participants in
a market is large enough, no parties can control a large
proportion of production and consumption. In other words,
suppliers who ask for more than market price and consumers
who offer less than market price can simply be ignored as they
can be easily replaced by other participants in a perfectly
competitive market. However, if the number of participants is
not large enough, there might be some producers and
consumers that are able to control the share of the market that
is large enough to exercise market power.

Market power is defined as the ability to alter profitably
prices away from competitive level (Mas-Collel et al. 1995).
Market power can be exercised either by withholding the
quantity of commodity or by raising the asking price above the
competitive price level without affecting the demand of the

commodity. In power systems, transmission network provides
the infrastructure to support a competitive electricity market,
but congestion occurs frequently in weakly connected networks.
In a competitive electricity market, the oligopoly structure of
the market and the network constraints may produce results far
from the perfect competition.

(MSC) of California ISO identified major market design
flaws. These flaws were presented to FERC and California
Public Utilities Commission but nobody took any action on
them. Two years later the producer’s exercise of unilateral
market power began to result in significant wealth transfer, but
still FERC took no actions. Although warnings were repeated
in subsequent MSC reports and a number of remedies were
suggested, it took until January 1, 2001, before FERC took
action in limiting the circumstance. And when they finally did
they failed. Instead of limiting the case, these “remedies” rather
enhanced suppliers to exploit market power. What happened
next is what people refer to as the “California crisis”. After the
implementation date, average spot prices rose to over
$300/MWh and the first period of rolling blackouts
immediately followed. So prospective market monitoring
seems really necessary.

One of the main objectives in the market monitoring process
is the analysis of market power issues. The path toward
liberalization has been undertaken under the belief that the
competition would strive for market efficiency [5] and price
reduction resembling to the microeconomic model of perfect
competition in which the social welfare would be the highest
possible and the price the lowest. Unfortunately, different
reasons may lead the market far from this desirable result.
Some papers focus on the congestion impacts also in presence
of the demand elasticity representation and the reactive load
modeling [6], [7], [8] and provide methods to alleviate
congestion impacts. In [9], the transmission congestion cost
and locational marginal prices are considered, while in [10],
thermal, voltage, and stability limits are considered to represent
the feasibility region for the system. A Herfindahl-Hirschman
index has been proposed as a sensitive signal of transmission
congestion [11]. Strategic bidding has been extensively
considered according to different approaches such as statistical
approaches [12], [13], parametric dynamic programming [14],
Lagrange relaxation [15], genetic algorithm [16], stochastic
procedure [17], fuzzy set theory [18], and game theory [20]—
[22]. In [23], the oligopolistic competition is examined in the
submarkets that are isolated by constrained transmission lines.

This paper presents an approach for modeling bidding
strategies behavior in a pool system and under network
constraints like congestion in order to provide a way to
calculate the remaining market shares and some tools for
assessing transmission impacts on the market performances.
This calculation will be done using both the DC and the AC



power flow model. Using the AC model should give better
results, since it is the more accurate model of reality, but it
takes much more time (about 100 times).

This paper consists of 4 additional sections. In the next
section the market power definitions are given. In part III the
market monopoly and monopolistic competition are explained
and the impact of network constraints on developing monopoly
is described. In section IV some of widely used indexes of
market power detection which are going to be used are
introduced. The section V focus on introducing of monopolistic
production capacity calculation algorithm and in the next part
the results of simulations on a 30-bus IEEE system which is a
bit alternated are shown. In section conclusion we discuss
about the results and usages of this approach.

II. MARKET POWER

There are two main reasons why the potential of market
power is brought to the electricity market. First there is market
dominance and then there are transmission constraints [14].
Market power due to market dominance is a scenario that
applies for every imperfect market and not only for the
electricity market. On the electricity market, a supplier that is
large enough to affect price can exploit market power by either
economical withholding or physical withholding. When dealing
with economical withholding a seller keeps bidding above the
marginal cost of production and thereby driving up the price.
Physical withholding simply means that a seller withholds
some of its available capacity.

Market power due to transmission constraints makes it
necessary to get a full understanding of the topology of the
transmission system before starting any plan of detecting the
potential for market power [15].

If a supplier is placed within a so called load pocket, this
participant will have a local market power. A supplier in this
case can find himself in a position of monopoly by
intentionally create congestion and limit access of competitors.
This means that, by getting dispatched at strategic points in the
network, a supplier in a load pocket can gain profit even by
increasing its generation rather than withholding it [16].
Conclusively, transmission constraints in the electricity market
make it possible even for a small supplier to exploit market
power.

