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Introduction

Shadow prices are generated by the Independent Electricity System Operatorr{i&®€&x)systems for
most nodes oithe Ontario transmission systenThey ae published for energy and three classes of
operating reserve for evefyminute interval. However, sindiey are not used for any settlements
calculations their value tispatchablgarticipants is often overlooked.

This documenf ocuses on a gener at or 6s explaiisiow énargy bffers, el ect
operating reserve offers astiadowprices can beised todeterminea g e n edisath onstrdicions

This would be useful to n& generators wishingp develop aifst-time bidding strategy, oo existing

generators wishintp fine-tune their offersn order toimprove theiroperational efficiencies through more

desirable dispatchedt can also be used by naiispatchable generators that are considering becoming
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dispatchablen order to haveheir productioncoincide better witthigher energy priceand toenterthe
operating reserve market. A techniqueis shown that uses joint optimization to determine dispatch
guantities, market schedules and settlesyentditsusing the historical shadow price datginally, the
Sygration Generation Market Simulateervice is introduced as a commercidiernative toparties
consideringmplementing theetechniqusin-house

This document is intended for readeéhst arefamiliar with the Ontario electricity marketnd have
dispatchable generators, or are considering becoming dispatchable

Background

The Ontariowholesaleelectricity market uses a uniform market price for wholesale purchases and sales

of electrigty. Thewholesaleprice to distributors and participants that are not dispatched by the IESO is
based on the average Hourly Ontario energy price (HOEP), while the price to generators and large
industrial customers that are dispatched by the IESO is-the&e Market Clearing Price (MCPR) In

both cases, this wholesale market price is always the fara# locations throughouthe province and

does not truly reflect theffects of suchthingsas transmission losses, congestion aauialgenerator

ramping limitations. This was thentention of the original designers of the Ontario electricity market and

they used the postage stamp analogy where everyone pays the same price to send a letter anywhere in the
country. It is referred to as the Uncstnained Market Model, and is used to determine the market prices

by ignoringmany reaklife transmissiorsystem constraintsr inflating unitrampingcapabilities

System constraints cannot be ignored witecomes tooperding the electricitysystem, includinghe
dispatch of generators or large industrial loads (dispatchable). Not only does this result in a safer
operation of the transmission system (by keeping transmission flows within safe limits), it also results in
more efficient energyexchangeby factoring intransmissioriosses. The dispatch of electricity is based

on the Constrained Model that recognizes the impact of:

Transmission losses

Transmissioroperating limits

Resource rampg capabilities

Limits placed on how much opdirag reserve can come from specific areas of the grid
Multi-interval optimization that looks ahead at changes in supply and demand

[T e e R ]

Of course, both the Constrained Model and Unconstrained Market Mpdedte on théids and offers

for energy and operating resetbat are submitted by generators and dispatcltainisumers Every five

mi nut es, t he | ESO6 sOptiiizer phaanced theSe chidsd dbffetsaong watn tte
current and forecast demand to eriat individual market schedules (using the Unconstrained Market
Model) and dispatch instructions (using the Constrained Modetge constrained modeuns first and

uses the mostrecent demandpredictions in determining the dispagshfor the interval while the
unconstrained run actually runs after the interval andagesl demand and supply values sample during
the interval. The end of both processes is the creatiom agingle set of market prices for tbatire
province and he 13 intertie zonesas well as individual shadow prices for most major connections
(Anodesd) to the system.

! Thefinal pricefor energymayactuallyregulatedfor some users, or includgobal adjustments, uplifts andriffs. All of these
arebeyond thescope of this document.
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Market prices are important because they are used as the basis of energy and operating reserve
settlements However, the shadow prices tellhere theraés a greateor lessemneed for energy, as well as

how generators antbnsumersre being dispatched throughout the provinBeadow pricesan also b

usedto work backwards frontrial bids and offersto determinehow a unit would rave been dispatched
hadthese biddeen used for real.

Bids and Offers

Dispatdable participants submit bids to buy or offers to esedirgyto the IESO for every hour of the day.

