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TCA: A Summary

Engineering and M anagement Consulting firm specializing in Ener gy
and Manufacturing Systems

Primary energy focus is electric and gas generation, transmission
distribution and consumption

Primary manufacturing focus is software development for production
efficiency

TCA Provide Servicesin:
Regulatory Policy at Federal and State Levels and International
Project / Investment Evaluation
Price Forecasting
Software Development (both custom and marketable)
Manufacturing Productivity
Commercial and Industrial Energy Efficiency

25 Employeesin Cambridge MA and Northern California
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Presentation Outline

¢ Definition of Market Power

¢ How and why it isan issue?

¢ Competition or Regulation

¢ Concentration Measures

¢ Examples of Strategic Bidding

¢ Simulation Tools
— GE-MAPS
— COMPEL
— META

¢ Mitigation Remedies

¢ Proposal for market Power Study for Central American Electric
Power Markets
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What is Market Power?

¢ Definition: Ability of singlefirm or group of
competing firmsin a market to profitably raise prices
above competitive levelsand restrict output below
competitive levelsfor a sustained period of time.
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wWhy Do We Care?

¢ Mitigation of market power isessential for successful
Implementation of the de-regulation/privatization of
the electric power industry.

¢ |mportant for

— the consumersto realize the benefits of de-regulating the industry,
and

— for efficient operation of generation market.
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Vertical Market Power

¢ Same entity owns resour ces acr oss production levels
(generation, transmission, distribution).

¢ Structural solutionsto vertical market power require
vertical disintegration or functional unbundling
(GenCo, TransCo, DistCo) while maintaining the
transmission system regulated (Transmission Open
Access).

¢ TransCos and/or | SOsare a major step in addressing
vertical market power problems.
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Horizontal Market Power

¢ Same entity ownsresour ces at the same production
level (generation).

¢ Transmission open access with RTOs mitigates some
of theinstitutional horizontal market power
problems (eliminate pancaking, increases competing
capacity).

¢ Thereisno general structural solution that fitsall
systems.

¢ Requiresdetailed analysison a case by case basis
using a standard appr oach focusing on profitability of
strategic behaviour.
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Regulation vs. Market

¢ Regulation at its best can reach the outcome of
competitive markets.

¢ Willing to live with lessthan perfect competitive
mar kets (wor kably competitive) if the social welfare
lossislessthan the cost of regulation
— “Choice between imperfect and costly regulation ver sus mar ket
imperfections’
¢ It ispreferableto have:
— Market-based mitigation options, and

— Minimal residual regulation when none of market-based mitigation
optionswork.
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Structural Indices

¢ Herfindahl-Hirschman Index (HHI).

— Sum of squares of market shares
— Acceptable levels (1000-1800)

¢ Timeon Margin

— Thereisno formal criterion to determine market power using this
measur e, but sometime HHIs are calculated for on-peak, off peak
and super peak hours.

¢ Market shares

— onecriterion would be lessthan X% (20to 30%)

¢ How good arethese indices?

— do not take into account potential competition or market realities
such astransmission constraints, and

— cannot capture potential strategic behavior.
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Behavioral Indices

¢ Lerner Index isameasure of the prices above
competitivelevels. L1 = (P-C)/P

¢ ThePrice-Cost Margin Index: PCMI= (P-C)/C

¢ Theseindices can be averaged over any period of
time, thus giving the ability to deter mine market
conditions (load levels) when market power becomes
apparent.
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Behavioral Analysis

¢ Behavioral analysis—direct analysis of market power,

¢ Itisbased on the simulation of strategiesthrough
which market participants could exercise market

power. Thesestrategiesinvolve strategic bidding and
capacity withholding (discussed later);

¢ It providesfor direct measures of market power such

asapriceincrease caused by the exercise of market
power .
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What is Strategic Behavior?

¢ Choosing the level and price of generating capacity to
offer at the deregulated market in order to maximize
own profitability.

