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- 4 PIJM’s Role

* Ensures the reliability of the high-voltage electric power
system

« Coordinates and directs the operation of the region’s
transmission grid,

« Administers a competitive wholesale electricity market,
the world’s largest;

 Plans regional transmission expansion improvements to
maintain grid reliability and relieve congestion.




é/ PJM as Part of the Eastern Interconnection

* KEY STATISTICS

PIM member companies 390+
millions of people served 51
o peak load in megawatts 135,000
ghﬁﬁ?'ssm MWs of generating capacity 163,806
miles of transmission lines 56,070
o GWh of annual energy 700,000
INs - generation sources 1,200
) La—hé' \ _squar_g miles of territory 164,260
¢ ¢ ~, area served 13 states + DC
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‘b“'n\ \ / 19% of transmission assets
L ¢ I.' in Eastern Interconnection”
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PJM Transmission Zones
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- 4 RTO/ISOs

PJM is the largest centrally dispatched entity in the world

New England
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Midwest ISO | |
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é' Communication of Information - Giving Direction
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é- PJM Organizational Chart
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Market Design Detalils




é/ | Wholesale Electricity Markets

e Futures
— 1.e. NYMEX PJM West Hub Contract

 Forward Market
— Energy Brokers
— RTO Day-ahead Energy Market

 Real-time Balancing Market
— RTO Security—constrained economic dispatch

« Additional hedging alternatives
— Financial Transmission Rights

— Financial Bilateral Contracts




PJM Member Options in Time for Energy Supply
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b Y Different Types of Markets in Wholesale Electricity

Capacity Markets

ong-Term
- Energy Markets
- Forward (i.e. Day-Ahead)
-Real Time
- Financial Transmission Rights Market
- Ancillary Services Markets
- Regulation
-Spinning Reserve




FyY,

 Economic theory indicates no need for
separate market for generation capacity.

* Energy supply and demand dynamic will
encourage investment, but will also result in
price volatility.

 The view of electricity as a necessity by
stakeholders coupled with the lack of
storage capability pushes regulators to
require mechanism to ensure long term
adequacy of supply.

Generation Capacity Markets




é/ | What is the Day-Ahead Energy Market?

« A day-ahead hourly forward market for energy
|t provides the option to ‘lock In’:

— scheduled MW quantities at day-ahead
prices

— scheduled energy deliveries at day-ahead
congestion prices

* Provides additional price certainty to Market
Participants by allowing them to commit to
orices in advance of real-time dispatch




= Two Energy Markets

 Day-Ahead Energy Market

— develop day-ahead schedule using least-cost
security constrained unit commitment and
dispatch

— calculate hourly LMPs for next operating day
using generation offers, demand bids and
bilateral transaction schedules

 Real-Time Energy Market
— calculate hourly LMPs based on actual
system operating conditions




é/ Two Energy Market Settlements

« Day-Ahead Market Settlement

— based on scheduled hourly MW quantities
and day-ahead LMPs

e Balancing Market Settlement

— based on hourly MW quantity deviations
between real-time and day-ahead

— MW quantity deviations settled at real-time

LMPs




= Liguidating Day-Ahead Position

Day Ahead , Real-time
Market Market

Scheduled
Demand

Actual
Demand

L5 g
Day Ahead LMP = $20.0% Real-time LMP = $23.00

$ =100 * 20.00 = $2000.00 # = (105 - 100)* 23.00 = $115.00

U if Day-ahead Demand is 105MW = $2100.00
.

s+ as bid = $2115.00
_ I
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é/ | Day-Ahead Enerqy Market

e Objective Is to develop a set of financial
schedules that are physically feasible

— full transmission system model
— unit commitment constraints

— reserve reguirement model
 Day-Ahead Market results based on
participant demand bids and supply offers

— PJM facilitates market but does not drive
results




é/ Day Ahead Market Participation

 Generation Resources
— submit offers (required for designate resources)
— can self-schedule

« Demand
— submit quantity, price and location

e External Transactions
— submit schedules into day-ahead market

* Financial
— virtual supply offers and demand bids




FyY,

Demand

* Fixed Quantity
— hourly MW demand quantities

— location (transmission zone or aggregate)

