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LMP / FTR Training
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Objectives

ÅAt the end of this module you will be able to: 

ïDefine LMP and how it is used to price energy

ïDescribe the components of LMP

ïDescribe the LMP posting and verification process

ïDifferentiate between LMP and Dispatch Rate

ïDescribe eligibility requirements to be a marginal 

resource
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What is LMP?

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

Ĕ price transmission congestion costs to move energy 

within PJM RTO

Ĕ price losses on the bulk power grid

æ Physical, flow-based pricing system:
Ĕ how energy actually flows, NOT contract paths
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How is LMP Used?

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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LMP COMPONENTS

System Energy Price
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LMP ðSystem Energy Price

System 

Energy 

Price

Transmission

Congestion

Cost

Cost of

Marginal

Losses

X System Energy Price

Ğ Represents optimal dispatch ignoring congestion and losses

Ğ Same price for every bus in PJM

Ğ Used to price Spot Market Interchange

Á Spot Market buyer pays system energy price

Á Spot Market seller is paid system energy price

Ğ Calculated both in day ahead and real time
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Supply and Demand

System Energy Price
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LMP COMPONENTS

Congestion
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LMP ðCongestion Component

System 

Energy 

Price

Transmission

Congestion

Cost

Cost of

Marginal

Losses

X Congestion Price

Ğ Represents price of congestion for binding constraints

Á Calculated using cost of marginal units controlling constraints and sensitivity factors on each bus

Á No change in this calculation

Ğ Will be zero if no constraints

Á Will vary by location if system is constrained

Ğ Used to price explicit and implicit congestion (Locational Net Congestion Bill)

Á Load pays Congestion Price

Á Generation is paid Congestion Price

Á Congestion revenues allocated as hourly credits to FTR holders

Ğ Calculated both in day ahead and real time
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Operational Limits

Ç Thermal Limits - Thermal limits are due to the thermal    

capability of power system equipment

Ç Voltage Limits - Utility and customer equipment is designed to 

operate at a certain supply voltage 

Ç Stability Limits - Refers to the power system maintaining a 

state of equilibrium 
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Control Actions

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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When Constraints Occur...

Á Delivery limitations prevent use of ñnext least-cost 

generatorò

Á Higher-cost generator closer to load must be used to 

meet demand

Á Cost expressed as ñsecurity constrained redispatch 

costò



10/28/201113www.pjm.com

Security Constrained Re-Dispatch

$$$$

$$

High Cost Generator

Low Cost Generator

Higher cost Generator more 

advantageously located relative 

to transmission system limit

Control Area

Constrained System

Transmission 

ñBottleneckò or 

Constraint
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Congestion Component of LMP

Ĕ Highest LMP at immediate receiving end of constraint

Ĕ Lowest LMP at immediate sending end of constraint

Ĕ N+1 marginal units on system (N=number of active constraints)

Sending End Receiving End

Thermal Limit
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LMP COMPONENTS

Marginal Losses
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LMP ðMarginal Loss Component

System 

Energy 

Price

Transmission

Congestion

Cost

Cost of

Marginal
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X Loss Price

Ğ Represents price of marginal losses

Á Calculated using penalty factors 

Á Will vary by location

Ğ Used to price explicit and implicit losses (Locational Net Loss Bill)

Á Load pays the Loss Price

Á Generation is paid the Loss Price

Á Loss revenues are allocated based on load + exports ratio share

Ğ Calculated both in day-ahead and real-time
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Á Real Power (MW) Losses 

ïPower flow converted to heat in transmission equipment

ï Heat produced by current (I) flowing through resistance (R)

ï Losses equal to I2R

ïHeat loss sets the ñthermal ratingò of equipment

Transmission Losses
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ÁReal Power (MW) Losses

ĞIncrease with transmission line length 

ĞIncrease with current flow (I)

ĞDecrease at higher voltages

Transmission Losses
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Power In: 100 MW

Voltage In: 235 KV

Current In: 425.53 A

10 Miles

Power Out: 98.2 MW

Voltage out: 230.74 KV

Current Out: 425.53 A

Power Loss: 1.8 MW

Transmission Losses
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Power In: 100 MW

Voltage In: 235 KV

Current In: 425.53 A

50 Miles

Power Out: 90.946 MW

Voltage out: 213.72 KV

Current Out: 425.53 A

Power Loss: 9.054 MW

Transmission Losses
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Penalty Factors

