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Abstract—Competitive electricity markets have been operating
in various countries for more than a decade, with every single elec-
tricity market presenting its own unique characteristics and fea-
tures. This paper provides a comprehensive overview of the opera-
tional aspects of the Ontario electricity market, its unique features,
and its outcomes for the first four years of operation. Several pro-
grams implemented in the Ontario market to improve efficiency,
transparency, and competitiveness are analyzed, and the effective-
ness of these programs are discussed.
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1. INTRODUCTION

ILE deregulation of the electricity sector has been
y “accepted and adopted by many countries and utilities
d the globe, every market has its own unique charac-
ristics and specific features. The Ontario electricity market
s unique because of various reasons; for example, even after
deregulation, about 75% of generation capacity is held by one
single entity, and there exist various kinds of price and revenue
caps for wholesale market participants as well as for retail
customers. Moreover, Ontario is a single-settlement real-time
market, unlike the other four adjacent North American elec-
tricity markets—the New York, New England, Midwest, and
PIM markets—which are two-settlement ones. Finally, the
Ontario power network is directly connected to the New York
and Midwest electricity markets and indirectly connected to
the New England and PJM markets. It is also connected to
the regulated utilities in Quebec and Manitoba, both having
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significant energy transactions with other utilities in the United
States. In view of this, the operation of the Ontario electricity
market can significantly impact the North American North-East
and MidWest power interconnections, and hence its structure,
operation and outcomes need close examination.

In the Ontario electricity sector prior to deregulation, On-
tario Hydro along with some small municipal utilities gener-
ated, transmitted, and distributed electricity to their customers
across the province. In that era, electricity prices were regulated
by the provincial government. The Ontario Electricity Act of
1998 reorganized Ontario Hydro into five companies [1], and
on April 1, 1999, these new companies were created, namely,
the Independent Market Operator (IMO), Hydro One Inc., On-
tario Power Generation Inc. (OPG), the Electrical Safety Au-
thority (ESA), and the Ontario Electricity Financial Corporation
(OEFC). The ESA is responsible for the electric industry stan-
dards, and the OEFC manages financial services of the erstwhile
Ontario Hydro and its successors.

Since the initial restructuring of the Ontario electricity
market in 1999, many changes have been implemented. Thus,
in this paper, a general overview of the current competitive
electricity market in Ontario is presented, and the operational
aspects of this market are reviewed. More specifically, the pro-
cedures of clearing the energy and operating reserves markets;
pre-dispatch and real-time dispatch of the supply and demas
sides, inter-jurisdictional energy trading, and procurement
ancillary services are discussed in detail. In addition, the main
market outcomes, namely, pre-dispatch energy prices,real-time
energy prices, and operating reserve prices are bri fly studied
for the first four years of market operation, i.e
2002 to April 30, 2006. The programs introduc
Independent Electricity System Operation (IE!
market operation are also analyzed and th
discussed. '

The rest of this paper is organized
aspects of the physical markets fo
serves are described in Section

marks are presented in Se
£

A. Overview

The Ontario wholesale competitive ele
on May 1, 2002. This market consists of
market for energy and operating
Transmission Rights (FTR) market [2
2004 [3], renamed the IMO as the IESO
company regulated by the Ontario Energy Boa
its core responsibility is to operate the Ontario
electricity market.

Hydro One Inc., wholly owned by the Government of On-
tario, is the major transmission company that owns and oper-
ates Ontario’s transmission network. The transmission system
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has remained regulated and the OEB determines the transmis-
sion and distribution tariffs. The distribution system is also reg-
ulated by the OEB, with 91 local distribution companies de-
livering electricity to the retail customers. The Ontario’s high
voltage transmission system has interconnections with Mani-
toba, Quebec, New York, Michigan, and Minnesota through 12
lines with 4000 MW capacity.

OPG owns about 75% of the 30,662 MW installed generation
capacity in Ontario. The province’s total generation capacity
consists of: 11,397 MW of niielear power plants (37.2%); 7,855
MW of hydro and other ren le resources (25.6%); 6,434
MW of coal-fired generatio lities (21%); and 4,976 MW
of oil/gas-fired power statio
the neighboring areas
supply portfolio. The
recorded in August
increase with respect to’

July 2005 at 26,160
The suppl)% d
having direct connec

“generation companies,
tribution companies. Other

ich-are connected to the gsu%ution

:embedéi%d” facilities, cm,% ch
er

power traders, or boundary

_power. to/from Ontario, which may
fin

I markets.

