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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: NERCI
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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 Computer Simulation
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- 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 5-5 NEW[“E[[]Y

ASBDCIATES

A Siemens Company

LMPSIM (Location Marginal Pricing Simulator) /\
Shaw Shaw Power Technologies, Inc.”

PowerWorld Simulator @ PﬂWEl‘Wﬂl"’d

Corporation

The Visual Approach to Analyzing Power Systems

UPLAN-NPM LCG
Consulting

PIJM e-FTR Tool é
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http://www.pjm.com/index.jsp

pPROMOD v 2 EILIE SIEMENS

ASBSDCIATES -

A Sremens Company

With over 80 clients worldwide, the PROMOD 1V 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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SIEMENS

 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

5 it &= S . . 11 dpr v . - - - . .
Exhibit 5: Locanonal Marginal Prices and Exhibit 6: Cost of Congestion From

j:mlgmilm;nmn Octobor 31 2000 January 1, 2000 to October 31, 2000
anuarv 1, o October 31,

Region Avarage Maximum Minimum Region MP Differences {$/MWh)
Price Price Price #Hours  Frequency of qe Max Min ¥TD Sum
(in SMWh) Congested Congestion California 1S§ 775 -B8.75 38,971.00
(SP-15minus
California IS0
ZP-26 80.54 750.00 32900 927 14.1% P (.24 135,61 43,76 483.11
SP-15 2440 75000 -329.00 (PPL minus Western Hub)
PJM NewYork ISO  19.03 915.29 -45.62 £2,825.00
Western Hub 25,16 483 30 0.00 2024 277% (NYC minus West
PPL(CentralPA) 2523 483.32 -5.27
NewYork 1SO Source: Beacon Enerey, PIM, NY-150, CATSO
West(Buffalo) 22.08 169.13 0o 3606 49.0%
MY C 46.76 1012.05 0o

Somece: Beacon |'.|'.t'|';_;*., PI0I, WY SIS0 CATSO
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LMP 101

« LMP is analogous to a taxi ride for MWSs!
— Heavy traffic = Higher fare
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http://www.pjm.com/services/training/train-materials.html

Generation Transmission Cost of
Marginal + Congestion Marginal
Cost Cost Losses

Cost to serve the next MW of load at a specific location,
using the lowest production cost of all available generation,
while observing all transmission limits
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PROMOD Iv 2 NEHENRIDY

ASBBDCIATES

A Siemens Company

Methodology
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PROMOD |V

« 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 |V 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 |V has to rely on user input forecasts for load, unit
dispatch price characteristics or unit bids.
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PROMOD |V

* 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.

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



Methodology
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Generator Bids
Dispatch Rates "
Dispatchable Transactions Preprocessor

Flexible Generating
Units & Bids

Real-Time Siemens
Data e State
(EMS) e o2 Energy Demand LMP’s for
Generator MW all locations
System Topology
_ Unit
Dispatcher * Dispatch Binding Transmission
Input SECLI(IDEIR Constraints
’ Manual Dispatcher Input LPA = Locational Pricing Algorithm
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© Determine current system —

conditions

#¥cnergy demand
#generator MW values
#¥system topology

@O Process generator bids & dispatch
rates to determine flexible
generators

© Collect current system constraint
data

O Execute Locational Price Algorithm
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How to calculate LMP?

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

l l

A+ (DF,-D*A, + & Oy

n S
T Cost of transmission limits

incurred for the next MW of
load at the node

>
1

System Marginal Cost at
Reference Node
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PowerWorld Simulator

inerWorld

Corporation

The Visual Approach to Analyzing Power Systems
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PowerWorld Simulator |() [rdart il

The Visual A.ppmar_‘h to Analyzing Power Systems

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

-

Py, — P, = Z VAV, [1gy cos(, —6,,)+ b, sin(0, -6, )]
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(1) Nodal power balance equations
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(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.

@ PowerWorld

Corporation

The Visual Approach to Analyzing Power Systems
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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 b;.

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

* Impedance =r+/x

* Inverse of impedance =G+ B
= G=r/(r?P+x%)=0

= B=-x/(rP+x3)=-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

where 0; and o, represent the voltage angles at buses /
and J, respectively.
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Constraint Equation for OPF

The constraint equations for OPF are:

f(k, ) = Y(k, ) (ek - e/)

Power flow definition (loop flow equation)

f(k, l)min < f(k, ) < f(k, I)max

Flows are within bounds (thermal limits)

Pi=gi_Li

Net injection equals generation — load

Pi = z/ (f(/, /)) - zk (f(k, i))

Net injection equals exports — imports

g,< gmex, Generation within bounds
P.free
0,free, 6,=0 Phase angle = 0 at swing bus

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

Consulting

Dispatch Based Unit Commitment and

Integrated Market Simulation

Objectives Unigque Features
= Dizpatch Bazed { LMP) unit = Rollirg Forward looking Unit
commitrnent Carmmitrment

= Energy and Ancillary Service = Intagrated EnergyALS, Sscurity
Procurements Constrained Load flow based Unit

= Congestion Management Carmitrment

= LMP Pricing I ntegrﬂ tEd + Mash equilbrium Frices for Enengy,

#Zongestion cost 35 and Capacity

*{Marginal) Transmission Losses M arket Si mu Iatiun + Sacurity Constrained Ecanomic