If they are capable (@ authorized) to selbperating reservethey may optionally submit offers for
operating reserVefor the same hoursFor generators, these offers are assumed to represent their cost to
produce energy, or in the case of operating reserve their cost to be oystangrovide energy upon

short notice.The Ontario market employs a Dispatch Scheduler and Optimizer)(@&Eh evaluates all

of the bids and offers for both energy and the three classes of operating reserve simultaneously in a
process called Joint Optimization. Thmarketschedulesand dispatcheproduced by the DS®alances

the demand and supply for bo#tmergy and operating reserve, with the objective of maximiziveg
economic gain to botimdividual generators and consumers

Simple Energy Offer:

1-7,{(30,0),(30,200),(45,300)},{(300,3.0,10.0)};
8-19,{ (30,0),(30,200),(45,300),(50,450),(75,500) },{ (200,3.0,10.0),(500,5.0,10.0) };
20-24, {(30,0),(30,200),(45,300)},{(300,3.0,10.0)};

Breakdown of offer using Line 2:
8-19 Line is for hours 8 through 19 (7:00AM i 7:00PM EST) only

(30,0),(30,200),(45,300),(50,450),(75,500) Price Quantity Pairs (5 of maximum 20 pairs used):
07 200 MW, price must be at least $30/MWh
2007 300 MW, price must be at least $45/MWh
3007 450 MW, price must be at least $50/MWh
4507 500 MW, price must be at least $75/MWh

(200,3.0,10.0),(500,5.0,10.0) Normal Maneuvering Ramp Rates (2 of maximum 5 sets used):
07 200 MW, ramp up @ 3.0 MW/minute, ramp down @ 10.0 MW/minute
20071 500 MW, ramp up @ 5.0 MW/minute, ramp down @ 10.0 MW/minute

Energy offers includes multiple MW quantities and the pr{@8IWh) the generator expects to receive
to produce energy within that range, as well as rdmaprates (MW/min) which the generator can
normally maneuver up or downward.

2 The Ontario market includes Minute Spinning, 1@Minute NonSpinning and 3Minute Operating Reserve.Both
Generators and Dispatchable Loads can participatesetharkes, however Dispatchable Loadse restricted froroffering 10-
Minute Spinning Operating Reserv&his restriction is under review by the IESO and NPCC
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Maximizing the Gain from Trade

In balancing the qaply and demand for electricitgvery 5 minutegshe DSO selects the quantities of
energy and operating reserve from ebithandoffer in such a way that the cost to the market is optimal
T the prices are justnough andhot any moreor lessthan they need to b satisfy both buyers dn
sellers This is said to result inmaximizing the economigain from trade, where tr@ommonprice for
electricity allows generatots produceandconsumers teonsume with an optimal operating profit.

To a generator, thigperating profits detemined by theirelectricity revenuéMarketPrice x MWh) less
their production costs. Since their energy and operating reserve offeassarmaedo represent their
production costs, the operating profit can be calculated as the area between thedpghed affer up to
the scheduled quantitySee examples 1 through 3 for an illustration of this. Insthwgple case where a
generator is only offering energy, the quantity scheduledhey DSO would only include offered
guantities abr below the market price. At that market price, if a lesser quantity was scheduteddt
not be optimato the generator as was willing tosell more energy for a greater profitt would also be
norroptimal to the market since it would be holglinack energy fronoadsthat werewillin g to consume
more at that price A key concept here is that such optimization occurs at both the market lewatltaad
individual resourcelevel. While dispatch quantities angrices are the consequence of theint
optimization processthese historical prices canalso be applied against the offers to determthe
expectedlispatchquantities

Calculating Economic Gain:

The pricequantity pairs of thgeneratad effer can be shown daminations ora bar chartSincetheseoffers represerthe cost
of energyproductionfor generatorsthe economic gaior operating profitis the difference between timearket price and thq
offer prices up to the scheduled quantity.

Example 1MarketPrice= $47.00
Using thesimple energy fer abovefor hours 819: an energy pce of $7 would result in ascheduleof 300MW and an

operating profitof $3,600/MWh (yellow ared. Any quantity higher or lower than 300MW would result imeluction of
operating profi{not maximized) This leaves an additional 200MW of energy unscheduled.