contracts not necessarily-need to be reported to the IESO, and
d in the scheduling and dispatching process.
racts have a small share in the whole electricity
rio, ‘compared to other electricity markets. This
may be attributed'to the unique structure of the market and lack
of diversity in the supply side in Ontario.
ket participants are grouped into dispatchable and
patchable. Dispatchable market participants actively
) the market and receive dispatch commands every 5

_min to reach a specified level of generation or consumption. In

» nondispatchable market participants are “price-takers”
0accept to produce or consume power at real-time and be
paid or charged at the hourly price prevailing at that time.
Most of the loads in Ontario are nondispatchable, and most

- of the generation facilities are dispatchable. Generators with

the capability to follow IESO’s dispatch instructions must
register as dispatchable generators, while the rest are allowed
to register as nondispatchable. Nondispatchable generators
are either small (less than 10 MW) self-scheduling units, such
as run-off-the-river hydro plants, or intermittent generators
such as wind farms. On the demand side, only the loads with
a capacity of more than 1 MW and having the capability to
follow IESO’s dispatch instructions are allowed to register as
dispatchable loads.

A uniform, province-wide, Market Clearing Price (MCP) is
determined for Ontario every 5 min. The hourly average of these
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5-min MCPs is defined as the Hourly Ontario Energy Price
(HOEP). For financial settlements, the MCP applies to dispatch-
able market participants, whereas the HOEP is applicable to
nondispatchable participants. Zonal MCPs are also calculated
for each of the 12 intertie zones. The pre-dispatch and real-time
Ontario MCPs and real-time zonal MCPs are the basis of set-
tling the imports and exports.

The Ontario electricity market has 289 market participants
(May 2006). Wholesale prices apply to most of the electricity
consumers having more than 250 MWh/year of electricity con-
sumption, whereas, prices are capped at the retail level. The
capped prices are determined based on the Regulated Price Plan
(RPP) which was initiated by the Electricity Act of 2004. Resi-
dential customers pay 5.8 cents for the first 600 kWh per month
and 6.7 cents for the consumption over this threshold, as of May
2006. Designated large-volume consumers such as schools, uni-
versities, hospitals, farms and specified charities also pay the
RPP rates.

The physical market is jointly optimized for energy and oper-
ating reserves. Three separate operating reserve classes are used
in the Ontario market, namely, 10 Minute Synchronized Oper-
ating Reserve (10S), 10 Minute Non-Synchronized Operating
Reserve (10N), and 30 Minute Non-Synchronized Operating

Reserve (30R). Only dispatchable generators are authorized to?
offer the 10S reserve, while dispatchable generators and loads,

and boundary entities can participate in the market for 10N an
30R reserves.

B. Optimizing the Physical Market

A v areats
The physical market for energy and opera

optimized to maximize the market’s “Economie

tion program, referred to as Dispatch S
Software (DSPS), consists of several s

ysis [5], [6]. Several penalty functions
are also defined to allow the V
system constraints when a s
A separate ac power flow i
which are incorporated in

The DSPS is run in two time-frames, i.e., the pre-dispatch
and real-time (dispatch), and in two modes, i.e., unconstrained
and constrained. The pre-dispatch run is used to provide the
market participants with the “projected” schedules and prices
in advance for advisory purposes only, while the final schedules
and prices for financial settlement are determined in the real-
time run.

In the *“unconstrained” algorithm, the Economic Gain is max-
imized based on supply and demand bids, but most of the phys-
ical power system constraints are neglected except for some op-
erational constraints, such
ramping constraints. The solut
“unconstrained” schedules an

ie "“""g" Ha’l cGing limits and

model are considered,
security analvsm
i.e., these sc
violations. I

e ds as well as operating reserves
h day must be submitted to the IESO between

e quantity of bids can be revised up until
10 min before dispatch hour (for imports and exports, 60 min
the dispatch hour) with the permission of the IESO.

e-Dispatch: From 11:00 of the pre-dispatch day, the
pre-dispatch version of DSPS is run hourly for the remaining
the pre-dispatch day and for 24 h of the dispatch day.
pre-dispatch run covers a range of 37 h (at 11:00 on the
re-dispatch day) to 14 h (at 10:00 on the dispatch day), and

“provides a first glance on future schedules and prices. Every

where Pp,; and Ps, ; are demand bid and supply bid blocks, re-
spectively; pp,; and ps,; are the prices associated with the Pp ;
and Ps j; PFp and PFyg are the defined loss penalty factors as-
sociated with each demand or supply bid; P 1s a bid block
for class c of operating reserves with a price pk o3 and Cyrop
represents the cost of violating respective constraints.

our after 11:00 on the pre-dispatch day, revised pre-dispatch
schedules and prices are derived for the rest of the pre-dispatch
day and/or dispatch day, until 11:00 on the dispatch day, which
then becomes the pre-dispatch day for tomorrow. The results for
energy prices and total market demand at each pre-dispatch run
are publicly available at the end of the hour or during the next
hour.

