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ABSTRACT

LONG-TERM POWER PURCHASE AGREEMENTS AND THE BENEFITS AND
COSTS OF EXPORTED ELECTRICITY TO DOMESTIC CONSUMERS IN ONTARIO

Scott Mitchnick

Advisor(s):

University of Guelph, 2018

Glenn Fox

The purpose of this thesis is to interpret through an economic framework the debate within the
public literature surrounding the benefits and costs of exported electricity from Ontario caused
by payments to producers through procurement contracts and revenue regulation. When
accounting for different contract/regulated payment mechanisms, it is shown to be theoretically
possible that exports may benefit, cost, have no effect or cause some mix of these three in any
given market clearing hour depending on several factors. A comprehensive overview of the
different payment mechanisms used to pay producers between 2005 and 2016 is conducted to
identify different producer payment mechanisms over time. These are used to calculate export
benefits and costs over this time period. Exports from Ontario were found to be a net-cost in all
years but 2010. This trend is driven by increasing exports, decreasing spot market prices and
changes in payment mechanisms for certain producers.
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Glossary of Definitions
Baseload

Baseload Generator

Capacity Payment

Congestion (transmission)

Contract for Difference

Dispatch Schedule

The minimum level of electricity demanded on the electricity
grid within a 24 hour period. It remains stable through this
time period and provides a measure of the minimum level of
electricity needed on the grid.
Baseload generators typically have high fixed costs and long
start up times, but very low variable costs. They also tend to
generate large amounts of electricity, and have very little
flexibility in adjusting production to match demand
conditions. They are usually always running, and are
assumed to be supplying the minimum demand (see
Baseload) in the system.
The IESO (2017a) classifies Nuclear generators, Must-run
hydroelectric (see glossary), Self-Scheduling generators (see
glossary), Intermittent generators (see glossary), Variable
generators (see glossary), and any other generators that
typically offer its generation at a lower value than Nuclear.
A type of payment made to an electricity producer based on
the power generation capability of its generator for a given
period of time, rather than how much they produce. They are
used to assist in maintaining system reliability, ensuring that
generators who are needed to supply infrequent demand
spikes receive enough revenue to operate.
In the context of this thesis, congestion refers to a situation
in which a supply or demand, including imports and exports,
which would otherwise be economically efficient in the
dispatch schedule (see glossary), is not scheduled for
dispatch because one of the transmission lines the associated
power would have to travel across does not have the
available capacity to accept the power.
An agreement between a buyer and a seller where the buyer
agrees to purchase a given quantity of good(s) from the seller
for an agreed upon price at a later date, and will compensate
the seller the difference between the agreed upon price and
the market price at the time of sale. If the market price is
greater than the agreed upon price, the seller compensates
the buyer. This type of contract provides the foundation for
many of the contracts signed between electricity producers in
Ontario and the IESO (See glossary).
The set of production and consumption instructions sent to
dispatchable (see glossary) generators and loads (see
glossary) over a 5-minute market interval. This schedule is
produced by the Constrained Run (see glossary) of the
Dispatch Scheduling and Pricing Software (see glossary)

xvii
The software used by the IESO to coordinate the market. It is
an algorithm which organizes price/quantity supply/demand
bids as well as various other considerations, such as system
constraints, to find the economically efficient market
quantity and price.
A producer or consumer is dispatchable if they submit bids
Dispatchable
to and receive instructions from the IESO as to when, how
much and at what price they should produce or consume.
Most producers and a few consumers are dispatchable, while
all importers and exporters are.
The low voltage portion of the electricity transmission
Distribution Network
infrastructure designed to deal with the retail electricity
trade, or the trade between local distribution companies and
the small (typically <10MW), non-dispatchable consumers.
Any generator connected to the distribution network rather
Embedded Generator
than the High-Voltage grid.
A measure of power over time. In this thesis it is typically
Energy
expressed in units of Megawatts hours (MWh).
A market participant who sells electricity to and/or purchases
Energy Traders (Intertie
electricity from the IESO controlled grid without being
Traders)
directly connected to its production or consumption. They
most commonly conduct trade over the interties (i.e.
imports/exports)
A billing item charged by the IESO (See Glossary) to
Global Adjustment
electricity consumers to pay for the difference between the
market price producers received for its electricity and the
amount stipulated in the producers’ contracts with the IESO.
The high voltage portion of the electricity transmission
High-Voltage Grid (IESO
infrastructure designed to deal with the wholesale electricity
controlled grid)
trade organized by the IESO. It transmits electricity from
large scale (typically >10 MW) producers to local
distribution companies. It also transmits imports and exports
within the province.
Hourly Ontario Energy Price This is a price calculated as the average of 12 five-minute
market clearing prices determined for every hour of the day.
(HOEP)
A publicly traded crown corporation in which owns, operates
Hydro One
and maintains all 29 000 km of electricity grid infrastructure
and 121 000 km, or 98%, of the electricity distribution
network in Ontario.
A crown corporation established under the Electricity Act,
Independent Electricity
1998. Its primary function was to run the operation of the
Systems Operator (IESO)
bulk electricity market in Ontario. Since absorbing the
Ontario Power Authority in 2015, the IESO has taken on its
responsibilities as well.
A group of one or more interjurisdictional transmission lines
Interconnection
(interties). As the IESO (2012) explains, these groups are
Dispatch Scheduling and
Pricing Software

xviii

Intermediate/Peaking
Generators
Intermittent Generator

Intertie

Intertie Zone

Load
Local Distribution Company

Market Surveillance Panel

Must-Run Generator

Non-Dispatchable

made for the purpose of measuring the combined flows of
the transmission lines and enforcing power flow limits across
them. Currently there are 9 interconnections.
These are generators with high operational costs but low
start-up and shut down costs. They typically are used to
supply demand peaks beyond the base load, and are the first
to shut down when demand decreases.
As defined by the IESO (2017b), these are generating
facilities on either the high-voltage grid (see glossary) or the
distribution network (see glossary) which generate
infrequently for reasons beyond the control of the operator of
said facility. These exclude variable generators after they
were integrated into the market in 2013. (see glossary).
A connection point on the grid to a network outside of
Ontario. Can be understood as the individual physical line
connecting Ontario to a neighbouring jurisdiction. According
to the IESO (2012) there 26 interties in Ontario
Designated areas containing one or more interjurisdictional
transmission lines (interties). Unlike interconnections (see
above for definition), these areas are used for marketing
purposes, with prices determined hourly in each zone to
reflect transmission congestion within that zone. Currently
there are 15 intertie zones.
Refers to the quantity of electricity consumption on the
electricity grid. Can be use synonymously with the economic
concept of demand.
These are companies which are connected to both the
electricity grid and the distribution network. They purchase
electricity from the IESO market over the electricity grid,
lower the voltage, and sell it over the distribution network to
connected consumers. These companies also purchase
electricity from embedded generators.
A legislated panel under the Ontario Energy Board tasked
with monitoring the operation and market participant
behaviour in the IESO controlled market and making
recommendations for areas of improvement.
As defined by the IESO (2017b), this is a generator which
has to generate when the IESO requires for either safety,
environmental and/or grid reliability (called Reliability-Must
Run) concerns. While the Market Surveillance Panel (2016)
says there are a few hydro facilities which have become
must-run generators, OPGs Lennox oil/gas plant is the only
publicly known must-run generator (from 2005-2008).
A producer or consumer who does not make bids into the
market, and receives no instructions from the IESO as to
when, how much and at what price they should produce or

xix

Non-Utility Generator
(NUG)

Ontario Electricity Financial
Corporation (OEFC)
Ontario Energy Board
(OEB)

Ontario Power Authority
(OPA)

Ontario Power Generation
(OPG)

Power
Procurement Contract

Regulated Rate

Self-Scheduling Generator

consume. Some producers of renewable energy, as well as all
producers on the distribution network, are Non-Dispatchable.
Most consumers are as well.
Conventionally, this is a privately owned generator operating
under a publicly owned and operated electricity sector. In
Ontario, this term is used by the IESO to refer exclusively to
the generators which were contracted prior to the
restructuring of the market in 2002.
A corporation established under the Ontario Electricity Act,
1998. Its purpose is to manage the debt of the former HydroOne (pre-1998) as well as any Non-utility generator
contracts the former Hydro-One had entered into.
The regulatory body charged with overseeing the energy
sector in Ontario. This includes approving the rates public
utilities can charge (both electricity producers and
transmitters), participating in power systems planning, and a
variety of duties related to both the electricity and natural gas
sectors.
A non-profit corporation established in 2004 under the
Ontario Electricity Restructuring Act. It was responsible for
assessing long-term adequacy of electricity resources in
Ontario, making integrated system plans, and achieving
government set targets for energy procurement. It was
absorbed into the IESO in 2015.
A crown-corporation established under the Ontario
Electricity Act, 1998 which is entirely owned by the
Government of Ontario. It operates a number of electricity
generating facilities, including nuclear, gas, wind and
hydroelectric facilities. It currently produces about half of
the electricity in Ontario, although, at its inception, this
proportion was much higher.
A measure of an instantaneous unit of energy. Often
expressed as a Mega Watt (MW).
According the Electricity Restructuring Act, 1998, they are a
contractual arrangement entered into by the IESO with either
electricity producer’s or consumers in order to obtain
electricity supply or changes in electricity demand.
A $/MWh rate and payment mechanism assigned to one of
Ontario Power Generation’s (see glossary) electricity
generating stations by the Ontario Energy Board (see
glossary). This rate and payment mechanism is used to
determine any Global Adjustment payments to be made to or
received from these generators
These are generators that do not participate in the IESO
market, instead supply electricity as they see fit. They are all
connected to the Distribution Network (see glossary).

xx
Variable Generator
Wheel-throughs

As defined by the IESO (2017a) since 2013, this is either a
wind or solar generator on the High-Voltage Grid (see
Glossary) and/or has installed capacity of 5MW or greater.
Electricity traded between two foreign markets, but which
passes through the domestic market along the way.

1

Chapter 1: Introduction
1.1

Background
There have been a number of important changes in the electricity sector in Ontario since

2005. These changes have had significant effects on wholesale market outcomes. Rather than
allowing market prices to act as a signal to drive investment in generation infrastructure, this
investment has instead been administratively directed by the Minister of Energy and has relied
on the use of long-term contracts with cost-recovery guarantees, legally referred to as
procurement contracts. Accompanying this, Ontario Power Generation (OPG), a provincial
crown corporation which owns approximately half of the installed capacity in Ontario, has
received regulated payments which, over time, have grown from covering a portion of their total
costs to covering all of them. Figure 1.1 shows the MW of newly installed and contracted
capacity, previously installed and contracted capacity and regulated capacity owned by OPG
between 2005 and 2016. Since 2005, the gap between contracted/regulated capacity and the total
installed capacity has been getting smaller, indicating an increasing proportion of producers
insulated from the market price. This increase has primarily come from newly contracted and
installed or expanded natural gas, wind, solar, biofuel and hydro facilities, more than offsetting
the loss in OPG’s coal-fire facilities.
Despite the increasing amount of installed capacity, over this same period, domestic
demand for electricity declined. The Independent Electricity Systems Operator (IESO) (2016)
explains that this is due to changes in the economy as well as conservation programs in Ontario.
Figure 1.2 presents the annual volume of electricity generated and electricity consumed
domestically, as well as estimated domestic consumption in the absence of conservation
programs. While in 2005, generation was less than demand, by 2015, generation surpassed
demand by 16 TW/h. This amounts to 10% of domestic demand or an average of 1902 MW for
each hour of the year. While different procurement contracts have different payment mechanisms
which incentivize producers in different ways, they all allow producers to offer into the market
below their marginal cost. Consequently, electricity exports from Ontario have risen. Figure 1.3
shows annual imports and exports for each of the jurisdictions neighbouring Ontario, as well as
total annual net exports. Export volumes have increased at a faster rate than imports, resulting in
a change from Ontario being a net importer of about 721,000 MW in 2005 to a net exporter of
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16.9 million MW in 2015. Not only has the volume of exports been increasing, but, as a
percentage of total generation in Ontario, gross export volumes have gone from 6.5% in 2005 to
a peak of 14.7% in 2015, more than doubling the proportion of Ontario generation which is
exported.
Over this same time period, the monthly average Hourly Ontario Energy Price (HOEP),
which is the price used in the wholesale electricity market, has been steadily declining, going
from a monthly range of about $50-$60/MWh in 2006 to $5-$20/MWh in 2016. While Mckitrick
(2014) explains that a large portion of this decrease is the result of a decreasing trend in natural
gas prices, several authors, including Lysyk (2015), Trinidad and Pinjani (2016), Brouillette et
al., (2017), Fremeth et al. (2017) and the Market Surveillance Panel (2017), have argued that
both increasing capacity and the financial incentives faced by producers under procurement
contracts, have also played a role. As wholesale market prices have declined and exports have
increased, a debate has developed surrounding electricity exports from Ontario, which I shall
refer to as the export debate or export benefit/cost debate. One side of the debate, which I shall
refer to as the export cost side, proponents defend the position that electricity exports from
Ontario pose a cost to domestic consumers as they have to pay any contractual payment
obligations incurred by producers supplying exports. Holding the market price constant, had
those exports not occurred, Ontario consumers’ total expenditure on electricity would have
decreased. The other side of the debate, which I shall refer to as the export benefit side, argues
that the market revenue producers earn on exported electricity benefits domestic consumers by
lowering the value of the contract payments they have to pay regardless of the quantity
generated. Holding the market price constant, had those exports not occurred, Ontario
consumers’ total expenditure on electricity would have increased. To date, there has been no
peer-reviewed research on this debate, but various organizations have taken public positions on
both sides of the debate.
1.2

The Economic Problem
While being a net exporter is often sign of comparative advantage, this is only the case

under competitive markets with minimal government interference. In Ontario, however,
electricity sector development and investment has been directed by the Minister of Energy
through the use of long term, guaranteed cost recovery contracts. Whether the planning and
financing system employed by the Ministers of Energy has resulted in benefits or costs from
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exports is important knowledge for the direction of future sector planning. Specifically, the value
of any export benefits or costs should be incorporated into larger cost/benefit analyses of
alternative planning outcomes to increase the accuracy with which the Minister of Energy can
determine how to ensure the Ontario electricity sector operates at the lowest cost possible.
Moreover, determining whether the current generation procurement and payment process
produces export benefits or costs will provide a better understanding into the nature and
distribution of the benefits and costs of the current policy regime.
1.3

The Economic Research Problem
To date, there has not been academic research attempting to determine whether electricity

exports from Ontario are a benefit or a cost to producers or consumers in the province. As well,
any research that has been conducted has produced benefit or costs estimates which cover
varying time frames and/or its methods are not properly explained. This has created a situation
where it is difficult to resolve competing positions in the debate. Benefit and cost estimates are
often not comparable, and even if they were, it is not clear how accurate they are. Moreover,
while some electricity sectors in other jurisdictions do have small quantities of generation on
long term, guaranteed cost-recovery contracts, total market saturation of contracted and rateregulated generation is a situation unique to Ontario. This means that research from other
jurisdictions cannot be easily adapted to the Ontario context.
The economic research question that I seek to answer is whether electricity exports from
Ontario are a benefit or a cost to domestic consumers, and what the value of either that benefit or
cost has been over the entirety of the time frame relevant to this debate. This time frame begins
in January of 2005, when regulated and procurement contract payments were first charged to
consumers in Ontario, and ends in December of 2016, which is the last full year of data available
to date. While exporting electricity can have benefits or costs beyond those felt in the market,
such as providing flexibility during periods of surplus generation or increasing grid congestion, I
will only be evaluating the benefits and costs of exports which are the central focus of the
electricity export debate in Ontario. These are the benefits and costs of electricity exports that are
purported to arise as a result of the difference between the market revenues and the contract
payments producers earn for exported electricity. Specifically, exports are a benefit when an
increase in exports, holding the market price constant, decreases Ontario consumers’ total
expenditure on electricity while exports are a cost when an increase in exports does the opposite.
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The subject and scope of my economic research problem dictates that this thesis will be
an ex-post policy analysis focusing on the distributional consequences related to exports. As
well, this thesis also makes the first academic attempt to understand a peculiar economic
situation resulting from a unique institutional arrangement. A combination of both producer
theory and trade theory are used within this thesis. The research in this thesis constitutes the first
academic work on the benefits and costs of electricity exports out of Ontario. It also contributes a
unique case study to literature on the effects of re-regulation in electricity sectors and contracted
supply on market prices and exports.
1.4

Purpose of this Thesis
The purpose of this thesis is to determine whether exports from Ontario have been a

benefit or cost to consumers in Ontario over the entirety of the applicable timeframe, 2005 to
2016, as well as provide an empirical estimates of these.
1.5

Objectives of this Thesis
The purpose of this thesis was fulfilled by achieving the following objectives:
1) To document both sides of the debate surrounding electricity exports from Ontario in
order to understand and apply the logic of both to the current situation within Ontario.
2) To describe the institutions influencing the operation of the Ontario electricity sector
relevant to the electricity export debate.
3) To construct theoretical framework for testing when different types of contract and
regulated payment mechanisms result in exports benefiting or costing Ontario consumers.
4) To identify the procurement contract and regulated revenue programs each producer
belongs to in Ontario, and how they have changed over time
5) To construct an empirical framework for estimating the benefits and costs on exports that
both accounts for the variety in contract/regulated payment mechanisms in Ontario as
well as which producers were scheduled to supply export demand in each hour.
6) To measure and compare the magnitudes and the distribution of benefits and the costs of
electricity exports from Ontario using this framework, as well as evaluate some of the
potential drivers of these values.

1.6

Outline of the Thesis
Chapter 2 provides an overview of the debate on electricity exports in Ontario, explaining

the arguments and supporting logic which parties on either side of the debate employ. Chapter 3
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identifies and explains the institutions in Ontario electricity sector determined to be necessary for
understanding the electricity export debate. It also includes definitions for a number of important
classifications used by the IESO which are also employed in this thesis. Chapter 4 develops a
simplified version of an electricity market and explores how different procurement contract
payment mechanisms can lead to benefits and costs to domestic consumers under different
market outcomes. Chapter 5 includes a description of my empirical framework, my methods for
setting up and using my empirical framework and my results. Chapter 6 contains a summary of
my research as well as its academic contributions.
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Figure 1.1- Annual Quantity of Installed Contracted and Regulated Generation
Capacity In Ontario

Source: Constructed by author. Contracted capacities were retrieved from IESO (2017c). OPG
capacities were retrieved from OPG Annual Reports (2005-2016). Total Installed Capacity retrieved
from IESO (2005-2016) 18-Month Outlook Reports.
Notes:
1) OPG Regulated Capacity includes all OPG Capacity which was at least partially regulated and did
not have a procurement contract. Previously installed capacity refers to all contracted capacity which
was operational prior to receiving a procurement contract. New capacity refers to all capacity which
was installed, expanded or refurbished under a procurement contract.
2) A generator’s contracted or regulated capacity is not necessarily equal to their installed capacity
3) Bioenergy includes generators listed as using biomass, energy from waste, biogas and landfill gas by
the IESO
4) Includes capacity on the high-voltage grid and local distribution networks. Excludes OPG’s 2000
MW Lennox Dual Fire Gas/Oil facility from category estimates due to its minimal output
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Figure 1.2 – Annual Quantity of Electricity Generation by Fuel Source and
Consumption in Ontario

Source: IESO (2016a)
Notes:
1) Includes generation on both the high voltage grid and the local distribution network.
2) Demand includes both grid demand and generation on the local distribution network
(embedded)
3) 1 TW/h = 1 000 000 MW/h
4) Demand Without Conservation Efforts is the Total Ontario Grid Demand Plus the IESO
estimate of the reduction in grid demand as a result of provincial electricity conservation
programs
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Figure 1.3 – Imports and Exports in Ontario by Source/Destination

Source: Constructed by Author using IESO (2016a) for Import/Export Data and Author’s
calculations
Notes:
1) Exports are positive imports are negative
2) Ontario Generation refers to MWh of electricity scheduled for production from
dispatchable (see glossary) generators in Ontario. For my calculation of this, see section 5.2
of this thesis
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Chapter 2: Synopsis of Positions in the Ontario Electricity Export
Debate
The purpose of this chapter is to compare and contrast the competing arguments which
have been made regarding the question of whether electricity exports from Ontario are a benefit
or a cost to Ontario. More specifically, in this chapter I review the argument made by the
Auditors General, Jim McCarter and Bonnie Lysyk, who claim that electricity exports from
Ontario constitute a cost to Ontario consumers, as well as the argument made by the Minister of
Energy, the IESO, and the Market Surveillance Panel that these exports are beneficial to Ontario
consumers. I also briefly review two cases outside of Ontario, Denmark and Germany, as both of
these countries have experienced debates over whether electricity exports constitute a benefit or
cost. This literature review is important for understanding my economic research problem as well
as my empirical framework, results, and discussion. It should be emphasized that this is only a
review of my interpretation of the positions put forth in defense of each side of the debate by the
parties involved. My interpretation of the issue does not occur until Chapter 4, while my review
of both positions occurs in Chapter 4 and Chapter 6.
2.1

The Case for Electricity Exports as a Cost to Consumers
As mentioned, two Auditors General, Jim McCarter and Bonnie Lysyk, in their 2011 and

2015 Auditor General Reports, have argued that electricity exports from Ontario constitute a loss
to consumers. Both use the same justification for their position, so I will focus on the more
recent report (Lysyk (2015)).
There are two key components Lysyk (2015, page 224) discusses in her argument, which
are the existence of excess productive capacity in Ontario and the subsidization of electricity
producers in Ontario through the implementation of procurement contracts. For productive
capacity, Lysyk (2015, page 224) notes that, due to poor technical planning, between 2009-2014,
there has been an average of 3600 MW of productive capacity in excess of the average peak
demand of 24 540 MW. This excess capacity estimate also accounts for the reserve requirement,
which is the quantity of capacity the IESO must have on stand-by at all times to ensure gridstability in the event of an unforeseen generator failure. This excess capacity has contributed to
increasing instances of surplus electricity production, which is when domestic generation is
greater than domestic demand. As Lysyk (2015, page 224) explains, because surplus electricity