$75 N
Operating Profit = $3,600MWh
$50 MarketPrice $47.00 ($47-$30) x 200 +
$45 ($47- $45) x 100
$30
Market Schedule: 300 MW
0 200 300 450 500 MwW

Utilizing Shadow Prices In the Ontario Electricity Market Paged



Example 2: Market Price = $70.00

Again using the simple energy offers from above for hout9:8 An energy market price of $70 would result in a ma
scheduleof 450MW and an economic gain of $280/MWh (yellow area) .

unscheduled.

$75 Market Price $0.00

$50
$45
$30

0 200 300 450 500 MW

Example 3: Market Price = $50.00 (same as an offered lamination)

Here, the market price is the same asgthe n e r thitd pricefsantity laminéon.
i s Wihen this bchueshe schedgled quantigan be anywheré
within the laminatiorrange of 300 MW 450 MW, with the exact amount chosen to meet demand.g&herator is indifferen
to whereit is operating within this rangeecause iteperating profit remainsnchangedt $4,90/MWh.

one responsible for setting thearketp r i ce and

$75

Market Price $50.00

$50
$45
$30

0 200 300 450 500 Mw

The remaining 50MW of energy is

Operating Profit $13,500 / MWh
($70- $30) x 200 +
($70- $45) x 100 +
($70- $50) x 150

Market Schedule: 450 MW

This can occur when that generasahe

Operating Profit = $4,500 / MWh
($50- $30) x 200 +
($50- $45) x 100 +
($50- $50) x ?

Market Schedule between 300 at&D
MW

Market Prices vs. Shadow Prices

The previousexamples show howeconomic gair{or operating profitjs calculatedfor an offer set given
an energymarketprice  This is for illustration only as the Ontario electricity kedris a little more

complex. e spot market price for electricity tise same for
all resourcesall loads pay and all generators are paid Hmaes
energy price. However, the market schedule MW is
necessarily the quantity that each resource is actd
dispatched. Instead, thequantity that the DSO will dispatch
each resource is based on the constrained mawas| which
as a byproductalso generates several hundred nodal pri
called shadow prices.

The DSO uses the same fundamer
algorithm and objective functiorfor the
unconstrained market schedule 4
constrained dispatch. The DSO fi
executes the constrained run using all

the reallife restrictions in order tq
determine each unit dispatch.It then
relaxes most of these restrictio

(constraints) for a second run in order
calculate the market schedules and ma
clearing prices.
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The shadow pricesit each node are consistent with the actual dispatch quantity of any resource at that
node. That is to say, given a set of offers and a set of shadow prices ydeteanine the dispatch
quantity in the same manner as iranples 1i 3. The calculation of operating profit using shadow
prices is still valid inestablishingthe dispatch quantities, however, it is not usictly in any
settlementgalculations. No payments are based on shadow pridestead, the market price is usen

three occasion® determinghreeoperating profitcalculationsbasedon 1) the market schedule quantity,

2) the constrained dispatch quantapd 3) thequantity that was aotlly provided (using revenue
metering data) A Congestion Management Settlement Credit (CMS@piadjustmentalculated by the

IESO Settlements system to ensure the operating fwofach intervais kept trueto theopeiating profit

that would havédveen received based on the market schedule.

CMSC = OPMarketScheduld MAX(OP DispatchQuantity, OP Actual Quantity)

Since theadjustment uses thmaximum of the Operating Profitased orDispatch Quantity and Awcal
Quantity, this effectively clawback any Operating Profit the participanight havereceived byover
generating.The CMSC is effectively a constrained or constrainedff payment, and is an incentive to
the participant to follow the constrainesphtch instructions. It is calculated separately for Energy and
each class of Operating Researal can be a negative value.

CMSC Calculation:

The energy offer is shown twice, first with théarket Price and then with the Shadow Price. Each price would result
different energy quantity for the market schedule and the constrained displagcénergy Shadow Price is lower than th
MarketPrice, indicating that there may ba oversupply of energy in theea resulting in the need to constrain down geners
or constrain up loads.