2) Real-Time: In real-time, the dispatch version of DSPS is
run every 5 min to derive prices, schedules and dispatch in-
structions for each interval. Both the unconstrained and con-
strained algorithms start at the beginning of each interval. The
unconstrained algorithm determines energy and operating re-
serves MCPs and “unconstrained” schedules for the interval that



Just passed based on real-time supply and consumption, and
supply and demand offers/bids. The constrained algorithm pro-
vides final schedules and dispatch instructions for the next in-
terval. The market is financiaily settled based on actual genera-
tion and consumption MWs, and the real-time MCPs.

It is to be noted that after June 2004, a Multi-Interval Op-
timization (MIO) algorithm was implemented by the IESO,
thereby the constraint algorithm derives real-time schedules for
an interval while also considering four other advisory intervals.
The MIO project is described in more detail in Section ITI-E.

D. Clearing Energy and Operating Reserves Markets

In order to clear market prices for energy and operating re-
serves, two different versions of the unconstrained algorithm are
used in pre-dispatch and real-time. The differences between the
pre-dispatch and dispatch (real-time) versions are mostly on the
time frame and the type of inputs used, but the core algorithms
remain the same.

In pre-dispatch, the IESO forecasts the aggregate nondis-
patchable Ontario demand and estimates the amount of
generation capacity available from nondispatchable generators
for a dispatch hour. Recall that nondispatchable loads and gen-

erators consume/generate the amount of energy they need/can

regardless of the market price. Therefore, the predicted amount
of price-taker demand is considered as an energy buying b
at the Maximum Market Clearing Price (MMCP), and th
aggregate predicted nondispatchable generation capacity avail-
able is considered as an energy sell at -MMCP. The MMCP is
currently $2000/MWh.

ln real- t_lm_e however, the inputs and the time
for energy and operating reserves cleared in the'd
pre-dispatch run are assumed constant an
mand bids with the prices of -MMCP.
tual metered nondispatchable “prim.
system losses for the previous 5-min
bids with the price of MMCP.
erators’ capacity forecast is

the dispatch version is!
and operating reserves M
The process of clearing
ating reserves can be explain
ergy buying bids are stacked in de:
sorted supply offers in increasing order.
for each reserve class are also stacked in
the hourly gross operating reserve requirem
by the IESO for each class. The une
sically determines the energy MCP : ntersecnon of de-
mand bids and generation offers stacks, while.the intersection
of the offer stack for each class of operation resérve and the
respected hourly requirement defines the corresponding reserve
MCP. Observe that energy and operating reserves MCPs are cal-
culated jointly and the algorithm determines the best trade-off
between energy and operating reserves. A simple visualization
of the process is presented in Fig. 1 and Fig. 2 for pre-dispatch.
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by the unconstrained algorithm, but final
dispatch ins are based on schedules determined by
the constrained hm. If power system constraints force a
market participant to generate/consume more/less than what it
s supposed to in the unconstrained schedule, the market par-
is treated as “constrained on/off,” and the Congestion
ent Settlement Credit (CMSC) is used to provide the
articipant with the same operating profit as it would
ed in the absence of power system constraints.

T example, assume that generator A bids to generate 100
AW of energy at a price of $20/MWh for a given hour. Assume
Iso that the Ontario MCP is equal to $30/MWh, and generator
A is scheduled by the unconstrained algorithm for its entire bid
for all 5-min intervals of the hour. In this case the Operating
Profit (OP) of generator A would be

OP = 100 MWh x ($30/MWh — $20/MVVh) = $1000. (2)

es generator A to

actual operating

However, if the constrained algorithm schedu
supply only 50 MW at all 5-min intervals, th
profit would be

OP = 50 MWh x ($30/MWh — $20/MWh) = $500 (3)
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Midwest Market

Fig. 3. Ontario’s interconnections with other areas.

and hence the lost profit is $500. In such a case, a $500 CMSC
payment will be made to generator A to bring it to the same
level of operating profit as obtained from the unconstrained
schedule. Similarly, when a market participant has made some
profit or prevented loss in real time as the result of bein
constraint on/off, it has to pay the extra operating profit to th
IESO as CMSC. -

It was observed by the IESO that in the cases when the offe
prices were negative, constrained-off payments could be very
high and unjustifiable. Therefore, changes were made:to the fi-
nancial settlement algorithm in June 2003 to use $
prices in such cases.