* Price Sensitive
nourly MW demand quantities
ocation (transmission zone or aggregate)

orice at which demand is curtailed rather than
pay clearing price

 Load Response




é/ External Transactions

e |Into, out of or thru Market
e Fixed hourly MW quantity

* Dispatchable (price-based)
— Into market (looks like dispatchable resource)
— out of market (looks like price-sensitive
demand)
* May specify maximum amount of
congestion willing to pay
— can act as an hourly ‘FTR equivalent’ in real-
time market




é/ Financial — Virtual Bids

 Virtual supply offers and demand bids
— offer/bid to sell/buy block of energy at a price
— do not require physical generation or load

— submitted at any location for which PIM
calculates an LMP

 Virtual supply offer looks like a spot sale or
dispatchable resource

 Virtual demand bid looks like a spot
purchase or price-sensitive demand




é/ | Real-time Spot Market

e Voluntary Bid Based Market
— Unit Specific (start-up, no-load and energy bids)

— External Transactions: Unit specific or Slice of
System (energy only)

— generation may offer or self-schedule

— Bids “locked in” by noon day before with rebid period
for generation not selected day-ahead

e (Generation status and self-scheduled quantities can
change in-day with 20 minute notice

* Voluntary nature of spot market is a critical design
feature to provide maximum number of options for
participant




= Y Real-time Economic Dispatch

e |east-cost security-constrained dispatch
optimizes energy and reserves and calculates
unit specific dispatch instructions for the next
five-minute period. (ex-ante dispatch)

 LMP values calculated every five minutes based
on actual generation response to dispatch
Instructions that were sent in the previous five
minute period (ex-post pricing)

 Real-time performance monitoring software
determines if generator is following dispatch
Instructions.




Efficient Real-time Markets

LMP pricing, pricing based on actual system
operating conditions

State estimator updated continuously (every
minute)

Same model for day-ahead market, system
scheduling, dispatch, and settlements

High degree of consistency between
generator LMP values and dispatch
Instructions

Consistency results in market confidence




é/ Ancillary Services

 Regulation - a service that generators
offer to provide fine tuning that Is
necessary for effective system frequency
control requirement

« Spinning Reserve — quick response
service that generators provides support
when other generators trip.




FyY,

Ancillary Services Market Design

e Simultaneous procurement of energy and

ancl
e Proo

lary services
uct Substitution effects

e ANCI

lary Service prices should include

opportunity costs

 Demand side for Ancillary services Is
obligation for LSEs




é’ PIM Market Timeline

12:00 - 4:00 pm
4:00 pm

VP Lz Day-ahead market is AU PSSR

noon closed for evaluation by e
PJM receives PIM LMPs & hourly

bids and offers schedules
for energy next

Operating Day

Throughout Operating Day
PJM continually re-evaluates and
sends out individual generation
schedule
updates, as required

Two Financial Settlements =
Greater Price Certainty




LMP and FTRS




é/ Market Design Consensus

 Locational Marginal Pricing (LMP)

— LMP Is not a new concept to power system
operators, For many years, system operators
have managed congestion using least-cost
security constrained dispatch which is the
same program that calculates LMP values

— An LMP-based market provides an open,
transparent and non-discriminatory
mechanism to manage transmission
congestion under open transmission access




b % What is LMP?

* Pricing method based on actual grid
conditions ... used to:

— price energy purchases and sales in the
energy market

— prices transmission congestion costs to move
energy within the markets

* Physical, flow-based pricing system
— how energy actually flows,
— NOT contract paths




b Y Definition:

Locational Marginal Pricing

Cost of supplying next MW of load at a specific location ,
considering generation marginal cost, cost of
transmission congestion, and losses.

Generation Transmission Cost of

Marginal Congestion Marginal
Cost Cost Losses

Cost of Marginal Losses = Not currently implemented in PJM




é Transmission System Congestion

e Transmission system congestion occurs
when available, low cost supply cannot be
delivered to the demand location due to
transmission limitations

* As Market Participants compete to utilize the
scarce transmission resource, the RTO needs
an efficient, non-discriminatory mechanism

to deal with the congestion problem

Thermal Limits
Voltage Limits
Stability Limits




é‘ Control Actions

240 MW
Brighton E Thermal Limit D S ndance

<] :
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= olitude

Alta™ park Cit)g C e ™

System Reconfiguration

Transaction Curtailments

Re-dispatch Generation

% _




é/ How Are LMP Values Calculated ?

