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F Y Module Ohjective

The Student will:

A Identify the purpose and features of the PIM Bdyead
Scheduling Reserve Market

A Identify the purpose and features of the PJM Market Based
Regulation Market

A Identify the elements of the PIM Synchronized Reserve
Market

A ldentify the purpose, requirements and business rules for
black start units

A Describe the importance of reactive reserves to maintaining
system reliability
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Agente

A Market-based Regulation

Market-based Regulation Overview

- Market-based Regulation Features & System

I
|
I Real Time Market Operations
:

|
|

Regulation Settlement

" Regulation Monitoring and Verification
- Market-based Regulation Business Rules

A Synchronized Reserve Market

A Black Start Service
A Reactive Services

PIM©2011
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Wihat is.Daghead:Scheduling:Resem

A On a daily basis, PJIM must scheoc
capacity to cover the forecast loac

ule enough
plus expected

sales of energy off the system and
reserves

Required Capacity =

Load Forecast + ales + Reserves

operating

10/18/2011
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Dayahead-Scheduling:Resen

APJM schedules reserves on a day-ahead basis in order to
ensure that differences In forecasted loads and forced

generator outages do not negatively impact system
reliability.

ADay-ahead Scheduling Reserve Requirement is calculated
on an annual basis.

PIM©2011 5
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DayaheadsScheduling:ReserveCalcul:

Day-ahead Scheduling Reserves = Underforecasted LFE + FOR

Load Forecast Error Component (LFE)

Forced Outage Rate Component (FOR)

Applies to the RFC DASR Requirement Only!

PIM©2011 6 10/18/2011



LoadforecastEnranCompon

Day-ahead Scheduling Reserves = Underforecasted LFE + FOR

Load Forecast Error Component (LFE)

AFocus is on under-forecasted Load Forecast errors which can result in
a capacity deficiency.

ABased on the 80t percentile of a rolling three year underforecasted
average

AEffective January 1, 2011 LFE error component of Day-ahead
Scheduling Reserve is 1.87%

Applies to the RFC DASR Requirement Only!

PIM©2011 7 10/18/2011



Forced Qutage-Rate Compaor

Day-ahead Scheduling Reserves = Underforecasted LFE + FOR

Forced Outage Rate Component (FOR)

ABased on a rolling three year average of forced outages that occur from
18:00 the scheduling day (day-1) through the operating day at 20:00

ADuration covers timeframe after the Reserve Adequacy Run through the
evening peak period for which the system is scheduled

AAdditional reserves can be scheduled if Hot/Cold Weather Alert is issued

AEffective January 1, 2011 the FOR error component of the Day-ahead
Scheduling Reserve is 5.23%

Applies to the RFC DASR Requirement Only!
8
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DayAheadsScheduling:Reserve;Requirement)

A 2011 LFE component is 1.87%
A 2011 FOR component is 5.23%
A Total 2011 DASR Requirement is 7.11%

Applies to the RFC DASR Requirement Only!
9
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Resernve derminalo

Day-ahead Scheduling Reserve

Contingency Reserve
T < 10 Minutes

Supplemental Reserve

Spinning Quick
Reserve Start 10 < T < 30 Minutes
(Synchronized) Reserve

AThe Day-ahead Scheduling Reserve requirement is the sum of the
requirements for all zones within the RTO and any additional reserves

scheduled in response to an RTO-wide Hot or Cold Weather Alert or
other conservative operations

PIM©2011 10 10/18/2011



Dayahead:Schéeduling:Resene IMarket Method

AThe RFC Day-ahead Scheduling Reserve cleared in the Day-ahead
Market is 7.11% times the RFC Peak Load Forecast at 1200 hours.

AThe RFC Day-ahead Scheduling Reserve scheduled in the Reserve
Adequacy Commitment is 7.11% times the RFC peak load forecast at
1800 hours.