¢ It isoften not in the generation owner’sinterest to sl
(bid) all capacity it has, or sell it at cost, or both

¢ Strategic behavior may have a significant impact on the
spot market price of electricity.

¢ Should capture
— Short-term aswell as medium-term and long-term dynamics

— Barrierstoentry (or lack of) and other market realities
— Transmission constraints
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Strategic Behavior is a Real Phenomenon

Market Clearing Prices vs. Marginal Costs. NEPOOL, July-1999
(15 hourly prices in excess of $200/MWh are not shown)
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Strategic Bidding

¢ Strategic bidding involves generating firms bidding
prices abovethevariable production costs of their
units, with theintent of forcing the market clearing
price above competitive levels.

¢ Under thisstrategy, generating unitsare usually
dispatched in the same merit order asunder the
production cost bidding.
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Capacity Withholding

¢ Capacity withholding involves firms removing some of
their capacity from the bidding processor from the
market for a certain period of time, in an effort to cause
mor e expensive unitsin the system to set the market
clearing price.

¢ Unlike strategic bidding, capacity withholding changes
the merit order in which units are dispatched.
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Profitability & Market Equilibria

¢ Behavioral analysis measuresincrease in profitability
under different market equilibria.

¢ Nash: A player maximizing its own payoff given the
strategies followed by all opposing players (General
equilibrium)
— Cournot: Set of outputsfor which each firm maximizes profit given
the outputs of the remaining firms

— Bertrand: Set of outputsfor which each firm maximizes profit
given the pricesof the remaining firms

— Supply Function: Set of outputs for which each firm maximizes
profit given the supply curvesof the remaining firms
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Examples of Strategic Bidding in Electric
Power Markets
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Strategic Bidding- Strategy One

¢ Strategy One: Bid up to the next unit in the merit order.

¢ Thisstrategy increase generators profits without risking losing
revenues, since same unit merit order is maintained

Demand
$/MWh A

Price S

Price C - e -

i MW
Quantity
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Strategic Bidding- Strategy Two

¢ Bid up tothe next owner in the merit order.

¢ Generation companies can increase market clearing
priceswithout risking losing any profits since they
are maintain the same company merit order

$IMWh Demand

Price S

Price C{-——------------mmmmmmmm -

Quantity
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Strategic Bidding- Strategy Three

< Bid up anticipating that your competitorswill follow
a strategy (any of the above strategies).

A

$MWh Demand

Price S

Price C/{

Quantity
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Equilibrium Strategies

¢ The SFE approach isa sophisticated form of strategy
three wherethe units maintain the same unit merit
order.

¢ Cournot equilibrium involves changing the merit
order and effectively withdrawing capacity.

¢ Another strategy would beto use transmission
constraintsto maximize profits of a portfolio of
generation assetsor portfolio of generation and
transmission assets.
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Generation Capacity Withholding

¢ Generation companies have incentivesto withhold
capacity and increase market clearing pricesonly if
they can increase their profits

¢ Generation company increasetheir profits by
withholding unitsonly if theincreasein revenuesis
higher than thelost opportunity costs
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Profitability for BlueCo

$/MWh Demand

Price

$/MWh

Demand

Price

MW

Quantity
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Profitable Strategic Bidding

¢ A generation company may profitably withhold
capacity or strategically bid if any or all of the
following istrue:

— It owns many generating unitsand hasarelatively large market
share

— itsunitsare strategically located on the supply curve (many base-
load and marginal units)

— It can implicitly collude with other generating companiesto reach a
mar ket equilibrium
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Simulation Tools
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Simulation Models

¢ TCA usesa commercially available production cost ssmulation
softwar e such as MAPS developed by General Electric aswell as
softwar e developed by TCA staff to model competitive electric
power markets.

¢ GE-MAPS

— Isaleast-cost security-constrained dispatch model that issimilar theto
dispatch software used in control centers. It determinesthe least cost
dispatch of generation units subject to security constraints and calculates
the associated locational market clearing prices.