10
cannot be stored, it is typically exported. While this exported electricity is sold at the prevailing
market price, the cost of producing that electricity, including the payments to the producers
under contracts signed with the IESO, exceeds the market price. The difference between the
market price received by producers and what they are paid under their contracts is covered by the
Global Adjustment, a charge added to consumer bills. Therefore, importers in other jurisdictions
are paying the market price for exports from Ontario, while Ontario consumers pay the Global
Adjustment on those exports, which means they are paying for electricity being consumed by
someone else. McCarter (2011, page 112) estimates that, from 2005-2011, the total value of the
global adjustment payment on exports by Ontario ratepayers was $1.8 billion, while Lysyk
(2015, page 224) estimates that from 2009-2014 the total value of this payment was $3.1 billion 1.
Neither Auditor General explains the methods that were used to produce these estimates or
explains the selection of the time period used 2. However, they can be recreated by multiplying
the monthly Global Adjustment rate by the monthly quantity of electricity over the timeframe
used by each.
It should be noted that there are others who have argued that electricity exports from
Ontario are a cost to consumers, though they are not part of the Office of the Auditor General, or
any other government agency. Parker Gallant has defended this argument a number of times both
on his blog, Parker Gallant Energy Perspectives (e.g see Gallant, 2018), as well as in the
Financial Post (e.g. see Gallant, 2011). Scott Luft has also argued that electricity exports are a
cost on his blog, Cold Air, for several years (2015), although he has recently switched his
position (2017). Other authors who have expressed the view that electricity exports impose a cost
on Ontario electricity consumers include: Butler (2011), Horwath (2014), Blizzard (2015),
Green, Aliakbari and Stedman (2017) and the Ontario Progressive Conservative Party (2017).
While these authors have argued electricity exports from Ontario are a cost, the reasoning they
use to defend their arguments is similar to the reasoning of the Auditors General.
2.2

The Case for Electricity Exports as a Benefit to Consumers
The most publicized proponent of the argument that electricity exports from Ontario

benefit Ontario consumers is the Minister of Energy of Ontario, Bob Chiarelli (2013-2016). As
1

To put these numbers into perspective, between 2005-2011 gross revenues for electricity exports form Ontario was $4.1 billion and it was $2.9
billion for the period from 2009 to 2014
2
Though he does not mention why, I assume that McCarter started his analysis in 2005 because he was likely using the Global Adjustment data
in his calculations, which came into existence in 2005. He would have also ended in 2011 as that was the publication date of the report. While her
report was released in 2015, why Lysyk chose to begin her analysis in 2009 is unclear.
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mentioned previously, Minister Chiarelli has made claims that, in 2014, electricity exports
reduced costs to Ontario consumers by $320 million3. As well, former Minister Bently has
claimed that $1.9 billion in net-export revenue 4 was earned between 2006 and September 2012
(Ontario Ministry of Energy, 2012), while the IESO reports $4.4 billion in export revenues
between 2006 and 2013. Similar to the Auditors General, these sources do not report their
methods5, and only the IESO provides a rationale for its claim, arguing that these revenues help
reduce producer operating costs which Ontario consumers would otherwise have to pay.
However, the Market Surveillance Panel (2014), in its May-October 2013 report on the
electricity market, defends the same position as the IESO, but provides a much more
comprehensive and well-reasoned argument in support of it. Because their argument is complex
and requires detailed knowledge of the Ontario electricity sector explained throughout this thesis,
I will leave the comprehensive explanation for future chapters and offer a summary here. The
Market Surveillance Panel explains that virtually all of the producers in Ontario operate under
procurement contracts or rate regulations which are designed to guarantee them sufficient
revenue to cover their costs, regardless of their market revenues. Producers still make revenue by
selling electricity to the market, but if market revenues are insufficient to cover their
contractually obligated payments, they are compensated the difference from the Global
Adjustment fund, which is paid for by consumers. While different procurement contract payment
mechanisms could, in theory, contribute to either a benefit or a cost, in practice, the revenue
earned by producers on the export market decreases the size of their contractually obligated
payment, thus reducing costs to consumers. While the Market Surveillance Panel provides the
most thoroughly explained defense of exports as a benefit to ratepayers, their argument has not
had much profile in the public debate. Lysyk (2015, page 224) only makes a short reference to
this argument in her report6, and it appears to be entirely absent in articles and reports from nongovernment sources (i.e. newspapers, independent analysts) claiming electricity exports are
either a benefit or a cost.
3

While the Minister of Energy has reported other figures, I have ignored many of them here as they were the result of a misunderstanding on the
part of the Minister. Clark (2013) outlines the story, where the Minister reports a $6 billion export profit figure which was told to him by the CEO
of the IESO, but was incorrect.
4
This is the value of the revenue earned on exports subtract the cost spent on imports.
5
Luft (2013) was able to produce the IESO estimate of $4.4 billion by multiplying the HOEP by the hourly export quantity over the given time
period.
6
In reference to electricity exports from Ontario between 2009 and 2014, Lysyk states, “The total cost of producing this power was about $3.1
billion more than the revenue Ontario received for exporting it. However, these exports allow Ontario to recover part of the fixed costs that
otherwise would have to be paid by Ontario electricity consumers.” The second half of her statement suggests some recognition of the export
benefit argument, although she had stated earlier that “Both export and curtailment drive up Ontario’s overall electricity costs.”

12
There are other authors who argue that electricity exports are a benefit to Ontario
consumers. Baziliauskas (2014), Deputy Minister Imbrongo in the Official Report of Debates
(2014), Brooks (2016), and the Ontario Society of Professional Engineers (2017) have argued
that exports are a benefit and have utilized an argument that is similar to the one postulated by of
the Minister of Energy.
2.3

Cases Outside of Ontario
Ontario is not the only jurisdiction to experience a debate over whether electricity exports

are a benefit or cost. In Denmark, wind power producers have what are called Feed-In-Tariffs
(FIT). FITs are long-term contracts which guarantee a producer a fixed $/MWh rate for their
generation, regardless of the market price. This is the same system used for wind power in
Ontario, and can be understood as a specific type of procurement contract. Sharman (2009)
argues that because of these contracts, between 2001 and 2008, electricity produced by wind
generators which was exported from Denmark, cost Danish ratepayers $1.4 billion (CAD). He
explains that when wind power is exported, it occurs at a market clearing price which is lower
than the $/MWh price paid to wind producers. The difference between the market price and the
their $/MWh rate is paid for by consumers in Denmark, despite being consumed in foreign
countries. While Sharman (2009) admits that electricity is not tracked by source so it is unclear
from which type of generators the exported electricity originated, he used a scatterplot of MW/h
of wind power production and exports to justify his assumption that all exports are sourced by
wind power (no R2 included). His estimate of the cost of exported electricity from wind power is
calculated by multiplying the difference between the wind power contract price and the hourly
electricity spot market price by the minimum of wind power and exports. Lund et al. (2010)
criticized Sharman’s (2009) wind power export cost claim, specifically their justification for all
hourly wind power, or at least as much as possible, to be considered as exported. They argue that
in this case, correlation cannot be used to infer causation, showing that a correlogram of output
from Large Power plants and exports appears to positively correlate at a similar rate to wind
power. They also note this relationship exists for the Combined Heat and Power plants (CHP),
which are a type of fossil fuel based plant that can siphon off the heat from the generating
process to provide heat to homes. Because a similar correlation between exports and generator
output can be observed for all types of generators, correlograms do not provide useful evidence
of the source of exports. Lund et al. (2010) then explain that while wind power producers have
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an incentive to produce as much as possible because of their FITs, the remainder of the
producers in the market are not provided with a guaranteed revenue stream and so their
production decisions are based on maximizing profit. As an example, they compare two
production hours, one in January and one in March, with the same domestic demand and wind
power output. In January, exports were 900 MW/h while in March exports were 0MW/h and the
market clearing price was lower. The main supply difference between the two hours was an
increase in output from a large CHP plant. Lund et al. (2010) reason that the increased output
from this plant can be explained by the relative level of profitability in each, and that the volume
of wind power, despite being 100 MW/h larger than the volume of exports in January, is not the
cause of exports.
Lund et al.’s (2010) criticism of Sharman’s (2009) work does not quite fit onto either side
of the export benefit/cost debate as it addresses a methodological issue rather proposing the
counter-argument that exports are a benefit to domestic consumers. This criticism by Lund et al.
(2010) does have important ramifications for the debate in Ontario, although I will discuss it in
Chapter 4 as its relevance becomes more apparent there.
In Germany, the Fraunhofer Institute for Solar Energy (2016) reports that from 2005 to
2015 $19.4 billion (CAD) in revenues were earned on exports. While Frondel et al. (2009)
provide a comprehensive review of the cost of wind and solar power in Germany, they make no
discussion of either benefits or costs created from these types of generators. It is important to
note that in both Denmark and Germany, only non-hydro renewable energy sources such as wind
and solar power, receive subsidies through procurement contracts. In this respect, the electricity
sectors in both of these countries are far less subsidized than in Ontario. This complicates the
debate surrounding exports in these two jurisdictions as it means that not all of the exported
electricity comes from subsidized sources. Any exports coming from non-subsidized sources
would not impose a loss on ratepayers as they do not have to pay the difference between the
export market revenue and a contract price. It is possible then that some of the exported
electricity is debated to pose a cost to consumers as it originates from subsidized producers,
while the rest of the exported electricity does not pose a cost to consumers as it comes from nonsubsidized producers. In spite of these differences, however, there is still a portion of the
exported electricity in both Denmark and Germany which is debated to be either a benefit or a
cost to the consumers in those respective jurisdictions.
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2.4

Conclusion
In this chapter, I have reviewed the arguments given to defend both sides of the debate on

whether electricity exports from Ontario are a cost or benefit to Ontario consumers. Arguing that
exports pose a cost, the two former Auditor Generals McCarter and Lysyk claim that Ontario
consumers pay the difference between what producers are owed under their procurement
contracts and the revenues that they receive when their electricity is sold in the wholesale market
through the Global Adjustment, so consumers are paying for electricity they did not use.
Proponents of the argument that exports are a benefit, including the current and former Ministers
of Energy of Ontario, the IESO and the Market Surveillance Panel, contend that any market
revenues producers receive for exported electricity will go towards reducing the size of the
Global Adjustment payment paid by consumers, saving them money. In this chapter I have also
reviewed cases in Denmark and Germany where similar situations regarding electricity exports
are going on.
With a broad overview of both sides of the electricity export debate explained in this
chapter, the next chapter contains a textbook explanation of the operation of a competitive
electricity market, as well as an overview of some of the institutional arrangements in the
Ontario electricity sector which effect the operation of the electricity market and are important
components of my theoretical framework.
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Chapter 3: Structure and Operation of Relevant Institutions in the
Ontario Electricity Market
The purpose of this chapter is to explain the structure and operation of the institutions in
the Ontario electricity market. I begin by describing the infrastructure involved with electricity
distribution, and how producers and consumers are classified in relation to this infrastructure. I
then explain what the Global Adjustment is, how it works, and the changes to customer
classification that have occurred from 2005-2016. Next, I provide an overview of the standard
institutions and operations which form the foundation of electricity markets, like the one in
Ontario. This is followed by a description of the procurement contracts implemented in Ontario
and an explanation of how these contracts can alter producer bidding behaviour.
3.1

Overview of the Ontario Electricity Transmission System
The electricity transmission system in Ontario is divided into two components. The first

component is the high-voltage7 grid and the second is local distribution networks. There is only
one high-voltage grid and its primary purpose is the transmission of large quantities of electricity
across long distances8. The Independent Electricity System Operator (IESO) 9 organizes how
much electricity is supplied and consumed on the high-voltage grid, as well as directing the
supply to consumers connected to the grid. Electricity on the high-voltage grid is supplied by
producers as well as importers, and is consumed by consumers on the high-voltage grid,
including Local Distribution Companies, as well as exporters. Local Distribution Companies
take electricity from the high-voltage grid, reduce the voltage, and supply the electricity to
consumers on the local distribution network. There are many local distribution networks and
each one is connected to and serviced by a different Local Distribution Company, although
certain corporations, such as Hydro One, may own several of these companies. The purpose of
the local distribution network is to deliver electricity to the consumers who cannot accept higher
voltage electricity from the grid. Similar to the high-voltage grid, there are both producers and
consumers on the local distribution networks. Local distribution companies take all of the
7

According to the IESO (2012), a transmission line ≥ 50 kV is considered high-voltage. Below this threshold, the line is low-voltage and would
be part of the local distribution network.
8
The higher the voltage of a transmission line, the less power loss there are due to resistance over the distance of that line. However, the more
cost-effective voltages for long range transmission lines are higher than the voltages typically used by residential or commercial consumers. The
high-voltage grid exists mainly to deliver electricity to over long distances and in a cost-effective manner to the local distribution networks.
9
Between 2002 and the beginning of 2005, it was called the Independent Electricity Market Operator (IMO)
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electricity generated on their local distribution network, as well as electricity from the highvoltage grid, and distribute that electricity to consumers connected to the network. All electricity
produced on a particular local distribution network is necessarily sold to consumers within that
network because electricity cannot flow backwards from the network to the grid. Figure 3.1
presents a diagram of electricity flows between generators, domestic consumers, and local
distribution companies on both the high-voltage grid and the local distribution network. It serves
as visualization of the connections described above. One important observation is that generators
on the local distribution network are incapable of having their electricity export. For this reason,
I exclude these producers during discussions of export benefits and costs.
The IESO (2012) states that the high-voltage grid in Ontario consists of over 30000 km
of transmission lines. These lines are divided into 500, 250 and 115 kV lines. The transmission
system is also connected to all the electricity sectors in jurisdictions neighbouring Ontario at all
three voltages. The Ontario electricity system is connected to Manitoba, Minnesota, Michigan,
New-York, and Quebec. Individual transmission lines between Ontario and other jurisdictions
which either import or export electricity are called interties, and the IESO (2014a) reports that
there are 26 interties in Ontario. According to the IESO (2012), different interties have different
transmission capacity constraints and other restrictions, and so the IESO puts interties within
close proximity to each other into groups for administrative purposes. The IESO (2012) reports
that there are nine of these groups, which they refer to as interconnections, in Ontario, and they
calculate transmission capacities for each one. In the operation of the market, the IESO (2014b)
divides these nine interconnections into 14 intertie zones10. Import and Export trades occur
through these intertie zones, and the IESO publishes prices at each intertie zone which reflect the
cost of congestion in a particular zone (see section 3.4).
Figure 3.2 is a map of Ontario that shows the locations of the eight interconnections
between the Ontario system and neighbouring jurisdictions. It also shows the locations of the
transmission lines for the high-voltage grid as well as the approximate location of each of the
nine interconnections.

10

While IESO (2014b) refers to 14 intertie zones, the IESO database describes these same 14 zones as interconnections. For the purpose of this
thesis, I shall assume there are nine interconnections and 14 intertie zones.
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Figure 3.1- Direction of Electricity Flows Among Different Producer and
Consumer Groups on the Ontario Transmission System
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Source: Author
Notes:
1. Arrows indicate direction of electricity flow
2. Dashed lines represent electricity on the high-voltage grid while solid lines represent
electricity on the local distribution network
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Figure 3.2: Map of the High-Voltage Electricity Grid and Interconnections in
Ontario

Source: IESO (2014a)
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3.2

IESO Classification of Producer and Consumer Groups
There are multiple ways the IESO classifies consumers and producers in Ontario. Its

terminology differs from the way that economists normally think about consumers and producers
of a commodity. I will use the term producer to refer to anybody who sells electricity in the
Ontario electricity market. This may refer to producers on the high-voltage grid, distribution
network, and/or to importers depending on the context, and I will clarify what producer refers to
when the context changes. Similarly, the term consumer may refer to anybody who purchases
electricity from the Ontario high-voltage grid, local distribution network, and/or exporters, and I
will clarify what consumer refers to when the context changes. I will address local distribution
companies separately as they simultaneously buy from the high-voltage grid and sell to the local
distribution network. I will also use the term generator interchangeably with the word producer.
The exception to this rule is when the word generator is preceded by an adjective. An example of
this would be if I referred to a particular type of generator, which would not be a type of
producer, but a type of generation technology (i.e. nuclear, wind etc.)
Occasionally it is important for me to refer to specific sub-groups of producers or
consumers which have already been defined by the IESO. The following section outlines the
defining features of these sub-groups. It also explains how the features of some of these subgroups effect the behaviour of producers and consumers.
There is a wholesale and a retail market for electricity in Ontario. The wholesale market,
which is operated by the Independent Electricity Systems Operator (IESO), refers to all sales and
purchases of electricity over the high-voltage grid, as well as those for electricity entering or
leaving it. The retail market refers to all sales and purchases of electricity over the local
distribution networks. Producers and consumers which are registered with the IESO are
classified as market participants because they participate in the wholesale market, which the
IESO operates. All producers, as well as consumers connected to the high-voltage grid must be
registered with the IESO, and are therefore considered market participants. Consumers who are
not registered with the IESO are called retail consumers, not market participants, as they do not
directly participate in the wholesale market. Retail consumers are made up of residences and
businesses on the local distribution networks with consumption capacities of < 1 MWh. While
they are not registered with the IESO and therefore do not participate in the wholesale electricity
market, retail consumers obtain their electricity exclusively from Local Distribution Companies,
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so the IESO uses local distribution company consumption as a proxy for retail consumption 11.
Producers that are not registered with the IESO and have non-intermittent generators with
capacities of < 1 MW are classified as non-market participants. These generators supply
electricity to Local Distribution Companies only.
Both producers and consumers which are classified as market participants are either
connected to the IESO controlled high-voltage grid or to a local distribution network. Those on
the high voltage grid are typically referred to as grid-connected, while those on the distribution
network are typically referred to as embedded. Local Distribution Companies, which are
connected to both the grid and the network, are not referred to as either grid-connected or
embedded, as they are implicitly understood to be both. These Companies are considered as
consumers by the IESO because they only purchase from the high-voltage grid, although they
might be better understood as intermediaries in the context of the entire electricity sector.
Zareipour et al. (2007) explain that the majority of electricity production comes from gridconnected producers, although data from the IESO (2016a) suggest embedded generation is
increasing, accounting for 1.14% of total Ontario production in 2005 and 3.75% in 2015.
Producers and consumers are either dispatchable or non-dispatchable market
participants12. When a producer or consumer is dispatchable, it means that they submit
price/quantity bids for a given hour into the IESO dispatch algorithm, which will notify them if
and how much they will produce or consume in that hour, and what price they will receive or pay
for their consumption (bidding explained in section 3.3). Non-dispatchable producers and
consumers are those who do not submit bids to the IESO. Instead they produce or consume their
desired quantity at their desired time. While they do submit schedules detailing what they plan to
produce or consume and when, they are not bound to these schedules, and the IESO must accept
or supply them under any market conditions. As explained by the IESO (2017d), dispatchable
producers and consumers include nearly all high voltage grid connected producers, embedded
producers who choose to be dispatchable, high voltage grid connected and embedded consumers
with capacities greater than 1 MW who choose to be dispatchable (called dispatchable load), and

11

Because the IESO operates only on the grid, and Local Distribution Companies only purchase electricity from the grid, they are classified as
consumers by the IESO, and retail consumers are typically not discussed.
12
Market participants is a term the IESO uses to refer to anyone who is registered with them and therefore in the Ontario wholesale electricity
market. This means that even non-dispatchable producers and consumer are classified as market participants, for despite their designation as nondispatchable implying they do not participate in the market, they must be registered with the IESO to earn that designation. Excluded from the
dispatchable/non-dispatchable categorization are any embedded producers and consumers who are not registered with the IESO.
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importers/exporters. As of 2013, they also include all variable generators, which are defined by
the IESO (2017a) as all wind and solar generators connected to the high voltage grid as well as
embedded wind and solar generators with a capacity of 5 MW or greater. 13 Non-dispatchable
producers are either self-scheduling,14 meaning that they submit their own production schedule
to the IESO, or operate intermittent generators, which are those that rely on variable fuel sources
such as wind, solar and run-of-the-river hydro facilities15. Non-dispatchable consumers include
Local Distribution Companies, all grid-connected consumers with capacities ≤ 1 MW and
embedded consumers registered with the IESO.
According to the IESO (2017d), the bulk of supply in Ontario is dispatchable while the
bulk of demand is non-dispatchable 16. There are no data kept on which suppliers are
dispatchable, however, data from the IESO 18-Month Outlook report shows that between 2005
to 2015, consumption from Local Distribution Companies 17, who are non-dispatchable, remained
constant at around 80% of total domestic demand in Ontario. It is important to understand that
the bulk of supply is dispatchable, while the bulk of demand is non-dispatchable because it helps
to explain the demand and supply characteristics of the market. Having most of the supply as
dispatchable means producers and energy traders are constantly aware of hourly changes in the
market price, and are able to adjust their behaviour according to these changes to varying
degrees, making short-run (hourly) supply elastic, at least compared to demand.
Most of the demand for electricity in the Ontario comes from retail consumers, who by
definition do not participate in the wholesale market and are therefore not subject to the hourly
wholesale market price fluctuations dispatchable producers face. Because they do not receive
hourly price information, their consumption is non-responsive to hourly price fluctuations,

13

Since the launch of the Renewable Integration Initiative in 2013, all variable generators are forced to participate in the dispatch process under
certain market situations such as surplus baseload hours. Prior to this, all electricity from these generators was accepted at all times, classifying
them as intermittent generators and therefore non-dispatchable.
14
The ability to self-schedule is only granted to generating facilities with a capacity rating between 1-10 MW, although generators with contracts
prior to the market opening in 2002 (called Non-Utility Generators), as well as variable generators before 2013 are/were granted this privilege.
15
These are hydro-electric generating facilities which lack any sort of water storage (i.e. reservoir) and so their generation is entirely dependent
on natural water flow volumes.
16
In saying this, the IESO is referring to market participants only, which has been previously explained to exclude retail consumers. Because
Local Distribution Companies supply all of the electricity consumed by retail consumers, they serve as a fairly reliable proxy measure of the
consumption patterns of retail consumers, who actually make up the bulk of the demand.
17
Because the IESO does not consider embedded retail consumers as market participants, their consumption is not measured and thus not
included within the demand data. However, because they all receive their electricity from Local Distribution Companies, the IESO appears to use
this as a proxy for retail consumption. As Luft (2015) has pointed out, this is an imperfect measure of consumption, as the Local Distribution
Companies also buy electricity from embedded generators, which they resell to retail consumers, so the IESO consumption data for these
companies is reduced by the quantity of embedded generation. They do not report a correct hourly measure of the consumption data because, as
the Market Surveillance Panel (2016) notes, they do not possess it.
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making their demand appear to be perfectly price inelastic. 18 While consumers do receive a
monthly bill which contains pricing information for them to make adjustments to their
consumption, the evidence within Ontario suggests that even this long-run demand is fairly
inelastic.
3.3

