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Objechives

A At the end of this module you will be able to:

Define LMP and how it is used to price energy
Describe the components of LMP

Describe the LMP posting and verification process
Differentiate between LMP and Dispatch Rate

Describe eligibility requirements to be a marginal
resource
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What is LMP

& Pricing method PJM uses to:
price energy purchases and sales in PJM Market

price transmission congestion costs to move energy
within PJM RTO

E price losses on the bulk power grid

Mec  [TI

2 Physical, flow-based pricing system:
E how energy actually flows, NOT contract paths
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How is LMP Useq
A

X Generators get paid at generation bus LMP
X Loads pay at load bus LMP (Typically the zonal LMP)

X  Transactions pay differential in source and sink LMP
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System Energy Price

LMP COMPONENTS




FY LMPA System-Energy: 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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" 4 Supply and Demand
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Congestion

LMP COMPONENTS




LMPA Congestion: Compone
A D P

System Transmission Cost of
= Ene_rgy 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
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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= % Operational Limit

¢ Thermal Limits - Thermal limits are due to the thermal
capability of power system equipment

¢ Voltage Limits - Utility and customer equipment is designed to
operate at a certain supply voltage

¢ Stability Limits - Refers to the power system maintaining a
state of equilibrium
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Control /Action:
A

There are three basic types of actions that can be performed
to control the flow of power on the electric system:

- System Reconfiguration
- Transaction Curtailments
® Redispatch Generation
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- Y When Constraints Occu

ADelilvery | i mitations-cgstr even
generatoro

A Higher-cost generator closer to load must be used to
meet demand

ACost expressed as nNnsecurity
costo
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Security_ Constrained-fRaspatcr

Low Cost Generator
$$ d

Transmission
nBottl e B O T
Constraint

-

High Cost Generator

IH!M $$$$

Higher cost Generator more
advantageously located relative
to transmission system limit
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Congestion Component of L
"2 ’ p

¢ )

Sending End Receiving End

E Highest LMP at immediate receiving end of constraint

E Lowest LMP at immediate sending end of constraint

E N+1 marginal units on system (N=number of active constraints)
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Marginal Losses

LMP COMPONENTS




LMPA Marginal Loss €omponse
A g P

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

X Loss Price

G Represents price of marginal losses
A Calculated using penalty factors
A 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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Y Transmission Losse

A Real Power (MW) Losses

I Power flow converted to heat in transmission equipment
I Heat produced by current (1) flowing through resistance (R)
I Losses equal to I°R

I Heat | oss sets the nther mal ratingo
$3¢
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F Y Transmission L.0ss¢

A Real Power (MW) Losses
G Increase with transmission line length
G Increase with current flow (1)
G Decrease at higher voltages
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Y Transmission L.0SSe

10 Miles

Power Out: 98.2 MW
Power Loss: 1.8 MW
Voltage out: 230.74 KV
Current Out: 425.53 A

Power In: 100 MW
Voltage In: 235 KV
Current In: 425.53 A
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- Y Transmission L.osse

50 Miles

Power Out: 90.946 MW
Power Loss: 9.054 MW
Voltage out: 213.72 KV
Current Out: 425.53 A

Power In: 100 MW
Voltage In: 235 KV
Current In: 425.53 A
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5~ Y Penalty Factor

A The Incremental Loss for bus i is 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 Factor, or Penalty Factor

Pfi -

T Change in Unitds |

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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B Penalty Factors'Effect on Dispeé

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

Penalty factor is greater than 1 Leads to a lower

Units offer curve is adjusted higher LMP (1/Pf)
A Unit offer curve is multiplied by penalty factor
A Unit looks less attractive to dispatch

G
G

Loss Factor Penalty Factor

O<£<l Pfi - >1.0
DR

o ~
a Q
Increase in injection will result in ?‘ DF) Q

higher overall system losses
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B Penalty Factors'Effect on Dispeé

A If an increase in generation results in a decrease in
system losses then:

(E- Pe.nalty factor is Igss t.han 1 Leads to a higher
G Units offer curve is adjusted lower LMP (1/Pf)
A Unit offer curve is multiplied by penalty factor
A Unit looks more attractive to dispatch
ATot al LMP would still at | east eq
Loss Factor Penalty Factor
O>E|L>-1 Pfi - L <1.0
| = .
(o) ~
DP a DP Q
| 2- 8
Increase in injection will result in DP *
lower overall system losses G L
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Penalty Factors/Effect on DispatExample #

Losses = 4.6 MW
. P P [, [ [
L = = = = L 295 MW
PF = 0.97
: ; . @ 305 MW
AGC ON AGC ON
Gen # 1 Offer Price = pOMDEFAC L Gen # 2 Offer Price = [ LX LR IMW