ADominion Day-ahead Scheduling Reserve is based on their share of the
VACAR Reserve Sharing Agreement and is set annually. (422 mw for 2011)

AThe RFC and Dominion Day-ahead Scheduling Reserve Requirements
are added together to form a SINGLE RTO Day-ahead Scheduling
Reserve Requirement which is scheduled economically across the RTO.

PIM©2011 11 ‘Dl 10/18/2011



Control Zone

Day-ahead
Scheduling
(Operating)

ResenalRedquinemertsiSumn

Contingency
(Primary)

Synchronized
Synchronized
Reserve

Requlation

Annual %

150% Largest
Unit

Largest Unit

Peak
0
1% Valley

Mid-Atlantic

Annual %

VACAR ARS%

1700 MW
VACAR ARS%

Largest Unit 1% -Jo
VACAR ARS% 1%

.. Peak
Clominion

Valley

In addition to Day-ahead Scheduling, PJM Operates in real-time to

ensure Contingency/Primary (10 minute) and Synchronized/Spinning
Reserve Requirements are always maintained.

PIM©2011 12 10/18/2011



DayaheadsSSchéduling:Reseie Matket OQve

A The Dayahead Scheduling Reserve product is :

Offer-based market for 3Minute Reserve that can be provided
by both Generation and Demand Resources

Market that is designed to clear existing BAlyead Scheduling
(operating) reserve requirements as defined by reliability
standards: (RFC & SERC)

Dayahead, forward market that clears simultaneously with
DayAhead Energy Market

Costs of Dayahead Scheduling Reserve product will be
allocated to reatime obligation ratio share

Purpose: To encourage and incent generation and demand resourges to f

the flexible capability to providriBQte reserves

PIM©2011
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A

PIM©2011

Winowiilppayofob Déc Seheiduling Rese

Dayahead Scheduling Reserve settlement is a-zeirn
calculation based on the Dahead Scheduling Reserve
provided to the market by generation and demand resource
owners and purchased from the market by participants.

Each Load Serving Entity (LSE) on the PJM system incurs a
Dayahead Scheduling Reserve obligation in kWh based its
load ratio share within the RTO times the amount of -Day
ahead Scheduling Reserve assigned in the RTO.

14




DA SctheditingdfRkeserve Obligat

Participants may fulfill their Dayahead Scheduling Reserve
obligations by:

C Owning Dayahead Scheduling Reserve resources
from which the RTO obtains Dapead Scheduling
Reserve ;

C Entering bilateral arrangements with other market
participants; or

C Purchasing Daghead Scheduling Reserve from
the Dayahead Scheduling Reserve market.

PIM©2011 15 #{Jl 10/18/2011



Wiho Gar? Provide: Resery:

Resources with the abillity to provide reserve capability
In 30 minutes including primarily:

C Online Steam generation with capability to increase
output from DA dispatch point

C Offline CTs that can start to provide Reserve
C Hydro and Pumped Storage Units
C Dispatchable DSR resources

DASR offers may be submitted only for those resources located
electrically within the PJIM RTO

PJ 10/18/2011



MatketSSetilennén

A Actual costs for Daghead Scheduling Reserves are allocated
according to load ratio share.

I Similar to the Regulation and Synchronized
Reserve markets, each Le&erving Entity would
carry an obligation to purchase Dahead
Scheduling Reserve equal to its obligation ratio
share of the RTO requirement

A Charges are based on the MW obligation carried by each LSE.