Market Schedule 450 MW

$75 . Market Price $0.00
$50
$45
$30
0 200 300 450 500 MW

Constrained Dispatch 300 MW

$75 ]
$50 Shadow Price $480
$45
$30
0 200 300 450 500 MwW
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The Constrained Dispatch of 300 MW is 150 MW lower than the Market Schedule. To hold the participant true to th
operating profit, thgenerator will be compensated for any difference in operating profit.

Constrained Market
Dispatch 300 MW  Schedule 450 MW
) Operating Profits:
$75 — Market Price$70.00 Market Schedule OB $13,500hr
Constrained Dispatch OP = $10,500/hr
A CMSC = $13,500 $10,500 = $3,000/hr
$50
s45 N

$30 \
Operating profit that is lost by

following the constrained dispatch.

0 200 300 450 500 MwW

If the generator follows its dispatch instruction exactly, it will be compensated for the reduced operatirzy @dfEC of

$3750/hr or $312.50 for th@ngle 5minute interval. Thisamount is an uppdimit and may be reduced if the actud\W output
is not the same as the dispatch instructioAny variance from the dispatch instruction will not be relear with increaseq
CMSC and mawctually be redced or become negatiiet he gener atordés output exceed

Joint Optimization

The DSOdoes not evaluate energy and operating reserve afferglemands isolationof each other.
Instead, it uses joint optimization to assessenergy and the three classes of operating reserve
simultaneousland by doing so, meethedemandor energy and the requirements for operating reserve
at an optimal cost to the markét.

Joint optimizationcan have a significangffect on generator dimtchesas any quantity fooperating

reserve provided must [m®nesoat the expense of ener@grd vice versp  This cansometimesesult

in what appears as strange bebawy the DSO; if the need for operating reserve is htgen a
generatorb6s ener gy maoyf fbeer pwaasss efdi no vtelre emceme yi of (twhhe
higher than the offered price).In this case the reduction in scheduled energy results in a reduction in
economic gain, however, it will be offsmore so(or at least kept neutrally the increase in economic

gain that results from the increase scheduledoperating reserve.Dispatchable loads are a slightly

different situation since they can provide operating reserve only when consuming etienguer joint

optimization still applies and dispatchable loathay be scheduled tconsume energy in order to have it

provideits operating reserve even if the price was higher than its energy bid price.

The quantity of energy andperating reserveselectedfrom each generator or dispatchable laad
determined by the overall demand for these products, their economic value based omdhd bfters,
and their availability based on the constraint§he value of these productssaged to the market are
publishel by the DSO in the form aharket prices andhadow pries. They are optimized across the

® Refer to IESO Quick Take on Joint Optimization for a detailed explanafiohi® and a comparison with sequential
optimization.
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market as a whole, meaning the price is not unnecessarily high or low in order to meet the supply and
demand for energyandoperab g r eser ve. They are also optimize
meaning the\W quantitiesscheduled or dispatchddr a generator will result in the maximum quantity

at that price considerinfpe economic gain dfothenergy and operatingserve.

Example 4A shows how Joint Optimization is applied using an energy offer and operating reserve offer.

You can see in the examplehat t he energy mar ket price was higl
price for a significant portion, yet tlgantity was still not scheduled. It might appear at first glance that

the DSO made an error by passing over the quantity of energy that had a positive economic gain. A
closer look shows that it did this so it could schedule some operating reseryesangitall selection

resulted in an even higher economic gain. Example 4B shows how these quantities were assessed and
chosen.