In a Network loads can’t be accurately forecasted and energy
can’t be stored economically. Demand and supply must be
balance all the time in order to maintain the system frequency,
voltage, stabilization standards; Kirchhoff’s laws and
impedance of the whole network determine the power flows in
the system [17]. When there is congestion, generating capacity
in congested area will be relative scarcity, so congestion results
in locational market power and causes invalidation of the
optimization of generating resources in the whole network.

The LMP represents the willingness to supply an additional
MW of load at a particular location. It is useful to break the
LMP into parts to distinguish between costs resulting from
network losses and those resulting from network congestion.
The LMP includes a reference cost of generation and relative
costs of congestion and losses in the system:

LMP = (generation marginal costs) + (congestion cost) +
(cost of marginal losses).

The generator marginal cost is taken from a specified
reference generator in the system. The congestion cost

represents the effect of congestion on the LMP relative to the
reference generator marginal cost.

III. MONOPOLY AND MONOPOLISTIC COMPETITION

Monopolistic competition is a market structure where there
are many firms (like a competitive market), but these firms
have some market power (they are able to set price above MC
profitably). A monopoly is the only supplier of a good for
which there is no close substitute.
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Fig 1. Monopoly model of electricity market based on (Hunt and Shuttle
worth, 1996)

The Minimum Efficient Size (MES) of a firm in a particular
industry provides a rough indication of the number of
competitors that one is likely to find in the market for the
product of this industry. This MES is equal to the level of
output that minimizes the average cost for a typical firm in that
industry. The shape of this curve is determined by the
technology used to produce the goods. If, as illustrated in
Figure 2(a), the MES is much smaller than the demand for the
goods at this minimum average cost, the market should be able
to support a large number of competitors. On the other hand, if,
as shown in Figure 2(b), the MES is comparable to the demand,
the market cannot support two profitable firms and a monopoly
situation is likely to develop.
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Fig 2. Concept of MES. (a) Competitive market, (b) Monopoly situation

Transmission is a natural monopoly. 1t is currently almost
inconceivable that a group of investors would decide to build a
completely new transmission network designed to operate in
competition with an existing one. Because of their visual
impact on the environment, it is indeed most unlikely that the
construction of competing transmission lines along similar
routes would be allowed. Furthermore, the minimum efficient
size of a transmission network is such that -electricity
transmission is considered a good example of a natural
monopoly.

In general, network constraints increase opportunities for
strategic bidding because not all generators are connected in
locations where they can relieve a given constraint. In many



cases, the number of generators that can effectively affect a
constraint is small. Congestion in the transmission network can
therefore transform a reasonably competitive global market into
a collection of smaller local energy markets. Since these
smaller markets inevitably have fewer active participants than
the global market, some of them are likely to be able to exert
market power. Such scenarios are not easy to detect or analyze.

IV. INDICES

Many different indexes have been proposed as measures of
the electricity market’s Competitiveness. Here we explain some
of widely used indexes of market power detection which are
going to be used.

A. Efficiency and Allocation Indices

The efficiency and allocation indices are expressed in
percentage and have the general form:

S : Social surplus
S*: We will use the superscript * for the values associated with

the unconstrained market under perfect competition.

S-S _AS

S

B. Lerner Index:

K, = x100. ©)

The exercise of market power results in a market price that is
greater than both the competitive price and the marginal cost of
production. The most common measure of this difference is the
price-cost margin, also called the Lerner index (Stoft, 2002).
The Lerner index is named after the economist Abba Lerner. It
describes a monopoly’s amount of market power. The
mathematical formula is:

L= (P-MC)/P
Where P is competitive price and MC is marginal cost.

C. Herfindahl Hirschman Index

The HHI-index is a widely used standard measure of market
concentration. It is a function of the number of companies in a
market and their respective market shares. The calculation is
done by summing the squares of all individual companies'
market share percentages.

2

HHI = Z(Companyimarket share in %)’
HHI < 1000 — Market is not concentrated
1000 < HHI < 1800 — Market is moderately concentrated

HHI > 1800 — Market is highly concentrated
Group Herfindahl Hirschman Index:

o[ MWH ’ 3
HHI,; = Z{ : xlOO} (3)
o | Total,
MwH.: Production of unit I in the group
Total,, : Total production in the group
System Herfindahl Hirschman Index:
“)