F. Inter-Jurisdictional Energy Trading

Fig. 3 shows the interconnections
system and its neighboring areas
place among all these interconnects
and exports to and from Ontario

1-hour-ahead pre-dispatch
constant supply offers

two consecutive hours is limited to 700 MW limitation is
referred to as the NISL and is automatically respected by the
dispatch algorithm. Because of the NISL, there might be some
uneconomical supply/demand bids scheduled (or economical
supply/demand bids not being scheduled) which should not have
been scheduled (should have been scheduled) in the absence of

the NISL. If there is insufficient import bids and export bids for

Import Bid Stack: The New York Intertie

400 MW @
$70/MWh

700 MW @

i 400 MW @
$100/MWh

’ $150/MWh

-~ J
e

The First 1000 MW Passed to
Ontario Bid Stack

The Next Import MW
Not Scheduled Priced
at $100/MTWh

Fig. 4. Determining zonal MCP.

2) Zonal MCPs in P
MCPs, the DSPS passes t

¢ are 1500 MW of import

,all with prices under $300/MWh (see Fig. 4), and the NISL
- Thus, up to 1000:MW of bid blocks are being passed to
the Ontario supply t j) “assume that Ontario MCP
clears at $3 , the zonal MCP is $100/MWh
MWh not scheduled due to in-

n real-time Ontario MCP and an Intretie
), which is determined based on pre-dis-
patch zonal and Ontario MCPs. The ICP is conceptually defined
as the net costs incurred by the Ontario market because of con-
ion in an intertie. The ICP is determined in pre-dispatch con-
1ng the following two scenarios.

rst scenario, where only the physical intertie capacity
scheduling of intertie offers/bids, the ICP is calculated
ifference between the 1-hour-ahead pre-dispatch zonal
and the pre-dispatch Ontario MCP, as follows:

MCP

ICP = MCPZ% — MCPQY 4

where PD indicates pre-dispatch, MCP%°"¢ is the zonal
MCP and MCP? is the Ontario MCP. For the example in
Section II-F2, if the intertie limit were 1001 MW, one more
MWh would be supplied from the $100 import bid, instead of
using the $300 Ontario bid; therefore, the congestion would cost
the Ontario market $200/MWh, i.e., ICP = —$200 /MWh.

In the second scenario, both the physical intertie capacity and
the NISL constrain the scheduling of intertie offers/bids. It is
to be noted that when the NISL is violated and the intertie is
congested, relaxing the physical limit for an intertie leads to




decreasing the physical limit for another intertie. In this sce-
nario, the global cost of congestion from both the increase and
decrease of the intertie capacities is calculated for determina-
tion of the intertie ICP. For example, let assume that an ex-
port congested intertie is relaxed by one MW which will save
the market $300; at the same time, assume that decreasing an-
other intertie limit by one MW, to meet the NISL, will cost the
market $200. This is the total cost of the intertie congestion or,
ICP = $100/MWh.

The real-time zonal MCPs are determined as follows:

MCPZ7* = ICP + MCPY ®)
where RT indicates real-time; a similar process is used to deter-
mine zonal MCP for 10N and 30N operating reserve classes. It
should be noted that when an intertie is export congested, the ex-
porters should pay a price higher than the Ontario MCP for the
energy purchased from the Ontario market and hence ICP > 0,
On the other hand, when the intertie is import congested, the im-
porters should receive a price lower than the Ontario MCP for
the energy sold to the Ontario market and thus ICP < 0.

G. Contracted Ancillary Services

Ancillary services are required to ensure the reliability of the.
IESO-controlled grid. Ancillary services may be procured either
through physical markets, such as operating reserves or through
contracts with eligible service providers. The IE O procures
five different ancillary services through contrac I i
service providers in addition to the three cl
reserves discussed earlier; these are as follows."

* Regulation/Automatic Generation Cor

IESO contracts with eligible gener:
tion service for the period begi
to April 30 of the following y

meet the requirements of restoring Ontario’s
after a major contingency. Generator
this service must meet specific requir
the IESO.

to maintain the reliability of the IESO-controlled grid; this
service is envisaged for emergency operating conditions.