Example A: Joint Optimization
Market Prices: Energy $88Wh, 10-Min Non-Spin OR $20/MWh, 3Min OR $5/MWh

Theearlierenergy offer for hours-89 is used here. However, additional offers foiMiute NonSpinning Operating Resery
and 36Minute Operating Reserve haatsobeensubmitted Even though individual offequantitesa ppear t o be
not al quantities are scheduled. Instetith joint optimization finds thanaximum economic ga occurs through scheduling
mix of energy and operating reserve:

Energy: ®0 MW Scheduled

10-Minute Spinning OR: 100 MV&cheduled
30-Minute OR: 100 MWScheduled

Energy Offer / Schedule

$75 1
Market Price $580. Scheduled Quantity 300 MW
$50
$45
A3 Economic Gain:
$30 N 07 200 MW  $25.00/MWh ascheduled
2007 300 MW $10.00/MWh ascheduled
3007 450 MW  $5.00/MWh X not scheduled

Theenergy offer of range 300450MW @ $50/MWh
appeared fAin the moneyo
10-Minute NonSpinning Operating Reserve its economic gain would be less than eithezrafing

reserve offers.
$20.00
Market Price $180 Scheduled Quantity 100 MW

$8.50

Economic Gain:
$5.9 07 100 MW $9.50/MWh ascheduled

' 1000 300 MW  $6.50/MWh X not scheduled
3007 500 MW -$5.00/MWh X not scheduled
0 100 300 500 MW
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30-Minute Operating Reserve
$10.00
Market Price $00 Scheduled Quantity 100 MW

Economic Gain:

07 100 MW $7.00/MWh ascheduled
$3.00 100° 200 MW  $6.00/MWh X not scheduled
$1.00 2007 300 MW  $4.00/MWh X not scheduled

30071 500 MW -$3.00/MWh X not scheduled
$0.00

0 100 200 300 500 MW

To show how thearious quantities of energy and operatiegervevere schedulealetermine how much
operating profittach lamination quantity would contribute. Theperating profilaminations carhen
be sorted from highest to lowest $/MWh to establish their egoa priority. Sum up the total quantities
from left to rightthat 1) result in an increase in operating profitheeslaminatios arepositive, and 2)are
at or below the maximum energy offered within the hour.

Example 8: Operating Profit Laminains

Using the offes and prices shown in Examplé,dwe can order the Operating Profit laminations from highest to lowe
determine what quantities from energy and operating reserve would result in the greatest operating profit.

$25 N
Operating Profit Lamination Legend: ‘ ENERGY ‘
$20 ‘ OR 10 NONSPIN ‘
‘ OR 30 MINUTE ‘
$15

$10 The total scheduled quantity of energy and operat
/ reserve must neveexceed the maximum energ
offered during the hour. While economic laminatio

$5 may still remain, only the quantities up to 500 M
will be scheduled.

$0

100 200 300 400 500 600 700 800 90001QL200 1400 1500
-$5

4_
-$10
-$15
-$20
/\ /\ =
' N N
Scheduled Not Scheduled Not Scheduled

(Beyond Max Energy) (Decreasing Benefit)
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Ramp-Rate Constraints

Ramprates are submitted by participants within their energy offers and tell the IES®@autwesource

can maneuver undeormal operating conditionDispatch instructions sent to the participant will follow
these ramyates to ensure thtechnical operatingmits of the units are respected separateperating

reserve ramyate is also submittedy the participanto indicate how quickly a unit carincrease its

energy undershort notice in response tmexpected outages, demand or other contingencidse
previous examples ignored the effect of ramp rates on the joint optimization and assumed that all energy
and operating reserwsas available for the interval.In reality, the DSO constantly trackshere the
resource is currently operating amactors inthe rampratesto establish upper and lower energy
boundaries for the nextfinute interval Similarly, the operating reservamprate (provided separately

in the energy bid/offer) is used to establish a maximum upper boundary-fomtite and 3dninute
operating reserve Regar dl ess of how much of the offer i s
always be within this rage.

Submitted Ramp Rate&00,3.0,10.0),(500,5.0,10.0)

Current Output 20MW
Minimum Constrained Dispatch = 200 MIA3.0 MW/min x 5 minutes = 185 MW
Maximum Dispatch = 200 MW + 10.0 MW/min x 5 minutes = 250 MW

$75 Current output ]
$50
$45
$30
0 200 300 450500 MW

Next dispatch interval is ramteconstrained to between 185 MW and 250 MW

TheDSO handlegnergyramp rates differently for theonstrained dispatch amdarketschedule. While

the constrained dispatch respects the ramp rates at face value, the market schedule currently uses a
multiplier of 12 times rampraté’ when calculating the upper and lower energy boundariesthis
examplethe market schedule would lbamp-rate limited between 20 MW (200 3 x 5 x 12) and00

MW (200 + 10 x 5 x 12jor the next Bminute interval

If a resource will be participating in the operating reserve maake¢parateperating reserve ramp rate
is alsoprovided (withn the enegy bid body) for usevith all operating reserve offers. Thiamprate
indicates the MW/minute rate a unit can increase its energy owipotildoperating reservbe activated.

