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Summary of Market Metrics
NEISO

HHI Ex-Ante: Ex-Post | FERC standard Variable Straightforward to calculate Available
Optimal Hedge - . . .

pt 9 Ex-Ante Assess motivation to withhold Daily Straightforward to calculate Forward data must be
Ratio purchased
Spot/Forward ) . ) :

. Near Real Time Evaluate market performance Daily Straightforward to calculate Available

Market Ratio
Spot/Forward Price , . . .
Rgti o Near Real Time Evaluate market performance Daily Straightforward to calculate Available
Spark Spread Near Real Time Assess motivation to withhold Variable Straightforward to calculate Available
Lerner Index on ) . . . Straightforward .
Price Setters Near Real Time Examines ability to set price Hourly to calculate MC must be estimated

Relative Market

Unit Commitment Model; Considerable

Power (Generator) Ex-Ante Evaluate degree of market power Monthly or Seasonal Effort Available
Relative Market Ex-Post Evaluat ket perf Monthly or S I Straightf d to calculat Availabl

Power (Aggregate) x-Pos valuate market performance onthly or Seasonal raightforward to calculate vailable

gﬁ? (;] ic(;r;n etric Near Real Time Measure ECP/Capacity relationship | Daily Model Development; Considerable Effort | Available

Incentives to Assess whether ECP conditions . . , - .
Withhold Ex-Ante could motivate withholding Daily & Spikes Considerable effort May be difficult to obtain
Strength of Mean , , . . Available for limited time
Reversion Near Real Time Measures price stability Monthly & Spikes Complex rame

Simulation Analysis

Ex-Ante

Longer run market performance

Periodic studies

Considerable effort

Most collected by system
operators

Theory Based Wetrics™ |l vevelopmen

Assess New Markets/Rule Changes

Periodic studies

Considerable effort




Market Power: Substitutability ﬂ

“Market power isthe ability to raise prices above
the competitivelevel.” (FERC SMD §393)

Market power boils down to theissue of
substitutability




Pairwise substitutability

We know have market power.
That Is, two generatorsin arepeated
auction market can and will raise prices
with impunity. Thereisan easy
explanation of how they do it. So, the
Issue of pairsthat have market power
must be addr essed.



Electric markets are;

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

2. Enabled by a network that obey laws of
, ot economic incentives

3. Necessarily incomplete so that some
IS hecessary



On the supply-side

Non-substitutable U must-run

e.g.,
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)

Show several examples next




Create/exploit market by

 Locational advantages
« Witholding
o Strategic offers



Example 1 - |IEEE 30 bustest system Marginal cost offers

Area 1 Demand: 76.6 MW Aveq 2 Demand: 83.9 MW

Gen1 Gen2 | 36.0 MW
27.5MW ® | $4014MWh
$40/MWh  |;. 2] 1

Gené6 T1"°

36.0 MW
$40.39/MWh

36.0 MW
$40.18/MWh

= 24 +
36.0 MW
$40.23/MWh |z00 mva

Area 3 Demand: 39.4 MW Total System Demand: 200 MW

30.5 MW
$40/MWh




Tacit Collusion

P Demand: 83.9 MW

Total System Demand: 200 MW




Market Power (duopoly)

Area T Demand: 76.6 MW Area 2 Demand: 83.9 MW

Gen1 Gen2|34.7 MW

201 MW . i} $8O/MWh I
$80/MWh - 15 is
2 :L- 4 GE‘” 6 19
o ﬁI 345 MW
s ? =" $40/MWh

—— ] 25 .
25 22 Ll 2?1 24 + i
en 4 458MW [ Gen 5
31 MW ® $50/MWh > 200 MVA 36 MW

Area 3 Demand: 39.4 MW Total System Demand: 200 MW



Cascading M arket Power

Area T Demand: 76.6 MW Area 2 Demand: 83.9 MW

20.4 MW Gen1 Gen2 352 MW

$80/MWh ;...L[ JT $80/MWh

(5 18

Gené T1"°

— ! [aaamw

] ’ $40/MWh

—

"’”'Ji 36 MW

Gen 5 ﬁ46.52/MW

SMVYA

J—i 2!‘1

- 25 22 E#TIT
Gen 4 48.2 MW
28 MW o

$50/MW L 200 MVA
$66/MWh 27 e | mm

Area 3 Demand: 39.4 MW Total System Demand: 200 MW




-
i
s o~
T
e, -

-

= g e sy iz
" . Lt

LR ] F—
- - T-: e
. O R R
®
P
®
o - ==
sl » ®
e Lot e —y — e 8
L] ‘a s -
s .

st ili




Highlighted area — peak |oad

Baseload — alwayson Shoulder unit ———-—-—

|
I
89 , ‘I :-___

—_— 92

91

90 ‘ ‘

Peak er Peaker



Preferred night solution

Shoulder unit
Baseload — alwayson of e

91

Peaker -off Peaker-off

VOLTAGE PROBLEMS




Preferred night solution

Shoulder unit
Baseload — alwayson of e

=
@

Q 91

Peaker -off Peaker-off

VOLTAGE PROBLEMS




Actual solution

Shoulder unit

Baseload — alwayson off -—===
I -_—
89 ’ | r
A 92
— —
90 91
Peaker -off Peak er-off

Peakers have market power at night



Area 1T Demand: 76.6 MW Area 2 Demand: 83.9 MW
Gen1 Gen2

.