* Reliability Must-Run Resources: Whenever sufficient re-
sources to provide physical services in a reliable way are
not available, the IESO may need to call registered facili-
ties, excluding nondispatchable loads, to maintain the reli-

~ grams are bneﬂy discussed in this secti
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ability of the grid through Reliability Must-run Resources
contracts.
H. Marker Uplift
Electricity consumers of electricity pay for all costs associ-
ated with operating the market in a reliable way. The operating
costs are categorized under hourly and monthly components
and recovered through market uplift. The market uplift is col-
lected from the loads based on their share of the total demand.
Congestion management costs, operating reserve costs and the
costs associated with syst sses are the hourly components
of the market uplift. Howev: er components of the market
uplift, including contracted services, IESO adminis-
tration fees and miscell
Some costs are regulate

liability, efficiency, and't

4
ntertie Offer Guarante

: age power imports to
jons within the province, the In-

nism is designed to pay the

verage price of their bid and pre-
gative operating profit. One of
tario market design is that supply
marginal costs and marginal ben-
the MCP for a given interval is equal to a
ing profit of the respective market partici-
ould not be better off either scheduled or
not. Therefore, if under any circumstances the actual operating
fit for a power importer is negative, the IOG payments re-
dt.to zero. Of course, this payment does not hedge the risk
Ing a lower operating profit in real-time than what was
in pre-dispatch.
example, assume the pre-dispatch Ontario MCP is equal
5/MWh and the ICP is zero. The expected operating profit
or a 100 MW power import at the bid price of $20/MWh for a
iven hour would be

OP = 100 MWh x ($25/MWh — $20/MWh) = $500 (6)

where OP is the operating profit. If in real-time the Ontario MCP
turns out to be equal to $15/MWh, the actual operating profit
would be

OP =100 MWh x (815/MWh —$20/MWh) = —$500. (7)

In this case, an IOG payment equal to $500 will be made by the
IESO to the power importer to return it to zero operating profit.
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B. Hour-Ahead Dispatchable Load Program

The Hour-Ahead Dispatchable Load (HADL) program was
launched in June 2003 for three main reasons: to make nondis-
patchable loads more price-responsive; to allow the IESO to in-
clude future load reductions in the scheduling process; and to
encourage load curtailment during peak operating hours.

The nondispatchable loads would have an upper limit on the
energy costs associated with their production process in most
cases. If electricity price exceeds a specific upper cap, the load
would choose to shut down its production. Nondispatchable
loads who wish to participate in the HADL program offer their
price cap to the IESO and the quantity of demand that would be
curtailed. If the 3-hour-ahead PDP is higher than the price cap
offered by the load, the IESO will send dispatching instructions
to the load to reduce its demand by the amount of its HADL
offer. If the real-time HOEP turns out to be equal or more than
the loads price cap, there will not be any payment. However,
if the real-time HOEP is lower than the load’s price cap, the
load would have been better off to operate than shutting down
its processes. In this situation, there would be a lost operating
profit and the Hour-Ahead Dispatchable Load Offer Guarantee
(HADLOG) is payable to the load to bring it to the same
operating profit as it would have been gained when operating
The HADLOG is calculated as foliows:

where Q is the quantity of demand that is offe
and PC is the load price cap. For example, Loa
100 MW of its demand if the 3-hour-ahead P
more than $45/MWh. If in the 3-hour-ah
the energy price for the dispatch hour cl

ey req@g,ire
1 the s 'art—up costs.

the off-peak periods, thes
being scheduled for a long en ¥
decide not to put bids for the risky o

or increase in demand occurs, the IESO ha
more expensive units or import expensrve
unusually high price spikes.

To increase the reliability of the IESOQ-controlled grid and to
reduce price volatility, the IESO launched the Spate Generation
On-Line (SGOL) program in August 2003, whichweffers eligible
generators a guarantee of their start-up costs. Eligible genera-
tors submit their minimum loading point, minimum up-time and
combined guaranteed costs to the IESO. If an eligible gener-
ator registered in the SGOL program submits a supply bid and
is scheduled to run but the revenue earning over its minimum

m slightly hlg er

up-time is lower than its combined guaranteed costs, it will re-
ceive compensation from the IESO to cover its minimum com-
bined guaranteed costs. The IESO recovers the SGOL payments
through monthly uplift charges to loads.