[ MWH,
HHI, = \/ Z{ - xHHIé/}

‘=| Total,
MWH ;: Total production in group j

Total, : Total production of the system

HHI,;" Group j Herfindahl Hirschman Index

V. MONOPOLISTIC PRODUCTION CAPACITY

Energy supplying companies may be accountable for having
monopolistic potential, even though there are several other
suppliers openly competing with them on the market.
Monopolistic Production Capacity is the amount of real power
in MW that a single generator cannot be substituted for by any
other competitor. It is, under the assumption of totally inelastic
load, the amount of real power that the supplier or group of
suppliers, e.g. a generation company, could demand any price
for. For example if all generators of the market are owned by a
single company (monopoly), then the total load in MW would
also be the Monopolistic Production Capacity for that company.
To calculate this capacity the main procedure uses OPF in DC
or AC models. By increasing some of generators' bidding
prices, we find that a part of the production capacity of these
generators will not be reduced. Among the offers submitted
from all the generators there is a certain generator who is
offering its energy at an extremely high price compared to all
other generators on the market. The optimal solution to this
problem would be to exclude this generator from getting
scheduled. This approach is very straightforward and in simple
network cases it would be quite possible to calculate MPC' by
hand, but for a bigger network (a real network) this would be a
tough task without the aid of an optimization tool.

To calculate MPC for a given network the following is
needed:

= Knowledge of locations and levels of available
generation capacities.

= Knowledge of locations and levels of demand in the
network.

= A program able to solve an Optimal Power Flow
problem, using either the DC or the AC power flow
model.

Calculation Algorithm

If the previously mentioned information is available we can
use the following algorithm [19]:

1. Solve the OPF problem using an auction where all
available capacities are offered at identical prices.

2. Save the vector of optimal dispatch 7* and the vector of
LMPs 7 * that are valid in the buses where the generators are
located.

3. Formulate a new OPF problem where the same available
capacities are offered at each generator’s corresponding LMP,
given by the elements of 7 *.

4. Before solving this newly formulated problem we raise the
offered price of generator i the following way:

Aiew = A 1 + AL

1new

)
where AA constitutes a “large” price increase.

5. Solve this second OPF problem.
6. Save the new vector of optimal dispatch f)m; In this

vector the ith element will represent the ith generator’s MPC.

7. Return to step 3 and continue this loop until all generators
of interest have raised their price once.

For each loop in this algorithm a vector Fne:is saved. If n

generators are of interest, the algorithm will loop n times,
resulting in n different P, vectors. Using these vectors we

! Monopolistic Production Capacity



build the MPC matrix. In Equation 6.1 the resulting n x n
matrix is illustrated.

MPC = [E:I new F* Fﬂ:h new] (6)

2nd new

VI SIMULATIONS

A.  Electricity market monitoring

Our case study system option is IEEE 30 buses network with
twenty loads and six generators. The network is separated into
three areas, each holding two generators. All transmission lines,
except two of them, have a flow limit set to 200 MVA. The
other two lines have a limit set to 10 MVA. These two lines
constitute the only link between Area 2 and the rest of the
network.

(®
Fig 3. IEEE 30-bus system divided to 3 areas

Every generator in the network has a maximum capacity of
real power set to 60 MW, this adds up to a total supply of
360MW. The total demand/load of 195 MW is divided
throughout the network in following way: Area 1 holds 50 MW,
Area 2 has 85 MW, and Area 3, 60 MW. The load in each area
is distributed equally over all busses.

All generators bid 60 MW in 50$/MW and the consumers
offer in 70$/MW. The simulation on this network will take
place in for cases; in DC and AC OPF and by increasing
AA one time 1$/MW and next 30$/MW.

The amount of monopolistic production capacity of each
generator is shown in table I.

TABLE I
THE AMOUNT OF MONOPOLISTIC PRODUCTION CAPACITY OF
EACH GENERATOR
AL
G1 G2 | G3 G4 G5 G6

1

S/MW | 0 0 0 0 4.9995 13.8255
30

S/MW | 0 0 0 0 4.9995 13.8255
1

S/MW | 0 0 12.98 | 23.865 | 25.5975 | 42.1982
30

S/MW | 0 0 0 0 7.4967 18.7562

For DC OPF the results show the exact amount of
monopolistic production capacity, because there is no loss or
any thermal and reactive limitation in transmission lines. Since
losses are neglected in this simulation when using the DC
model, the size of the price change AA should have no impact
on the resulting. To investigate the changes of these suppliers
output while increasing A4 , we increase it as stepwise from
1$/MW to 308/ MW. By increasing this price the output active
power of each generator will be decreased, but the figure 5
shows that by continuing this procedure after the prices equal
to MPC, the outputs of some of generators do not change.
These are the generators which have the potential of exercising
market power. In this network they exist in area 2 which is
connected to the other areas through congested transmission
lines.