* The following examples demonstrate how
LMP values are determined at all locations

 The LMP values are a result of security-
constrained economic dispatch actions

e | MP values are calculated based on
generation offer data and the power flow
characteristics of the Transmission

system.




é- LMP Example - 2 Bus Transmission Grid

Economic Dispatch Ignoring Transmission Limitation

Area 2

200 MW
Gen. Capacity

v — Wild Run
Gen. Capacity o—] n —O omw
Deer Creek 240 M v i ($20/MW)
250 MW Thermal
($10/MW) Limit
200 MW

Load
Flow
Generation

Actual Generation




é- LMP Example - 2 Bus Transmission Grid

Security-Constrained Economic Dispatch

Area 2

200 MW
Gen. Capacity

Wild Run
O 40 MW

Deer Creek 200 M a

Actual Generation

210 MW Thermal
($10/MW) Limit
200 MW
Key
Load :
Flow Actual Generation
Generation




é/l LMP_Example - Wholesale Market Settlements
Customer MW | LMP Energy? Congestion

Settlement Credit
Area 1l 10 $10 $100 -
Demand
Area 2 240 | $20 $4800 $20002
Demand

Deer Creek| 210 | $10 ($2100) -
Wild Run 40 | $20 | ($800) -
Totals 0 $2000 $2000

1. Positive indicates charge, negative indicates credit

2. Congestion Credit is due to ownership of 200 MW Financial Transmission Right
from Area 1 to Area 2, FTR Settlement = 200 MW ($20 - $10)




é’ What Are FTRs?

Financial Transmission Rights are ...

a financial contract that
entitles holder to a
stream of revenues (or
charges) based on the
hourly energy price
differences across the
path




é/ Purpose of FTRs

e To protect firm transmission customers from
Increased cost due to transmission congestion,

when energy deliveries are consistent firm
reservations’

« To facilitate a forward energy market by providing
a mechanism to manage basis risk caused by

LMP differences during periods of transmission
congestion

* Note: Customers can enter into long-term supply contracts

and purchase FTRs to become indifferent to the hourly LMP
values




Characteristics of FTRs

Defined from source to sink (point to
point’)

MW level based on transmission
reservation

Financially binding - an Obligation
Financial entitlement, not physical right
Independent of energy delivery

* Note: FTR Sources and Sinks can be single nodes or aggregated points such as
Trading Hubs, Zones or Aggregates




 Native Load Customers

— FTRs allocated to native Ioad_bustomers to
protect them against congestion costs

e FiIrm Transmission Customers

— Recelve FTR allocation in return for paying
embedded cost rate

e Secondary market -- bilateral trading
— FTRs that exist are bought or sold

* FTR Auction -- centralized market
— purchase “left over” capability




ég Energy Delivery
Consistent with FTR

e it 2
I

Bus Bus
A Energy Delivery = 100 MWh B
Sink
(S .Sogr'ce (Receiving End)
EMPL 5 1h LMP = $30