D. Control Actions Operating Reserves

Under the Ontario market rules, the IESO is allowed to use
out-of-market control actions when there is not sufficient op-
erating reserve offered in the market. These control actions in-
clude a 3% voltage reduction; a 5% voltage reduction, and a
reduction of 30R req"'femg“ 1 the initial Ontario market
design, the market operator manually put in place these ac-
tions to maintain system relia in stressed situations. This
“free” service could affect: the price signals sent to
the supply side, putting
HOEP. Furthermore,
recognized as one of the
pre-dispatch andrea

pncmg scheme.
reduction in the

A tlane 4l MY

200 MW. A cted that the \,Aum r‘cauu

uiC NCXT vy Vi vy.

tial stage wa;
was made to the DSPS to recognize “effective unit ramp rates”.
Before this stage, the DSPS assumed that generators can only

_@gegate under their offered ramp rates. If a unit could not reach

ome non-quick-start generators can ramp up higher than
eir offered ramp rates for a short period of time. Therefore,
order to prevent some undesirable dispatch instructions, the
SPS was modified to use effective unit ramp rate, which is
the lesser of the offered ramp rate for the interval multiplied by
1.2, and the maximum registered ramp rate. For example, if the
maximum registered ramp rate of a facility is 4 MW/min, and
the offered ramp rate for a given interval is 2.0 MW/min, the
effective ramp rate that is used by the DSPS is 2.4 MW/min.

In the initial DSPS, dispatch instructions were derived for
each interval independently. This caused some dispatching dif-
ficulties because the IESO had to dispatch generators on and off
to maintain system reliability. However, frequent ramp up and
down instructions are costly. In order to address this issue of
dispatch volatility, the second stage of MIO was implemented




in June 2004 [7], through which dispatch instructions for a given
interval are calculated considering four other advisory inter-
vals. These four intervals are selected out of a rolling 11-in-
terval “study period” based on some pre-defined selection cri-
teria. These criteria are designed with the intention of providing
the most efficient optimal solution, as well as providing the unit
operators with an insight into the upcoming operating instruc-
tions. The four advisory intervals are not necessarily the same
for each study period, and unit operators are provided with ad-
visory dispatch targets for these intervals. The new MIO algo-
rithm is further expected to improve system reliability, market
efficiency, and market transparency.

F. Demand Response Programs

1) Emergency Demand Response Program: The Emergency
Demand Response Program (EDRP), announced in June 2002,
is intended to enhance system reliability by providing the IESO
with a control action option prior to nondispatchable load shed-
ding. Terms and conditions of the EDRP are agreed upon by the

IESO and the interested market participant through a 18-month

contract. In case the IESO anticipates an emergency situatio
it will give the EDRP participants a notice indicating the poss
bility of EDRP activation. EDRP participants are required to
form the IESO whether they intend to curtail their load. It shou

be noted that curtailing their load in response to IESO’s notifi-

cation is not mandatory for EDRP participants. If EDRP par-
ticipants reduce their demand in practice, they WLH receive fi-
nancial compensation for the costs they incurred: ]

to the IESO’s request, based on the contract
eral occasions that the EDRP participants were
EDRP activation (e.g., during the summe

reduction.
2) Emergency Load Reduction "
EDRP experlence and feedback

during stressed system ce
If the program can attract
side, it will enable the IES ce usage
costly control actions, such as emergency energy
voltage reductions.

notice may be issued a day ahead or on the dlspatch day, and can
be for any number of hours within the program’s window. In the
offering step, the interested market participants notify the IESO
by submitting their MW offer of load reduction. Although par-
ticipating in the ELRP is not mandatory, a market participant
is committed to reduce its specified load upon submitting an

IEEE TRANSACTIONS ON POWER SYSTEMS, VOL. 22, NO. 4, NOVEMBER 2007

ELRP offer to the IESO. In the activation step, the IESO con-
tacts ELRP participants to reduce their consumption, and non-
compliance penalties may apply in case of under performance
of greater than 20%.

ELRP participants will receive two types of financial com-
pensations. A standby fee of $15 per MW per hour will be paid
for participating in the program up until the activation hour.
Upon activation, the participants will receive a load reduction
payment based on the greater of the HOEP and the applicable
following options:

* $400/MWh, for2h o

* $500/MWHh, for 3 h of ¢

* $600/MWh, for 4 h of co

utive load reduction;
ecutive load reduction;
tive load reduction.

In order to limit OP!
in place by the Ontaric
in May 2002. Accordi

ieration facilities. Effecti :
’s base load hydroelec

ilities, referred to
, and $49.5/MWh,

5 - DY o
?Cit:y Fuluhexulcfe uUrua's

ing that the Market Surveillance Panel, an
ected by the OEB, has not found any ex-

ercise of market power or gaming by OPG or any other Ontario
market participants for the time period covered by the present

aper ‘[3]-

Ahead Commitment Process

a of a day-ahead market with nodal pricing was
gated by the IESO, and was eventually rejected because

ous political, economical, regulatory, and design issues.
Instead, a Day-Ahead Commitment Process (DACP) with
reliability guarantees was approved in September 2005. The
fundamental targets of designing the DACP are to address fre-
quent real-time failure of import transactions, and to optimally
manage next-day available energy resources.