?”___‘
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DASRCEGharge

Dayahead Scheduling Reserve charges for each
participant are equal to:

1. The hourly Dayahead Scheduling Reserve clearing price
times the MW of Dayahead Scheduling Reserve that
which is purchased from the market plus;

2.¢KS LI NOAOALIYIQa aKINB 27
by assigned Daghead Scheduling Reserve resources over
and above the Daghead Scheduling Reserve clearing
price plusOperating Reserve)

3.¢CKS LI NIOAOALIYGQAa aKFENB 27
by those resources PJM committed for the sole purpose of
providing Dayahead Scheduling Reser@perating

Reserve)
sy
PIME2011 18 ) ; 10/18/2011
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A Dayahead Scheduling Reserves

A Synchronized Reserve Market
A Black Start Service
A Reactive Services

PIM©2011 19
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Control Zone

== == = Regulation Market
PIM©2011 Region

SinglefRegulation MarketoRec

Mid Atlantic Region

20 10/18/2011



Imbalanece Ganditior

Overgeneration Undergeneration

A Total Generation > Total A Total Generation < Total
Demand Demand

A Frequency > 60 Hertz A Frequency < 60 Hertz

A Generators momentarily A Generators momentarily

speed up slow down

PIM©2011 21 10/18/2011



WinatiisfRegulatior

A Definition:

I A variable amount of generation energy undertomatic
controlwhich isindependentof economic cost signal and
IS obtainable withirfive minutes

A Generating units or Demand Response Resources that
provide fine tuning that is necessary for effective system
control

A Governors respond to minut®-minute changes in load

A Regulating units correct for small load changes that cause
the power system to operate above and below 60 Hz for
sustained period of time

PIM©2011 22 10/18/2011



Regulatiorvs Economidispater

Load (MW x 1000)
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PJN\Market ithaviattetsedrFRegulatic

A Creates market for
regulation

A Provides Market Clearing
Price for regulation = ey e o

Regulation Market

A Protects supplier by -
oroviding opportunity cost L5 s L7,
of energy

A Provides more incentive to
provide regulation

PJM©2011 24 10/18/2011



PINWaRQdlativnSia dzbnhe it A

A PJIM will commit regulation based on Reliability First Corp. (RF
requirements

I Requirement for ofjpeak hours (0000459)
A 1% of the forecasted valley load for the operating day

I Requirement for ofpeak hours (0502359)
A 1% of the forecasted peak load for the operating day

I Requirement is on either side of economic set poin

I may be adjusted by PJM if consistent with
maintenance of RFC control standards

PJM®©2011 25 10/18/2011



PIWarQdlativhRa dizknhe it Fo2inyple )

RTO Forecasted Load For Operating Day
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Valley Load Forecast * 1%

/78,000 MW * 1%

Regulation Requirement
780 MW

On-Peak Regulation Requirement

Peak Load Forecast * 1%

Regulation Requirement
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Fulfilling Reguiaionc@bligation

A All LSEs have hourly Regulation Obligation

I pro rata share of PJM Regulation assigned for hour
Abased on LSE total real time hourly load
A Obligation can be satisfied by:

I seltscheduling own resources
I enter bilateral transactions with other participants
I purchasing from PJM Regulation Market

PJM©2011 27 10/18/2011



RegulationVaiketTTime. ikin

Regulation offers and cost
data must be supplied by 6:00
pm day-ahead and is
applicable for the entire 24
hour period for which it is
submitted.

Throughout
Operating Day

PJM clears Regulation
Market hourly and
periodically tests

performance

Regulation Offers
(price only) due by
1800 EPT for next
operating day

PIM©2011 28 10/18/2011



Regulation@Gharge

(RMCP * Adjusted Obligation) |
Share of Opportunity Cost Above RMCP &)
Share of Unrecovered Costs

A Adjusted obligation is original obligation plus
bilateral sales minus bilateral purchases

A Shares of Opportunity Costs and
Unrecovered Costs is based on amount of
Regulation purchased from the market

PIM©2011 29 10/18/2011



Regulationand-bDemandResourcesiNo

AOpportunity costs for Demand Resources will be zero

ADemand Resources will be limited to providing 25% of the
Regulation requirement

ADemand Response must attend initial training on
Regulation and Synchronized Reserve Markets

ADemand Response must be registered in Economic
Load Response program

ADemand Response must send Notification to PIM via
Load Response Application prior to reducing (through

Regulation Assignment) in order to receive payment for
load reduction through energy market