Global Adjustment
The Global Adjustment19 is a monthly charge paid by consumers20 in Ontario as part of

their overall electricity bill. Revenue collected from retail customers from the Global Adjustment
component of their bill is largely21 used to pay producers for any difference between their market
revenue and the revenue they were guaranteed by their procurement contract or, for OPG’s
generators, their regulated rate set by the OEB. The sum of these payments owed to each
producer is calculated every month to produce the total monthly Global Adjustment value.
Depending on the relative size producers’ market revenues and their guaranteed procurement
contract revenues, this value can be positive or negative. This value is eventually paid for by
domestic electricity consumers (excluding Local Distribution Companies) in the form of a
$/MWh rate. From 2005-2011, all consumers were treated as one group and charged the same
$/MWh Global Adjustment rate. Since 2011, under the Industrial Conservation Initiative (ICI),
consumers have been split into two classes. Class A consists of domestic consumers with an
average hourly peak demand of 5MW or more until 2015 or 3MW since 2015. 22 Class B
consumers are all of the domestic consumers who are not Class A. Class A consumers are large
electricity users such as mining operations or data storage facilities. Each Class A consumer is
billed based on its contribution to the 5 top peak demand hours over a given year, called a base
period (May 1st-April 30th)23. The sum of a consumer’s usage for those 5 hours is divided by the

18

In 2012 the IESO introduced time-of-use pricing, which set three pricing tiers for on, mid and off-peak demand hours before each month so
consumers knew what the price of electricity would be at different hours of the day. Lessem et al. (2016) found that although there was small
shifts in demand between on, mid peak and off-peak demands, there was no statistically significant reduction in total electricity demand. This
suggests that at the current price levels of electricity, even with some pricing information, overall consumer demand is still fairly inelastic.
19
Prior to 2011, the Global Adjustment was called the Provincial Benefit
20
According to the IESO Charge Types and Equations (2016b), the billing formula used (charge type 146) treats Local Distribution Companies as
consumers, and each one is charged by multiplying the proportion of the total monthly domestic production (from the grid and distribution
network) they purchased by the total monthly value of the Global Adjustment. The companies then pass their charges onto their residential
consumers. So technically the Local Distribution Companies are the consumers paying the Global Adjustment, and simply recoup this cost by
charging their customers. This middle step is ignored by the IESO on their website and in other documents, where they report a $/MWh Global
Adjustment rate which every consumer, excluding Local Distribution Companies, pays.
21
According to the IESO (2016b), the Global Adjustment is also used to pay for the Demand Response and the Conservation and Demand
Management programs. However, the Market Surveillance Panel Shows (2016) that this accounts for a very small proportion of the total Global
Adjustment.
22
In January of 2017, class B consumers with an average peak demand of 1MW or greater could choose to be charged as a class A consumer. By
April, this was reduced to 500 KW.
23
Though it is not entirely clear why this time period is used, it is possible that the IESO treats May 1 st as the beginning of their fiscal year
because they, and subsequently the Ontario electricity market, began operation on May 1st 2002.
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sum of the total class A and B usage for those hours, to create what is called their Peak Demand
Factor. Each consumer’s Peak Demand Factor is used for the following year during the
Adjustment Period (July 1st-June 30th) to determine how much they pay of the Global
Adjustment, by multiplying their Peak Demand Factor by the total value of the Global
Adjustment for a given month. For example, if the sum of consumer A’s usage during the top 5
peak demand hours over a given base period was 0.05% of the total Class A and B demand for
those 5 hours, for each month of the next year (May 1 st-April 30th) they would pay 0.05% of the
monthly total Global Adjustment. Whatever is not paid for by Class A consumers is paid for by
Class B consumers, who are charged a Global Adjustment rate determined in the same way the
rate was determined prior to 2011.
Over the course of the first year of the operation of the Global Adjustment in 2005, the
average size of the Global Adjustment was about -$96 million a month, reducing the monthly
average commodity cost24 of electricity paid by consumers, around $950 million, by about 10%.
In certain months, the value of the Global Adjustment went negative, as the market revenue
contracted producers received was greater than the amount they were owed through their
contracts. By 2015, the average monthly Global Adjustment value was $922 million, and
accounted for 77% of the monthly average commodity cost, which is the sum of the wholesale
market and Global Adjustment payments to producers.
3.4

Operation of the Wholesale Ontario Electricity Market
The operation of the wholesale electricity market in Ontario is designed as a double

auction. In a double auction, buyers submit bids and sellers submit offers to an auctioneer, who
then uses this information to determine the price used for the exchange between buyers and
sellers. In Ontario, dispatchable producers (sellers) and consumers (buyers) wishing to buy or
sell electricity will submit their respective offers or bids to the wholesale market coordinator
(auctioneer), which in Ontario is the IESO. These offers and bids consist of a quantity of MWh
of electricity they wish to buy or sell, and at what price in $/MWh. Using the Dispatch
Scheduling and Pricing Software, the market coordinator runs all of these bids, as well as a
forecast of non-dispatchable demand and supply, through one of the program’s dispatch
algorithms which takes all of the supply bids and organizes them from lowest to highest price,

24

This includes only the HOEP and Global Adjustment, excluding other, smaller charges on electricity bills such as uplifts or transmission
charges.
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while simultaneously organizing all of the demand bids from highest to lowest price. Once this is
complete, the algorithm determines the quantity and price point at which supply bid quantities
and demand bid quantities are equal25. The resulting price and quantity become the market
clearing price and quantity, and the algorithm sends dispatch instructions to producers who bid at
or below the market price, and consumers who bid at or above the market price, informing them
their bid was accepted and they must produce/consumer the quantity they bid and receive/pay the
market clearing price. If the producer/consumer’s bid is higher/lower than the market clearing
price, then their bid is not accepted, and they do not participate in the market over the given time
period (1 hour in Ontario). Bids and offers for a particular trading hour are accepted as far as 36
prior to the real-time market clearing hour. The dispatch algorithm produces the same type of
output for the real-time market as it does for the hours leading up to the real-time market. This
output is published and sent to all producers and consumers participating in the market, and is
called pre-dispatch schedule. The output of the dispatch algorithm in the real-time market is
called the real-time schedule. The real-time schedule is published for every 5-min interval in the
real-time trading hour, while the pre-dispatch schedules are published for an hourly interval. In
Ontario, the average of the 5- minute market clearing prices becomes the Hourly Ontario Energy
Price (HOEP), although the aggregation of these market clearing prices is not a feature in all
Power Pools. The sum of all the market clearing quantities produces the hourly market clearing
quantity in MWh. As Biggar and Hesamzadeh (2014) explain, the rationale behind this bidding
method of determining the market quantity and price is to try and replicate a competitive market
outcome as understood in conventional economic theory.
Producers in Ontario, as well as other electricity markets, offer into the market at their
marginal cost. Yarrow and Decker (2014) explain that in the electricity sector, a producer’s
marginal cost is different than their marginal incurred cost, which they define as the producer’s
incremental expenditures on generation in a given hour (the standard marginal cost). They
explain that due to the operational nature of electricity generating stations, production decisions
they make in a particular hour will have consequences on future production possibilities, so their

25

Technically in Ontario the dispatch algorithm has two modes, called the unconstrained and constrained modes, which produce two different
schedules for producers and consumers called the market and dispatch schedules. The unconstrained mode only considers a few security
constrains on the grid, and produces the market schedule which is used for financial settlements in the market. The constrained mode incorporates
physical constraints such as line losses and transmission line limits, and produces the dispatch schedule which is used for determining the actual
dispatch instructions for producers and consumers. These considerations are not necessary for this thesis, and are ignored in the interest of
simplicity.

25
marginal cost function must account for the opportunity cost of the current production decision
on future production. Many producers also provide services other than generation which will
influence a producer’s marginal cost function. For example, peaking generators provide very
responsive generation, something which other producers do not. The value of this service is
incorporated into their offer price. Marginal cost functions will differ considerably across
different generator types, as well as market types.
The wholesale electricity market in Ontario, as originally designed, is classified as an
Energy-Only Market. As the name suggests, there is only a market for energy (MWh per hour),
and all producers must recover their costs through this market. This differs from an Energy Plus
Capacity Market, in which producers recover their variable costs in the energy market and their
fixed costs though a capacity market, which operates like the wholesale energy market but also
makes payments to producers for a quantity of productive capacity to be available over much
longer periods of time (minimum is usually 6 months). Which producers receive these payments,
as well as their value, is determined through an auction process. Biggar and Hesamzadeh (2014)
explain that wholesale spot market prices in Energy-Only Markets are greater than in Energy
Plus Capacity Markets as producers have to recover their long-run total costs from the energy
market, while in an Energy Plus Capacity Market, producers’ fixed costs are covered by capacity
payments which are transferred directly to consumer bills. In both types of markets, prices are
intended to provide producers with information necessary for both energy and infrastructure
production. Since 2004, the Ontario electricity market has been referred to a ‘hybrid market’
within the Ministry of Energy. Houldin (2017) explains that term arose from the fact that
producers receive only a portion of their revenue from the wholesale energy market, with the
remainder coming from procurement contracts. As Sioshani (2008) explains, Capacity Markets
have been implemented in several jurisdictions, including those in U.S states neighbouring
Ontario (New-York, Michigan and Minnesota), due to concerns that the monetary incentives in
Energy-Only markets will be too low to drive sufficient investment in capacity development
and/or concerns about the political infeasibility of allowing market price spikes to go high
enough to ensure peaking producers recover their costs. Procurement contracts serve an
equivalent function in Ontario, ensuring sufficient productive capacity is built to cover domestic
demand needs in the province. However, unlike capacity auctions, procurement contracts are
signed over longer periods of time, the payment prices are rarely determined competitively, and
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they are given to specific types of generators (i.e. wind, hydro) in order to advance policy goals
by the provincial government.
Figure 3.3 presents a visualization of an arrangement of a hypothetical set of producer
offers and consumer bids in the wholesale market, as organized by the dispatch algorithm. The
horizontal segments represent the quantity offered by a producer, labelled S for Supply, or a
consumer, labelled either Non-Dispatchable Demand, Dispatchable Demand or Ex for Export
Demand, at the given price, while the vertical line segments are included to visually connect
supply offers to other supply offers and demand bids to other demand bids. Supply side offers
come from domestic producers/generators and importers, and form the upward sloping stepped
supply function26. Demand side bids come only from consumers and exporters and form the
downward sloping stepped demand function. While import offers would be offered at a variety
of prices depending on their source, I have put imports as the highest priced supply offer as they
are not the focus of my research. The largest demand bid section represents the anticipated
demand for non-dispatchable consumers in Ontario, and is bid by the IESO at the market ceiling
($2000 MW in Ontario) to ensure that it is always included in the dispatch schedule 27. As supply
offer prices rise and demand bid prices fall, they intersect either at or in between offers and bids.
Where they intersect determines the market clearing price 𝑃 and quantity, 𝑄 , , which is the
total market clearing quantity for in the Ontario wholesale market 28. All of the supply offers and
demand bids occurring at quantities greater than 𝑄

,

are not scheduled to produce or consume in

the market as they are considered to be uneconomic bids for the given market condition. All of
the red coloured bids are unscheduled, as well as a small portion of the bid from Producer 5 (𝑆 ).
Producers’ surplus is the shaded area below the 𝑃 and above the supply schedule. Consumers’
surplus is the shaded area above 𝑃 and below the demand schedule, although it is an imperfect
measure because retail consumers are only represented by a forecast of their demand. In this
particular example, no exports bids have been scheduled because their bid prices were too low,
and only about half of the total amount of supply and demand bids were scheduled.
26

The supply function in Figure 3.3 is a simplified version of how a supply function may actual look, as not only will producers with different
types of generators (e.g. hydro or nuclear) bid at different prices, but each producer is able to submit multiple price/quantity to account for
different costs they might face at different levels of production (increasing marginal costs). I have removed these for the purpose of simplicity.
27
Because demand bids are ordered from highest price to lowest price, the higher the bid price, the earlier the bid occurs on the scheduling order.
If changes in the supply function cause the market clearing quantity to decrease, demand bids are unscheduled starting at the lowest price bid,
leaving the highest priced bids to be scheduled off last.
28
Technically, these two are determined separately in Ontario and other markets with two schedule pricing systems, with the market clearing
price used for billing being determined considering only minimal system contstraints, while the market clearing quantity used to instruct
generators to produce being determined considering all system constraints. I have dropped this for the purpose of simplicity. For a full overview
of the pricing system in Ontario see IESO (2017d).

27

Figure 3.3: Example of Quantity/Price Bid Organization in a Power Pool Style
Electricity Market with no Interjurisdictional Trading

Source: Author
Notes:
1) Ex represent bids by traders to purchase electricity for export.
2) S represents an price/quantity offer to supply electricity by a given producer
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Placing exports bids in the demand curve and imports offers in the supply curve may
appear counterintuitive to economists, as exports are typically modelled as the excess supply
curve in a three-panel trade diagram, while imports are modelled as the excess demand curve.
However, the center panel or ‘trade panel’ in a three-panel trade diagram is a theoretical
construct which does not exist in the electricity sector. Instead, imports and exports are
scheduled in the same market as domestic supply and demand. Any exports occurring in one
wholesale electricity market have to also be demanded in another wholesale electricity market. In
the market which supplies the exports, this occurs in the form of bids to consume electricity. This
is why they are called export demand bids and are placed with other demand side bids. In a
three-panel trade diagram, this is functionally equivalent to drawing the excess demand curve in
the domestic market panel for the exporting region. In the market which receives the exports, the
exports are considered imports. Bids for exports are considered offers for imports. Because
importing brings electricity into the market, import offers are placed with other supply side bids.
In a three-panel trade diagram, this is functionally equivalent to drawing the excess supply curve
in the domestic market panel for the importing region. So while on the surface it may appear as
though exports and imports in the electricity market are depicted opposite to their depiction in
economic theory, they are actually a real-world attempt to replicate it.
3.5

Export Scheduling and Pricing in the Electricity Market
In this section, I discuss the specifics of how electricity exports are scheduled in the

market, how the intertie prices are determined and what that means for payments to domestic
producers and consumers. I also dispel a common misunderstanding surrounding export
scheduling and pricing which has been circulating within public literature. Much of the
information in the following sections regarding export scheduling and pricing is taken directly
from the IESO training manuals “An Introduction to the Ontario’s Physical Market” (2017d) and
“Interjurisdictional Energy Trading” (2014b). These are training manuals published for people
who actively participate in the wholesale market, either as electricity producers, dispatchable
consumers or energy traders. Any discussion on scheduling and pricing for exports also pertains
to imports.
3.5.1

How Export Quantities are Determined in the Market
The quantity of exports scheduled in the market is determined similarly to the quantity of

domestic production and consumption described previously. Export traders submit bids with the
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price they are willing to pay for a given quantity to the IESO dispatch algorithm software up to a
day before the real-time market hour. For all of the pre-dispatch schedules produced, exports
bids are treated the same as any other bid, and their position in the bid stack is based on their
offer price. However, this is not the case in the real-time schedule. The IESO (2014b, page 7-8)
explains that exports are handled differently than other offers because dispatch instructions
cannot be issued to facilities outside of Ontario in real-time every 5-minutes. Instead, the export
bids accepted in the 1-hour ahead pre-dispatch schedule become exports accepted in the realtime trading hour. The Market Surveillance Panel (2016) explains that the export bids accepted 1
hour before the real-time trading hour have their bid prices adjusted to the market ceiling
($2000/MWh). This ensures that the export bids get accepted in the real-time dispatch algorithm.
It also ensures that an export bid cannot be the marginal bid in the real-time trading hour. If this
were to happen, then a fluctuation in demand or supply could cause the dispatch algorithm to
increase the quantity exported from Ontario, and subsequently, imported to a neighbouring
jurisdiction, within a 5-minute interval. As stated before, this cannot occur. The IESO (2014b,
page 8) states that export quantities are fixed one-hour before the real-time trading hour, and no
further exports can be made to flow through. It is possible that imports or exports may be
reduced during the real-time market hour by either the IESO or an external market operator for
reliability reasons, but never increased. These are referred to import or export curtailments and
while they occur in the real time market hour are usually planned out an hour or more before
hand.
3.5.2

Intertie Prices and the Transmissions Rights Auction
As mentioned in Section 3.1, there are prices determined for each intertie zone. These are

the market clearing prices used for imports and exports at each intertie zone. These prices will
equal the price used within Ontario unless congestion prevents the economically efficient
quantities of imports and exports, from being scheduled by the dispatch algorithm. For the
purpose of simplicity, I have not included what is meant by congestion here. On a congested
intertie, the intertie price is equal to the marginal value of the forgone import or export,
depending on which is congested. This is equivalent to the shadow price of imports or exports.
Even when these prices are different, producers are still paid the market clearing price in
Ontario. The difference between payments made within Ontario and payments made on
congested interties is called congestion rent. Intertie traders bid for the right to collect this rent
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on an intertie, called a transmission right, through a process called the Transmission Rights
Auction. What this means is that differences between intertie zone prices and the internal price in
Ontario only effects the distribution of economic surplus between intertie traders. This difference
has no effect on domestic consumer costs, and does not change contracted and regulated
payments to producers. Authors such as the Ontario Society of Professional Engineers (2017)
have claimed that export prices are paid to producers. Given that subject of my research, I
determined it necessary to address this issue and provide it as the justification for why I do not
use intertie prices in my empirical results.
3.5.3

Surplus Generation, Variable Generation and Exports
In economics, surplus production can be defined as the quantity of a particular good

produced in excess of the domestic demand for that good. The textbook understanding for why
this surplus occurs, as explained in three-panel trade diagrams (see section 4.1), is that domestic
producers wish to take advantage of an observed arbitrage opportunity with a neighbouring
jurisdiction. This means that the surplus production exists because of the presence of foreign
demand. Within the literature on the debate about whether exports from Ontario are a benefit or
cost to domestic consumers, several authors understand what surplus generation is, but there is a
widespread misunderstanding as to why it occurs in the electricity market. These authors have all
stated in some form that when Ontario produces electricity surplus to its own needs, it exports
(or dumps) it to neighbouring jurisdictions. While this statement is not unusual in its use of
economic rhetoric, it is ambiguous in nature and can lead people to interpret that when
whomever makes the production decisions in Ontario accidentally produces more electricity than
there is demand for electricity in Ontario, they then choose to export that electricity to
neighbouring jurisdictions. In this context, surplus generation is a byproduct a misalignment
between domestic supply and domestic demand. This understanding of why exports occur would
be difficult to defend as it requires that the neighbouring jurisdictions do not ever overproduce at
the same time, otherwise the electrical grid would be overloaded. And if the neighbouring
jurisdiction produced exactly enough electricity for their own domestic demand, why would they
be able to accept the unnecessary generation from Ontario? The only explanation would be that a
generator in the neighbouring jurisdiction was dispatched down or shut-off so that the
unnecessary generation from Ontario could be accepted. But if this were the case, there is no
reason why a generator in Ontario could not have been dispatched-down or shut-off. Also, as I
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already explained, imports and exports are determined 1 hour before the real-time market clears.
This is done specifically to avoid a situation like the one I described above, where one
jurisdiction increases the quantity of electricity exported to another jurisdiction, but the receiving
jurisdiction is unable to accept the exports. Because import and export quantities cannot change
in the real-time market, it is impossible for ‘accidental overproduction’ to be exported.
Moreover, because the quantity of electricity produced is determined every 5-minutes by
matching demand bids and supply offers, there is no such thing as ‘accidental overproduction’,
or Ontario generating more electricity than the ‘grid can handle’. as generation is quickly
adjusted to fluctuations in demand.
To summarize, surplus generation occurs because of the presence of export demand, just
as it would in a theoretical market equilibrium. And if surplus generation is being exported
below the marginal cost of production, it is the result of subsidies to producers on the margin, not
the intermittent output of certain types of generators.
3.6

Procurement Contracts
A procurement contract is an agreement between the IESO and an electricity producer

ensuring that the producer receives sufficient revenue from the IESO to construct and operate a
generating facility over a specified period of time (average 20 years, max around 50). Lysyk
(2015) explains that the decision to procure a given amount of generation capacity from specific
types of generators is given by the Minister of Energy through a directive, while the IESO
(formerly the Ontario Power Authority (OPA)) is left to design the details of the procurement
contracts necessary to carry out these directives. 29 The Market Surveillance Panel (2014) notes
that these contracts are signed to ensure that there is a sufficient amount of productive capacity
available to meet a forecast of the domestic demand needs of Ontario several years into the
future. It is also done to ensure that Ontario is in compliance with the regulatory standards set
down by the North American Reliability Corporation (NERC). NERC is the international
regulatory authority which monitors and enforces reliability standards for electricity sectors
across Canada and the United States (North American Reliability Corporation, 2017).
According to Rowlands (2007), the first procurement contract program, now called
Renewable Energy Supply One (RES I), was implemented in June of 2004, and was part of the

29

Certain Ministerial directives will contain extra stipulations beyond generation quantity and type, such as range of generator size or general
type of payment procedure (i.e. fixed payment, fixed $/MWh of generation).
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way in which the newly elected Liberal Government of Ontario intended to meet several of their
campaign promises. RES I was the result of a request-for-proposal for 300MW of renewable
energy supply. As the Market Surveillance Panel (2005) explains, this contract program was
implemented with a number of other supply-side changes, including a new price capping
mechanism for OPG’s baseload (prescribed) and peaking (non-prescribed) assets rather than the
privatization of its assets, which had been the intended outcome for OPG since 2002 30, the
restarting of the Bruce nuclear facility (units 1 and 2 of 8) and the refurbishment of Pickering
Nuclear facility. The Market Surveillance Panel (2005) explained that these changes had the
effect of eliminating the role of the market price as a driver of production and investment
decisions. Following these changes, the Minister of Energy continued to issue directives for new
procurement supply contracts to be signed. While private development and operation of
generating facilities had been occurring over this time period, the Minister of Energy began
issuing directives for contracting these privately owned and operated facilities as early as 2006 31.
Figure 3.4 shows that the installed capacity of electricity generation in Ontario subject to
a procurement contract (excludes OPG regulated facilities) has been increasing since 2005.
There was a total of 8500 MW of operational capacity with procurement contracts in 2005,
which was 28% of the 30 851 MW of total generation capacity in Ontario reported by the IESO
(2016a). By 2016 there was about 24 200 MW of contracted capacity in Ontario. This represents
63% of the total capacity installed in Ontario by the end of 2016 (38,885 MW 32), with OPG’s
regulated assets33 and a small amount of Non-Utility Generators contracted with the Ontario
Electric Financial Corporation (OEFC) making up the remainder 34. The Market Surveillance
Panel (2016) concluded that virtually all generators in Ontario operate under procurement
contracts or regulations, which is an increase from their 2006 report, which found that 75% of all
generated electricity came from regulated or contracted generators. The Market Surveillance
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From the opening of the market in May, 2002 until the end of 2004, OPG was regulated by the Market Power Mitigation Agreement (MPMA).
The MPMA rebated customers part of OPG`s revenue if the average annual market price was over $38/Mwh. The purpose of this was to
eliminate any incentive OPG had to exercise its market power, which was perceived to be large given that they produced 70% of all generation in
the market at that time. The rebate was designed to last until OPG’s assets were sold, breaking up their market power.
31
The Early Mover Clean Energy Supply (EMCES) contracts were issued in 2006 to newly developed natural gas plants. The Hydroelectric
Contract Initiative (HCI) began in 2008, and was offered to pre-existing hydro-electric facilities.
32
Includes the grid-connected capacity reported by the IESO (35 951 MW) in their June 18-month outlook plus the contracted distribution
network connected capacity (2934 MW) included in the IESO (2017c) Active Contracted Generation database.
33
OPG’s (2016) regulated assets include 6,606 MW of nuclear and 6421 MW of hydro. The remainder of their assets, 358 MW of biomass, 1014
MW of hydro and 2655 MW of natural gas, are currently contracted out with the IESO.
34
While the OEFC does not report the quantity of capacity contracted with them I have included 769 MW of natural gas, 126 MW of hydro and
94 MW of bioenergy contracted with them on the high-voltage grid. These values were obtained by cross-referencing all NUG facilities from
IESO (2015) with the generators listed in the IESO hourly generation data report.
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Panel has documented producers under bidding (bidding below marginal cost) into the market as
early as 200635, and linked these behaviours to the prevalence of procurement contracts in the
market and the incentives they create for producers. While the specific contracts signed by each
producer are unavailable to the public, general rubrics of the contract used for each procurement
program are available on the IESO website. The Market Surveillance Panel (2014) has grouped
procurement contracts into three categories based on their reimbursement mechanisms and the
subsequent effect these mechanisms have on producer bidding incentives. The following section
outlines these three categories and the associated changes in bidding incentives. Which
procurement programs belong to which group is an essential component of the results of this
thesis, and is discussed in more detail in Chapter 6.
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The Market Surveillance Panel has been reporting on issues of non-competitive market operations as early as 2003, with their report discussing
issues of gaming behaviour on Congested Management Settlement Credits (CMSCs). Lysyk (2017) provides an overview of a number of these
issues. However, the primary concern for this paper deals with fixed rate contracts, which were first seen as a potential issue in 2006.
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Figure 3.4 - Annual Quantity of Operational Generation Capacity Contracted
with the IESO from 2005-2016

