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Why Congestion Management?

The U.S. transmission grid will be expanded by 3.5% over the next 10 years 
compared with a 33% announced expansion in generation resources over 
the next five years.  [Source: NERC]
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Grid Not Keep Pace With Generation

Transmission congestion is aggravated by the fact that transmission capacity relative
to peak load has declined in every region of the U.S. for the past ten years and is
expected to continue declining for the next ten years.
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Power System Modeling
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Power System Computer Simulation
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Power System Software

• PSAPAC

• PSS/E

• NETOMAC SIEMENS

• Other Software : DIgSILENT, BPA, SIMPOW, EUROSTAG, 
EMTP/ATP, EMTDC, MATLAB toolbox

• Power electronics simulation software: PSPICE, SABER
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Congestion Management Software

• PROMOD IV SIEMENSSIEMENS

• LMPSIM (Location Marginal Pricing Simulator)

• PowerWorld Simulator

• UPLAN-NPM  

• PJM  e-FTR Tool

http://www.pjm.com/index.jsp
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PROMOD IV                    SIEMENSSIEMENS

With over 80 clients worldwide, the PROMOD IV integrates 
energy market simulation and transmission analysis to 
provide information for:

• Market Price Forecasting 

• Unit Profitability Assessment 

• Transmission Congestion Management 

• System Cost Control 
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SIEMENSSIEMENS

• Detailed unit generation and revenue forecasts

• Unit bidding strategy development

• Regional and bus level location market price forecasts

• Transmission congestion and expansion studies

• FTR bidding and value determination

• Emission allowance utilization and price impacts

• Maintenance planning and optimization

• Reliability assessment

• Market price volatility assessment
http://www.newenergyassoc.com/products/promod/
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LMP and Congestion
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LMP 101   Analogy 

http://www.pjm.com/services/training/train-materials.html

http://www.pjm.com/services/training/train-materials.html
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LMP 101          Definition



13Dr. Tom Qi Zhang, IEEE PES-SF Workshop on Congestion Management     Oct. 16, 2004

LMP 101
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PROMOD IV
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PROMOD IV    Algorithm

• Forecast the hourly Locational Marginal Price on bus level

• Integrate the generation and transmission simulation model

• To provide a robust solution regarding the generation system, 
PROMOD IV applies a Monte Carlo algorithm that considers unit 
availability as the random variable. This methodology is attractive 
because it allows evaluation of the system under a variety of unit-
forced outage scenarios.

• Integrates a DC power-flow with the generation system.

• PROMOD IV has to rely on user input forecasts for load, unit 
dispatch price characteristics or unit bids. 
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PROMOD IV    Algorithm

• The transmission analysis module (TAM) of PROMOD 
IV performs a chronological hourly dispatch of the 
generation system while adhering to the detailed 
constraints and characteristics of the transmission grid 
under both normal and contingency conditions.

• PROMOD IV uses a single power-flow, usually from the 
peak hour of the summer, for its forecast and relies upon 
user forecasts for changing transmission topology.
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PJM:  Locational Marginal Pricing (LMP) Model
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PJM: Locational Marginal Pricing (LMP) Model
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PJM: LMP Execution Process



20Dr. Tom Qi Zhang, IEEE PES-SF Workshop on Congestion Management     Oct. 16, 2004

How to calculate LMP?

Cost of transmission limits 
incurred for the next MW of 
load at the node

λs

System Marginal Cost at 
Reference Node

Σ αnk*µk

LMP 
Price

λn

Cost of losses incurred for the 
next MW of load at the node

(DFn - 1)* λs= + +
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PowerWorld Simulator

http://www.powerworld.com
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PowerWorld Simulator

• Full-featured power flow analysis package

• Full-color, interactive, animated one-line diagrams

• Integrates area generation control (AGC) into the power flow solution

• Available Transfer Capability (ATC) calculations 

•Linear Programming OPF (Optimal Power Flow) 
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Power Flow Equation 

(1) Nodal power balance equations 

(2) Nodal current balance equations
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Optimum Power Flow (OPF) 

Objective Function

Currently two objective functions are available in Simulator OPF:

• Minimum Cost

• Minimum Control Change

Minimum Cost attempts to minimize the sum of the total generation costs
in specified areas or super areas. 

Minimum Control Change attempts to minimize the change in the 
generation in the specified areas or super areas.
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Linearized DC Load Flow V.S. AC Full Load Flow

• Tradeoff computational speed versus the accuracy of the result

• DC load flow is commonly used in power market modeling
Kirchhoff’s Law are respected i.e. power flows balance, and loop flow is 
modeled
Computational speed and scalability – it can be solved with a linear 
program
The OPF can be fully integrated into the economic dispatch and leads 
directly to calculation of location marginal prices
The data requirements are significantly less than for a full AC OPF
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Lossless DC Load Flow Model

Assumption:

• Each transmission line is represented by its susceptance bij.

• The bus voltage angular differences are assumed to be small and
the voltage magnitudes approximately 1 p.u. (per unit) 

• Impedance = r + j x

• Inverse of impedance = G + j B
G = r / (r2 + x2) ≈ 0
B = -x / (r2 + x2) ≈ -1 / x

These assumptions hold for high voltage (low loss) systems 
operating with voltage magnitudes close to 1.00
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Real Power Flow

The real power flow on each line is given by

P ij = Bij (δi - δj )

where δi and δj represent the voltage angles at buses i
and j, respectively.
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Constraint Equation for OPF

The constraint equations for OPF are:

f(k, l) = γ(k, l) (θk – θl) Power flow definition (loop flow equation)

f(k, l)
min≤ f(k, l)≤ f(k, l)

max Flows are within bounds (thermal limits)

Pi = gi – Li Net injection equals generation – load

Pi = Σl (f(i, l)) - Σk (f(k, i)) Net injection equals exports – imports

gi≤ gmax
i Generation within bounds

Pi free

θk free, θ0 = 0 Phase angle = 0 at swing bus
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UPLAN-NPM
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UPLAN Features

- Day-Ahead Market Model

- Real-time Dispatch Model 

- Provides locational marginal (LMP) prices

- Fulfils all the modeling requirements of FERC Standard 
Market Design (SMD) order

- AC/DC optimal power flow (OPF)
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UPLAN
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PJM eFTR Tool 

eFTR is an internet application that allows PJM Market Participants 
to participate in PJM’s FTR auction and secondary market,... and 
ARR auction and trading. https://esuite.pjm.com/mui/index.htm

https://esuite.pjm.com/mui/index.htm
http://www.pjm.com/index.jsp
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What are FTRs?
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Why Do We Need FTRs?
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FTR Credits and Congestion Charges
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eFTR Market User Interface

Portfolio  Management
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eFTR Available FTR Capacity
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eFTR Accepted FTRs
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eFTR            Post FTRs          
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FTR Obligation is a Benefit
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FTR Example #1 (PowerWorld Simulator)
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FTR Example #1
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FTR Example #2
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FTR Example #2
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Congestion Management Techniques

1. Cost-free Methods

• Adjust transformer taps, phase shifters, or FACTS devices

2. Non-cost-free Methods

• Re-dispatch generation 

• Curtail load/transaction 



46Dr. Tom Qi Zhang, IEEE PES-SF Workshop on Congestion Management     Oct. 16, 2004

FACTS Device: TCSC

Model of TCSC (Thyristor-controlled series compensator)



47Dr. Tom Qi Zhang, IEEE PES-SF Workshop on Congestion Management     Oct. 16, 2004

FACTS Device: TCPAR and SVC

Thyristor-controlled phase angle regulator (TCPAR)

Static VAr compensator (SVC)
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Thank you!
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