PIM©2011 30
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Questions’
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A Market-based Regulation

K

A Black Start Service
A Reactive Services

PIM©2011
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ConsolidationcofsSynchronized-Reserve: Mark

A PJM Synchronized Reserve Market has two Synchronized
Reserve Zones and one suine

I RFCSynchronized Reserve Zone
A Mid-Atlantic SukbZone

A The limiting factor between the RFC market and #ithntic
SubZone will be the AP South reactive transfer interface

I This will function the same way the Eastern Jme did previously
but will include the entire MieAtlantic region

A The limits and flows will be determined to provide wiést
east transfer capability

PIM©2011 33 & 10/18/2011



Symchronized Reserve Market:A

Synchronized
Reserve Zone

Mid Atlantic \‘

Synchronized :

Reserve Sub-zone |
/

———  Control Zone

Southern
Synchronized
Reserve Zone

Ancillary Service
Region

PJM©2011 10/18/2011



Reguirements

A RFC Synchronized Reserve Zone (excluding
Dominion) Requirement will be thgreater of

| Calculated RFC minimum requiremedR

I Largest contingency in RFC Synchronized Reserve
Zone

ANormally 1350 MW

A Mid-Atlantic subzone requirement will be equal to:
I Largest contingency in Midtlantic region

ANormally 1300 MW

PIM©2011 35 10/18/2011




SynchronizediReserve Rrovide

A Who can provide Synchronized Reserves?

I Synchronized generators (steam, hydro,
combustion turbine)

I Either online or condensing

I Demand Response

ALimited to 25% of the Synchronized Reserve
Requirement for each Reserve Zone
I Not permitted in Dominion

PIM©2011 36 10/18/2011



SynchronizediReservesbse

A Who must acquire Synchronized Reserves?
I All load serving entities (LSES)

I Obligation determined from real time load
ratio share

I Obligation is by synchronized reserve zone
(or subzone if applicable)

PIM©2011 37
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Synchronizedi:ReserveObligati

Enter bilateral

agreements with
other market
participants

Self-
scheduling
Tier 2
resources

(Does not waive the
obligation)

Purchasing from
the Synchronized
market

Owning Tier 1
resources or allocation
from other Tier 1

resources
PJM©2011 38 10/18/2011



Prior to OperatingrDa

A By 1800 the day prior to the operating day the following
Information must be submitted:

I Synchronized Reserve offer price
I Energy use in MW (condensers only)

A Synchronized Reserve Offer MW may be entered with offer pric
set default for entire day

A All data submission pages will be available prior to the operatin
day (each page will be discussed In detall later, *

PIM©2011 39 10/18/2011



Market Timeline

prior to operating hour:

I Tier 1 estimation will be run, based on current
Synchronized Reserve maximums and Synchronize
ramp rates for each unit

I Estimated unit dispatch levels will be calculated
taking into account transmission constraints and
scheduled transactions

I Tier 1 estimates derived from more limiting of:
capability between dispatch point and Synchronizet
maximum; or Synchronized ramp rate times 10
minutes

PIM©2011 40 7 5 10/18/2011



Market Timeline

A 90 minutesprior to operating hour:

I Tier 1 estimation results will be posted as soon as
complete, but not later than 90 minutes before the
operating hour

I If Tier 1 estimations cannot be posted by 90 minut
LINA2NE GKS LINBYA2dza K2d

I Tier 1 estimations posted publicly by reserve
zone/subzone and privately by units

PIM©2011 41 10/18/2011




PIM©2011

Market Timeline

prior to operating hour:
V' A U &chedalési {Tigr 2 quantities due
VAGAQ ¢CASNIH 2FFSNI I|jd

Market clearing will beginjoint optimization
of regulation and Synchronized reserves

Tier 1 estimate begins

42 10/18/2011



Market Timeline

A 30 minprior to operating hour

I PJM reestimates amount of Tier 1 Synchronized Reserve available on eacl
resource

I Market clearing prices and Tier 2 assignments posted
A Assignments posted on eMKT MUI

- A This is the vehicle for Tier 2 Synchronized Assignment
notification

AChanges to posted assignments and condenser changes w
communicatedverbally

I Tier 2 assignments passed to Unit Dispatch System
I Tier 1 estimates posted for next operating hour

PJM©2011 43 10/18/2011



Market Timeline

A During operating hour:

I Operators will be able to commit or elmMmit
additional resources as necessary to meet
Synchronized Reserve Requirement during the
operating hour.