Source: Constructed by author with data from IESO (2017d).
Notes:
1) These numbers are taken from the capacities generators have contracted with the
IESO, and are not necessarily the same as the installed capacities of the contracted
generators as a generator might not necessarily sign all of their installed capacity to a
contract.
2) These numbers only include contracted capacity under commercial operation.
3) These numbers include contracted capacity with the IESO which is connected to both
the high voltage grid and the distribution network.
4) These numbers include all OPG owned facilities under contract with the IESO except
OPG’s 2000 MW Lennox dual fire gas/oil facility, which is excluded due to its minimal
output
5) Bioenergy contains the fuel categories biomass, energy from waste, biogas and
landfill gas
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3.6.1

Take-or-Pay
According to the Market Surveillance Panel (2014), generators under Take-or-Pay style

contracts are paid a uniform $/MWh rate for their available contract capacity, regardless of
whether they are scheduled to produce or not. Any market revenue they receive for production
goes to offset the contractual payment they are owed, and any market revenue above their
contracted payment owed is used to pay down the Global Adjustment, although, depending on
the contract program, they can keep a small amount of the revenue under certain circumstances.
While these contracts resemble Take-or-Pay contracts, this categorization applies to several
different contract programs, and it is not clear form the Market Surveillance Panel’s (2014)
explanation that any one of them is legally classified as a Take-or-Pay contract. Going forward I
will use the term Take-or-Pay or Take-or-Pay style contracts to refer specifically to the category
of contracts described here and not actual Take-or-Pay contracts.
The Market Surveillance Panel (2014) explains that the structure of Take-or-Pay style
contracts makes them very similar to conventional capacity payments, although unlike capacity
payments, which pay a producer a $/MW rate for their available capacity whether or not they
choose to produce (although usually they are obligated to under certain conditions), under Takeor-Pay style contracts, available capacity is determined by their offer in the market 36. So
producers with these contracts have the option of not participating in any given market hour, but
they only receive a payment for their available capacity if they do. While they can make
revenues above their contract payment, this amount is small and the methods by which they can
make these revenues does not typically provide an incentive for these producers to bid their
marginal cost (see Chapter 6). Instead, they are usually incentivized to submit low bid prices into
the market to make sure they are scheduled for dispatch.
3.6.2

Minimum Net Revenue
As the Market Surveillance Panel explains, under a Minimum Net Revenue contract, a

producer is guaranteed a set amount of income per month based upon a pre-negotiated $/MW
rate for the available capacity they provide, which is paid for using the Global Adjustment. The
value of the Global Adjustment payment is reduced by any imputed revenue, which is market
revenue earned when the market clearing price is higher than the generator’s variable energy
36

As part of Market Rule Amendment MR-00381 R04, wind power producers are paid for the minimum of their offered supply for the hour and
their forecasted supply for each 5-minute interval in the hour. This is done by the dispatch algorithm, which modifies any offers from wind
facilities which go above their forecasted possible output.
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cost37. According the Market Surveillance Panel, all of the producers with these style of contracts
are natural gas generators, so the variable energy cost for all producers with these contracts refers
to the cost of natural gas. If they make more imputed revenue than the value of the contracted
Minimum Net Revenue requirement, they may keep a small percentage of that revenue 38.
Because they are paid for their available productive capacity, regardless of whether they actually
produce, the Market Surveillance Panel also views Minimum Net-Revenue contracts as very
similar to capacity contracts.
While both Minimum Net Revenue and Take or Pay contracts are viewed by the Market
Surveillance Panel (2014) as essentially capacity contracts, they occupy two separate categories
because the differences in their payment mechanisms significantly alter producer incentives.
Minimum Net Revenue differs from Take or Pay, because rather than the actual, calculated
market revenues (price*quantity) earned by producers going to offset their contractual
obligation, their imputed, or estimate net revenues ((price-variable cost)*quantity) are used.
Using the daily gas prices and the HOEP, the IESO estimates all the times that the contracted
producer would have made a positive net-revenue, and calculates the total value of that estimated
net-revenue. Then they deem the producer to have operated during those periods, as it would be
financially beneficial for them to under these market conditions, and are thus able to conclude
that the producer should have made the estimated value of the positive net-revenues. They then
deduct this estimated net-revenue from the contractual obligation they have with the generator.
By paying the producer the net-revenue they would have earned if they were behaving like a
profit-maximizing firm, producers are incentivized to actually behave this way. Failure to behave
in this way results in a decrease in their contractual payment by the amount of net-revenue they
were imputed to have earned. Conversely, if a producer is able to reduce operational costs, or
generate more efficiently, they can increase their total monthly revenue beyond their
contractually obligated payment. Therefore, generators with contracts have an incentive to bid
competitively when they predict that their variable cost will be greater than the HOEP. They also
have an incentive to not participate in the market when they predict that their variable cost will
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This is used as a proxy measure for the marginal cost of generation.
For example, in the consolidated version of the generic contracts given out for the Clean Energy Supply (natural gas) program (Ontario Electric
Financial Corporation, 2005) displayed on the Ontario Power Authority (2014) website, producers can keep 5% of any market revenue they make
above thier minimum net revenue requirement.
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be lower than the HOEP, which is also consistent with the behavioural assumptions of a profit
maximizing firm.
3.6.3

Fixed Rate per MWh
According to the Market Surveillance Panel (2014), generators with Fixed Rate per MWh

contracts get paid a fixed $/MWh rate for the actual quantity of electricity they produce. Going
forward, I shall also refer to them as Fixed $/MWh contracts. Any market revenues they receive
will go to offset their contractually obligated payment, and any market revenues above their
contract payment price will largely be paid into the Global Adjustment. The Market Surveillance
Panel divides these into two types.
The first type is self-scheduling generators. While they do submit price/quantity bids to
the IESO, they are not bound by the dispatch schedule, and are free to produce as they see fit.
They can also be understood as non-dispatchable generators. They submit bids to help the IESO
with forecasting rather than for the purpose of participating in the market. The second type is
dispatchable generators, which are generators that bid into the market and produce when they are
dispatched.
Fixed $/MWh differ markedly from the previous two contract types as generators will
only receive contract payments if they supply electricity, and every MW/h of electricity they
supply increases their contract payment by their $/MWh contract rate, irrespective of market
conditions. Producers no longer compete on price, only quantity, and because the lowest price
bids get scheduled to supply to the market first, producers have an incentive to bid as much
quantity as they can produce at the lowest price possible39. Similar to the Take-or-Pay, these
types of contracts can have stipulations that allow generators to earn small amounts of revenue
above what they would make for their contracted rate.
3.7

Conclusion
The purpose of this chapter was to provide an overview of the definitions, institutions and

operations of the Ontario electricity sector which are important for understanding the remainder
of my thesis. First, I provided an overview of the Ontario electricity transmission system,
explaining the division of the system between the high-voltage grid and the local distribution
network as well as the directions electricity flows between those connected to either part of the
system. Next, I explained two methods the IESO uses for classifying market participants. The
39

These style of contracts can more broadly be understood as Contracts-for-Difference with no set delivery time or quantity.
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first was whether they are embedded or grid-connected. The second was whether they are
dispatchable or non-dispatchable. While I will be generally be dividing the market participants
into either producers (generators and exporters) or consumers (electricity end-users and
exporters), I explained that occasionally I will also need to use the IESO classifications of market
participants. After these definitions, I described the purpose of the Global Adjustment charge
Ontario electricity consumers must pay, which is to compensate producers for the difference
between their monthly revenue and the payment there are owed through their procurement
contracts. I explained that the Ontario electricity market is designed around a power-pool style
electricity market while also providing a brief example of how this style of electricity market
works. Finally, I gave a history of the development and use of procurement contracts in the
Ontario electricity market, as well as an overview of the three categories of procurement
contracts defined by the Market Surveillance Panel (2014), Take-or-Pay, Minimum Net-Revenue
and Fixed Rate per MW/h, and how they affect producer bidding behaviour.
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Chapter 4: Theoretical Framework - Procurement Contracts and
Interregional Trade Outcomes
The purpose of this chapter is to outline the theoretical framework I use to explain both
sides of the export benefit/cost debate in Ontario. Specifically, I outline how the payment
mechanism for each of the three types of procurement contracts, Fixed $/MWh, Minimum NetRevenue and Take-or-Pay, can add or reduce the amount domestic consumers pay for electricity
beyond what they would have paid in the absence of any exports from the province. I use figures
to demonstrate how changes in exports under each type of procurement contract alter domestic
consumers’ payments. I also use equations alongside these figures as certain concepts are more
easily explained with equations than figures. Section 4.1 provides a condensed overview of my
framework. Section 4.2 contains a review the economic theory of interregional trade,
highlighting the distribution of benefits and cost in the absence of any market distortions. Section
4.3 introduces the electricity market supply curve and the aggregate market demand curve which
are used to establish the market I use for the remainder of the Chapter. This section also reviews
how changes in domestic demand, export demand, the market clearing price, and a producer’s
variable cost (price of fuel) play out with these new supply and demand curves. Section 4.4
introduces four important concepts, producers’ total revenue, domestic and export consumers
total expenditures, and the Global Adjustment. It explains both how the three are linked. It
develops the logic behind the classification of exports as benefits and costs within export
benefit/cost debate, as well as introducing a third classification called export neutral. It concludes
by using the four previously developed concepts to create the three conditional outcomes used
for classifying a producer’s supply as export benefit, export cost and export neutral. Section 4.5
takes the previously established theoretical market from Section 4.3 and explores what happens
when producers are given procurement contracts. It is split into two broad subsections, 4.5.1 and
4.5.2. The purpose of Section 4.5.1 is to introduce some of the new concepts and unusual market
changes which can occur with contracted producers. For this reason, all of the producers which
receive contracts in this section are only scheduled to supply domestic demand. As will also be
explained in this section, this means they do not contribute to export benefits or costs. The
purpose of Section 4.5.2 is to go through a variety of possible scenarios in the market and use the
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conditional outcomes developed in Section 4.4 to how to classify exports (i.e. benefit, neutral,
cost) under different situations. While this Section primarily explores how the three different
types of procurement contracts from Section 3.6 (i.e. Fixed $/MWh, Minimum Net-Revenue,
Take-or-Pay) change the classification of a producer’s exported electricity, it also discusses how
the value of the market clearing price can alter these classifications. The final section, Section
4.6, takes what has been developed throughout the Chapter to explain what would have to be true
for each side of the debate to be correct. Unless otherwise stated, for all figures, tables and
equations in this chapter, units of time are in hours and units of production/consumption are in
MWh.
4.1

Overview of My Theoretical Framework
The purpose of this chapter is to explain the theoretical framework I use to determine

whether electricity exported from Ontario can be considered a benefit or cost to domestic
consumers. The benefits or costs I am measuring only deal with the payments made to producers
with procurement contracts or rate regulation that guarantee them a source of revenue external to
the market clearing price (see section 3.5). As discussed in section 3.6, procurement contracts are
signed with private producers for extended periods of time (~20 years) to ensure a sufficient
quantity of productive capacity will be available to meet the forecasted domestic demand needs
in Ontario as well as any reliability standards set down by the North American Reliability
Corporation (NERC). In principle these contracts are designed to ensure that producers have a
reliable source of revenue to cover their fixed and variable costs plus a reasonable rate of return.
However, some proportion of a producer’s contract revenue, ranging from their variable cost to
their total cost depending on the contract, will vary in size depending on whether certain
stipulations are met. These contracts do not make stipulations regarding a quantity, price and
timeframe for delivered electricity, and other than one exception (see Section 4.5.3.3.7), do not
in any way dictate the behaviour of producers. Instead, different contracts include different
payment mechanism which attempt to incentivize private producers to operate their facilities
similarly to how they would operate in the absence of any contract payments. The problem I
address in this framework concerns how the size of the contract payments, which are paid for by
domestic consumers, may increase, decrease, or remain the same as a result supplying export
demand. What it is not about is whether or not these contracts should have been signed (i.e. were
sound procurement policy decisions made), whether or not too many contracts were signed (i.e.
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whether domestic consumers are paying for excess capacity) or whether or not the right types of
electrical generators were procured (i.e. should coal have been replaced, should wind/solar have
be developed, should nuclear facilities have been refurbished). What it is about is how the
existing payment mechanisms to producers may have resulted in a transfer of wealth between
domestic and foreign consumers beyond that which occurs in a normal free trade situation. This
transfer of wealth only occurs when export demand is satisfied (export demand bids are
scheduled), and is measured by considering how the total expenditure by domestic consumers
would have changed in the absence of these export demand bids. The direction of this transfer of
wealth in any given market hour may be to Ontario consumers, foreign consumers, or both,
depending on the payment mechanisms for the contracted producers supplying exports.
Producers supplying exports are those that would not have supplied electricity in the absence of
any export demand (See Section 4.2.2). Alternatively, they can be understood as the producers
who, in any given market hour, received dispatch instructions from the auctioneer (i.e. market
operator’s dispatch optimizing software) only because of export demand bids accepted in the
market auction.
As explained in Chapter 2, for the export benefit/cost debate within Ontario, those
arguing that exports are a benefit claim that any revenue a producer earns on exported electricity
offsets the value of the contract payment which Ontario consumers must pay even if the producer
does not generate electricity. So any revenues earned by producers in the wholesale market from
exported electricity reduces the value of unavoidable costs to Ontario consumers. Put another
way, the portion of a producer’s total revenue earned from the market for supplying exports is
the value of the reduction in Ontario consumers’ total expenditure resulting from exports. The
value of these revenues are therefore a benefit to Ontario consumers. Those arguing that exports
are a cost to Ontario consumers point out that the price at which electricity is exported (the
market clearing price) is less than the cost of producing the electricity, as measured by the
contract or regulated rates received by producers. Because only Ontario consumers have to pay
for any shortfall between market revenues and contract/regulated payment values, when
electricity is exported, Ontario consumers end up paying for this contract/regulated revenue
shortfall on electricity they do not consume. Had these exports not occurred, Ontario consumers
would not have had to cover the contract/regulated revenue shortfall on exports. So any
contract/regulated revenue shortfalls created as a result of supplying exports increases the value
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of avoidable costs to Ontario consumers. Put another way, the portion of a producer’s total
revenue earned from their contract for supplying exports is the value of the increase in Ontario
consumers’ total expenditure resulting from exports. From this perspective, contract/regulated
revenue shortfalls on exports are a cost to Ontario consumers.
Within the above summary of the export benefit/cost debate, the source of the
disagreement between both sides is the seemingly contradictory positions they take on how
contract/regulated payments to producers are made. Those defending exports as beneficial to
Ontario consumers argue these payments are unavoidable, while those defending exports as a
cost to Ontario consumers seem to argue these payments are avoidable. If only one of these were
correct, then that side of the debate would be correct. However, as I discussed in Section 3.6,
there are different contract/regulated payment mechanisms, and so it is not necessarily the case
that these different payment mechanisms result in contract/regulated payments being entirely
unavoidable or avoidable. Also, focusing on whether these payments are avoidable or
unavoidable ignores the possibility of contract/regulated payments which neither increase nor
decrease with the size of exports.
From the debate I derive my research question, which is: “Holding all other things
constant, how does a change in the quantity of electricity exported from Ontario change Ontario
consumers’ total expenditure on electricity?” domestic consumers pay the procurement contract
price (𝑃 ) for their total domestic quantity (𝑄 ) of consumption plus the contract revenue owed to
producers scheduled to supply domestic demand, reduced by the value of the product of the
market clearing price (𝑃 ) and all exports supplied in the market (𝑄 ). Depending on each
producer’s contract, the contract revenue they are owed (𝑟 ) may either for the available capacity
(𝑞 , ) they maintain or the quantity of exports they supplied y (𝑞 , , making it a function of
either capacity or production depending on a producer’s contract (𝑟 (𝑞 , , 𝑞 , )). Given the
resulting equation for domestic consumers’ Total Expenditure, 𝑇𝐸(𝑄 ) = 𝑃 𝑄 +
∑

𝑟 𝑞 , ,𝑞 ,

− 𝑃 𝑄 , and setting 𝑞 ,

+ 𝑞 , = 𝑄 , what is the sign of

,

? In this

Chapter I develop the theoretical framework which I will use in Chapter 5 to answer this
question. Specifically, I use the three possible answers to this question (total expenditure
increases, decreases or does not change) to develop the following three classifications for
different producers.
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If, as exports supplied by a given producer increase, Ontario consumer costs decrease
(



< 0), the producer is classified Export Benefit.

If, as exports supplied by a given producer increase, Ontario consumer costs increase
(



,

,

> 0), the producer is classified Export Cost.

If, as exports supplied by a given producer increase, Ontario consumer costs remain
constant (

,

= 0), the producer is classified Export Neutral.

I then assess how contract payment sizes would change for each of the three types of
contracts previously outlined (Section 3.6) as the quantity of exports supplied under each of them
changes. In doing so, I also consider how factors, such the market clearing price, effect the
classification of contract/regulated payment groups.
For Fixed $/MWh, I find that because contract payments are only made for each MWh
generated, that contract payments made on exports are avoidable. So long as the market clearing
price is less than $/MWh contract price, increasing exports under these contracts increases costs
to Ontario consumers. Under these conditions, I classify Fixed $/MWh contracts as export
benefits. However, I do find that if the market price is greater than the contract price,
increasing(decreasing) exports under these contracts decreases(increases) costs to Ontario
consumers as producers must pay this above contract revenue to them. Under these conditions, I
classify Fixed $/MWh contracts as export costs.
For Take-or-Pay style contracts, I find that because contract payments are made for each
unit of productive capacity available, contract payments to these producers are unavoidable. So
long as the market clearing price is above $0/MWh, increasing exports under these contracts
decreases costs to Ontario consumers. Under these conditions, I classify Take-or-Pay contracts
as export benefits. However, I also find that if the market clearing price is below $0/MWh,
increasing exports under these contracts increases costs to Ontario consumers by the value these
contracted producers paid to export consumers. Under these conditions, I classify Take-or-Pay
contracts as export costs.
For Minimum Net-Revenue contracts, producers receive contract payments for available
capacity which are reduced by any market revenue above their variable cost they could have
earned, regardless of whether they actually earned it. This means that contract payments to these
producers are reduced when the market price is greater than their variable cost even if they do
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not generate electricity and earn market revenues. Because a reduction in contract payments is
only dependent on the market clearing price, not the presence of exports, the value of payments
under these contracts covered by Ontario consumers neither increases or decreases with changes
in exports under these contracts. For this reason, I classify Minimum Net-Revenue contracts as
export neutral.
Other than producers with Minimum Net-Revenue contracts, there are a few other
producers I also classify as export neutral. This is not a result of their payment mechanisms, but
rather other governing rules which cause their contract payments not to vary with exports. Noncontracted or regulated producers are export neutral as they receive no contract payment.
Contract payments to producers supplying domestic demand in a given market hour are
unaffected by the quantity of exports as supply from these producers would not vary in the
absence of export demand. Producers who are permitted to produce whenever they chose (selfscheduling) do not submit offers in the wholesale market and so their output, and contract
payments, are unaffected by the quantity of export demand.
4.2

Economic Theory of Interregional Trade
If a foreign producer of a product can supply it at a lower price than some of the domestic

producers, it would make sense for import the cheaper product rather purchase the domestically
produced one. Conversely, if a domestic producer can supply a product to a foreign market at a
lower cost than some of the foreign producers, exporting would become a viable option. But this
is not a sufficient condition for importing or exporting to occur. For an export to occur, the
market clearing price in the foreign market must be higher than the domestic one and the
difference in prices must be more than the relevant transportation costs between the two regions.
The opposite must be true for an import to occur.
This basic framework for interregional trade can be visualized in Figures 4.1 and 4.2.
Figure 4.1 displays the market equilibrium for a good in two separate markets under autarky. The
region A market clearing price and quantity are labeled 𝑃 and 𝑄 while the region B market
clearing price and quantity are 𝑃 and 𝑄 . The supply and demand curves in both markets are
market curves, comprised of the aggregation of identical individual supply or demand curves.
While both markets share identical demand curves, the supply curve in region A is more elastic
than the supply curve in region B, indicating that the suppliers in region A can produce a given
quantity of the good at a lower price than the suppliers in region B. This difference in supply
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between the two regions results in a lower market clearing price in region A, and creates the
previously mentioned conditions necessary for interregional trade to occur. While suppliers in
region A have already satisfied domestic demand in their region, their supply curve indicates that
they are willing to supply larger quantities at higher market prices. The opposite is true for
demand in region B, as the demand curve suggests they are willing to consume larger quantities
at lower prices. Given that region A producers are willing to produce more than the region A
autarky equilibrium quantity at a price lower than the region B market clearing price, while the
region B consumers are willing to consume more than the region B autarky equilibrium quantity
at a price greater than the region A market clearing price, the potential for interregional trade
exists.
Figure 4.2 displays the market equilibriums for region A and B when interregional trade
occurs. The new panel, labelled ‘Interregional Market’, represents the interregional trade market
which formed because of the potential for trade in Figure 4.1. The excess supply curve is the
supply curve for region A producers when supplying a greater quantity than the region A
domestic quantity demanded in autarky. It can also be understood in region A as export supply,
or in region B as import supply. The excess demand curve is the demand curve for region B
consumers when demanding beyond the region B domestic quantity demanded in autarky. It can
also be understood in region B as the import demand, or in region A as the export demand. The
interaction of the excess supply and excess demand curves creates an interregional market
clearing price, labelled 𝑃 , and total market quantity, labelled 𝑄 . This new price is higher than
the region A autarky price, causing a reduction in the domestic quantity demanded in region A to
𝑄

