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Overview

Approach: Revenue sensitivity approach to identify
mar ket participants with market power potential.

2003 Technical Work:

o Extend senditivity analysisto consider
“withholding.”

e Takeinto account generation ownersnip by firm.

 Enhanced visualization of market power metrics.

* Publication and presentation of results.
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2003 Papers and Presentations

Papers

“A Revenue Sengitivity Approach for the Identification and
Quantification of Market Power in Electric Energy Markets,” B.C.
Lesieutre, R.J. Thomas, and T.D. Mount, |EEE Power Engineering
Society General Meeting, Toronto, CA, July 2003.

“Real-time Monitoring of Electricity Markets,” A. Kian, R.J. Thomas,
R. Zimmerman, B.C. Lesieutre, T.D. Mount, 37" Annual Hawalii
International Conference on System Sciences, January 2004.

“Identification of Load Pockets and Market Power in Electric Power
Systems’, B. C. Lesieutre, R. J. Thomas, T. D. Mount, to appear in the
Elsevier Journal on Decision Support Systems Special |ssue on
Competitive Electricity Markets.
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2003 Papers and Presentations

Presentations

1. EIA, January 2003

2. FERC, April 2003

3. MIT, April 2003

4. NY1SO, May 2003

5. CAISO, May 2003

6. ESCA, June 2003

7. CAISO, June 2003

8. IEEE PES, July 2003
9. HICSS, January 2004
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Market Power: Substitutability

“Market power isthe ability to raise prices above
the competitivelevel.” (FERC SMD 8393)

Market power boils down to the issue of
substitutability
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Electric markets are:

1. Dynamic in that they arerepeated
hourly, daily, monthly, etc. so learning
takes place

2. Enabled by a network that obey laws of
physics, not economic incentives

3. Necessarily incomplete so that some
monitoring and mitigation IS necessary
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On the supply-side

Non-substitutable U must-run

e.d.,

a. Must-run on load (load pocket, line-
flow constraint)

b. Must-run on Var’s (engineering
constraint)

Cc. Must-run on reserves (contingency
constraint)
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Create/exploit market by

L ocational advantages
« Witholding
o Strategic offers
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A Typical Power System

Revenue for Gen, : R=l .xg.

Payment by LSE, : P, =l xd,
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Consider a uniform-pricing market
clearing mechanism — inelastic demand

A [$/MW]

/ Supply curve
| = Market
clearing —
price
(MCP) :
< D 5 o

Gen 1 Gen 2 Gen 3
D=Market Demand
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Substitutability

Gen 2 can increase M CP by increasing offer price.

A 1SMW] So can Gen 1.

MER &he—

€

(.11 D (.12 93 [Mw]
Gen_1: DR =q,>Dl >0
Gen_2 DR, = (D- @)D >0

‘ Gen 3 DRy =0 C E RTS
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Withholding
Gen 2 can increase M CP by withholding supply.

A [$MW] So can Gen 1.

MCP =

MCP 2

Q1. qZ_AWZ DIQZ ds [MW]
Gen_1: DR =qg;(l3-15,)>0
Gen_2: DR, =(qy- Dwy- )X 3- (D- )X >

0 Gen_3: DRy =DwyA 50 CERTS
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Revenue Sensitivity Approach

Revenue/Offer-price sensitivity computation

aj =1 aeﬂq' T+, ae'nl_lg For i,j=1,...,ng
81“ ig &lijy
= AxDl

Revenue/Withholding sensitivity computation

b; =1, f;eﬂ_ xgeﬂ H For i,j=1,...,ng
R THRN T
Dr =B xDw
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Observations

1. Senditivities are operating point dependent.
Therefore, one outcomeisthat a unit or group of
units may have market power for certain operating
conditions and not others.

2. If afirm ownstwo unitsit could withhold the output
of one unit in order to provideincreased revenue for
the pair under, say, certain load conditions.

3. Network constraintsare captured by the
sensitivities
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Numerical Example

Area 1 Demand: 76.6 MW
Gen1 Gen2

i1

Area 2 Demand: 49 MW

15 10MVA
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Area 3 Demand: 39.4 MW

Gen 5
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Six Supplier Example (Market Power)

“Load

G3 Pocket”




Six Supplier Example (Market Power)

Competitive Offers:
$'MWh 4 $MWh 4
60
50 + 50 |

40 T

40

20 20

12 36 60 MW 36 60 MW

Generators 1-4 Generators 5(6;
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Results (75 round experiment)

Competitive Solution

Gl | G2 | G3 | G4 | G5 | G6

Dispatch (MW) | 31.7 | 36.0 | 34.0|36.0 | 176 | 12.0

Price ($/MWh) | 40.0 | 40.1 | 40.0 | 40.1 | 55.0 | 54.3
Actual Experiment* * 80 $/MWh price cap