Dispatchable generators/loads who intend to participate in
next day’s real-time market must submit their operational data
to the IESO by 11:00 on the pre-dispatch day. Dispatchable fa-
cilities are also required to submit an Availability Deceleration
Envelope (ADE). The ADE specifies the hours, energy, and ca-
pacity limits within which a dispatchable facility intends to op-
erate during real-time. Although the dispatchable facilities are
allowed to change offered prices, quantity of bids have to remain
within the limits specified in the ADE. Importers are not obliged
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Fig. 5. Monthly weighted HOEP averages and peak demands, 2002-2006.

to submit import data into the DACP; however, they must do so during summ
in order to be qualified for the DACP financial incentives. The q
importer participating in the DACP will have to pay a day-ahead
import failure charge if they do not follow their DACP obliga-
tions. It is to be noted that under the pre-DACP data submissio
rules, market participants were allowed to make any chang
their submitted data, up to 2 h before real-time.

A Day-Ahead Generation Cost Guarantee (DAGCG) is of-
fered to dispatchable generators to ensure they recover certain
combined costs if they have not recovered their costs
market revenues. The DAGCG is the day-ahead.

not available to
e . .
ulties in their fuel

when ;ihigh temper. umidity levels led to a record
peak demand. On t “hand, reliance on gas-fired stations
as a result of reduced hydro-
itdown of a large coal-fired station.

natufalwgas prices were high during this

tion costs. A Day-Ahead Generation Intertie

(DAIOG} is also offered to imports to gu: electric outputs and

S

the DAIOG are calculated and finan > the natural ga markets rather than producing electricity.
sically the same as the real-time ‘and ; , Hence, the costs o pt%ducing electricity in Ontario as well as in
yabead the neighboring areas increased, resulting in high and volatile
)G) credits

, matket uplifts.”
sed earlier, is the £l New England prices have been persistently higher
. th tario prices. Michigan, Manitoba and Minnesota control
~_areas’have Joined the MidWest electricity market, which open in
pril 2005, with the energy prices being always lower than the
HOEP. It is usually expected that in a fully competitive environ-
’ " ment, arbitrage results in elimination of the price differences in
mitted data during the first three runs. The ¢ at 14:00  the neighboring areas; however, transmission line constraints,
and produces final schedules, referred to as the atch of  different scheduling protocols, and physical power flow rules
Record, which is the basis for fina nay be  have limited the ability of power traders to arbitrage away the
price differences.

The HOEP has been in general highly volatile, varying from
as low as $4/MWh to as high as $1,028.4/MWh during the
) 4-year period. About 82% of the hours, the HOEP has remained
A. Energy Price in the range of $20/MWh to $80/MWh, and for about 15% of the

The monthly averages of Ontario peak demand and the HOEP  hours, the HOEP has varied in the $80/MWh-$200/MWh range.
for the period of May 1, 2002 to April 30, 2006 are shown in Furthermore, during the first four years, there have been 196 h
Fig. 5. The Ontario market experienced a record high demand  at which the HOEP has exceeded $200/MWh. Finally, for about

ried out. Also, energy limited generators ca
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Fig. 6. Yearly operating reserve (OR) price averages.

2% of the hours, prices have been low, in the range of $4/MWh
to $20/MWh.

It is to be noted that analyses of market price volatility in [9],
[10] reveal that Ontario’s prices are significantly more volatile
than the day-ahead market prices in the New England, New
York, and PJM markets. From these comparative studies, it can
be argued that the high price volatility in Ontario is driven by

the real-time nature of this market, and hence, introduction of

a day-ahead market might be a possible way to reduce pri
volatility.

B. Operating Reserve Prices .
The yearly average prices of the three classes offratm g re-
serves are shown in Fig. 6. Unlike the ener, v P

Teserves prices have declmed over the 4—yw

nnavnhn o
» VPV

prlces ona few days durmg September 2QQ:§ beca u
of unusual events; these unusually hi

the fact that about 600 MW of
in the market. This group of lo
30R into the market, resulti

continued to decline;
the fact that the lumted

C. Discrepancy Between the HOEP and 1

The PDPs are generated based on the
market information in order to pr
with an estimate of the real-time HOE]
consistently observed that there is a larg
the PDPs and the HOEP [11]. Thus, let define

Absolute Percenta ge Error (MAPE) of the PINDq -

SQIMIC IOICCIRA, SATO0 WAADLE) O N riu/r's as

N
100 |HOEP, — PDP;|
MAPE = N X é TIOED, )

“hockey sﬂ%
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W {-hour-ahead
4 B 3-hour-ahead