¢ COMPEL

— Isastrategic behavior model that simulates the bidding behavior be
generatorsin deregulated power markets. Instead of marginal cos based
bids, it determines a set of bids that maximize therevenue for a portfolio of
gener ation assetsfor each market participant.
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Nodal Pricing - The Mathematical Model

The model can be mathematically described as follows:

Minimize Total Cost = & GenCOSti* Geni
1l
Subject to:

1 Gen £ MaxCap "l
2 aGen =3 Load, + SpinRese

-~

r.Pool

@ PowerFlows £ MaxFlows |1 L
@ PowerFlows 3 MinFlows "IT L
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Nodal Marginal Pricing - Theory

Nodal prices are not necessarily capped by the marginal costs
of marginal units - they can be higher than the most expensive
unit, or negative.

¢ Nodal pricescan be higher than the marginal cost
of the most expensive unit running.

¢ Nodal pricesat constrained out areas can be
negative.
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Nodal Marginal Pricing - Theory

Example of nodal prices without constraints.

_ Price =$30/MWh
Price = $30/MWh \ / Cost = $20/MWh

Cost = $30/MWh
@ @ Capacity= 30 MW

Dispatch 30 MW

Capacity= 50MW
Dispatch 20 MW

C

-

Load =50 MW
Price =$30/MWh
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Nodal Marginal Pricing - Theory

Example of nodal prices with constraints. Note that prices can exceed
the highest marginal cost unit.

Cost = $30/MWh Cost = $20/MWh

B .
Capacity= 50MW @ O Capacity= 30MW

Dispatch 40 MW Dispatch 10 MW
20 MW Limit

Price = $30/MWh \ Price =$20/MWh

Load =50 MW
Price =$40/MWh
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Price Forecasting Models

¢ Therearethree possible approachesto price
forecasting:

— Production Cost Models: Build a Market M odel with specified
assumptions

» Can be complicated
» Results accuracy depends on accuracy of input assumptions
— Stochastic Models: Run alarge number of Monte Carlo ssmulations
» Requirelarge number of smulations
» Require knowledge of the distribution of theinput variables

— Knowledge-Based Systems. Try to learn the market by observing
pricesand relating these to events

» Need to learn all possible events
» Price accuracy dependson thetraining
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Market Model

The market model can be either one of the following:

— Competitive: Generators bid incremental costs
— Duopolistically Competitive:

» Most realistic, but difficult to model

» Many possible equilibria
— Monopolistic: Generators maximizes revenues

We use GE MAPSto model both perfectly competitive market
wher e generator s bid incremental costs and oligopolistic markets
wher e generator sreach a Nash-type equilibrium (Supply Function

Equilibrium). We use another model, COMPEL, to determinethe
strategic bids.
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MAPS Model Inputs

Thermal Characteristics

¢ Units Summer and Winter capacities

¢ Unitsheat rates, fuel types & outages

¢ Unitsvariable operation and maintenance cost by unit type and size
Hydro Unit Characteristics

¢ Hydro and pump storage generation levels

Fuel Prices

¢ Fued pricesfor each geographic area

Transmission System Representation

¢ Transmission constraints

External Supply Curves

¢ Importsand exportsfrom outside the Northeast system

L oad Requirements

¢ Forecasted peak load and hourly shape, and dispatchable demand
¢ Reservesrequirements

Economic Entry and Retirements
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Example of Market Analysis using GE-MAPS
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Supply Curve & Ownership of Generation

Units for a Typical Electricity Market in the US

Price
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Load Histogram
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Ownership of Marginal Units

Marginal Units
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COMPEL: TCA Model for Simulating Strategic
Behavior

¢ COMPEL isa software model developed by TCA
under the Small Business I nnovation Resear ch grant
from the National Science Foundation.

¢ COMPEL’smajor featureisthe ability to directly
model strategic behavior of generating companiesin
deregulated power markets.

¢ COMPEL ispowered with unigue computational
algorithmswhose distinctive featureisthe use of the
Innovative game-theor etical approach based on the
Supply Function Equilibrium (SFE) technique.
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COMPEL Algorithms

¢ Generate equilibrium unit capacity withholding
strategies.