,

and a transfer of surplus from domestic consumers to producers. The new price is also

lower than the region B autarky price, causing the region B domestic quantity supplied to drop to
𝑄

,

and a transfer of surplus from the domestic producers to consumers.
The new interregional market clearing price has increased the producers’ surplus in

Region A by ‘Region A Producers’ Surplus from Exports’ and has increased the consumers’
region B by ‘Region B Consumers’ Surplus from Exports’, both located in the Interregional
Market panel in Figure 4.2. These two increases in surplus represent the gains from trade, and
are positive in both markets. Importantly for this thesis, under the assumptions for a perfectly
competitive market with no regulatory interference, interregional trade between two markets
generates an increase in total surplus across both markets. Specifically, in the market where

46
exports are being produced, while domestic consumers see a surplus reduction, domestic
producers see an increase in surplus equal to the value of the lost consumer surplus plus a portion
of the total gain in surplus between the two markets.
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Figure 4.1- Price, Quantity and Surplus Determination for Two Interregional Markets Under Autarky

Source: Author
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Figure 4.2- Price, Quantity and Surplus Determination for Two Interregional Markets Under Autarky
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4.3

Supply, Demand and Interregional Trade in the Electricity Market

4.3.1

Stepped Supply and Aggregate Demand
While many of the standard assumptions of microeconomic theory apply in the electricity

sector, there is one important one which does not. This is the assumption that all producers have
identical cost functions. Under this assumption, all the producers in the market have identical
marginal cost curves, and the market supply curve consists of the aggregation of all the
individual supply curves. As previously mentioned, the supply curves in Figures 4.1 and 4.2 are
constructed in this way. The market clearing quantities supplied in these Figures, while denoted
with different subscripts, are represented by the variable 𝑄, which in economics is typically
comprised of the Quantity Supplied (𝑞 ) by an individual firm at the market clearing price
multiplied by the number of firms (𝑛) supplying into the market so that 𝑄 = 𝑞 ∗ 𝑛. Going
forward, I adopt a notational convention of using lower case letters for variables at the individual
level, and upper case letters for variables at the market level. In a perfectly competitive market,
such as the ones in Figure 4.1 and 4.2, the market supply curve is the aggregation of the identical
marginal cost curves of each producer in the market. At any given market clearing price, each of
the 𝑛 producers supplies 𝑞 into the market, resulting in a market supply of 𝑄. Each producer
receives the market clearing price for each unit they sold into the market, which is assumed will
be just enough for each of them to cover their minimum average total costs.
In the electricity sector, cost functions can vary amongst generators for a variety of
reasons, though for the purposes of this framework I will only be discussing two. One of the
ways they can vary is the cost of the energy input required in the electricity production process.
The cost of these energy inputs can be free, such as the kinetic energy from wind or running
water, or can vary with the market prices of the fuels required to generate them, such as the heat
energy generated from coal, natural gas, or uranium. Another way cost functions can vary is by
the size generator and the generation facility. Harris (2006) explains that operating costs per MW
of capacity typically decrease with both the size of an individual generating unit and with the
total capacity of a generating facility. These reasons contribute to different cost functions which
can be characterized by their ratio of variable to fixed costs, which range from larger capacity
facilities having large fixed and low variable costs relative to the fixed and variable costs of
smaller capacity plants.
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When different producers have different cost functions, the aggregate market supply
function from Figure 4.1 and 4.2 no longer reflects the how the market supply function is
constructed. I will be using what is sometimes referred to as a stepped supply function to
represent the market supply curve in the electricity market. The electricity market I use is the
hourly wholesale spot market for electricity, as the retail market is not involved in interregional
trading.
The stepped supply function is displayed in Figure 4.3, and has some important features
that distinguish it from the aggregate market supply curve in Figures 4.1 and 4.2. The most
noticeable feature is that it is made up of a series of horizontal and vertical sections. Each
horizontal section represents the maximum hourly output of a single producer and is positioned
along the y-axis at a price equal to the long-run average total cost of said producer. Specifically,
it is measured as the sum of a producer’s average variable cost, which is assumed to be constant,
for any given hourly quantity they supply, and the average fixed cost given the quantity they will
supply over the period of time where capital inputs are considered fixed, which Harris (2006)
explains is usually considered to be a minimum of 5 years. Each vertical section of the stepped
supply function demarcates the quantity at which a given producer is at their maximum hourly
productive capacity and is therefore, perfectly price inelastic at any price above their cost
function price. To help clarify this, labelled on the x-axis below each vertical section is a 𝑞 with
a subscript number between 1 and 6 to identify the maximum productive capacity of a given
producer. While cost functions do vary per generator and are not perfectly elastic in reality, they
will be portrayed this way for the purposes of simplicity and visual clarity. Because none of the
individual cost functions overlap with each other, the market supply function is not created by
aggregating individual cost curves, but instead by stacking them from lowest to highest cost, as
this is the order in which markets for most goods are assumed to be supplied. The lowest to
highest cost rank order also correlates with the rank order of producers’ variable costs and is
therefore negatively correlated with producers’ fixed costs. The individual producer’s cost
functions are also meant to represent the offer price/quantity pairing submitted to the market
operator to determine their dispatch schedule. While this differs from my earlier explanation of
producers’ offers being equal to their marginal cost in Figure 3.4, I have made this deviation
from reality as it simplifies the process of explaining the market outcomes of procurement
contracts. However, this does not mean future figures now represent long-run market outcomes.
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Going forward, I will use the term offer function, as procurement contracts can cause the actual
stepped supply function and offer stack function to differ. I will also use the term offer function
and dispatch schedule interchangeably.
While Figure 4.2 has a separate panel for each domestic market as well as the
interregional trade market, the focus of this thesis pertains to exports and their effects on the
domestic consumers in the market they originate from, so the remainder of this theoretical
framework does away with the interregional and importing markets by incorporating the excess
demand curve into the exporting market. This process is depicted in Figure 4.4, which contains
the domestic demand curve, the excess demand curve, and the aggregate market demand curve.
The domestic demand curve remains the same from Figure 4.1 and 4.2. The excess demand
curve is moved from the interregional market panel in Figure 4.2 and retains the same
reservation price, although it has been made linear for the purposes of simplicity. The aggregate
market demand curve is the sum of the domestic and excess demand curves below the excess
demand reservation price. It represents the total market demand, which is the sum of the
domestic and export demand. In my framework, I will be including both domestic and aggregate
demand curves as the area between the two of them provides a measure of the quantity of
exports. I will be using the term export demand interchangeably with the concept of the excess
demand curve, as they represent the same thing in my model. Also, when discussing a shift in the
aggregate demand curve which is only a result of a shift in export demand, I will refer to this as a
shift in the export demand curve as a shift in the aggregate demand curve can be caused by either
a shift in the domestic or export demand curve.
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Figure 4.3- Electricity Market Supply Function as a Stepped Supply Function with
Discrete Steps
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Figure 4.4- Region A Domestic, Export, and Aggregate Demand Curves
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4.3.2

Electricity Market Outcomes
In order to demonstrate the key differences between the general market equilibrium and

the electricity market equilibrium, in the following section I will add the stepped supply and
aggregate market demand curves to the region A market from Figures 4.1 and 4.2 and discuss the
implications.
Figure 4.5 considers the region A market autarky outcome with the same domestic
demand as Figure 4.1, but the stepped supply function from Figure 4.3. The intersection of
supply and demand determines the wholesale Market clearing Price (𝑃 ) and quantity.
Importantly, there are two labels for the market clearing quantity included. On the x-axis at the
top of the graph is the Quantity (Q) Demanded (d) Domestically (d) in the market, 𝑄

,

. Because

the demand curve is constructed by aggregating individual demand curves, 𝑄

,

∗ 𝑛,

where 𝑞

,

,

=𝑞

is the Quantity (q) Demanded (d) Domestically (d) by an individual domestic

consumer and n is the total number of consumers. The equilibrium Quantity Supplied
Domestically, 𝑄

,

is measured on the x-axis. While this is the same quantity as 𝑄

,

, I have

distinguished the two because they are calculated differently. With a stepped supply curve, rather
than every producer supplying part of the total possible output at any given market clearing
price, each individual producer will supply somewhere between none and all of their capacity,
depending on 𝑃 . If the price is below their offer price, they will not supply anything. If the
market price is equal to their offer price, they will supply a quantity above 0 but no greater than
their total capacity. If the market price is above their offer price, they will supply their total
capacity. At the equilibrium market quantity in Figure 4.5, producer 1 and 2 are producing at
their maximum capacity, producer 3 is producing only part of their capacity, and producers 4
through 6 are not producing at all. This means that 𝑄

,

= 𝑞 + 𝑞 + 𝛼𝑞 , where α is some value

between 0 and 1, and it is labelled as such in Figure 4.5. This is also why only 𝑞 , 𝑞 and 𝑞 have
been labelled, as opposed to all six producers in Figure 4.3, as they are the only ones producing
electricity. This will continue to be the labelling convention for producers for all future figures.
Also, 𝑄

,

and individual producer quantities in 𝑄

,

are only relevant for highlighting the

differences between general and electricity market equilibriums, so they will not be included in
future figures.
Figure 4.5 also contains the section Domestic Market Revenue rather than the Producers’
Surplus in Figure 4.1. This is the value of the total revenue producers received from the
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wholesale market for any supply which was sold to domestic consumers. From this point
forward, I use producers’ total revenue rather than surplus, as total revenue will be shown to be
directly relevant to the export benefit/cost debate, whereas producers’ surplus is not. While
producers received the market clearing price for their production in Figure 4.1, in Figure 4.5,
they only receive up to their offer price. This is called Pay-as-Bid pricing, and while it differs
from the payment process describe in Figure 3.4, I have chosen to use it because it simplifies the
transition into market outcomes with contracted producers, which is the main focus of this
framework. Consumers still pay the wholesale market price, and the difference between the
producer revenue and consumer payment, which is the white area below 𝑃 and behind 𝑄

,

goes

to the government. The distribution of this payment to the government is not relevant, as it is an
artificial construct and slowly is removed over the next several figures. Consumers’ Surplus is
included in Figure 4.5 and is the triangle from 𝑃 to 𝑎 to the y-intercept of the domestic demand
curve. While this y-intercept is not actually visible from Figure 4.5 onwards, it still exists, and in
future discussions of surplus, it shall be referred to as point 𝑦. As an example, consumers’
surplus in Figure 4.5 is the triangle 𝑃 𝑎𝑦.
Figure 4.6 is an illustration of the interregional trade outcome in the electricity market,
utilizing the same stepped supply and domestic demand functions as Figure 4.5, but adds the
aggregate market demand curve from Figure 4.4. The intersection of the aggregate market
demand and the offer stack, creates a new equilibrium market quantity labelled 𝑄

,

which

represents the Total Quantity Supplied into the market. The equivalent measure to 𝑄

,

in Figure

4.2 is 𝑄 . Because aggregate market demand is domestic demand plus excess demand, the
quantity of exports is the difference between 𝑄

,

and 𝑄 , , and is also represented by line

segment 𝑎𝑏. The quantity of exports in Figure 4.6 is entirely supplied by Producer 3. While this
is visually apparent in the Figure, electricity is not tracked from source to destination in an
electricity market, so whether the generation from a producer was actually exported cannot be
know in reality. However, the only reason Producer 3’s output increased between Figure 4.5 and
Figure 4.6 was the presence of export demand. Put another way, in the absence of export
demand, Producer 3 would only [be scheduled to] supply what was demanded of it by domestic
consumers, equivalent to the value it supplied in Figure 4.5. If a producer’s scheduled output
increases as a result of increasing scheduled export demand, or if a producer’s scheduled output
would be less due to a decrease in the quantity of export demand bids scheduled in the market,
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then the supply from that producer can be considered to have been exported. Even though the
actual electricity from the producer may or may not have been consumed in a foreign
jurisdiction, in the absence of any export demand, that electricity would not have been produced,
and any payments made for that electricity would also not have occurred. In this thesis, exported
electricity refers to the electricity that was produced as a result of the existence of export
demand.
While the total market quantities increase in Figures 4.2 and 4.6, the market clearing
price does not increase in Figure 4.6 as the marginal producer for the domestic market is also the
marginal producer for the export market. Because of this, the domestic market outcome,
comprised of the quantity demanded domestically, consumers’ surplus and producers’ Domestic
Market Revenue, do not change from the autarky outcome in Figure 4.5. In situations like this,
despite interregional trade not changing the domestic market outcome, there are gains from trade.
The foreign consumers of the exported electricity, which I shall refer to as export consumers,
also experience and increase in surplus. Export consumer surplus is demarcated by triangle 𝑎𝑏𝑐
from Figure 4.6 onwards.
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Figure 4.5- Price, Quantity, Surplus and Revenue Determination In the Wholesale
Spot Market With a Stacked Supply Function Under Autarky
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Figure 4.6- Price, Quantity, Surplus and Revenue Determination In the Wholesale
Spot Market With Aggregate Market Demand
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4.3.3

Changing Market Conditions

4.3.3.1 Changes in Export Demand
Figure 4.7a illustrates how the first of these market changes, which is a shift in export
demand, can affect domestic market outcomes. The first of the three panels in Figure 4.7a is the
same level of export demand from Figure 4.6, and sets the baseline export demand for the
remaining two panels to be compared against. All future figures in this chapter with at least two
panels are designed this way. The second panel illustrates the effect of reduced export demand,
which in this case is a reduction in 𝑄 , , export consumer surplus, and export market revenue.
Panel three illustrates the effect of increased export demand, which has the opposite effect of
reduced export demand, increasing 𝑄 , , export consumer surplus and export market revenue.
However, the new intersection of the export demand curve and the offer function results in a
larger 𝑃 . This reduces the quantity demanded domestically, 𝑄 , , and therefore domestic
consumer surplus. Because of this, any movement of the intersection of aggregate market
demand and the offer stack along a vertical segment, holding domestic demand constant, causes
a change in the quantity of exports even though 𝑄

,

remains unchanged. Higher prices increase

the quantity of exports.
4.3.3.2 Changes in Domestic Demand
Figure 4.7b illustrates how a shift in domestic demand can affect domestic market
outcomes. Relative to the first panel, the second panel considers a scenario with reduced
domestic demand. This reduction is born out as an inward (towards the y-axis) shift of the
demand curve. The aggregate market demand also shifts with the domestic demand curve, as it is
partially comprised of the domestic demand curve. This results in a lower 𝑃 , although this is not
always the case. At this new 𝑃 , the quantity of exports, and therefore export consumer surplus,
has increased. While in the previous figure, lower market prices were established as increasing
domestic quantity demanded (𝑄 , ), this effect has been offset in the second panel by the size of
the shift in the domestic demand curve, resulting in a reduced 𝑄 , . This reduction also decreased
the size of 𝑄 , . All domestic forms of benefits, in this case domestic consumer surplus and
domestic market revenue, decrease, while all forms of export benefits, in this case export
consumer surplus and export market revenue, increase. The third panel depicts a scenario where
the domestic demand curve has increased. In scenarios like this, the effects are the exact
opposite.
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4.3.3.3 Changes in Fuel Cost (Variable Input Cost)
Figure 4.7c illustrates the effect of a change in a producer’s fuel costs, and therefore their
variable costs, on a change in market outcomes. Relative to the first panel in this figure, the
second panel considers the outcome of reduction in Producer 3’s fuel cost, while the third panel
considers an increase in this same cost. Because Producer 3 is the marginal producer, or the
producer whose offer sets the market clearing price, the reduction in fuel cost in the second panel
causes their offer price to drop, as the variable cost portion of the short-run average total cost
decreased. This results in them being scheduled to produce their entire capacity. It also decreases
the market clearing price and increases both the quantity supplied to domestic and export
consumers. In panel 3, the opposite happens, as, in order to cover the increase in the cost of fuel,
they have to increase their offer price, increasing the market price and decreasing the quantity
supplied to domestic and export consumers. In general, if the fuel costs for the marginal
generator change, they will change the market clearing price and quantities, even when all other
producers’ behavior remains unchanged.
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Figure 4.7a- Price, Quantity, Surplus and Revenue Determination In the Wholesale Spot Market at
Different Levels of Export Demand
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Figure 4.7b- Price, Quantity, Surplus and Revenue Determination In the Wholesale Spot Market at
Different Levels of Export Demand
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Figure 4.7c- Price, Quantity, Surplus and Revenue Determination In the Wholesale Spot Market Under
Different Fuel Prices for Producer 3
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4.4

Conceptual Model: Evaluative Criteria for Determining if Exports Benefit or Cost
Domestic Consumers
In this section I set aside the market I have developed to the end Section 4.3 in order to

explain the criteria I use to determine if and when exports can be considered a benefit or a cost to
domestic consumers. Rather than using figures to do this, I use equations as they enable me to
develop and explain these criteria in a much more clear and concise manner. As well, the
equations I develop in this section provide the foundation for several other equations I develop in
other sections to help explain certain figures. While there are several equations in this section,
they are all built from mainstream microeconomic equations. For producers I focus on the total
revenue portion of the profit function and for consumers I focus on the expenditure portion of the
budget constraint (i.e ∑ 𝑝 𝑥 ), which I refer to as domestic consumers’ total expenditure. For the
purpose of simplicity, I use the passive (i.e. 𝑝 𝑥 ) rather than active versions (i.e. 𝑝 𝑥 (𝑝 )) of
each. I will begin by first introducing equations for the total revenue earned by all producers, the
total expenditure made by domestic and export consumers, and for the Global Adjustment as
well as how payments flow between them. I will then use these functions and their connections
to develop the test I employ to determine the conditions under which exported electricity is
considered to benefit or costs domestic consumers, as well as when it has no effect on them. The
Global Adjustment, Total Revenue and Total Expenditure Equations are written with linear
algebra. The conditional outcomes for determining export benefits and costs focus on how
domestic consumers’ Total Expenditure changes as the quantity of exports change, and so they
are written using differential calculus. Following this section, I will continue the market model
developed in section 4.3 by adding procurement contracts into the model, and demonstrating
with both figures and equations how different procurement contracts causes exports to either
benefit domestic consumers, cost domestic consumers or have no effect on them. As was stated
in the introduction of this Chapter, unless otherwise specified, the time frame for all equations
and figures is one hour.
4.4.1

Revenues, Expenditures and Financial Exchanges in The Market
Before adding procurement contracts to the market, it is important to cover a few

important concepts. While all of the players in the market (producers, domestic and export
consumers) have already been introduced in Figure 4.6, the relationship between these three has
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so far not extended past the wholesale market. However, as producers are given procurement
contracts, their financial contract obligations are partially met through an out of market
settlement account discussed in Chapter 3, the Global Adjustment. To recap, for each contracted
producer, the difference between the total market revenue they earned and the contracted market
revenue they are owed, whether it is a positive or negative amount (≷ 0), is added to the Global
Adjustment. If this difference is equal to 0, then nothing is added to the Global Adjustment. If
the net value for these revenues results in the total value of the Global Adjustment being
positive, domestic consumers must pay this total value. If it is a negative amount, domestic
consumers’ bills are reduced by this total value. The relationship between the Global
Adjustment, producers, domestic and export consumers, is the central component of the export
benefit/cost debate. Before adding different contracts into the market and exploring their specific
effects, I will outline a more generalized version of the aforementioned relationship using
equations for producers’ Total Revenue, the total value of the Global Adjustment, and both
consumer groups’ Total Expenditure, as these contain all of the relevant variables to determine
whether exports are a benefit or cost to domestic consumers. Also, I will be referring to all of
these values throughout this chapter as they can be used to demonstrate different, yet important
concepts. I use the producers’ Total Revenue function to explain how changes in market
conditions will affect producers’ total revenue given the type of contract they have. I use the total
value of the Global Adjustment to explain how changes in market conditions effect the total
value domestic consumers have to pay. I use the domestic consumers’ Total Expenditure to
explain how changes in market conditions affect domestic consumers rates for electricity.
4.4.1.1 Producers’ Total Revenue
The following series of equations, from 4.1 to 4.1e, explains the total revenue function
for all producers in the market, broken down into 4 parts or revenue streams. I ignore the cost
function as it is not relevant for my purposes. What each of these revenue streams is a function
of is highlighted in Equations 4.1b-4.1e as much of the remainder of this chapter will be spent
isolating how each variable can affect each revenue stream. This is necessary for understanding
whether electricity exports are a benefit or a cost.
𝑇𝑅 = 𝑅
𝑅

, ,

, ,

+𝑅

(𝑃 , 𝑞 ,

,

, ,

)=

+𝑅

,

+𝑅

𝑃 𝑞,

, ,

(4.1)
(4.1a)

,
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Substitute Equations 4.1a, 4.1b, 4.1c, and 4.1d into Equation 4.1. Remove duplicate

(4.1e)

quantity and market price variables in Equations 4.1c and 4.1d to avoid redundancies.
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Subject to the following procurement contract constraints
Each j style of contract is a ⊂ either 𝑒𝑝 or 𝑎𝑐
For all i producers with a j style contract which is a

⊂ 𝑒𝑝, 𝑝𝑖,𝑗,𝑎𝑐 = 0
⊂ 𝑎𝑐, 𝑝𝑖,𝑗,𝑒𝑝 = 0

Subject to the following market constraints
𝑄

,

≡𝑄

,

𝑄

,

≡𝑄

,

𝑛

𝑖𝑓

𝑛

𝑞𝑖,𝑠,𝑑 ≡ 𝑄𝑑,𝑑

𝑞𝑖,𝑠,𝑒 > 0,
𝑖=1

𝑖=1

Where
𝑇𝑅 is the Total Revenue (TR) of all (n) producers in the market
𝑅

, ,

is the Revenue (R) earned from the Market (m) by all (n) producers for their quantity
Supplied (s) to Domestic (d) consumers.
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𝑅

, ,

is the Revenue (R) earned from the Market (m) by all (n) producers for the quantity
they Supplied (s) to Export (e) consumers.