2522J—

|

Area 3 Demand: 39.4 MW Total System Demand: 200 MW
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Theproblem for generator 1

Mbaxl (Io2) P1(bn) = I\/Ibax r1(1on)

subject to

| =au*Pi+
| =ax*P2+D>
P1+ P2 = Pq

I.e.,, The problem isto find offer b, to maximize

Generator 1'srevenue



Revenue and Nodal Pricevs Generator 1 Offers

Generator 2 offersareat MC n

1.5 T ] ] I I T I ] I

e P -

2.5 . T T T .
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150 i

1 11 1.2 13 1.4 1.5 18 1.7 1.8 19 2



Using a greedy agent to try to achieve the max

ba(k +1) = ba(k)
+ ha* sign(ba(k) - ba(k - 1))* (ri(k) - ra(k - 1))



Generator 1 greedy agent offers ﬂ
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Generator 1 Greedy Agent Revenue
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| dentifying M arket Power:
A Sensitivity-based Approach

Examine dispatch/offer sensitivities
od L im =
D—I: M normalized Emj =€,

J
Where G isthedispatch and | istheprice

Revenueg/offer sengtivities
E =N
Dl

Wherer =| G istherevenueearned by G




Analytical Framework

1) The solution to an OPF corresponds to a minimum cost
solution
2) Resolving the OPF by replacing the offers with optimal
nodal prices gives the same optimal dispatch.
3) Minimum Cost = C (nodal prices, |oads)

N . C = Optimal Dispatch

price

N2 C=Matrix of Price Effects

price



Could calculate the sensitivities from
Hessian/Jacobian calculations (normally
avallable data for calculations such as
state estimation) if cost curvesare

continuous.



Two-OPF algorithm:

e Obtain the operating point from an OPF using all
market and system information.

* Perform a second OPF replacing block offers with
the nodal prices from the first OPF.

e Calculate the sengitivity of revenuesto offer pricesin
second OPF (the nodal pricesin the first OPF).



Sufficient Conditionsfor Market Power
(b&d on thecondition (revenuég/f(price) > O)

For asinglegenerator Dr/Dl ;>0
r=G " 1. >0
For Dr =G "D +I;" DG

if Dr/D, =G +I'" (DG /D ,)>0

P G +I;"m; >0

or 1+(1 /G )m, >0

thatis:

Own normalized price sensitivity =l . >-1




Sufficient Conditionsfor M ar ket Power u
For agroup of generators Dr,+Dr,>0for DI ,>0,D ,>0,

Revenue for generator iinthe group will increase if :

é eij >-1

j=1

and the potential for market power exists forthe group if :
ar@+ae;)>0

i=1 j=1

for, say, agroup of two generators out of N

e, te, >-1 (revenue increase for generator 1for own price increase)

e, +e, >-1 (revenue increase for generator 2 for own price increase)

and/or

rl+e, +e,)+r,1+e, +e,,) >0 (revenue increase forthe pair of
generators land 2if they both increase price)



Witholding

Single generator

Dr./DG, <0
Two generators

Dr, + Dr,>0for DG, and/or DG, <0



|EEE 30 Bus Test System

Area T Demand: 76.6 MW Area 2 Demand: 483.9 MW
Gen1l GenZ2

I

. g TH‘

=200 MVA

Gen 3 10

- 25 . ‘L
125 HJ— 21 24W 10 MV A

Path 32

| EE-lTll Eﬂm

Area 3 Demand: 39.4 MW Total System Demand: 200 MW




Six Supplier Example (Market
Power)

Gl

“Load
Pocket”




Six Supplier Example
(Market Power)

e

Competitive Offers:
$/MWh

=
foid
<
=
>
>

50
40 T

20

12 36 60 MW 12 36 60 MW

Generators 1-4 Generators 5-6 Higher to create
load pocket



Results (75 round experiment)

Competitive Solution

Gl | G2 | G3 | G4 | G5 | G6
Dispatch (MW) | 31.7 | 36.0 | 34.0 | 36.0 | 17.6 | 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




Results: Experiment

Generatorsin theload pocket were ableto
raise prices well above competitive levels
(and would have increased further with a
longer experiment).



