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D Module Ohjective

A Student will identify the components and uses of
the pricing mechanism used by the PIM energy
market.

A Student will illustrate the associations between
market sellers, market buyers and Locational
Marginal Pricing.

A Student will explain the calculation of LMP through

the use of a 5 bus model diagram.
()
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A Locational Marginal PricingLMP

G 5-bus Example
G LMP Verification & Posting process
G LMP Statistics
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What is LMP

& Pricing method PJM uses to:

E price energy purchases and sales in PIM
Market

E price transmission congestion costs to move
energy within PJM RTO

E price transmission losses to move energy
within PJM RTO

& Physical, flowbased pricing system:

E how energy actually flows, NOT contract
paths
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LMP/Analog

LMP is analogous to a taxi ride for MWSs!
Light traffic = Consistent, predictable fare

ONE DOLLAR
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LMP/Analog

LMP is analogous to a taxi ride for MWSs!
Heavy traffic = Higher fare

THE I.IIlITEI] STATES OF AMEHIBA

ONE LLAR
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How is LMP Useq

X (Generators get paid at generation bus LMP

X Loads pay at load bus LMP
X Typically at zone LMP
X Option exists for nodal LMP

X Transactions pay differential in source and
sink LMP

X Congestion
X Losses
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LocationaMarginal’Pric

System Transmission Cost of
L . :
] Energy + Congestion + Marginal
Price Cost Losses

3 Components of LMP

Cost to serve the next MW of load at a specific locatio
using the lowest production cost of all available genera
while observing all transmission limits
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LocationaMarginaPrice ‘Frequenc

ALMP (all three components) is calculated in both the Day-ahead and Real-time
energy markets.

ALMP is calculated on an hourly basis in the Day-ahead energy market as a result of
the Asnap shot 0 or rabeddehergg maekat wieeck buyers ahdh e
sell ers of energy are nAmatched upo.

ADemand bids, generation offers, increment offers, decrement bids, transactions
ALMP is calculated every 5 minutes in Real-time to account for changing operational
conditions (for example: loss of generation and transmission facilities, curtailments of

transactions), however settlements are performed using an hourly integrated LMP.

AHourly integrated value is an average of all twelve, five minute LMPs within the
hour 3
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Locational Marginal Pri

Transmission Cost of
Congestion + Marginal
Cost Losses

X System Energy Price
G Represents optimal dispatch ignoring congestion and losses

~

G Same price for every bus in PIJM

G Used to price Spot Market Interchange
A Spot Market buyer pays system energy price
A Spot Market seller is paid system energy price

G Calculated both in day ahead and real time
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Locational Marginal Pri

System Transmission Cost of
= Engrgy Congestion Marginal
Price Cost Losses

x Congestion Price

G Represents price of congestion for binding constraints
A Calculated using cost of marginal units controlling constraints and sensitivity factors on each bus
A No change in this calculation

G Will be zero if no constraints (Unconstrained System)
A Will vary by location if system is constrained

G Used to price explicit and implicit congestion (Locational Net Congestion Bill)
A Load pays Congestion Price
A Generation is paid Congestion Price
A Congestion revenues allocated as hourly credits to FTR holders

G Calculated both in day ahead and real time
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LocationaMarginalPric

System Transmission Cost of
I . .
— Energy + Congestion Marginal
Price Cost Losses

X Loss Price
G Represents price of marginal losses
A Calculated using penalty factors as previously described
G Will vary by location
G Used to price explicit and implicit losses (Locational Net Loss Bill)
A Load pays the Loss Price

A Generation is paid the Loss Price
A Loss revenues are allocated based on load + exports ratio share

G Calculated both in day-ahead and real-time
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Transmission L0SSe

A Real Power (MW) Losses

PIM©2011

Power flow converted to heat in transmission equipment
Heat produced by current (I) flowing through resistance (R
Losses equal téR
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Dispatch-Rat

Definition: The Dispatch Rate is expressed in dollars per
MWHh, calculated and transmitted to each generator to direct
the output level of all generation resources dispatched by
PJM based on the incremental offer data which was
previously received from the Generators.

s
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Dispatch-Rat

The Dispatch Rate is determined by the PJM economic
di spatch solution as cal cul at
Constrained Economic Dispatch program (SCED)

$35
$30
Offer Price $25

$20

Dispatch Rate = $25

0 50 10N30 200

MW Economic Basepoint

The Economic Basepoint is the MW value sent to the generating unit
that indicates to what level the unit should be loaded based on the
economic dispatch solution and the units incremental price curve
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Penalty Factors/Effect on: Dispeé

A The Incremental Loss for bus used to calculate a factor that can be
used to include the effect of losses in the dispatch

A This factor is called the Loss Penalty FactdPamalty Factor

1
Pfi = - —
a DPL 6 ........... Change in Losses
% DR§ """""" Change in Unitos |

A The Penalty Factors adjust the incremental cost of each generator
so as to include the effects of losses