𝑅

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for

,

services provided to Domestic (d) consumers. These services are the provision
electricity generation and productive capacity.
𝑅

, ,

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for
their quantity Supplied (s) to Domestic (d) consumers. Only applies to procurement
contracts which pay per unit of production.

𝑅

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for

,

the quantity of Available Capacity (ac) they maintain. Only applies to procurement
contracts which pay for the quantity of available capacity maintained.
𝑅

, ,

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for
their quantity Supplied (s) to Export (e) consumers. Only applies to procurement
contracts which pay per unit of production.

𝑃 is the Price (p) used to settle the wholesale electricity Market (m). This is the market
clearing price
𝑞,

,

is the Quantity (q) producer i Supplied (s) to Domestic (d) consumers

𝑞,

,

is the Quantity (q) producer i Supplied (s) to Export (e) consumers

𝑝,

,

is the Price (p) producer i with the jth procurement Contract (c) is contractually
obligated to receive for each MWh of Electricity Produced (𝑒𝑝). This applies only
to procurement contracts which pay producers for the quantity of electricity they
supply to the market.

𝑝,

,

is the Price (p) producer i with the jth procurement Contract (c) is contractually
obligated to receive for each MWh of Available Capacity (ac) they maintain for
production. This applies only to procurement contracts which pay producers for the
quantity of productive capacity they offer to the market.

𝑞,

is the Quantity (q) of Available Capacity (ac) producer i is paid for in their
procurement contract for the purposes of ensuring domestic demand needs can be
met. This applies only to procurement contracts which pay producers for the
quantity of productive capacity they offer to the market.
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𝑄

,

is the Quantity (𝑄) Demanded (d) by all Domestic (d) consumers in the market.

𝑄

,

is the Quantity (𝑄) Supplied (s) by producers to all Domestic (d) consumers in the market.

𝑄

,

is the Quantity (𝑄) Demanded (d) by all Export (e) consumers in the market.

𝑄

,

is the Quantity (𝑄) Supplied (s) by producers to all Export (e) consumers in the market.

Equation 4.1 splits the total revenue for all producers in the market into four different
revenue streams. I have broken Total Revenue down this way in order to isolate which parts of
producers’ Total Revenue can be associated with the creation of benefits or costs to domestic
consumers from exports. Each of these revenue streams is categorized as either coming from the
market (𝑅

, ,

,𝑅

, ,

) or from a contract payment (𝑅

,

,𝑅

, ,

). Revenue streams coming from

the market are those which are earned by selling electricity and receiving the market clearing
price for it. Revenue streams coming from a contract payment are those which are earned by
either selling electricity (𝑅

, ,

,𝑅

, ,

) or ensuring the availability of productive capacity (𝑅

,

).

Depending on the payment mechanism in the procurement contract, producers earn one of these
two. Each revenue stream is also categorized as domestic or export to identify which consumer
group was supplied for the producer to receive their revenue.
The first two revenue streams, 𝑅

and 𝑅

, ,

, ,

, which are described in equations 4.1a

and 4.1b, are a breakdown of the traditional calculation of total revenue (market clearing price
multiplied by quantity of output) by which consumer group was supplied (domestic or export) by
producers to earn that stream of revenue. 𝑅

, ,

is the Revenue (R) earned from the Market (m)

by all (n) producers for their quantity Supplied (s) to Domestic (d) consumers. I will also refer to
it as (producers’) domestic market revenue or the domestic market revenue stream. 𝑅

, ,

is the

Revenue (R) earned from the Market (m) by all (n) producers for the quantity they Supplied (s)
to Export (e) consumers. I will also refer to it as (producers’) export market revenue or the export
market revenue stream.
The second two revenue streams, 𝑅

,

and 𝑅

, ,

, which are described in equations 4.1c

and 4.1d, breakdown the revenues earned by producers through their procurement contracts by
which consumer group was supplied (domestic or export) for producers to earn that stream of
revenue. 𝑅

,

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for

services provided to Domestic (d) consumers. I will also refer to it as (producers’) domestic
contract revenue or the domestic contract revenue stream. 𝑅

, ,

is the Revenue (R) earned from
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procurement Contracts (c) by all (n) producers for the quantity they Supplied (s) to Export (e)
consumers. This only applies to procurement contracts which pay per unit of production. I will
also refer to it as (producers’) export contract revenue or the export contract revenue stream.
Producers’ domestic contract revenue (𝑅

,

) is a combination of two subgroups of

contract revenue earned for services supplied to domestic consumers. The first subgroup is
𝑅

, ,

, which is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for

the quantity they Supplied (s) to Domestic (d) consumers. This applies to procurement contracts
which pay per unit of production. It is functionally equivalent to producers’ export contract
revenues (𝑅

, ,

) except it is earned for electricity supplied to domestic consumers. I will also

refer to it as (producers’) domestic supply-based contract revenue or the domestic supply-based
contract revenue stream. The second contract revenue subgroup within producers’ domestic
contract revenue (𝑅

,

) is 𝑅

,

, which is the Revenue (R) earned from procurement Contracts

(c) by all (n) producers for the quantity of Available Capacity (ac) they maintain. This only
applies to procurement contracts which pay for the quantity of available capacity maintained. I
will also refer to it as (producers’) capacity-based contract revenue or the capacity-based contract
revenue stream. As previously explained in section 3.6, capacity is only procured to meet
forecasted domestic demand needs, so capacity based contract revenue is received for capacity
supplied to domestic consumers only. For this reason, I drop the ‘domestic’ prefix when referring
to this contract revenue stream.
While the contract revenue streams (𝑅

,

,𝑅

, ,

) in Equations 4.1c and 4.1d contain a

similar functional form to the market revenue streams ( 𝑅

, ,

,𝑅

, ,

) in Equations 4.1a and 4.1b

(i.e. price multiplied by quantity), there are two extra prices used to calculate them, 𝑝 ,
𝑝,

,

,

and

. These two variables both represent prices paid to producers through their procurement

contracts. The subscript i denotes that the price variable belongs to the ith producer. The j denotes
that they have the jth style of procurement contract, as different procurement contracts have
different contract prices and payment mechanisms. The subscript s denotes that this variable only
applies when the jth procurement contract owned by producer i pays the producer for the quantity
of electricity supplied in the market. The subscript ac denotes that this variable only applies
when the jth procurement contract owned by producer i pays the producer for the quantity of
productive capacity they have available in market. The two producer contract price variables
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(𝑝 ,

,

,𝑝 ,

,

) are subject two constraints which are listed below Equation 4.1e. The first

constraint states that each jth style of procurement contract is a subset of either contracts which
pay for the quantity of electricity produced (ep) or for the quantity of available capacity (ac)
maintained by the producer. This means that ep and ac contract groupings are mutually
exclusive, and all styles of procurement contracts can broadly be grouped into one of these two.
The second constraint states that for all producers with a style of procurement contract which is a
subset of one of the two contract groupings (ep,ac), the contract price variable for the other
contract grouping (𝑝 ,
𝑝,

,

,

,𝑝 ,

,

) equals 0. This means that for each ith producer, either 𝑝 ,

or

,

equals 0. Within each of these two types of contract payments to producers, there are

different categories of procurement contracts. While these categories were briefly explained in
Section 3.6, they possess unique characteristics which are discussed from Section 4.4 onward
and thus are not discussed further in the present section.
Equation 4.1e is an expanded version of Equation 4.1, and is included to provide a more
in-depth understanding of how producers’ total revenue is calculated. It is constructed by
substituting Equations 4.1a-4.1d into Equation 4.1. In doing this substitution, any repeated
quantity variables (𝑞 ,

,

, 𝑞 , , ) or market clearing price variables (𝑃 ) from Equations 4.1c and

4.1d are removed. This is because each of the contract revenue streams in these equations (𝑅
𝑅

,𝑅

,

, ,

, ,

,

) are expressed independent of each other which creates redundancies when

expressed together. For example, producers’ domestic, supply-based contract revenue (𝑅

, ,

) is

expressed independently in Equation 4.1c as the aggregation of the difference between the
supply-based contract price (𝑝 ,

,

) and the market clearing price (𝑃 ) multiplied by the quantity

supplied to domestic consumers across all n producers with supply-based contract revenues, or
∑

(𝑝 ,

(𝑅

,

(𝑅

,

,

− 𝑃 )(𝑞 ,

,

). Combining this with producers’ capacity-based contract revenue

) as it is written in Equation 4.1c would result in producers’ domestic contract revenue
) equaling ∑

(𝑝 ,

,

− 𝑃 )(𝑞 ,

,

)+∑

𝑝,

,

𝑞,

− 𝑃 (𝑞 ,

,

+ 𝑞 , , ). If considering

the contract revenue for the ith producer with a contract which pays for available capacity, the
contract price for the supply-based contract revenue (𝑝 ,
producer’s contract revenue equaling 𝑝 ,

,

𝑞,

) reduces to 0, resulting in the

,

−𝑃 𝑞,

,

+𝑞,

,

−𝑃 𝑞,

,

.This

underestimates the producer’s capacity based contract revenue by a value of 𝑃 𝑞 ,

,

which

was left over from the producers’ supply-based contract revenue function. This over/under
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estimation problem does not occur in Equation 4.1e because duplicates of the market clearing
price (𝑃 ) and quantity (𝑞 ,

,

, 𝑞 , , ) are removed.

The constraints included below in Equations 4.1-4.1e apply to all the Equations in the 4.1
series, as well as all other equations in this framework, as they pertain to the market quantities
consumed domestically and for export, regardless of procurement contracts. The first two state
the total market quantities demanded domestically and for export necessarily equal the total
quantities supplied domestically and for export. This means that the market quantities perfectly
clear, which is a real-world constraint in the electricity sector. The third constraint states that if
the sum of the quantity of exports supplied by all producers in the market is greater than 0, then
the sum of the quantity supplied domestically is equal to the total domestic quantity demanded at
the prevailing market clearing price. This constraint ensures the satisfaction of all domestic
demand bids at the given market clearing price before any export demand is supplied. As
discussed in section 3.4, aside from a very small dispatchable demand program, this constraint
holds in reality.
It is important to note that in Equations 4.1-4.1e both domestic and export contract
revenue streams are a function of the quantity of exports supplied. In the export contract revenue
stream, contract payments made to producers for their actual production are a function of the
quantity of exports they supplied. In the domestic contract revenue stream, contract payments
made to producers for their available capacity are a function of the quantity of exports supplied.
This is important for understanding how to measure the benefits and costs domestic consumers
face with respect to the supply of exports, which I explain in Section 4.3.2.
4.4.1.2 Total Consumer Expenditure by Consumer Group
In the absence of procurement contracts, domestic consumers pay the market clearing
price (𝑃 ) for each MWh they consume (𝑄 , ), or 𝑃 𝑄 , . This value is equal to the producers’
domestic market revenue stream (𝑅

, ,

), as the sum of the quantity supplied to domestic

consumers by all i producers necessarily equals the total quantity supplied to domestic
consumers (∑

𝑞,

,

≡ 𝑄𝑠,𝑑 ). In the presence of procurement contracts, domestic consumers will

also pay the value of both contract revenue streams (domestic, 𝑅

,

, and export, 𝑅

, ,

) earned by

producers. This relationship is described in Equation 4.2, which shows that domestic consumers’
Total Expenditure is equal to the sum of producers’ domestic market revenue, domestic contract
revenue and export contract revenue. The fourth producers’ revenue stream, export market
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revenue (𝑅

, ,

), is paid for by export consumers, and is displayed in Equation 4.3. As I have

already explained, export consumers do pay the market price for each MWh they consume, but
do not cover the value of any contract payments. For this reason, they only pay producers’ export
market revenue stream.
𝑇𝐸

,

=𝑅

, ,

+𝑅

𝑇𝐸 , = 𝑅

,

+𝑅

, ,

(4.2)
(4.3)

, ,

Where
𝑇𝐸
𝑅

is the Total Expenditure (𝑇𝐸) by all k Domestic (d) consumers.

,

is the Revenue (R) earned from the Market (m) by all (n) producers for their quantity

, ,

Supplied (s) to Domestic (d) consumers. (from Equation 4.1a)
𝑅

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for

,

services provided to Domestic (d) consumers. These services are the provision
electricity generation and productive capacity. (from Equation 4.1c)
𝑅

, ,

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for
their quantity Supplied (s) to Export (e) consumers. (from Equation 4.1d)

𝑇𝐸 , is the Total Expenditure (𝑇𝐸) by all l Export (e) consumers.
𝑅

, ,

is the Revenue (R) earned from the Market (m) by all (n) producers for for their

quantity Supplied (s) to Export (e) consumers. (from Equation 4.1b)
4.4.1.3 The Global Adjustment
As previously mentioned, all producers’ contract revenues come from the Global
Adjustment, so it follows that the total value of the Global Adjustment is equal to the sum of
producers’ contract payments from all sources. This relationship is expressed in Equation 4.4.
𝐺𝐴 = 𝑅

,

+𝑅

, ,

(4.4)

Where
𝐺𝐴 is the Global Adjustment (𝐺𝐴) Total (t) Value (v)
𝑅

,

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for
their Domestic (d) quantity supplied. (from Equation 4.1c)

𝑅

, ,

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for
their Export (e) quantity supply. (from Equation 4.1d)
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The value of the Global Adjustment is a function of producers’ domestic and export
contract revenue streams. From Equation 4.2, domestic consumers’ Total Expenditure (𝑇𝐸

,

) is

also a function of producers’ domestic and export contract revenue streams. Substituting
Equation 4.4 into Equation 4.2 results in Equation 4.2a:
𝑇𝐸

,

=𝑅

, ,

(4.2a)

+ 𝐺𝐴

Equation 4.2a presents domestic consumers’ Total Expenditure (𝑇𝐸

,

) as the sum of the

revenue earned by producers’ in the market for electricity supplied to domestic consumers
(𝑅

, ,

) and the total value of the Global Adjustment (𝐺𝐴 ). Further discussion of the relevance

of Equation 4.2a and 4.4 occurs in section 4.3.2. Both of these equations are used in other
sections of this Chapter as well.
4.4.1.4 Transfer of Wealth Between Consumer and Producer Groups
With producers’ Total Revenue (section 4.4.1.1), Domestic and Export Consumers’ Total
Expenditure (section 4.4.1.2) and the Global Adjustment (section 4.4.1.3) established, I will now
explain how they are all connected. From Equation 4.1, the Total Revenue earned by all n
producers in the market is
𝑐
𝑚
𝑐
𝑇𝑅 = 𝑅𝑚
𝑛,𝑠,𝑑 + 𝑅𝑛,𝑠,𝑒 + 𝑅𝑛,𝑑 + 𝑅𝑛,𝑠,𝑒

Substituting in Equation 4.4, Equation 4.1 can be written as
𝑣
𝑚
𝑇𝑅 = 𝑅𝑚
𝑛,𝑠,𝑑 + 𝑅𝑛,𝑠,𝑒 + 𝐺𝐴𝑡

Further substituting in Equation 4.3, Equation 4.1 can be written as
𝑣
𝑇𝑅 = 𝑇𝐸𝑙,𝑒 + 𝑅𝑚
𝑛,𝑠,𝑑 + 𝐺𝐴𝑡

From Equation 4.2a, 𝑅

, ,

+ 𝐺𝐴 is equal to 𝑇𝐸

,

. So by also substituting in Equation

4.2a, Equation 4.1 can be written as
𝑇𝑅 = 𝑇𝐸𝑘,𝑑 + 𝑇𝐸𝑙,𝑒
Where
𝑇𝑅 is the Total Revenue (TR) of all (n) producers in the market
𝑅

, ,

is the Revenue (R) earned from the Market (m) by all (n) producers for their
quantity Supplied (s) to Domestic (d) consumers. (from Equation 4.1a)

𝑅

, ,

is the Revenue (R) earned from the Market (m) by all (n) producers for for their
quantity Supplied (s) to Export (e) consumers. (from Equation 4.1b)
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𝑅

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for

,

their Domestic (d) quantity supplied. (from Equation 4.1c)
𝑅

, ,

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for
their Export (e) quantity supply. (from Equation 4.1d)

𝐺𝐴 is the Global Adjustment (𝐺𝐴) Total (t) Value (v). (from Equation 4.4)
𝑇𝐸

,

is the Total Expenditure (𝑇𝐸) by all k Domestic (d) consumers. (From Equation 4.2)

𝑇𝐸 , is the Total Expenditure (𝑇𝐸) by all l Export (e) consumers. (from Equation 4.3)
which says that the Total Revenue earned by all n (𝑇𝑅 ) is equal to the sum of Total Expenditure
by all k domestic consumers (𝑇𝐸

,

) and export consumers (𝑇𝐸 , ). This establishes that all four

producers’ revenue streams are recovered entirely from all consumers in the market. The
previous set of Equations also show that both contract revenue streams received by producers
(𝑅

,

,𝑅

, ,

) form the Global Adjustment (𝐺𝐴 ), which itself is a portion of domestic consumers’

Total Expenditure (𝑇𝐸

,

).

Table 4.1 shows which of the four producers’ revenue streams make up domestic and
export consumers’ Total Expenditure, as well the ‘path’ each revenue stream follows from its’
source (i.e. who pays) to its’ destination (i.e. who receives the revenue). In line with the rest of
this Chapter, Table 4.1 represents revenues and exchanges in the market on an hourly basis. In
reality, debts and payments are calculated for each market hour and exchanged at the end of the
month (IESO, 2013). So the transactions in Table 4.1 represent how hourly debts and payments
can be understood to accrue and transfer between different market participant groups rather than
how the end of the month market settlements actually occur.
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Table 4.1- Source, Path, and Destination of Each of the Four Producers' Revenue Stream
Payment and
Total
Total
Revenue
Total Value of
Expenditure Expenditure
Groups
the Global
by Domestic by Export
Adjustment
Consumers Consumers
Producers’
(𝑮𝑨𝒗𝒕 )
(𝑻𝑬𝒌,𝒅 )
(𝑻𝑬𝒍,𝒆 )
Revenue Streams
Domestic Market
Revenue

𝑅,

,

Export Market
Revenue
Domestic Contract
Revenue
Export Contract
Revenue

𝑅,
𝑅,
𝑅,

,

,

∑

𝑅,

,

>0

∑

𝑅,

,

=0

∑

𝑅,

,

<0

Total
Revenue for
Producers
(𝑻𝑹𝒏 )
𝑅,

,

𝑅,

,

𝑅,
𝑅,

,

Where:
𝑇𝐸

,

is the Total Expenditure (𝑇𝐸) by all k Domestic (d) consumers. (from Equation 4.2)

𝑇𝐸 , is the Total Expenditure (𝑇𝐸) by all l Export (e) consumers. (from Equation 4.3)
𝐺𝐴 is the Global Adjustment (𝐺𝐴) Total (t) Value (v) (from Equation 4.4)
𝑇𝑅 is the Total Revenue (TR) of all (n) producers in the market (from Equation 4.1)
n represents the number of producers in the market
𝑅 , , is the Revenue (R) earned from the Market (m) by producer i for their quantity
Supplied (s) to Domestic (d) consumers. (from Equation 4.1a)
𝑅 , , is the Revenue (R) earned from the Market (m) by producer i for their quantity
Supplied (s) to Export (e) consumers. (from Equation 4.1b)
𝑅 , is the Revenue (R) earned from procurement Contracts (c) by producer i for services
they provided to Domestic (d) consumers. These services are the provision
electricity generation and/or productive capacity. (from Equation 4.1c)
𝑅 , , is the Revenue (R) earned from procurement Contracts (c) by producer i for their
quantity Supplied (s) to Export (e) consumers. (from Equation 4.1d)
is the Revenue (R) earned from procurement Contracts (c) by producer i for their
services provided to Domestic (d) and Export (e) consumers. It is the sum of 𝑅 ,
and 𝑅 , , for producer i.
Source: Author
𝑅,

,
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In Table 4.1, the market revenue streams flow in one direction. Domestic market revenue
(∑

𝑅,

,

) earned by all n producers comes from domestic consumers’ Total Expenditure

(𝑇𝐸

,

) and is paid to producers’ as part of their Total Revenue (𝑇𝑅 ). Export market revenue (

∑

𝑅 , , ) earned by all n producers comes from export consumers’ Total Expenditure (𝑇𝐸

,

)

and is paid to producers’ as part of their Total Revenue (𝑇𝑅 ). The contract revenue streams
flow in two directions. As discussed in section 4.4.1, when a producer's market revenue is less
than the total contract revenue they are entitled to, they are paid the difference, if it is greater,
they pay the difference, and if the two are equal then their contract revenue is $0. Similarly, in
the Global Adjustment (𝐺𝐴 ) column in Table 4.1, the combined domestic and export contract
revenue (𝑅 ,

) earned by the ith producer is either greater than, less than, or equal to 0. When

,

this revenue (𝑅 ,

,

) is greater than zero (>0), both domestic and export contract revenue streams

for the ith producer (𝑅 , , 𝑅 , , ) come from domestic consumers’ Total Expenditure (𝑇𝐸
transfer into the Global Adjustment. When this revenue (𝑅 ,

,

,

) and

) is less than 0 (<0), both domestic

and export contract revenue streams for the ith producer (𝑅 , , 𝑅 , , ) come from their Total
Revenue (𝑇𝑅 ) and transfer into the Global Adjustment. When this revenue (𝑅 ,

) is equal to 0

,

(=0), there is no transfer as the producer’s contract revenue equals 0. The sum of contract
revenues owed to all n producers (∑

𝑅,

,

) which are greater than 0 (>0) come from the

Global Adjustment and are paid to the appropriate producers as part of producers’ Total Revenue
(𝑇𝑅 ). Conversely, the sum of contract revenues owed to all n producers (∑

𝑅,

,

) which are

less than 0 come from the Global Adjustment and are paid to domestic consumers’ and reduce
the value of their Total Expenditure (𝑇𝐸

,

).

There are a few concepts based on the discussion above which are important to address.


While the combined domestic and export contract revenue (∑

𝑅,

,

) is the sum of the ith

producer’s domestic contract revenue (𝑅 , ) and export contract revenue (𝑅 , , ), not all
producers in a given market hour supply exports. This means that even if 𝑅 ,
value, 𝑅 ,


,

,

is a non-zero

can equal 0.