M atrix of Revenue/Offer
Sengitivities

Competitive solution
ébr,u é 3298 3231 31 65 52 - 49Dl U

U €319 _3695 244 263 | 315 - 310ueDI “

e’z é

ér,u é 31 244 -544 308 |- 234 - 22999D| g

Dr,i & 65 263 307 -597|-127 125 g 4“

éDrt’J e 38 230 -170 -93 |-160 173 Uép .U
e

ue u
Dr.g 6-36 -229 160 92 | 175 - 1593D .4

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.



Matrix of Revenue/Offer Sengtivities u

Competitive solution

&Dx, i é 3208 3231 31 65 | 52 -490éDl,0
eDr 32190 -3695 244 263 | 315 - 310 UleD| ”

e
eDr3u é 31 244 -544 308 | - 234 - 229ueDI u
€. u=é u
Drl S 65 263 307 -507) -127 125 S,V
eOr.U € 38 230 -170 -93| -160 173 Uép .U
e e ue u
&g 6-36 -229 169 92 | 175 -159g8Dl g

Observations;

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



Competitive Case Price Sensitivities

¢Dg, 0 & 105 1019 10 20 | 16 -15%D 0
gt S895 -1037 68 73 | 87 -8.6%D,"
&g, €09 72 -17 91 |-69 67 ueDI u
o, 818 73 85 -176/-101 98 Xni Y
ngsa 22.2 131 -97 -53[-101 098 ueDI u
Do &30 -191 141 7.7 | 146 -143%D 4
S~ _
—_—
G = M I



The price sengitivity matrix shows that

If generators5 and 6 together raisetheir offer
prices by one unit each while all other offers
remain constant, generator 5 will experience
a decrease in dispatch of only 0.4 unitswhile
the dispatch of generator 6 will increase by
only 0.3 units.




That IS:

For

D ,=Dl,=Dl ;=D ,=0

From the matrix of revenue sengitivities
Dro=-160D . +173D

Dr,=170D .- 159Dl

Conclusion - If generators5 and 6 raisetheir offerstogether
by $1/MWh, generator 5 will its revenue by $13/hr
(while decreasing its dispatch by 0.4 MW) and generator 6 will

itsrevenue by $16/hr (whileincreasing its dispatch by
0.3MW)

NOTE: INDIVIDUALLY THEY CANNOT RAISE PRICES




L oad Pocket M arket Power

Generators 5 and 6 have the potential to exercise
market power when the load is above 165MW

Experiments show that they do exploit this
potential.

How do they do it without direct collusion?




L oad Pocket M arket Power

Closar examination: éDrsu e- 160

A

&l 8175

173 véeDl . u

- 150%D1 4

zerg-revenue line generator 6

INcreased

revenue area
generator 5

eased reven
generator 6

_ zero-revenue line
generator 5

ue area

>




L oad Pocket M arket Power

Generators 5 and 6 will find their win/win region.

Dl ¢ & M‘l/wi n/win region

L~




L oad Pocket M arket Power

D ! /
P Consider:
* both increase offers and
e generator 5 loses revenue
% * generator 6 gains revenue
@ O,

Then

e generator 5 will decrease its offer and

* generator 6 will increase its offer

e and they will move towards the win/win region




L oad Pocket M arket Power

Dl /
e
It will take time, but

 priceswill increase and
e revenues will increase.

Dl .

Thereisn't direct collusion — each generator acts on itsown
price and revenue signals.



Tie-lineflowsvs system load

Path 15

2 gl
=
zor
2 7r
o
5 6
o
[ 1 |
5 10 15 20
| I |
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7 ] | ] |
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T
g
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E 150
&
100 1 | 1 |
5 10 15 20

Both lines are congested for system load above 135 MW




Drl=all*Dpl+al2*Dp2 LI
Dr2=a21*DpL+a22+Dp2 Group Sensitivities
therefore:

Dri1+Dr2=(all+a21)*Dpl+(al2+a22)*Dp2.

where: aij=D (rev-i)/D (price-j)

A

400 - -

-1000 ~

— Groupl:G1&G2
— Group2:G34G4
— Group3: GAEGE

-1500 //—) _

Revenue-sensitivity values

-2000 —

| | ] | ] ]
120 140 160 180 200 220

135 System Load (MWW




Relative Market Power (RM P)

A measure of how much market power is being exploited.

RMP = | actual | NMP

FMP I NMP

| g OPServed nodal price
| wwp (lower) price a which No Market Power is evident
| evp  (higher) price a which Full Market Power is achieved

(at price cap).



Relative Market Power (RM P)

RMP for 6 supplier example

G5 G6
competitive 0.32 0.32
experiment* 0.70 0.66

* Thisvalue would likely increase with alonger experiment.



Conclusions

. The derived matrix of price sensitivities from an OPF
can provide sufficient conditions for identifying the
potential for market power

. The data required to make these calculations are
available to the I SO.

A relative market power index can be calculated.

. This approach can be extended to include revenue
sengitivities to other quantities.



What’ s next?

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

e Apply avisualization of the metrics to PowerWeb and
monitor them during experiments

* Integrate into real-time monitoring tools being
developed by CERTS