A Penalty factors applied to each and every location
G Including generation, load, virtual transaction
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Penalty Factors/Effect on: Dispé

A If an increase in generation results inianreasein system losses then:

PIM©2011

G Penalty factor igireaterthan 1

G Units offer curve is adjusted higher
A Unit offer curve is multiplied by penalty factor

Leads to a lower
LMP (1/Pf)

A Unit lookslessattractive to dispatch

Loss Factor

DP
DP

0< <1

Penalty Factor

Pfi = - ][-)P ->1.0
a DP 0
2 et
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Penalty Factors/Effect on: Dispeé

A If an increase in generation results inl@creasen system
losses then:

G Penalty factor is less than 1
G

Units offer curve is adjusted lower Leads to a higher
) : : . LMP (1/Pf)
A Unit offer curve is multiplied by penalty factor
A Unit looksmoreattractive to dispatch

A¢2Glf [at ¢2dd R aGAft Fd €S8Fad S

Loss Factor Penalty Factor

O>£>_1 F)fi:o L -<1.0
DP %_ DP Q
Increase in injection will result in (} DF)I ﬁ
lower overall system losses
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Penalty Factors Effect on: DispatExample #

Losses = 4.6 MW
[ [ [, [ [ [ [
300 MW = = = = = e L 295 MW
_— ; PF = 0.97
@ 3058 M
6005 MW
AGC ON AGC ON
Gen # 1 Offer Price = Gen # 2 Offer Price =
Generating Unit # 1 Generating Unit # 2
Offer Price = $ 10.00 ----- 200 MW Offer Price = $ 10.00 ----- 200 MW
$ 20.00 ----- 300 MW $ 20.00 ----- 300 MW
$ 30.00 ----- 400 MW $ 30.00 ----- 400 MW
$ 40.00 ----- 500 MW $ 40.00 ----- 500 MW
Generating 300 MW Generating 300 MW
Penalty Factor = 1.00 Penalty Factor = .97
$20 * 1.00 = $20.00 $20 *0.97 = $19.60
(Unit offer price stays the same) (Unit offer price adjusted lower)




Penalty Factors'Effect on: DispatExample #

Losses = 12.6 MW
500 My 7 MW
PF = 1.05 PF = 1.00
1
500@MwW 513EM\A
1000y MW
AGC ON AGC ON
Gen # 1 Offer Price = Gen # 2 Offer Price = [T X K IA beL
Generating Unit #1 Generating Unit # 2
Offer Price = $ 10.00 ----- 200 MW Offer Price = $ 10.00 ----- 200 MW
$ 20.00 ----- 300 MW $ 20.00 ----- 300 MW
$ 30.00 ----- 400 MW $ 30.00 ----- 400 MW
$ 40.00 ----- 500 MW $ 40.00 ----- 500 MW
$ 50.00 ----- 600 MW $ 50.00 ----- 600 MW
Generating 500 MW Generating 500 MW
Penalty Factor = 1.05 Penalty Factor = 1.00
$40 * 1.05 = $42.00 $40 * 1.00 = $40.00
(Unit offer price adjusted higher) (Unit offer price stays the same)
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LMP: & Economic Dispa

Where PIJM wants
The units to be
loaded economically

Based on actual
loading of each unit

| f unitodos donot move to follow di:

Dispatch Rate m
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Generator Offers

Dispatch Rates

Dispatchable Transactions

RealTime Siemens

Data—s State
(EMS) =uEie@ Energy Demand

Generator MW
System Topology

Security

LMP Mocdle

LPA

Preprocessor

Flexible Generating
Units & Offers

LMPO s
all locations

_ Constrained
Dispatche

Clel=h)

* Manual Dispatcher Input
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LPA = Locational Pricing Algoritt
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LMP Execution: Ste

- Determine current system conditions
N energy demand

~

N generator MW values
N system topology

- Process generator offers & dispatch rates
to determine flexible generators

® Collect current system constraint data

Execute Locational Price Algorithm

Performed every 5 minutes Settlements performed on
iIn Real-time hourly integrated LMP
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Security(CosistiatiatkRaspatclr

ol
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|
\ High Cost Generator

\ IH!M $$$$

Higher cost Generator more
advantageously located relative
to transmission system limit

e

Low Cost Generator

$$

Transmission
nBottl e
Constraint



Higih & Low. LMF

Sending End Receiving End

E Highest LMP ammediatereceiving enf constraint

E Lowest LMP ammediatesending endf constraint

E Two marginal units control one constraint; three marginal
units two constraints, etc...
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F Y Agendze

A Locational Marginal PricingLMP
G Definition of LMP

G LMP Verification and Posting process
G LMP Statistics
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Example # 1 - 5 Bus Transmission Grid

System
Overview
Xep = 2.97%
230 MW
E : Thermal Limit D
; 9 Sundance
Brighton -
X,p = 3.04% |
Xac = 1.08% ——=Xep = 2.97%
}
A | - .
¢ Solitude
B

Impedances as shown
R =0 for all lines

Transmission
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