Different producers have different procurement contracts, so it is possible that the combined
domestic and export contract revenue (𝑅 ,

,

) earned by some producers be greater than 0,

while for others it could be less than 0 or equal to 0.
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The value of all four of the producers’ revenue streams are a function of market conditions
including domestic and export demand bids, supply offers and the market clearing price.
Because all of these can change on an hourly basis, the value of each revenue stream for the
ith producer, as well as the aggregate value of all revenue streams, can change on an hourly
basis.
So while in reality, the Global Adjustment (𝐺𝐴 ) appears as either a single charge or

rebate to domestic consumers at the end of the month, it is actually the value of contract payment
obligations owed by domestic consumers to certain producers and from other producers to
domestic consumers in each hour, aggregated over the month.
4.4.2

Explanation of the Conceptual model.
As previously discussed, the central debate about whether exports from Ontario benefit or

cost domestic consumers is divided between those who argue exported electricity is a benefit to
consumers and those who argue it is a cost. Those on the export benefit side argue that export
market revenues (𝑅

, ,

revenue streams (𝑅

,

) earned by producers decrease the value of the producers’ contract

,𝑅

, ,

) that have to be paid for by domestic consumers. This means that

export market revenues reduce the value of an unavoidable cost to domestic consumers.
Alternatively, those on the export cost side argue that export contract revenues (𝑅

, ,

) earned by

producers are a cost which domestic consumers would not have to pay in the absence of export
demand being scheduled, and are therefore avoidable. As outlined in Section 3.6, there several
different types of payment mechanisms for procurement contracts. Some of these could be
classified as unavoidable while others could be classified as avoidable. But doing so would not
be very useful, as this dichotomy implicitly assigns export benefits to contracts with unavoidable
costs and export costs to contracts with avoidable costs, despite this not necessarily being the
case. Instead, I answer the question “How does the value of domestic consumers’ Total
Expenditure (𝑇𝐸

,

) change as a result of a change in the quantity of export demand scheduled in

the market?”. This is effectively the same question that the Market Surveillance Panel (2014), the
Ontario Energy Board’s electricity market monitoring panel, uses in their assessment of the
export benefit/cost debate. This question is at the heart of the export benefit/cost debate in
Ontario.
To better illustrate what is meant by the question proposed above consider the following
example from the previously discussed Figure 4.7a (See Section 4.3.3.1), which depicts the
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change in market outcomes given either increasing or decreasing export demand and no
contracted producers. Between the first two panels in Figure 4.7a, export demand decreases,
reducing the total quantity of electricity supplied (𝑄 , ) in the market, but not the market clearing
price (𝑃 ). Because the market clearing price (𝑃 ) did not change, the quantity supplied to all
domestic consumers in the market (𝑄 , ) also did not change, meaning the only decrease in
quantity supplied was to export consumers. So when export demand and therefore the quantity of
exports supplied decreased but the market clearing price (𝑃 ) remained the same, domestic
consumers’ total quantity consumed (𝑄 , )40 and therefore their total expenditure (𝑇𝐸

,

=

𝑃 𝑄 , ) remained the same. This would also hold if export demand had increased but the market
clearing price (𝑃 ) had remained the same. The main point here is that in the absence of market
distortions (i.e. procurement contracts), changes in export demand which do not change the
market clearing price have no effect on the market outcome for domestic consumers. This
conforms with the prevailing economic theory for any generic market, not just the electricity
sector. But because producers in Ontario receive revenue from procurement contracts, there are
two more possible outcomes for the situation described above. Each of these outcomes is
defended by opposing sides in the export benefit/cost debate in Ontario.
One possible outcome is that an increase in exports which does not change the market
clearing price (𝑃 ) causes a decrease in domestic consumers’ Total Expenditure (𝑇𝐸

,

). This is

the argument supported by the export benefit side of the debate, as in this case exports benefit
domestic consumers’ by decreasing the value of their Total Expenditure (𝑇𝐸

,

).

The other possible outcome is that an increase in exports which does not change the
market clearing price (𝑃 ) causes an increase in domestic consumers’ Total Expenditure (𝑇𝐸

,

).

This is the argument supported by the export cost side of the debate, as in this case exports cost
domestic consumers’ by increasing the value of their Total Expenditure (𝑇𝐸

,

).

Although not discussed in the export benefit/cost debate, the outcome I previously
described when there was no contracted producers, which is where domestic consumers’ Total
Expenditure (𝑇𝐸

,

) is unaffected by changes in exports, is also a possible outcome when

producers have procurement contracts. In this outcome I will say exports are neutral, as an

40

As a reminder, while 𝑄 , is defined as the total Quantity Supplied to Domestic consumers, in Section 4.3.2 and in the conditions for Equation
4.1, I explain that 𝑄 , necessarily equals 𝑄 , , the total Quantity Demanded by all Domestic consumers. This means they are interchangeable,
and as I explained in section 4.3.2, I will only be using 𝑄 , to represent both concepts.
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increase in exports which does not change the market clearing price (𝑃 ) neither increases or
decreases domestic consumers’ Total Expenditure (𝑇𝐸

).

,

These three possible outcomes are the three possible answers to the export benefit/cost
debate in Ontario, with the neutral outcome being a previously excluded outcome from the
public debate41. From these three possible outcomes there are two points which should be
highlighted. The first is that all three outcomes are only possible for producers with procurement
contracts. For those that do not, only the neutral outcome is possible. This means that the benefit
and cost outcomes are tied to the interaction between exports and the size of contract payments
to producers. The second point is that these outcomes are dynamic, not static in nature. By this I
mean that which outcome occurs cannot be determined by looking at the value of exports, the
market clearing price (𝑃 ) and domestic consumers’ Total Expenditure (𝑇𝐸

,

) for any given

market clearing hour. Which outcome occurs can only be determined by considering the change
in domestic consumers’ Total Expenditure (𝑇𝐸

,

) given a change in exports, holding the market

clearing price (𝑃 ) and everything else constant. Combining these two points together with the
discussion and terminology developed in Section 4.4.1.4, the question I am answering can be
rephrased as: “How does the value of the Global Adjustment (𝐺𝐴 ) change as a result of a
change in the quantity of export demand scheduled in the market?” As discussed in Section
4.4.1.4, the domestic and export contract revenues (𝑅

,

,𝑅

, ,

) earned by producers, which

together equal the value of the contract payments to all producers, make up the Global
Adjustment (𝐺𝐴 ). From Equation 4.2a, the Global Adjustment (𝐺𝐴 ) is paid for by domestic
consumers as part of their Total Expenditure (𝑇𝐸

,

). By looking at how the value of the Global

Adjustment (𝐺𝐴 ) changes with changes in scheduled export demand, changes in producers’
contract revenues (𝑅

,

,𝑅

, ,

) and domestic consumers’ Total Expenditure (𝑇𝐸

,

) can all be

captured simultaneously. Throughout this Chapter I will switch between these variables during
my explanations, so it is important to remember that when looking at how variations in exports
affect domestic consumers, these variables can be used interchangeably.
4.4.2.1 Algebraic Formulation of the Conceptual Model
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The Market Surveillance Panel (2014) does acknowledge the existence of this outcome, but as discussed in Section 2.2, I am not considering
them when discussing the export benefit/cost debate in Ontario as their contribution is more complex and thorough than arguments on either side,
and has received no significant public attention.
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Using the producers’ Total Revenue (𝑇𝑅 ) function from Section 4.4.1.1, domestic
consumers’ Total Expenditure (𝑇𝐸

) function from Section 4.4.1.2 and the Global Adjustment

,

(𝐺𝐴 ) function from Section 4.4.1.3, I will express the three possible outcomes to the question
“How does a change in the quantity of exports supplied change domestic consumers’ total
expenditure on electricity?” developed previously using function notation. I develop this by
considering the effect of an incremental increase in exports (i.e. partial derivative) on domestic
consumers’ Total Expenditure (𝑇𝐸

) from Equation 4.2a. I will also refer to this as domestic

,

consumers’ marginal expenditure on exports, although utility is not considered in these
equations. Equation 4.2a contains the Global Adjustment and all four producers’ revenue
streams, so any possible effect a change in exports might have on any revenues or expenditures
in the market will be captured in this Equation. In the following series of Equations, I begin with
Equation 4.2a, but with each variable on the right-hand side expressed in functional notation. I
then take the partial derivative of this with respect to exports, expanding it out step-by-step in
order to discuss some important points.
In Section 4.4.1.3, domestic consumers’ Total Expenditure was established in Equation 4.2a
as 𝑇𝐸

=𝑅

,

, ,

+ 𝐺𝐴 . Substituting in the functional notation for variables from

Equations 4.1a, 4.1b, 4.1c, 4.1d, Equation 4.2a can be written as:
𝑇𝐸

,

=𝑅

, ,

(𝑃 , 𝑞 ,

,

) + 𝐺𝐴 (𝑅

𝑅

,

𝑝,

,

𝑃 ,𝑞 ,

,

, ,

,𝑅

, ,

𝑃 ,𝑞 ,

,

,

(4.2a)

𝑅

,

𝑝,

,

,𝑞 , ,𝑅

, ,

𝑃 ,𝑞 ,

,

,𝑅

𝑅

, ,

𝑝,

,

,𝑞 , , ,𝑅

, ,

𝑃 ,𝑞 ,

,

)

𝑇𝐸

,

is the Total Expenditure (𝑇𝐸) by all k Domestic (d) consumers. (from Equation

, ,

,

Where
1
2
3

4.2)
𝑅

, ,

is the Revenue (R) earned from the Market (m) by all (n) producers for their
quantity Supplied (s) to Domestic (d) consumers. (from Equation 4.1a)

𝑃 is the Price (p) used to settle the wholesale electricity Market (m). This is the
market clearing price. (from Equation 4.1a)
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4
5

𝑞,

,

is the Quantity (q) producer i Supplied (s) to Domestic (d) consumers. (from
Equation 4.1a)

𝐺𝐴 is the Global Adjustment (𝐺𝐴) Total (t) Value (v). (from Equation 4.4)
𝑅

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers

,

6

for services provided to Domestic (d) consumers. These services are the
provision electricity generation and productive capacity. (from Equation 4.1c)
𝑅

, ,

7

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers
for their Domestic (d) quantity Supplied (s). Only applies to procurement
contracts which pay per MWh of production. (from Equation 4.1c)

𝑝,

,

is the Price (p) producer i with the jth procurement Contract (c) is contractually
obligated to receive for each MWh of Electricity Produced (𝑔𝑝). This applies

8

only to procurement contracts which pay producers for the quantity of
electricity they supply to the market. (from Equation 4.1c)
𝑝,

,

is the Price (p) producer i with the jth procurement Contract (c) is contractually
obligated to receive for each MWh of Available Capacity (ac) they maintain
for production. This applies only to procurement contracts which pay
producers for the quantity of productive capacity they offer to the market.
(from Equation 4.1c)

𝑅

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers

,

for the quantity of Available Capacity (ac) they maintain. Only applies to

9

procurement contracts which pay for the quantity of available capacity
maintained. (from Equation 4.1c)
is the Quantity (q) of Available Capacity (ac) producer i is paid for in their

𝑞,
10

procurement contract for the purposes of ensuring domestic demand needs can
be met (from Equation 4.1c)

11
12

𝑅

, ,

is the Revenue (R) earned from the Market (m) by all (n) producers for their
quantity Supplied (s) to Export (e) consumers. (from Equation 4.1b)

𝑞,

,

is the Quantity (q) producer i Supplied (s) to Export (e) consumers. (from
Equation 4.1b)

82
𝑅

13

, ,

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers
for their quantity Supplied (s) to Export (e) consumers. (from Equation 4.1d)

In the next Equation (4.2b), I take the partial derivative of the above equation with
respect to the quantity of exports supplied by the ith producer (𝑞 , , ). While using 𝑞 ,

,

is the

same as using the total quantity of exports supplied in the market (𝑄 , ), the reason I use it in
these Equations is to indicate that the incremental change in the quantity of exports supplied
comes from whichever individual producer happens to have the marginal offer (i.e. be the
marginal producer) during a market hour. This is important for the discussion of the three
possible outcomes further along.
(4.2b)

𝜕𝑅 , ,
𝜕𝑇𝐸 ,
𝜕𝐺𝐴
=
+
𝜕𝑞 , ,
𝜕𝑞 , ,
𝜕𝑞 , ,

, ,

The first term on the right-hand side is the change in domestic market revenue (
and the second term is the change in the Global Adjustment (

, ,

, ,

),

). Because domestic market

revenue is unaffected by a change in the quantity of exports in this situation, this effect reduces
to 0. This occurs in the following Equation (4.2c), which also includes the next step in taking the
derivative of the Global Adjustment with respect to the quantity of exports (

domestic consumer’s Total Expenditure (𝑇𝐸

,

, ,
, ,

).
(4.2c)

𝜕𝑇𝐸 ,
𝜕𝐺𝐴 𝜕𝑅 ,
𝜕𝐺𝐴 𝜕𝑅 , ,
=0+
+
𝜕𝑞 , ,
𝜕𝑅 , 𝜕𝑞 , ,
𝜕𝑅 , , 𝜕𝑞 , ,
With the change in domestic market revenue (

, ,

) equal to 0, the only change in

) now is the change in the Global Adjustment,

, which has now been expanded using the chain rule to show the changes in domestic

, ,

,

(
,

, ,

, ,

) and export (

, ,

, ,

) contract revenues given a change in exports. The following

Equation (4.2d) displays the next step.
𝜕𝑇𝐸 ,
𝜕𝐺𝐴 𝜕𝑅 , 𝜕𝑅 , ,
𝜕𝐺𝐴 𝜕𝑅 , 𝜕𝑅 ,
=
+
𝜕𝑞 , ,
𝜕𝑅 , 𝜕𝑅 , , 𝜕𝑞 , ,
𝜕𝑅 , 𝜕𝑅 , 𝜕𝑞 , ,
+

𝜕𝐺𝐴 𝜕𝑅 , ,
𝜕𝐺𝐴 𝜕𝑅
+
𝜕𝑅 , , 𝜕𝑞 , ,
𝜕𝑅 , , 𝜕𝑅

, ,
, ,

𝜕𝑅 , ,
𝜕𝑞 , ,

(4.2d)
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The first series of partial derivatives within the first set of brackets (
,

the change in the portion of domestic contract revenues (𝑅
earned for quantity supplied to domestic consumers (𝑅

, ,

,

,

, ,

, ,

, ,

) is

) comprised of contract revenues

) given a change in the quantity of

exports (𝑞 , , ). From Equation 4.1c, this subset of domestic contract revenue is not a function of
exports, and is reduced to 0 in the next equation. The second series of partial derivatives within

,

, ,

,

,

revenue (𝑅

,

,

the first set of brackets (

) is the change in the portion of the domestic contract

) comprised of contract revenues earned for the quantity of available capacity

supplied to the market (𝑅
, ,

brackets (
, ,

, ,

,

). The first series of partial derivatives within the second set of

) is the change in the portion of export contract revenues (𝑅

, ,

) which are

a directly a function of the quantity of exports (𝑞 , , ). The second series of partial derivatives
within the second set of brackets (
, ,

contract revenues (𝑅

, ,

, ,

, ,

, ,

, ,

) is the change in the portion of export

) which are a indirectly a function of the quantity of exports (𝑞 , , ).

Instead, they are a directly function of export market revenues (𝑅

), which are directly a

, ,

function of the quantity of exports (𝑞 , , ). As a reminder, the precise meaning of each term in
these equations is explained throughout this Chapter. The next Equation (4.5) displays the final
step, which is the solution to taking the derivative of domestic consumers’ Total Expenditure
(𝑇𝐸

,

) with respect to the quantity of exports supplied by the ith producer (𝑞 , , ).

𝜕𝑇𝐸 ,
𝜕𝐺𝐴 𝜕𝑅 , 𝜕𝑅
=
𝜕𝑞 , ,
𝜕𝑅 , 𝜕𝑅 , 𝜕𝑅

,
, ,

𝜕𝑅 , ,
𝜕𝐺𝐴 𝜕𝑅 , ,
𝜕𝐺𝐴 𝜕𝑅
+
+
𝜕𝑞 , ,
𝜕𝑅 , , 𝜕𝑞 , ,
𝜕𝑅 , , 𝜕𝑅

𝜕𝑅 , ,
𝜕𝑞 , ,

, ,
, ,

Equation 4.5 shows that the change in domestic consumers’ Total Expenditure (𝑇𝐸

(4.5)

,

)

given a change in the quantity of exports (𝑞 , , ) can be expressed in two major parts. The first
part is the first term on the right-hand side of the equation. It captures how the change in
, ,

producers’ export market revenues given a change in exports (

, ,

) changes the value of

contract revenue earned by producers’ paid for their available capacity (

,

), which in turn

, ,

changes the value of the Global Adjustment comprised of contract revenues earned by
,

producers’ for all services supplied to domestic consumers (
,

,

). The bracketed term in
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Equation 4.5 requires future discussion of procurement contract structures to explain fully, but in
general, it captures how the change in the quantity supplied changes export contract revenues
earned by producers for the quantity of exports they supply(

, ,
, ,

+

, ,

, ,

, ,

, ,

), and how this

changes the portion of the Global Adjustment comprised of producers’ export contract revenues
(

).
, ,

In Section 4.4.1.5, I established that the question I was answering within this framework
is “How does the value of domestic consumers’ Total Expenditure (𝑇𝐸

,

) change as a result of a

change in the quantity of export demand scheduled (𝑞 , , ) in the market?” Equation 4.5 provides
the mathematical expression of this question. In that section I also established the three possible
outcomes for that question, and what they mean for the classification of exports within the export
benefit/cost debate in Ontario. In the following Equation (4.5a), I connect three possible
outcomes for each part of Equation 4.5, >0 (positive sign), 0 and <0 (negative sign), to the three
possible outcomes established for my research question.
Possible directional outcomes for domestic consumer’s marginal expenditure on
exports (

,
, ,

):

𝜕𝐺𝐴 𝜕𝑅 , 𝜕𝑅
𝜕𝑅 , 𝜕𝑅 , 𝜕𝑅

,
, ,

𝜕𝑅 , ,
𝜕𝑞 , ,

𝑜𝑟

𝑖𝑓

(4.5a)

𝜕𝐺𝐴 𝜕𝑅 , ,
𝜕𝐺𝐴 𝜕𝑅
+
𝜕𝑅 , , 𝜕𝑞 , ,
𝜕𝑅 , , 𝜕𝑅

, ,
, ,

𝜕𝑅 , ,
𝜕𝑞 , ,

⎧> 0,
⎪
⎪
= 0,
⎨
⎪
⎪ < 0,
⎩

𝜕𝑇𝐸 ,
> 0 ∴ 𝐸𝑥𝑝𝑜𝑟𝑡 𝐶𝑜𝑠𝑡
𝜕𝑞 , ,
𝜕𝑇𝐸 ,
= 0 ∴ 𝐸𝑥𝑝𝑜𝑟𝑡 𝑁𝑒𝑢𝑡𝑟𝑎𝑙
𝜕𝑞 , ,
𝜕𝑇𝐸 ,
< 0 ∴ 𝐸𝑥𝑝𝑜𝑟𝑡 𝐵𝑒𝑛𝑒𝑓𝑖𝑡
𝜕𝑞 , ,

Where
1

𝐺𝐴 is the Global Adjustment (𝐺𝐴) Total (t) Value (v). (from Equation 4.4)
𝑅

,

2

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for
services provided to Domestic (d) consumers. These services are the provision
electricity generation and productive capacity. (from Equation 4.1c)

𝑅
3

,

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for
the quantity of Available Capacity (ac) they maintain. Only applies to
procurement contracts which pay for the quantity of available capacity
maintained. (from Equation 4.1c)
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𝑅

4

, ,

is the Revenue (R) earned from the Market (m) by all (n) producers for their
quantity Supplied (s) to Export (e) consumers. (from Equation 4.1b)

𝑞,

5

is the Quantity (q) producer i Supplied (s) to Export (e) consumers. (from Equation

,

4.1b)
𝑅

6

, ,

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for
their quantity Supplied (s) to Export (e) consumers. (from Equation 4.1d)

𝑇𝐸

7

,

is the Total Expenditure (𝑇𝐸) by all k Domestic (d) consumers. (from Equation
4.2)
,

In this Equation (4.5a), the two major parts of Equation 4.5,
,
, ,
, ,

, ,

+

, ,

, ,

, ,

, ,

, ,

,

,

, ,

, ,

, ,

and

, are separated by an or statement, meaning that the sign of

only one of these two parts effects domestic consumers’ marginal expenditure on exports when
considering an incremental increase in the quantity of exports supplied. As discussed in Section
4.4.1.5, an incremental change in the quantity of exports supplied (𝑞 , , ) only effects the output
of the individual marginal producer. In Section 4.4.1.1 it was explained that depending on the
payment mechanism in the producers’ procurement contract, they earn their contract revenue
either for the quantity of electricity they supply to the market or for the available capacity they
,

maintain. Because
,

,

,

, ,

, ,

, ,

considers changes in contract revenues earned for the
, ,

available capacity maintained while

, ,

, ,

+

, ,

, ,

, ,

, ,

, ,

considers changes in

contract revenue earned for the quantity of electricity supplied to the market, an incremental
increase or decrease in the quantity of exports supplied by the marginal producer will only
change contract revenues earned for one of those two reasons, resulting in one of the two major
parts of Equation 4.5 reducing to 0. So given an incremental increase (or decrease) in exports,
,

only
,

,

,

, ,

, ,

, ,

, ,

or
, ,

, ,

+

, ,

, ,

, ,

, ,

, ,

will change in value.