Diispateh, cptimized re-dispatch (O or

SC U c an d SCED AC OPF) for Congesfion Management

Loads and Resources Transmission Model Qutput
« Generator Type, Location, Resource = Generator Costs, Reveru e, Lplift, Net Income,
Operating status « Full Metwork Model Fugl Consumpion
= Generabor aperating characteristics Line & Bus Characteristics = LMP, Marginal & average losses
= Finanzial characteristics = ratings = Energy & ancillary Service Frices and Revenus
= Energy and Ancillary Service # Confingencies = Capacily Prices
Cépahiil',' - s, G * Flowgats . gﬁmxgéaﬁg_ Cost & Congestion Revenue Righis,
= Generator Costs, Bids, Caps, . = w Frice
Lossss e e e W - Load Flow, Branch Overkad G5F
= Hourly Loads Af Each Bus # Phass Shifter. Location. = Zonal flows, Loads, Generalion,
= Demand Bids and Caps Mileage stc = Zonal Prizes, Imports, Exports
= Customized Reports
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UPLAN Features
onsulting

- 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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LCG

Consulting
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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.
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What are FTRs?

Financial Transmission Rights are ...

financial instruments that
entitle the holder to a stream
of revenues (or charges)
based on the hourly Day
Ahead energy price
differences across the path
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« Challenge:

— LMP exposes PJM Market Participants to
price uncertainty for congestion cost charges

— During constrained conditions, PJM Market
collects more from loads than it pays
generators

 Solution:
— Provides ability to have price certainty

— FTRs provide hedging mechanism that can be
traded separately from transmission service
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FTR Credits and Congestion Charges

Congestion Charge =
MWh*(Day-ahead Sink LMP - Day-ahead Source LMP)

FTR Credit =
MW*(Day-ahead Sink LMP - Day-ahead Source LMP)
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Market User Interface
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Available FTR Capacity
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Accepted FTRs
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Post FTRS
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Energy Delivery Not Consistent with FTR (Il)

Bus A
CLwp = 520 Bus B
Bus C LMP = $30
LMP = $15

Congestion Charge = 100 MWh * ($30-$15) = $1500
FTR Credit = 100 MW * ($30-$20) = $1000
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FTR Example #1

(S 10.00 §/MWh
E

Brighton D3c.00 $/Mwh

Bid=510
1 [Eraw
AGC ON

548[Mw

AEC OM
SZundance

308 MV BEid=530

338EMW
14.66 5/MWRH

A
23.37 $/MWh
P AGS oN i
_ Alta Parlk City Dimwé
Bid=514 Bid=515 B AGC ON 1038w

20.96 §/MWh Solitude
Bid=331
18 MM

LSED - Buying 338 MW from Brighton (bus E) through an eSchedule deal
- Source = BusE, Sink=BusD

- 300 MW FTR Obligation from bus E to bus D

Mate: Assume DA LMP is the same as shown here.
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FTR Example #1

bk 10.00 §/MwWh
Brighton E D3c.00 $/MWh
Bid=510
1 S
AGC ON

s4sfiMmw

AGC OMN
Sundanoce
BEid=530

3384MW
14.66 5 /HMWH

23.37 5/MWh

O eav
AGC OH 1DEEMW

20.96 5/MWh Solitude
Bid=531

11 OEewW
AGSC ON

A oM

Alta Park City
Bid=514 Bid=s515 B

18lMw

LSE D - Congestion charge (explicit) = 338 MWh x ($30-310) = $6,760
- FTR Credit = 300 MW x ($30-$10) = $6,000

Net = $760 charge
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FTR Example #2

& 10.00 5/MWh
E

Brighton D30.00 $/MWh

Bid=510
1 [Eraw
AGC ON

548[iMmw

AGC OH
Sundance
Bid=5S30

338AMW
14.668 5/MWRH

23.37 S/MWh

A =

Alta FPark City
Bid=514 Bid=515 B

20.96 % /MWh Solitude
Bid=531

103 @eaw

EDC Z - 0Owns Alta Generation
- Serves 218 MW load at bus B
- Owns 100 MW FTR Obligation from bus D to zonal load

Mote: Assume DA LMP is the same as shown here.

Dr. Tom Qi Zhang, IEEE PES-SF Workshop on Congestion Management  Oct. 16, 2004 43



L 10.00 5/MWh

Brighton E D3c.00 $/MWh
Bid=510 r ]

1 S
AGC ON

548[iMw

AGC OMN
Sundanoce

ELLE BEid=530

338EMwW
1d.66 S/ /MWH
1&£§gg ? ! C 23.37 5/MWh
Alta Park City =
Bid=514 Bid=515 AGC C-‘Né ilﬂagmw
20.96 $/MARK SZolitude
Bid=531
1 8liMw
EDC Z - Credit for Alta Generation = 110 MWh x $14.66 = $1612.6
- Charge for load at bus B = 218 MWh x $20.96 = $4569.28
- FTR from bus D to zone = 100 MW x ($25.97-$30) = ($403)
Net charge = $4569.28 +3403 - $1612.6 = $3359.68 Zonal DA LMP |
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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

e Curtail load/transaction
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FACTS Device:

Sij Ry Sji
1= . W e
Busi | 7| | Bus
4X;
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Model of TCSC (Thyristor-controlled series compensator)
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FACTS Device:

Thyristor-controlled phase angle regulator (TCPAR)

RyHX

Sij Sji .
. —:{- I --’1 _ Bus |
Bus | 1 Bus |

l:a/a

|

Ay
/|

Static VAr compensator (SVC)
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