FTR Credit = 100 MW * ($30-$15) = $1500

= - 4M




é’ Energy Delivery
Not Consistent with FTR

Bus A
LMP = $10 Bus B

Bus C LMP = $30
LMP = $15

Congestion Charge = 100 MWh * ($30-$15) = $1500

AFIE Credit = 100 MW * ($w




PJM Market Results




A/ PJM Capacity / Enerqgy

PJM generation by fuel source (GWh): Calendar year 2004

Solid Wasie Hydro
9
.I — 379
1%

PJM capacity by fuel source: At December 31, 2004

Solid Waste :5";;
Hugiear I::i 3‘_7%
155,128 &
26.9%
Coal
233217
521%

Coal
55,760
21.5%

a5 )
AN -
0% 4738

1.1%

oil
10,112
T0%




éfpjm Competitive Market = More Customer Alternatives

2003 Energy Market

Self-
Supplied
4%

Net Imports
5%

Bilateral
Transaction
S
53%

Spot Market
38%

1999 Energy Market

Net Imports

Bilateral
2%

Transactions

Self- 30%

supplied
53%

Spot Market
15%




= Y Annual Average Spot Market Prices

Load Weighted Average LMP
1998 = 2005 *through October

$70.00

$61.69

$60.00

$50.00

$44.77 543.90
$39.49

$41.23
$40.00 -
$34.06 $36.65 ¢35  $35.93

$30.72 $31.60
$30.00 + $28.60

$24.16

$20.00

UMIA Jad srejlog SN ul 8dud
$/MWH

$10.00

$0.00

1998 1999 2000 2001 2002 2003 2004 2005*
OLoad Weighted Average LMP
B Year-to-Year Fuel Cost Adjusted LMP




é/ | PJM Costs in Perspective

e Average residential cost for PJM equates to 24
cents per month

e Stated benefit of $3 billion in 2002 to retail load
In original PJM area

* On fuel adjusted basis, prices in PIM fell 4.6%,
according to the 2004 State of the Market

— Assuming similar savings in the bi-lateral market,
on a fuel adjusted basis, equivalent to $1 Billion




é Generation Revenue by Cateqory of Service

5%

5%

O Energy

l Capacity

@ Ancillary Service
@ Operating Reserve

20%

710%




é/ Ancillary Services

* Prior to implementation of regulation
market, PJM operations was regularly
short of regulation supply.

« After Regulation market implementation,
Regulation offered into the market has
exceeded requirement by a factor of 200
to 400 percent.

e Spinning Reserve avallability under the
market has also increased verses pre-
market levels




é/ What Has Not Worked ?

e Generation Capacity Market

— Current Design is flawed, not integrated with
transmission requirement, no long-term investment
signal

« Economic Transmission Planning
— No competitive transmission investment model

e Lack of Coordination Between Wholesale
Market and State Retail Rate Designs

— Conflicting incentives have inhibited demand
response development




Market Implementation —
Lessons Learned




é/ Implementation Lessons Learned

* Incremental Implementation Approach
— Market Matures through evolutionary process

 Market Flexibility

— Support bilateral transactions
— Self scheduling of supply
— Spot Market access

e Market Information

— Internet posting system
— Participant Training

e Market Incentives

«_Market Adaptation
=
P ——




FyY,

L essons Learned in Wholesale Market Implementation

Implement a fundamentally sound Real-
time Energy Market

Incrementally add functionality based on
the needs of Market Participants

Develop system operating tools and
participation information systems to
support efficient market operations

Integrate stringent audit processes Into
system as they are implemented to
ensure customer confidence




é/ Flexibility for Market Participants

o Participant Choice
— Support bilateral transactions
— Self scheduling of supply
— Spot Market access
— Provide choice in all markets
— Virtual Bidding
— Financial Bilateral settlements

e Voluntary Market Participation
* Flexible scheduling rules




é/ Market Information

e Ease of access via internet posting

» Transparent Market through real-time

Information posting

— Energy Prices

— Load Forecast

— Transmission system information
— System conditions

— Interregional power transfers

— Settlement information

— Dispatch instructions

« Market Participant Training, Market Trials
« Stakeholder Process




Market Incentives

e Locational Pricing - consistency
with generation dispatch
Instructions

 Day-ahead Market design
* Real-time Market design

 Revenue guarantee for flexible
generators

« Ancillary Markets
— Includes product-substitution cost




é’ Organized Competitive Wholesale Markets
Regional Planning Process

The RTEP process identifies
upgrades to meet customers’
requirements:

. operational Broad system view that
_ looks out 15 year over the
* economic entire geographic area

 reliability requirements
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g Billing Cycle

Net Billing Statements for previous
month issued on 5th business day

Financial Settlements via
electronic funds transfer (EFT) on
first business day after the 19th

Overdue Balances accrue
Interest charges

Detailed Billing Reports (including
monthly statement) provided
electronically via PIM
eSchedules system

ng the month
= _,—-/

fts electronically available duri

e —
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