Gl | G2 | G3 | G4 | G5 | G6

Dispatch (MW) | 37.9(349(30.1|349|149| 146

Price ($/MWh) | 485 |48.7|485 |48.6 | 72.0| 70.0
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Results: Experiment

Generatorsin theload pocket were ableto
raise priceswell above competitive levels
(and would have increased them further
with alonger experiment).
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Matrix of Revenue/Offer Sensitivities

Competitive solution

éDrll:J é- 32908 3231 31 65 52 - 49 ugDI 1@
Dr,o 23219 -3695 244 263 | 315 - 31002D -
éDr U § 31 244 -544 308 |- 234 229 @@DI ;U
2Dr43 5 65 263 307 -597|-127 125Dl ,;
eDr u e 38 230 -170 -93 |-160 173 UeD .U
e ue u
@Dr . g-36 -229 169 92 175 - 159¢aDl
Observations
o If any supplier, acting alone, raises its (offer) price, that supplier will
lose revenue.
o If all suppliers, acting together, raise (offer) prices, everyone' s revenue
INCreases.
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Matrix of Revenue/Offer Sensitivities

Competitive solution

éDr, { é— 3208 3231 31 65 | 52 -49(gDl, u
Dr,o 23219 -3695 244 263 | 315 - 310 ueDI
ér,0 & 31 244 -544 308 | - 234 229 gng g
D & 65 263 307 -597| -127 125 oD 43
€r.U € 38 230 -170 -93| -160 173 UéDl U
é "0 é 0é_ "0
&g 6-36 -229 169 92 | 175 - 159Dl f
Observations:

« If the load pocket generators (5 and 6) raise their (offer) prices together,
with almost no effect on the revenue of others.
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Load Pocket Market Power

Generators 5 and 6 have the potential to exercise
market power when the load is above 145MW

Experiments show that they do exploit this
potential.
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Market Power Opportunities for Firms

. Area 1 Demand: 76.6 MW Area 2 Demand: 49 MW
Flrm 1 Gen1 Gen2

15 10 MVA

> 200 MVA

» Gen3, desr-—-"""T3
- O .

. i -3:1 L = L .
Eirm 2 . rf 22 2’. 24-|-T 10 MVA o Gen 5 Firm 3
en 31

o3 Domanc: 0.4 CERTS
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Group Generators into Firms

DU _ oS a56“ Dlisu_ ForDis,D ;>0 Generators5and 6
gDrau Bos  Beol] gD'fs belong to the same

firm.

ED5U d355 b56U eDN5U

For Dw. ,Dw.>0
gDreu 3365 Des SDVVau ore

0 Firm revenue/offer
Drs + D =[(as5 + 865)  (Bgs + 3s)]” SDI °6>0  sensitivity
eu

&Dws U Firm revenue/withholding
Drs +Drg = [(bss +bes) (g +bee)]” & "GO0 sensitivity
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Visualization of Market Simulation Results

System Load= 164 .8 Area-1 Load= 75.65, Area-2 Load= 48.75 Area-3 Load= 39.43
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Market Power Metrics

Substitutability Metric

System load (MWh)
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Tie line flows (MWh)
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Note

Firm 3's (generators 5 and 6) withholding metric (red line) goes above zero and
grows fast (positively) for all loads above 130 MW. Firm 3 generators are non-
substitutable for load levels of 145 MW (and higher). Firm 3 appears to have
strong potential for market power in both withholding and price.

Firms 1 and 2 have market power potential for certain operating conditions
based on voltage congestion (limits).

The metrics suggest that the system becomes vulnerable to withholding
strategies at lower load levels than for offer price manipulation.

The nodal prices shown for the example do not indicate significant exercise of
market power, which is not surprising since marginal cost offers were used.
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Conclusions

 Practical real-time sensitivity-based metrics that
accounts for the network

o Computing sensitivities requires only currently
available information together with the rules used to
operate the electricity market and power system,

e Visualization of the metrics is needed for Real-time
Monitoring of Electricity Markets

(4] CERTS

m FoR ELECTRIC R



Future Work
« Apply this analysis to large system models (eg. MISO).

» Application of this market monitoring technique to real
bulk power markets (i.e. New York power system), by
Integrating into real-time monitoring tools being developed
by CERTS

« Development of market monitoring metrics for two-sided
markets.

 Examine several metrics derived from the price/revenue
sensitivities (e.g., eigenvalues, max singular value, RMP,
others)

o Apply a visualization of the metrics to PowerWeb and

‘ monitor them during experiments C E RTS
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