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 = 0.97
$20 *1.00 = $20.00 $20 * 0.97 = $19.60
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Penalty Factors/Effect on DispatExample #

Gen # 1 Offer Price = CEyE DY E G

[P [ SSE?\ 12. ?\MW [P [
500 MYY¥ L L L= L > 7 MW
PF = 1.05 PF = 1.00
1
500@Mw
10005 MW
AGC ON AGC ON

Gen # 2 Offer Price = FDEDE IMW

513@ MW

Generating Unit # 1

Generating Unit # 2

Offer Price = $ 10.00 ----- 200 MW
$ 20.00 ----- 300 MW
$ 30.00 ----- 400 MW
$ 40.00 ----- 500 MW
$ 50.00 ----- 600 MW

Offer Price = $ 10.00 ----- 200 MW
$ 20.00 ----- 300 MW
$ 30.00 ----- 400 MW
$ 40.00 ----- 500 MW
$ 50.00 ----- 600 MW

Generating 500 MW

Generating 500 MW

Penalty Factor = 1.05
$40 * 1.05 = $42.00

Penalty Factor = 1.00
$40 * 1.00 = $40.00
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LMP and Dispatch Rate

SYSTEM CONTROL




LMP vs. Dispatch R:
"2 =

Where PIJM wants
The units to be
loaded economically

Dispatch Rate m

L MP m» Based on actual
loading of each unit

| f uni tds donot move to foll ow di
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Y Dispatch Rat

Definition: The Dispatch Rate is expressed in dollars per
MWh, 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.
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Y Dispatch Rat

The Dispatch Rate is determined by the PJM economic dispatch
solution as calcul ated by PJMG6s Se
Dispatch program (SCED)

$35
$30
Offer Price $25

$20

Dispatch Rate = $25

0 50 lON’SO 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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LMP Execution: Ste

é/

- Determine current system conditions
N energy demand

generator MW values

N system topology

1 34 Il

- 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
in Real-time hourly integrated LMP
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Y Resources included in EMP Calcule

Steam units

A Offer price ¢ dispatch rate
A Offer price > dispatch rate and output ¢ 110% Desired MW (following
economic control signals)

A Running for transmission & logged

Combustion Turbines

A On for economics and operating rate ¢ dispatch rate
A Running for transmission & logged

Pool Transactions

A Transaction bid price (into PJM) ¢ dispatch rate
A Transaction bid price (out of PIJM) 2 dispatch rate
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Examples of units eligible to setL
7 ° \

Example # 1
Steam unit with incremental offer curve as follows:

$35
offer 0 vUnitos disgatch
Price  $25 v Unit is producing 150 MW
$20
50 100 150 200 Can this unit set LMP?
MW

Yes! The unit would be the marginal unit and set LMP for
the system if unconstrained.
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Examples of units eligible to setL
7 ° \

Example # 2
Steam unit with incremental offer curve as follows:
$35
$30 vUnitodos dis¥a@atch rat
Offer g5 v Unit is producing 150 MW
Price
$20
Can this unit set LMP?

50 100 150

MW

No! Bid price is greater than Dispatch Rate and actual output
(150 MW) is greater than 110% of desired output (50 MW).
Note: Unit would receive LMP but would not set LMP.
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Examples of units eligible to setL
Fy P S

Example # 3
Combustion Turbine (CT) with an offer as follows:

$35 vUnitos disgBatch rat
$30 [—* v PJM requests CT to run for a
Offer Price  $25 transmission constraint
20 .
s Can this CT set LMP?

50 100 150
MW

Yes! Unit was requested by PJM to run for a constraint and
would contribute to setting LMP.
Note: Unit would be subject to cost-capping if failing the
Three Pivotal Supplier Test
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Examples of units eligible to setL
7 ° \

Example # 4
Combustion Turbine (CT) with an offer as follows:

$35 vUnitodés disgatch rate
$30 [—= v PJM no longer needs the CT for

Offer transmission control

Price %25 v CT must run for 2 more hours to satisfy a
$20 minimum run time requirement

50 100 150

i 2
MW Can this CT set LMP~

No! Unit would get paid LMP for any output generated but would not
set LMP
Note: Unit would be made whole to their cost-based bid for the period
of operation through Operating Reserve payments, if needed.
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SeltScheduled Generati

ADoes not set LMP! (But would be paid LMP)
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X Generation Shift Factors are used to analyze the effect of
generation shifts on MW flow

Definition: Fraction of change in generation MW
output that will appear on a line or facility

How do we use Generation Shift Factors?

New flow on line = Previous flow + [(Gen Shift Factor)(Amount of MW Shift)]
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