MAPE(%)

Year1

Fig. 7.

where HOEP; and PDﬁ
for hour ¢, respectively, and N i

summer of 2005.
and the PDPs can

The teal-time nature of

1 +
unpredictable even

ng, errors in forecasting the
ators, and import/export failures
operator to commit expensive units on the
ithe offer curve, or to de-commit some of
units and move back on the “shaft”
portion of the o curve. This requirement puts upward or
downward pressure on the HOEP, leading to price spikes and
jation of HOEP from the PDPs. Furthermore, out-of-market
tions affect the consistency between the real-time and
tch market clearing procedures, leading to deviation
EP from the PDPs.

improvement in consistency between the HOEP and
DPs is basically a matter of market maturity, and are partially
tributed to changes and enhancements gradually implemented
the market [11]. Specifically, the Panel’s analyses point out
that the modifications made to the processes of forecasting
Ontario load and forecasting self-scheduling generation avail-
ability, and the introduction of CAOR program have contributed
to this improvement.

Deviation of the HOEP from the PDPs has many implica-
tions, and seriously affects market efficiency. For example,
analysis of PDP data for the first four years of market op-
eration shows that for about 81% of the hours, real-time
HOEPs have been less than the corresponding 1-hour-ahead
PDPs. For such hours, eligible importers are entitled to I0G
payments, recalling the fact that imports are scheduled based
on 1-hour-ahead PDPs. Furthermore, too many imports are
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scheduled while the cheap local supply is dispatched off, and
too few exports are scheduled while the demand side in the
neighboring areas are willing to pay more for Ontario energy.
Another example is the HADL program which is also designed
based on the 3-hour-ahead PDPs. If the real-time HOEPs turn
out to be lower than the 3-hour-ahead PDPs, which has been
the case for about 79% of the hours for the first four years of
the market operation, the HADL program participants may be
eligible for HADLOG payments.

5)

D. Effectiveness of the Market Improvement Programs

Each of the programs discussed in Section II are designed to
deal with specific operational issues. Some of these issues are
shown to be addressed by the designated programs, however, in
most cases either the envisaged goals of each program have not
been entirely reached, or the programs have led to other issues.
Briefly, the following conclusions can be reached from publicly
available data and reports, particularly [11]:

1) The HADL program was implemented to boost load re-
sponsiveness to price signals, which could lead to an eco-
nomic benefit to the market. Observe that the benefit of
HADL program to the market basically comes from not
dispatching the extremely expensive units or imports when
the demand is expected to be very high. The cost of &
HADL program is the HADLOG which is paid to the pro
gram participants if the real-time prices are lower than what
were expected in 3-hour-ahead pre-dispatch. Analyses of
market data have revealed that the overall benefit to the
market form the HADL program has been migimal, given

participated in the program, and the particip:
scheduled for load reduction for 110 1, This

large share of the demand.
2) The SGOL program was main
market reliability. While th
market efficiency has beer

holding long-term power purch ements with the
Ontaric government that have exclu from openly
competing in the market. Also, the Ontario Power Au-
thority has been assigned to manage generation and load
management contracts with supply and demand side en-
tities in order to ensure availability of reliable power for
Ontario. These contracts are refereed to as the “Request for

Proposal” (RFP) contracts. Under the RFP contracts, while

6) There are 600

and Midwest competit

market articipaéﬁg%s Most of the

programs 1nitiz
been and are bem
operation; however, some of the challenges motivating the im-
plementation of these programs have yet to be fully addressed.

11

the generators sell their output into the market, they will be
provided with guaranteed revenue to ensure they can re-
cover their costs. The generators will be financially settled
based on the net revenue they received from the market,
and the revenues agreed upon in the RFP contract. Given
the NUG and RFP contracts, and the new capped prices and
revenues over most of OPG’s output, only about 25% of the
total Ontario generation capacity is truly open to compete
in the market.
Despite the reduction
the PDPs, the discrepa
price volatility is still
patch and real-time pricé%
lighted the limited effeeti
programs in maingair
patch and real-ti

in the deviation of the HOEP from
lg%tween the two and the overall
. The highly volatile pre-dis-
iring the summer of 2005 high-

mprehensiye of the oper-

icity et, along with an analyt-

ULComes ntario electricity

is the only single-settlement market in North America,
.interconnectegi i w England, New York, PIM,

ark,ets? as wei] as the reg-

ide uniform price applies to all
load in Ontario is not price-re-
adversely affected the load management
y.the Ontario IESO. Various programs have
lemented by the IESO to improve market

5 & a pr

ich
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