¢ Generate equilibrium bidding strategies.

¢ Solve atwo-stage game-theor etical problem in which
capacity withholding decisions and bidding strategies
are inter-dependent.

¢ Compute a system dispatch subject to generated
capacity withholding decisions and bidding strategies.

¢ COMPEL can simulatethe unilateral strategic
behavior of onefirm aswell astacit collusion of any
sub-group of firms.
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Example of Strategic Bidding In COMPEL
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Supply of Market Players

Supply of Market Participants

$35.00 :
Firm 1

O Firm 2
$30.00

$25.00

$20.00

$15.00

$10.00

5500

Variable Cost ($/MWh)

Unit #2

Unit #3

0 500 1000

1500

Capacity (MW)
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Impact of Strategic Bidding on Production

Cost Bid

$35.00

$30.00

$25.00

$20.00

Impact of Strategic
Bidding
Production Cost

$15.00

Bid Price ($/MWh)

$10.00

$5.00

$-
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Unit Dispatch by Bidding Scenario

Unit Dispatch by Bidding Scenario
(Load Served 1850 MW)

$35.00 ! Market Clearing Price:
' Strategic Bidding
($31.68/MWh)
$30.00
Market Clearing Price:
$25.00 Production Cost
! ($25.00/MWh)
— 1
2 $20.00 :
3 ' ! ——Firm 1 PCB + Firm 2 PCB
o i —8-Firm1SB + Firm2 SB
- $15.00 5 ——Firm 1 PCB + Firm 2 SB
m ! —A—Firm1SB  + Firm 2 PCB
$1000 E PCB: Production Cost Bidding

SB: Strategic Bidding

$5.00

$‘ T T T

0 500 1000 1500 f 2000
1850

Cumulative Capacity (MW)
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Profit

Profit with Both Firms Bidding Production Cost Profit with Firm 1 Bidding Production Cost, Firm 2 Bidding

Strategically
$25,000 $25,000
$20,000 $20,000
$15,000 - $15,000 -
3 5
a a
$10,000 - $10,000 -
$5,000 - $5,000 -
$0 B T $0 . T
Firm 1 Firm 2 Firm 1 Firm 2
Profit with Firm 1 Bidding Strategically, Firm 2 Bidding Production Profit with Both Firms Bidding Strategically
Cost
$25,000 $25,000
$20,000 A $20,000 1
$15,000 A $15,000 1
a o
$10,000 A $10,000
$5,000 A $5,000 -
$0 T $0 - T
Firm 1 Firm 2 Firm 1
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Mitigation Remedies

For marketswith high industry concentrations
regulation could be minimal and gaming reduced by
Implementing certain policies.

— Priceor revenue caps

— Divestiture of generation assets

— Must-run cost-based bids

— Control delegation (long-term operation control or blind trust)

— Contract for differences

— Transmission reinforcements

— Assign transmission rightsto theload in case of transmission
congestion
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MAPS and COMPEL

¢ Weuse GE MAPSto solve for market clearing pricesand
companies profitsunder both marginal cost bidding and
strategic bidding subject to transmission and oper ating
constraints.

¢ Also, weuse GE MAPS and COMPEL to determinethe
Impact and effectiveness of proposed mitigation measur es
In reducing the potential for exercising market power .
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Are Electric Generation Markets Contestable?

¢ Contestability: Little entry and exit costs

¢ Longterm equilibrium: contestable marketsare
equivalent to Bertrand equilibrium wherepricesare
capped at the cost of new entry or long-run average
cost

¢ How much contestable?
¢ Aretherebarrierstoentry ?

¢ What about new generation technologies ?
Distributed generation ?
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Where i1s the Cutoff?

¢ Where do you draw the line between economic rent
and market power rent?

¢ |f the market iscompetitive with no significant
barriersto entry would not the average price be
naturally capped by the long-run cost of energy
production ? If it ishigher, it isan invitation for new
entry.
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