4 1n early 2007, the IESO Board of Directors proposed changing tien&8 ramp rate in the market schedule-tings. This
was challenged bythe Association of Major Power Consumen$ Ontario (AMPCO)to the Ontario Energy Board, but was
denied. AMPCOhas sincdiled an appeal in th8uperior Court of Justic®ivisional Courtf{Source Stikeman Elliot LLP].
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For establishinghe maximumoperating reservallowed the DSO multiplies tis ramprateby either 10
minutes (for 1eMinute spinning andhonspinning operating reserve) or 30 minutes (forndQute
operating reswe). Unlike the energy ramprates, the DSO does not implemearty multiplier in
determininghe maximum operating resve forthe unconstrained market schedule.

In example4B, the operating profit laminations for energy and operating reserve were determined then
sorted from highest to lowe${MWh. It treated each of these laminations as being optional where the
guantities would be chosen if they resulted in a positive additional operating profit, up the maximum
energy offered. Because of the rampes, two things happdor each interval First, portions of the
laminations may have to bdiscardedif the energ or operating reserve cannot be reached during the
target timeframe (#ninute energy, 1Gninute ORor 30minute OR). Second, portiomdg the energy
laminations may be mandatory and must be schedalgardless if they result in positive or negative
opeiting profit, if the unit cannot ramp down energy quickly enough to achieve 0 MW output.

Energy Offer Laminations evaluated for Constrained Dispatch:
Current Output 200 MW. Rarmmtes limit next interval to between 185 MW and 250 MW
0-185 MW lamination becomes mandatory. 1350 MW will be assessed on merit. Above 250 MW must be discarded

$75 Current output ]

$50

$45

$30
0 200 300 450500 MW
Mandatory Discard

Assessed on Merit

The trajectoncalculations above assume that a unit has been followidgsiatch instructionto get to

its current output In spring 2004 the IESO implementetkatureof their Multi-Interval Optimization

projectto continuallytradk how wel certain units (some nequick start generators) wef@lowing their

dispatch instructionsLogic was added to the DS@ accelerate theamprate when a unit is fallsehind

their dispatch instructions whdoading up Thiswasdone n or der t o reduce or eli
St ebp alowing these units to catch up to their target output levels when they momentarily fall behind

Refer tolESO Quick Takelssue 13 for a full exphation
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Hourly Pre-dispatch Shadow Prices

PredispatchShadow Pricegor each delivery point are also published hourly with data also on an hourly granularity,
minute. You can apply most of the steps described in this document for detergniningr gener at or 6 s

However, the pralispatch data is hourly data and each run is always a best effort forecast which may not actually ocg
shadow prices are based on peak energy requirements expected within the hour amdverage energy requirements, ¢
will tend to reflect a higher price for energy than in the dispatch intervals. Rategp should continue to be factored
however, values should be multiplied by 12 to establish the hourly ramp rate.

Example 4CincludingRampRate Constraints

CurrentEnergyOutput: D0 MW
Operating Reserve Ranfpate: D MW/minute

As a result of energy and operating reserve reai constraints on the nexinfinute interval, the first 185MW of enerd
becomes mandatp Energy laminations above 250MW becomes discarded, as ddés it Spinning OR above 100MW ar]
30-Minute OR above 300 MWRemaining laminations are shifted to the left for further consideration.

Operating Profit Lamination Legend:

$25 <+
‘ ENERGY: Total 250MW ‘
$20 [.7.0.0. ‘ OR 10 NONSPIN Total 100 MW ‘
‘ OR 30 MINUTE Total 150 MW ‘
$15
$10
$5
$0

100y, 200 300 400 500 600 700 800 900 1000

!