A Additional units will be committed if real time conditions
vary from Tier 1 estimate.

A Units will be chosen according to merit order price rankin

PIM©2011 44 10/18/2011



Optimization

A Synchronized market clearing is a joint optimization between
regulation and Synchronized reserves

A The goal of the optimization is to minimize the total cost of
producing energy, regulation, and Synchronized reserve

A Resources cannot be committed for both Tier 2 Synchronized
and regulation during the same hour

iLF 5SYFYR {ARS wSalLl2yaS Of S
for energy it can participate in the difference in the
synchronized reserve market

PIM©2011 45 R 10/18/2011



SynchronizedMarkebOperaiio

A Synchronized Reserve Assignments

I Individual unit dispatch signals will respect Tier 2
assignments

A Synchronized Reserve Events

I Synchronized events will be called via the(l|
system

I Timestamp on AlCall message is official event start
time

PIM©2011 46 10/18/2011
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CleafingriPrice:

A Synchronized Reserve Market Clearing Prices (SRMC

I Separate market will be cleared for RFC Synchronized Rese
Zone and Southern Synchronized Reserve Zone

I Separate price will be posted for the Mid Atlantic Synchroniz
Reserve Suldone

APrice will equal the RFC Synchronized Reserve Zone unl
transfer limited conditions exist.

I Clearing prices determined from bid plus opportunity cost of
Tier 2 resources committed to meet reserve requirement

T SRMCP will be zero if no Tier 2 iIs committed

PIM©2011 a7 10/18/2011



Settlement Ovemnview

Tier 1 Credits

AResources responding to

loading of Synchronized Reserve paid
$50 premium above event LMP

for MW delivered

Tier 1 Charges

ABased on percentage share of
total credits above what
participants own resources supplied

ACharges and Credits only apply
if Synchronized Reserve is actually
dispatched and loaded

Tier 2 Credits
AResources self-scheduled or
PJM scheduled to provide Tier 2
Synchronized reserve are paid the
SRMCP times MW assigned.

AAdditional credits for costs not
recovered by SRMCP

Tier 2 Charges
ASRMCP times self-scheduled or MW
purchased from Market toward
participantoés obligat]i
AParticipantodés share Jo
above SRMCP

ACharges and Credits apply whenever Tier 2
Synchronized is assigned regardless whether
it is ever actually asked to load

PIM©2011
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Penalties

A No penalties exist for Tier 1 (payment made for actual
response only)

A Tier 2 units that fail to respond to a Synchronized event when
assigned or secheduled at the beginning of the event are
penalized as follows:

I Unit forfeits Tier 2 revenue for the amount of no@sponse over the
contiguous hours the unit was assigned Tier 2 when the event occurrec

I Owner of the unit incurs an additional obligation in the amount of the
shortfall for the next three sampeak days (Similar profile day)

I Obligation penalty may be offset by owersponse from other units
assigned or self scheduled Tier 2

d L AT Pabll fe T,
d el AT Fadl) e Tl
d mu.n.l:rrl'{ fe T,

I oL T R e T,

-

e — T e—.
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Sumimany

A Synchronized Reserve and Regulation very similar in their desic
A Synchronized Reserve resources classified as Tier 1 and Tier 2
A Tier 1 resources used first to meet obligation

A Separate settlements for Tier 1 and Tier 2 resources

A Penalty structures in place for natelivery of assigned Tier 2
Synchronized Reserve