45 1
40 A
35 1

30 m DCOPF 1 $/MW
25 4 ® DC OFF 30 $/MW
20 ACOPF 15/MW

15 A
10 A

m AC OPF 30 /MW

s SEE PS

Gl G2 G3 G4 G5 G6

Fig 4. The amount of monopolistic production capacity of each generator

Generator 2

Generator 4

Generator 3

Generator 6 Generator §

Fig 5. Price increase impact on the amount of different generators



A stepwise increase of prices in AC OPF model shows that
the total load will be decreased either. So in AC OPF the results
cannot be true in every situation. So in our “run market”
program emphasize that the total load do not change and it
must be 195MW. In this condition the amount of 42$/MW has
been calculated as AA by which the total demand is constant.
The MPC amount of the system generators are shown in table
II.

TABLE II
THE MPC AMOUNT OF THE SYSTEM GENERATORS (AC OPF)

G Gl |G2 |G3 | G4 | G5 G6

MPC |0 0 0 0 2.6503 | 18.7023

Since existence of MPC is a direct result from congestions in
the network, there should still be some significant similarities
when comparing usage of the two mentioned power flow
models. Generally the AC model result was strictly greater
levels of MPC, in comparison to the corresponding calculations
using the DC model. This difference should be due to the fact
that including reactive power will effectively constrict the
thermal limits of the transmission lines even further. Also
losses might play a role in this, since it should logically cause
an elevation in generation.

In order to investigate the impact of transmission constraint
on the amount of monopolistic production capacity the thermal
limits of the line between buses 4-12 and 23-24 have been
decreased. The thermal limits of the line between bus 4 and bus
12 is 10MW and between 23 and 24 is SMW. Results are
shown in figure 6.

- m No Limits

7/~ More Limits
No Limits

M Previous Limits

More Limits

Figure 6. the impact of transmission constraint on the amount of monopolistic
production capacity

B.  Confirmation of above results by market power indices

Strategic behavior in the market is modeled throughout a
game in which the producers bid to maximize their profits The
strategic bidding model is based on a supply function model in
which the producers decide the offers to maximize their
surpluses. Behavior of each producer, i.e., his/her offer function
Py is here characterized by an increase over the linear

marginal cost curve )M .

M, =c! +in ™)
T
1
p,=c, +—PF, (®)
e

M,: Marginal cost for producer g .

e Intercept of the marginal cost curve of producer g.

n. - Reciprocal of the slope of the offer curve and the
4

marginal cost curve of producer g.
P,: Power of producer g.

P+ Price for producer g.

¢, Intercept of the offer curve for producer g

Hence the supply function and the marginal cost are parallel,
differing only for the term ¢, The payoff of the game is
measured by the producer surplus of each producer. The
demand curve for load is also assumed linear

Dd = d:i) - ch;Dd (9)
D, : Power for load d
d ; : Load quantity at zero price for load d

d’ : Price sensitivity of load d.

Each player will start the game using cg = cg™ at each move,
a player, in turn, will maximize his/her surplus SC"g choosing the
best cg and taking the last offers of the competitors as given.
The SG‘g achieved by a producer would depend on the outcome
of the market dispatch to maximize the system

surplus: undertaken, under network constraints, by the
independent system operator (ISO). This procedure can be
formulated in terms of the following optimization problem:

: d; 1 1 (10)
max S’ = Z[ d —DZ]—Z[C P +— ZJ
ds 2dt ! £ oy, E

deD geg

stn()=YD, =Y P, =0« 1 (1
deD gec
g ()V=F-F"<0, [={hklecZ«u (12)
g ()=-F-F"<0, I={hkleZu (13)
gl ()=P, —-P™ <0« 4, (14)
gm()=0-P, <0 (15)
Performance and price index:
k=525 A5 o0, (16)
s
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Figure 7. Performance and price index



TABLE III
LERNER INDEX

Gl increase its price G3 increase its price G5 increase its price
Generators Locational Prices

NMP LI NMP LI NMP LI
1 50 50 0 50 0 50 0
2 50 50 0 50 0 50 0
3 50 50 0 51 0.02 50 0
4 50 50 0 50 0 50 0
5 50 50 0 50 0 65 0.30
6 50 50 0 50 0 62 0

As it is shown in table III, the generator which exist in area 2
exert market power by bidding strategy. So the MPC could
detect the potential of market power. This conclusion is shown
by HHI either:

HHI Index:
HHIS = 5208.8677
HHI>1800

VII. CONCLUSIONS

When there is congestion, it segregates electricity market,
and the generating capacities in the congested area will be in
relative scarcity. As it is shown in the last section the
conventional market power indices confirm the results of the
algorithm. The bidding strategies may cause unexpected effects
on system; exercising the market power mitigation methods
without considering bidding strategies is not efficient. The
network impact depends on the actual structure of the grid and
on the distribution and types of the generators as far as they
impact on the price and available capacity at different
locations.
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