The 200 MW energy lamination is split

Discarded Laminations:
Some energy anoperating reserve

up into two, with the first 185 MW laminations are discarded as their ramg
being mandatory even if it was rates prevent them from being
negative operating profit. considered.

e
Scheduled

Totaling up théaminations, the final dispatch will be Energy 250MW, ORMidiute NorrSpin 100 MW and OR 3Minute
150 MW.
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Reserve Loading Point

The reserve loading point isxatherMW value provided by resources that participate in the operating
reserve marketandis included in the operating reserve offéeparate values are provided within each
offer and they must meet certain validation rules defined by the IE@ias intended to allowthe
generator taeliably achievea minimum outputbefore having to woyr aboutthe possibilityof being
activatedto supply operating reserve eneffgy system contingenciedn reality, the DSO implements a
linearalgorithm whichrestricts (but does not entirely prevetit® amount ofoperating reservecheduled
unlesgthedispatched energy will also be beyond the reserve loading point.

Resource Dispatch Filter

The Resource Dispatch (RD) Filter is used by the IESO to block numerous small changes to the dispatch
instructions thatvould otherwise result in units constanttyoving up or down by small increments. It is

set to block any energy dispatches where the change from the previous dispatch instruction is less than
2% of the maximum generation offer up to a maximum of 10MW. The RD Filter is turned off fot the 1
and7" interval to ensure these dispatch instructions are allowed to be issued on the hourlamat half

The IESO Market Manualstates the RD Filter also does not filter dispatches when that dispatch is
attempting to bring a unit to its low operatingnii or its high operating limit. These limiteay be
different than the minimum and maximum offered quantities (i.e. they are maadain the IESO
Participant Life Cycle ystem). As a result, its understood that the RD filter will allow |lahew
dispatches through when they avighin 2% or 10 MW (whichever is less) of these limits and ifribev
dispatch is directing the unit towards the limit.

The RD Filter is appliedo the energydispatchand only after the DSO has applied its optimaat
Operating Reservechedule may still be dispatched. As a result, there mayirhes whenthe total
energy and operating reserstightly exceed the total energy offered leave small amounts of operating
reserve unscheduled even if it was ecomomi

> Market Manual 4.3 Real Time Scheduling and Physical Markets, Section 1.8.1
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Steps in Reverse-Engineering Shadow Prices

Maximizing the ecnomic gain from tradés theobjective function which the DSO attempts to optimize

across the marketUnderstanding this and knowirigat it also appliedo each resource gy in working
backwards from the shadow prices in determining the energy and operating reserve dispattlaety,

individual market schedules can be determined by apglyive market prices against each offer. set
While market schedules are not intendedbe followed as the dispatch instructions are, determining

them isstill important as they araesed in the calculation of CMSC, which can \mry significant
paymensto a dispatchableesource

To start the reversengineering processywo similar sets of calculations affirst required to determine
how the historical pricesould resultin the Constrained Dispatch and thiarket Schedule This must
be done using the-Binute shadow price ar#minute market price datpublished by the IESO and not
the hourlydata(average shadow prices or HOEPAny

simulation should use the shadowces that are at or closé The IESO publishes Shadow Prices for over 2
to the location of the generatas these reflect the physical delivery points, which are nodes on the IES

constraints that would occur in normal operations combellEdl g, PUEEE S0 Gy [EEE e
eachof the three operating reserve markefhe

) i ] ] _ dispatch data is in 5-minute resolution and
A third step is required to calculate the dispatch operatingindied into hourly data files, publishatiortly

profit (based on the constrained dispatch using the malrkasterthe hour.
prices) and CMSC payment for the interval.

Note: These steps are not to be confused with those taken by théoD&ermining tlie Constrained
Dispatch and Market Schedules. Instead, we are working backat@risig withthe results of the
DSO output (Shadow Prices and Market Prices) to determine how these would apialybids and
offers. Thisalsoassumes thahe newor revisedoffers would have no impact on the final DSO resu
which in realitymaynotbethe case
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Reverse-Engineering Step 1z Constrained Dispatch Calculations

Establishcurrent
Output (MW).