A eMKT used to submit and view Synchronized information
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Quesiions?
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A Market-based Regulation
A Synchronized Reserve Market

A Reactive Services

Agendia

PIM©2011 53
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Wihat iBlackstarGenenaton’

A Generating Unit that can start and synchronize to the
system without having an outside (system) source of A
power
I Generally Combustion Turbines or Hydro units
I Critical for System Restoration

A Starting point for restoring the power system following a
complete System Shutdown

AUsed to provide startip power to nonblackstart units
I Locationspecific
I Benefits all Transmission Customers
i1 faz2z AyOfdzRSa ASKYSENFINAZY TNK
and remain operating
Ai.e.- Trip to house load ﬁ( L /30

PIM©2011 54
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GodloflibBlackstarSemice

A Incent existing, critical blackstart capable units
to continue to maintain the equipment, materials
and talent required for this capability

A Cost-based service
I NOT a market
I Very location specific
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CriticadlBlackstarDeterminatio|

A Transmission Owners determine critical blackstart units
I with PJM oversight and approval

| based on System Restoration Plans

A Based on minimum blackstart requirements as identified in
Attachment A of Manual 36

I limited to 3 blackstart units at a plant

A Exceptions process in place to handle unusual blackstart
requirements

" TOs deploy blackstart capability during System
Restoration

PIM©2011 56 10/18/2011



ProducttDesonipiio

A Performance Standards

I Ability to self-start without any outside source of
power

I Close unit onto a dead bus within 90 minutes of
request to start

I Ability to run for 16 hours or as defined by LCC
restoration plan

I Maintain frequency and voltage under varying load
I Maintain black start procedures for each unit

PIM©2011 57 10/18/2011




BlackstarCommitmen

A Commitment

I Initial 2 year commitment with annual right to
terminate by each party (upon fulfillment of remainder
of 2 year commitment)

I All succeeding annual commitment must be at least
an additional year to maintain a rolling 2 year
commitment

A Any changes in cost will commence in the second year of
commitment
I 2 year commitment is to ensure replacement
blackstart capability may be obtained in the event of
a unit retirement

PIM©2011 58 10/18/2011




BlackstarCommitmen

A Penalty for failure to fulfill two year commitment

I Forfeit received blackstart revenue for period equal to
period of non-performance
AMaxi mum of one yeard6s revenues

I Example: Unitis retired 18 months into its 2 year
blackstart commitment

A Penalty is equal to 6 months historical blackstart revenue
(period of non-performance) plus suspension of future
blackstart payments

I Penalty may be applied if unit is retired or decides
not to provide bl ackst aff

commitment

PIM©2011 59 10/18/2011



BlackstarTesting

A Testing

I Annual blackstart tests
A Scheduled at Gen. Owners discretion with PJM approval

I All blackstart units must be tested within 6 months of
blackstart service implementation
A Failed tests -- 10 day grace period

A Monthly blackstart revenue then forfeited from date of first
unsuccessful test until test is passed

PIM©2011 60 10/18/2011



BlagkstarCharge:

A Charges

PIM©2011

Detailed in Schedule 6A of OATT
Zonal rates based on blackstart capability within zone

Allocated to point-to-point customers based on
monthly peak usage

Remaining revenue requirement in each zone is
allocated to network customers serving load in that
zone based on monthly peak loads

Charge allocation identical to Reactive Support and
Voltage Control Service (Schedule 2)
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Summay

A Blackstart is a cost-based service - not a market

A Transmission Owners, with PJM identify critical
blackstart units

A Restrictions on Blackstart Planned outages

A Generator annual revenue requirements
submitted to PJM

A Annual Blackstart testing requirements in place

[ summARY)
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A Market-based Regulation
A Synchronized Reserve Market
A Black Start Service
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What issReactive: Service: intended toi Pro

A Reactive resources are necessary to maintain
system voltages at nominal levels

A Insufficient reactive support capability can result
In a voltage collapse of the system
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