Á 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

Á This factor is called the Loss Penalty Factor, or Penalty Factor
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Á The Penalty Factors adjust the incremental cost of each generator so as to 

include the effects of losses

Á Penalty factors applied to each and every location

Ğ Including generation, load, virtual transaction

Change in Losses

Change in Unitôs MW Output
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Penalty Factors Effect on Dispatch

Á If an increase in generation results in an increase in 

system losses then:

ĞPenalty factor is greater than 1

ĞUnits offer curve is adjusted higher

ÁUnit offer curve is multiplied by penalty factor

ÁUnit looks less attractive to dispatch
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Loss Factor Penalty Factor

Increase in injection will result in 

higher overall system losses

Leads to a lower 

LMP  (1/Pf)
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Penalty Factors Effect on Dispatch

Á If an increase in generation results in a decrease in 

system losses then:

ĞPenalty factor is less than 1

ĞUnits offer curve is adjusted lower

ÁUnit offer curve is multiplied by penalty factor

ÁUnit looks more attractive to dispatch

ÁTotal LMP would still at least equal unitôs original offer 
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Increase in injection will result in 

lower overall system losses

Leads to a higher 

LMP  (1/Pf)
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Penalty Factors Effect on Dispatch - Example # 1

Generating Unit # 1 Generating Unit # 2

Offer Price = $ 10.00 ----- 200 MW

$ 20.00 ----- 300 MW

$ 30.00 ----- 400 MW

$ 40.00 ----- 500 MW

Offer Price = $ 10.00 ----- 200 MW

$ 20.00 ----- 300 MW

$ 30.00 ----- 400 MW

$ 40.00 ----- 500 MW

Generating 300 MW Generating 300 MW

Penalty Factor =  1.00

$20 * 1.00 =  $20.00

Penalty Factor =  0.97

$20 * 0.97 = $19.60
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Penalty Factors Effect on Dispatch - Example # 2

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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SYSTEM CONTROL

LMP and Dispatch Rate
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LMP vs. Dispatch Rate

Dispatch Rate Instruction
Where PJM wants 

The units to be 

loaded economically

LMP Based on actual

loading of each unit
Result

If unitôs donôt move to follow dispatch rate, LMP will not change!
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Dispatch Rate

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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Dispatch Rate

The Dispatch Rate is determined by the PJM economic dispatch 

solution as calculated by PJMôs Security Constrained Economic 

Dispatch program (SCED)

Offer Price

MW 

200150100500

$35

$30

$25

$20

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

Dispatch Rate = $25
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LMP Execution Steps

¬ Determine current system conditions
Ñ energy demand
Ñ generator MW values
Ñ system topology

­ Process generator offers & dispatch rates to 

determine flexible generators

® Collect current system constraint data

¯ Execute Locational Price Algorithm

Performed every 5 minutes 

in Real-time

Settlements performed on 

hourly integrated LMP
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Resources Included in LMP Calculation

Á Offer price ¢dispatch rate 

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

Á Running for transmission & logged

Steam units

Combustion Turbines

ÁOn for economics and operating rate ¢dispatch rate

ÁRunning for transmission & logged

ÁTransaction bid price (into PJM) ¢dispatch rate

ÁTransaction bid price (out of PJM) ²dispatch rate

Pool Transactions
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Examples of units eligible to set LMP

Example # 1

Steam unit with incremental offer curve as follows:

V Unitôs dispatch rate is $30

V Unit is producing 150 MW

Can this unit set LMP?

Offer 

Price

MW 

20015010050

$35

$30

$25

$20

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 set LMP

Example # 2

Steam unit with incremental offer curve as follows:

V Unitôs dispatch rate is $20

V Unit is producing 150 MW

Can this unit set LMP?

Offer    

Price

MW 

15010050

$35

$30

$25

$20

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 set LMP

Example # 3

Combustion Turbine (CT) with an offer as follows:

V Unitôs dispatch rate is $30

V PJM requests CT to run for a                       

transmission constraint

Can this CT set LMP?   

Offer Price

MW 

15010050

$35

$30

$25

$20

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 set LMP

Example # 4

Combustion Turbine (CT) with an offer as follows:

V Unitôs dispatch rate is $20

V PJM no longer needs the CT for           

transmission control

V CT must run for 2 more hours to satisfy a 

minimum run time requirement

Can this CT set LMP?

Offer    

Price

MW 

15010050

$35

$30

$25

$20

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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Self-Scheduled Generation
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ÅDoes not set LMP! (But would be paid LMP)
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Generation Shift Factors

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

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

How do we use Generation Shift Factors?     