@

Determine the energy rantpte
trajectories at theurrentoutput.
Establish mandatory energy.

@

Determine the operating reserve
ramprate ceilings for 1@ninutes
and 36minutes

@

Calculate Operating Profit laminations fol
energy and each operating reserve.

@

Sort the operating profit laminations by
$/MWh from largest to smallest.

@

DeterminePreliminary
Dispatch Quantities

@

Apply Resource Dispatch
(RD) Filter againsEnergy

@

Constrained Dispatch

Utilizing Shadow Prices In the Ontario Electricity Market

Regardless of how economic the offers for energy or opera
reserve may be, the nextndinute dispatch will always depend o
the unitds curr entruneimgye simuatioa that
assumes you will follow the dispatch quantity, your current out
will be the final constrained dispatch from the previousiiBute
interval.

Using the rampates, establish the floor (minimum) and ceilir
(maximum) energy thathe next dispatch must beithin. Energy
guantities below the minimum level become mandateoythe next
dispatch must include #ast this much energyDiscard the offer
guantities to exclude any MW beyond the ceiling level. You v
likely need tosplit the offer laminations to separate mandatory ¢
discarded quantities.

Using the operating reserve rasrgie (not the energy ramp rates
calculate how much maximumperating reserve can be schedul
within 10-minuteand 30minute timeframes Discard any operating
reseve offer laminations (or portions) that are beyond the maxim
amounts.

With the Bminute shadow prices for energy and the three opera
reserves, calculate the operating profit laminations ($/MWh) us
the energy and operating reserve offensl the Shadow Prices fo
each of these.

Place the Mandatory Energy lamination(s) first, followed by f
remaining sorted laminations.  Discard aroperating profit
laminations beyond the maximum energy offered for that hc
Discard any remaining laminations that have a negative oper:
profit.

Using the remaining operating profit laminations, sum up the N\
quantties for each energy and operating reserve products.

The RD Filter blocks any energy dispatches where the change
the previous dispatch is less than 2% of the maximum gener
offer up to a maximum of 10MW. The RD Filter is not applied
the £'and 7 interval in each hour.
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Reverse-Engineering Step 2z Market Schedule Calculations

As with the Constrained Dispatch, the process for determining
Market Schedule starts with the current energy output. Again,
simulaton can assume this is the p
@ dispatch. Do not use the previous energy Market Schedule.

Establishcurrent
Output (MW).

Using the ramgates multiplied by 12xIgter to be 3x), establish the
floor (minimum) and ceiling (maximum) energy that the next alisip

Determine the energy rarmpte o o o
must be within. Energyugntities below the minimum level becorr

trajectories at the starting output.

Establish mandatory energy. mandatory and must be scheduled. Discard the offer quantitie
exclude any MW beyond the deiyy level. You will likely need to split

@ the offer laminations to separate mandatory and discarded quantitie:

Using the operating reserve ramgie (not the energy ramp rates

Determine the operating reserve calculate how much maximuroperating reserve can be schedul
ramprate ceilings for 18ninutes within 10-minute and 30minute timeframes Discard any operating

and 30minutes

With the 5minute prices for energy and the three operat
Calculate Operating Profit laminations foi reserves, calculate the operating profit laminations ($/MWh) us
energy and each operating reserve. the energy and opeiat) reserve offers and the Market Prices {

each of these.
_ _ - Place the Mandatory Energy lamination(s) first, followed by 1
Sort the operating profit laminations by remaining sorted laminations.  Discard amperating profit
$/MWh from largest to smallest. laminations beyond the maximum energy offered for that he
Discard any remaining laminations that have a negative oper:

ﬂ profit.

Using the remaining operating profit laminations, sum up the N
quantities for each energy and operating reserve products. Thes
the final Market Schedules as the RD filter is not applied.

reserve offer laminations (or portions) that are beyond thgimum
amounts. No multiplier is used for the OR rarafes.

DetermineMarket
ScheduleQuantities

ﬂ

Market
Schedule
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