In Equation 4.5a, either of the two parts of Equation 4.5 have the possibility of being
either greater than, less than, or equal to 0. Whichever of these three outcomes occurs, the
change in domestic consumers Total Expenditure (𝑇𝐸 , ) will have a matching outcome. From
Section 4.4.1.5, holding the market clearing price constant, if domestic consumers’ Total

Expenditure (𝑇𝐸 , ) increases with an increase in exports, exports are a cost to domestic consumers.
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If it does not change, exports do not effect (have a neutral outcome) for domestic consumers. Finally,
if it decreases then exports benefit domestic consumers. Therefore, in Equation 4.5a, when the
change in domestic consumers Total Expenditure given an incremental increase in exports

(domestic consumers’ marginal expenditure) (

,
, ,

) is >0, there is what I will refer to as an

Export Cost outcome, and I classify the producer supplying the exports an Export Cost. When it
is

,
, ,

=0, there is what I will refer to as an Export Neutral outcome, and I classify the producer

supplying the exports Export Neutral. When it is

,
, ,

<0, there is what I will refer to as an

Export Benefit outcome, and I classify the producer supplying the exports an Export Benefit. The
remainder of this Chapter is devoted to exploring changes in the value of contract revenues under
different contract payment mechanisms and different market outcomes produce one of the three
possible outcomes listed in Equation 4.5a.
4.5

Procurement Contracts in the Electricity Market
Whether or not domestic consumers in Ontario benefit from exported electricity depends

on the type of procurement contracts given to producers. Specifically, it is dependent on which
type of producer (i.e. type of generation) receives the contact, the cost function of the contracted
generator, the quantity of contracted generation, and the payment mechanism in the procurement
contract. In the following section, I will demonstrate the relevance of these different features for
different procurement contracts to the export benefit/cost debate. I will do so by expanding upon
the equations established in Section 4.4 as well as by continuing from the market graphs
established up to Figure 4.7c.
At the beginning of each level three section (i.e. 4.5.1, 4.5.2), I will introduce a few
important concepts necessary for understanding the remainder of the lower level sections. This
section will be labelled as the Section prerequisites.
4.5.1

Section Prerequisites: Offer Behaviour Under a Fixed $/MWh Contract, Total Price Paid
by Domestic Consumers, Quantity Demanded Effect and Market Price Effect
Before introducing procurement contracts into the market there are two concepts which I

shall explain. Both are prevalent throughout the remainder of this Chapter and have unique and
counterintuitive features, so they are worth explaining separately.
The first concept I introduce is the payment mechanism for a Fixed $/MWh contract, and
how this mechanism alters a producer’s offer behaviour. Producer’s with these contracts are
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incentivized to maximize output, leading them to offer at the lowest price possible, which is the
market floor. In the current market I have setup, this price is $0/MWh, although further along
this is changed to match the real market floor in Ontario, -$2000/MWh. Because there is always
some cost incurred to produce something, an offer price of $0/MWh may not intuitively make
sense, so after introducing the payment mechanism for the contract, I explain the economic
rationale behind this offer strategy.
The second concept I introduce is the total price paid per MWh by domestic consumers in
the market. This is a conversion of domestic consumers’ Total Expenditure (𝑇𝐸

,

) into a

$/MWh. It is used in all of my figures to indicate how far domestic consumers’ Total
Expenditure (𝑇𝐸

,

) with contracted producers has deviated from the market clearing price (𝑃 ).

It is also a useful indicator of how domestic consumers’ Total Expenditure (𝑇𝐸

,

) changes given

a change in the quantity of exports in the market. However, because of the way the domestic
consumers’ price is constructed, changes in certain market conditions may cause the value of this
price to behave differently under certain conditions. I isolate and identify how a change in the
quantity supplied to domestic consumers (𝑄 , ) and a change in the market clearing price (𝑃 )
can have varied effects on the value of the domestic consumers’ price. I explain that a change in
the quantity supplied to domestic consumers’ (𝑄 , ) will have opposite directional effects on the
change in value of the domestic consumers’ price depending on the value of the Global
Adjustment (𝐺𝐴 ). This effect occurs outside of any changes that should otherwise change the
value of the price paid by domestic consumers, meaning does not reflect the real change in
domestic consumers’ Total Expenditure (𝑇𝐸

,

). I then explain that a change in the market

clearing price (𝑃 ) will cause opposite directional changes in the value of the domestic
consumers’ price depending on the quantity supplied by contracted producers in the market. This
effect occurs as a result of changes in the market clearing price (𝑃 ) and Global Adjustment
(𝐺𝐴 ), and therefore reflects real changes in domestic consumers’ Total Expenditure (𝑇𝐸

,

).

4.5.1.1 Fixed $/MWh Contracts: Payment Mechanism and Offer Behaviour
As discussed in Chapter 3, Fixed $/MWh contracts guarantee a producer a fixed price per
MWh of generation, regardless of the market price (𝑃 ). A producer with this style of contract
earns the market clearing price (𝑃 ) as well as a contract payment equal to the difference
between the market clearing price (𝑃 ) and their contract price (𝑝 , ) for each MWh they
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produce per hour. If the market clearing price (𝑃 ) is greater than the contract price (𝑝 , ), they
must pay this extra value to domestic consumers. Equation 4.6 introduces the formula for a
producer’s Total Revenue under a Fixed $/MWh contract. It contains producers’ Total Revenue
(𝑇𝑅 ) from Equation 4.1 but modified for the ith producer with a Fixed $/MWh contract. It
presents this equation as four separate revenue stream variables, similar to Equation 4.1, and as
the subset of all the variables which make up the four separate revenue stream variables, similar
to Equation 4.1e. The procurement contract payment mechanisms used in the equation are taken
from the discussion earlier in this paragraph.
From Equation 4.1

(4.6)
𝑚
𝑐
𝑐
= 𝑟𝑚
𝑖,𝑓𝑟,𝑠,𝑑 + 𝑟𝑖,𝑓𝑟,𝑠,𝑒 + 𝑟𝑖,𝑠,𝑑 + 𝑟𝑖,𝑠,𝑒

𝑡𝑟 ,

Substitute in Equation 4.1a, 4.1b for the market revenue streams, and the Fixed
$/MWh procurement contract payment mechanism for the contract revenue
streams
𝑟,

, ,

= 𝑃𝑚 𝑞𝑖,𝑓𝑟,𝑠,𝑑

𝑟,

, ,

= 𝑃𝑚 𝑞𝑖,𝑓𝑟,𝑠,𝑒

𝑟,

,

= 𝑝𝑖,𝑓𝑟 − 𝑃𝑚

𝑞𝑖,𝑓𝑟,𝑠,𝑑

𝑟,

,

= 𝑝𝑖,𝑓𝑟 − 𝑃𝑚

𝑞𝑖,𝑓𝑟,𝑠,𝑒

therefore
𝑡𝑟 ,

=𝑃 𝑞,

, ,

+𝑃 𝑞,

, ,

+ 𝑝,

−𝑃

𝑞,

, ,

+ 𝑝,

−𝑃

𝑞,

, ,

which can be rearranged to
𝑡𝑟 ,

=𝑃 𝑞,

, ,

+𝑞,

, ,

+ 𝑞,

, ,

+𝑞,

, ,

𝑝,

−𝑃

Where
is the total revenue (𝑡𝑟) earned by producer i when in possession of a Fixed $/MWh

𝑡𝑟 ,

Rate (fr) contract.
𝑟,

, ,

is the Revenue (r) earned from the Market (m) by producer i with a Fixed $/MWh
contract (fr) for the quantity they Supplied (s) to Domestic (d) consumers.

𝑟,

, ,

is the Revenue (r) earned from the Market (m) by producer i with a Fixed $/MWh
contract (fr) for the quantity they Supplied (s) to Export (e) consumers. (from
Equation 4.1b)
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𝑟,

,

is the Revenue (r) earned from procurement Contracts (c) by producer i for the
quantity they Supplied (s) to Domestic (d) consumers. Only applies to procurement
contracts which pay per MWh of production. (from Equation 4.1c)

𝑟,

,

is the Revenue (r) earned from procurement Contracts (c) by producer i for the
quantity they Supplied (s) to Export (e) consumers. Only applies to procurement
contracts which pay per MWh of production. (from Equation 4.1d)

𝑃 is the Price (p) used to settle the wholesale electricity Market (m). This is the market
clearing price. (From Equation 4.1)
𝑞,

, ,

is the Quantity (q) producer i with a Fixed $/MWh Rate (fr) procurement contract
Supplied (s) for Domestic (d) consumption.

𝑞,

, ,

is the Quantity (q) producer i with a Fixed $/MWh Rate (fr) procurement contract
Supplied (s) for Export (e) consumption.

𝑝,

is the contract Price (p) producer i receives from their Fixed $/MWh Rate (fr)
contract for each MWh supplied.
Equation 4.6 says that the Total Revenue for a single producer with a Fixed $/MWh

contract (𝑡𝑟 , ) is equal their domestic market revenue (𝑟 ,
market revenue (𝑟 ,
𝑝𝑖,𝑓𝑟 − 𝑃𝑚

, ,

, ,

= 𝑃𝑚 𝑞𝑖,𝑓𝑟,𝑠,𝑑 ) plus their export

= 𝑃𝑚 𝑞𝑖,𝑓𝑟,𝑠,𝑒 ) plus their domestic contract revenue ( 𝑟 ,

𝑞𝑖,𝑓𝑟,𝑠,𝑑 ) plus their export contract revenue (𝑟 ,

,

= 𝑝𝑖,𝑓𝑟 − 𝑃𝑚

,

=

𝑞𝑖,𝑓𝑟,𝑠,𝑒 ). This

has two important implications. The first is that they now earn the market clearing price instead
of their offer price. This is a change specific only to this framework. In reality, all producers
receive the market clearing price (𝑃 ) without a contract. The second implication is that they are
now incentivized to produce as much electricity as they can, regardless of the output. To
demonstrate why this is the case, I have included Equations 4.6a and 4.6b. Equation 4.6a shows
how a change in the market clearing price (𝑃 ) changes the value of a producer’s Total Revenue
under a Fixed $/MWh contract (𝑡𝑟 , ). Equation 4.6b shows how a change in the quantity
supplied by a producer (𝑞 ,

, ,

,𝑞,

, ,

) changes the value of their Total Revenue under a Fixed

$/MWh contract (𝑡𝑟 , ). This is their marginal revenue function. Together they show the
conditions under which a producer with a Fixed $/MWh contract can increase their total revenue.
𝜕𝑡𝑟 ,
𝜕𝑃

= 𝑞,

, ,

+𝑞,

, ,

− 𝑞,

, ,

+𝑞,

(4.6a)
, ,
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𝜕𝑡𝑟 ,
𝜕𝑃
𝜕𝑡𝑟 ,
𝜕𝑞 , ,

=
,

𝜕𝑡𝑟 ,
𝜕𝑞 , ,

𝜕𝑡𝑟 ,
𝜕𝑞 , ,
=
,

=0

,

(4.6b)

= 𝑃𝑚 − 𝑃𝑚 + 𝑝𝑖,𝑓𝑟

𝜕𝑡𝑟 ,
𝜕𝑞 , ,

,

= 𝑝𝑖,𝑓𝑟

Equation 4.6a shows that a producer with a Fixed $/MWh contract does not experience a
change in their Total Revenue (𝑡𝑟 , ) given a change in the market clearing price (𝑃 ). This
means that the increase in their market revenue ( 𝑟 ,

, ,

,𝑟,

, ,

) given an incremental increase in

the market clearing price (𝑃 ) is completely offset by the decrease in contract revenue
(𝑟 ,

, ,

,𝑟,

, ,

), and so total revenue is unaffected by changing market prices. In Equation 4.6b,

the positive and negative market clearing price variables (𝑃 ) also represent offsetting effects
between market and contract revenues, although in this case it is due to a change in the quantity
supplied to either domestic or export consumers (𝑄 , , 𝑄 , ). However, in equation 4.6b, an
incremental increase in the quantity supplied to either consumer group (𝑄 , , 𝑄 , ) also increases
total revenue (𝑡𝑟 , ) by the value of the contract price (𝑝 , ). Thus, producers under Fixed
$/MWh contracts have an incentive to maximize output irrespective of the market clearing price.
This conclusion is also supported by the Market Surveillance Panel (2010) as well as Yarrow and
Decker (2014).
When producers’ are only incentivized to maximize their output, it causes a change in
their offer behaviour in the market. They will offer all of their available supply at the lowest
possible price in the market. So far in this framework, the lowest possible offer price is the
market floor, which is $0/MWh. While this may not initially make sense, as nothing can be
produced for free, the offer price is no longer a reflection of the producer’s production cost.
From Equation 4.6a and 4.6b it was established that under a Fixed $/MWh a producer’s revenue
will not change with the market clearing price (𝑃 ), but will increase as the quantity they supply
increases. In order for a producer to supply electricity, they must be scheduled to produce in the
market. To be scheduled to produce in the market, their offer must be low enough on the
dispatch schedule (market offer function) to be accepted by the dispatch algorithm. For their
offer to be low enough to be accepted, their offer price must be less than or equal to the market
clearing price (𝑃 ). To minimize the risk of not getting scheduled for production, the producer
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will submit their offer at the lowest possible price in the market. Because their contract price
equals their long-run average total cost, there is no level of production in any given market hour
which will exceed their short-run marginal costs. Therefore, the profit maximizing offer strategy
for a producer with a Fixed $/MWh contract is to offer all of their output into the market at the
lowest price possible.
4.5.1.2 Total Price Paid per MWh by Domestic Consumers
All k domestic consumers pay for a portion of domestic consumers’ Total Expenditure
(𝑇𝐸

,

). Domestic consumers’ Total Expenditure (𝑇𝐸

,

) is apportioned amongst consumers by

dividing its entire value by the quantity supplied to domestic consumers (𝑄 , ) to produce a
volumetric rate, then charging that rate to all domestic consumers. This volumetric rate will be
represented in all future figures as the variable 𝑃 , which represents the total Price (P) paid per
MWh by Domestic (d) consumers. I will also refer to it as the domestic consumers’ price. This
price is equivalent to what is referred to as the wholesale commodity charge in the real-world 42.
This is equivalent to the market clearing price (𝑃 ) plus the total value of the Global Adjustment
(𝐺𝐴 ) divided by the quantity supplied to domestic consumers (𝑄 , ). Equation 4.7 shows the
series of steps taken to arrive at the formula for the domestic consumers’ price (𝑃 ).
From Equation 4.2a

(4.7)
𝑇𝐸

,

=𝑅

+ 𝐺𝐴

, ,

Substitute in Equation 4.1a
𝑇𝐸
Divide by 𝑄

,

=𝑃 𝑄

,

+ 𝐺𝐴

,

𝑇𝐸 ,
𝑃 𝑄 , + 𝐺𝐴
=𝑃 =
𝑄,
𝑄,
𝑃 =𝑃 +

𝐺𝐴
𝑄,

Where
𝑇𝐸
𝑅

,

, ,

is the Total Expenditure (𝑇𝐸) by all k Domestic (d) consumers. (from Equation 4.2)
is the Revenue (R) earned from the Market (m) by all (n) producers for their quantity
Supplied (s) to Domestic (d) consumers. (from Equation 4.1a)

42

The term wholesale commodity charge is used by the IESO to refer to the sum of the wholesale market price and the Global Adjustment rate.
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𝑃 is the Price (p) used to settle the wholesale electricity Market (m). This is the market
clearing price. (From Equation 4.1)
𝑄

,

is the Quantity (𝑄) Supplied (s) by producers to all Domestic (d) consumers in the
market. (from Equation 4.1)

𝑅

,

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for
services provided to Domestic (d) consumers. These services are the provision
electricity generation and productive capacity. (from Equation 4.1c)

𝑅

, ,

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for
their quantity Supplied (s) to Export (e) consumers. (from Equation 4.1d)

𝐺𝐴 is the Global Adjustment (𝐺𝐴) Total (t) Value (v) (from Equation 4.4)
𝑃 is the total Price paid per MWh by domestic consumers. It is the sum of the market
clearing price (𝑃 ) and the $/MWh price of the Global Adjustment (𝐺𝐴 ).
Equation 4.7 shows the general form for the variable 𝑃 reduces to the market clearing
price (𝑃 ) plus the Global Adjustment (𝐺𝐴 ) divided by the total quantity supplied to domestic
consumers (𝑄 , ). 𝑃 is domestic consumers’ average expenditure and the total $/MWh rate they
pay for electricity. I have included it as an alternative measure and visualization of domestic
consumers’ Total Expenditure (𝑇𝐸

,

) to the Global Adjustment (𝐺𝐴 ) revenue streams within

my figures. It bridges the gap between the changes in the value of the Global Adjustment (𝐺𝐴 )
domestic consumers’ must pay and the total price they must pay by incorporating the market
clearing price (𝑃 ) and domestic quantity supplied (𝑄 , ).
4.5.1.2.1

Quantity Demanded Effect

I define the Quantity Demanded Effect as the effect of a change in the quantity supplied
to domestic consumers (𝑄 , ) on the value of the total price paid by domestic consumers (𝑃 ). It
excludes any changes to the value of the domestic consumers’ price (𝑃 ) which resulted from
changes in the market clearing price (𝑃 ) or the Global Adjustment (𝐺𝐴 ). The purpose of this is
effect is to explain how a change in the quantity supplied to domestic consumers (𝑄 , ) can
change the value of the total price paid by domestic consumers (𝑃 ) even though domestic
consumers’ Total Expenditure (𝑇𝐸

,

) does not change.

When there is a change in the total quantity supplied to domestic consumers (𝑄 , ), the
direction of the change in the domestic consumers’ price (𝑃 ) will differ depending on the value
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of the Global Adjustment (𝐺𝐴 ). Because the quantity supplied to domestic consumers (𝑄 , ) is
the denominator in the domestic consumers’ price (𝑃 , Equation 4.7), increasing the former
(𝑄 , ) will make the value of the latter (𝑃 ) approach the value of the market clearing price (𝑃 ).
This means that if the domestic consumers’ price (𝑃 ) is less than the market clearing price (𝑃 ),
increasing the total quantity supplied to domestic consumers (𝑄 , ) will increase the value of 𝑃 .
The opposite is true when the value of the domestic consumers’ price (𝑃 ) is greater than the
market clearing price (𝑃 ). To demonstrate why this is the case, I have included Equation 4.7a,
which demonstrates how the partial derivative of the domestic consumers’ price (𝑃 ) with
respect to the quantity supplied to domestic consumers (𝑄 , ) can have different directional
outcomes based on the value of the Global Adjustment.
From Equation 4.7

(4.7a)
𝑃 =𝑃 +

𝐺𝐴
𝑄,

Where
𝐺𝐴 ⋛ 0
Take the partial derivative of 𝑃 with respect to 𝑄

,

(±𝐺𝐴 )
𝜕𝑃
=−
𝜕𝑄 ,
𝑄,
Possible directional outcomes for
⎧< 0,
⎪
⎪
𝐺𝐴 = 0,
⎨
⎪
⎪ > 0,
⎩

,

given the value of 𝐺𝐴

𝜕𝑃
> 0 𝑎𝑛𝑑 𝑃 < 𝑃
𝜕𝑄 ,
𝜕𝑃
= 0 𝑎𝑛𝑑 𝑃 = 𝑃
𝜕𝑄 ,
𝜕𝑃
< 0 𝑎𝑛𝑑 𝑃 > 𝑃
𝜕𝑄 ,

Where
𝑃 is the total Price paid per MWh by Domestic consumers. (from Equation 4.7)
𝑃 is the Price (P) used to settle the wholesale electricity Market (m). This is the market
clearing price. (From Equation 4.1)
𝐺𝐴 is the Global Adjustment (𝐺𝐴) Total (t) Value (v). (from Equation 4.4)
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𝑄

,

is the Quantity (𝑄) Supplied (s) by producers to all Domestic (d) consumers in the
market. (from Equation 4.1)

Equation 4.7a shows that given an incremental increase in the quantity supplied to
domestic consumers (𝑄 , ), there are three possible directional outcomes for the change in the
price paid by domestic consumers (𝑃 ) based on the value of the Global Adjustment (𝐺𝐴 ).
These outcomes are also associated with a particular relationship between the value of the
domestic consumers price (𝑃 ) and the market clearing price (𝑃 )


If the value of the Global Adjustment (𝐺𝐴 ) is negative (<0), the total price paid by
domestic consumers (𝑃 ) is less than the market clearing price (𝑃 ). Under this
condition, an incremental increase in the quantity supplied to domestic consumers (𝑄 , )
will result in a decrease in the total price paid by domestic consumers (𝑃 ). Conversely,
an incremental decrease in the quantity supplied to domestic consumers (𝑄 , ) will result
in an increase in the value of the domestic consumers’ price (𝑃 ).



If the value of the Global Adjustment (𝐺𝐴 ) is equal to 0 (=0), the total price paid by
domestic consumers (𝑃 ) is equal to the market clearing price (𝑃 ). Under these
conditions, an incremental increase or decrease in the quantity supplied to domestic
consumers (𝑄 , ) will result in no change in the total price paid by domestic consumers
(𝑃 ).



If the value of the Global Adjustment (𝐺𝐴 ) is negative (<0), the total price paid by
domestic consumers (𝑃 ) is greater than the market clearing price (𝑃 ). Under these
conditions, an incremental increase in the quantity supplied to domestic consumers (𝑄 , )
will result in a decrease in the value of the price paid by domestic consumers (𝑃 ).
Conversely, an incremental decrease in the quantity supplied to domestic consumers
(𝑄 , ) will result in an increase in the value of the price paid by domestic consumers (𝑃 ).
To summarize, the Quantity Demanded Effect describes three possible directional

outcomes for the price paid by domestic consumers (𝑃 ) given an increase in the quantity
supplied to domestic consumers, holding all other things constant. If the domestic consumers’
price (𝑃 ) is less than the market clearing price (𝑃 ), the value of the Global Adjustment (𝐺𝐴 )
is negative which causes an increase in the quantity supplied to domestic consumers (𝑄 , ) to
increase the value of 𝑃 . If the domestic consumers’ price (𝑃 ) is greater than the market
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clearing price (𝑃 ), the value of the Global Adjustment (𝐺𝐴 ) is positive which causes an
increase in the quantity supplied to domestic consumers (𝑄 , ) to decrease the value of 𝑃 . If the
domestic consumers’ price (𝑃 ) is equal to the market clearing price (𝑃 ), the value of the
Global Adjustment (𝐺𝐴 ) is zero which results in no change to the value of 𝑃 given an increase
in the quantity supplied to domestic consumers (𝑄 , ).
4.5.1.2.2

Market Price Effect

I define the Market Price Effect as the effect of a change in the market clearing price (𝑃 )
on the value of the domestic consumers’ price (𝑃 ). This effect excludes any changes to the value
of the domestic consumers’ price (𝑃 ) which resulted from any other changes in market
outcomes, but includes changes which resulted from a change in the value of the Global
Adjustment (𝐺𝐴 ).
When there is a change in the value of the market clearing price (𝑃 ), the direction of the
change in the value of the price paid by domestic consumers (𝑃 ) will differ depending on the
quantity supplied to the market by contracted producers. This occurs because of the interaction
between the change in producers’ domestic market revenue ( 𝑅

,

) and the value of the Global

Adjustment (𝐺𝐴 ) given a change in the market clearing price (𝑃 ). The reason this occurs, as
well as the possible directional outcomes, are displayed in Equation 4.7b.
From Equation 4.7

(4.7b)
𝑃 =𝑃 +

𝐺𝐴
𝑄,

Substitute in Equation 4.1e
𝑃 =𝑃 +

𝑃 =𝑃 +

∑𝑛𝑖=1(𝑝𝑖,𝑗,𝑎𝑐 𝑞𝑖,𝑎𝑐 + 𝑝𝑖,𝑗,𝑒𝑝 − 𝑃𝑚
𝑄

𝑞𝑖,𝑗𝑠,𝑑 + 𝑞𝑖,𝑗,𝑠,𝑒 )

,

∑𝑛𝑖=1(𝑝𝑖,𝑗,𝑎𝑐 𝑞𝑖,𝑎𝑐 + 𝑝𝑖,𝑗,𝑒𝑝 𝑞𝑖,𝑗,𝑠,𝑑 + 𝑞𝑖,𝑗,𝑠,𝑒 − 𝑃𝑚 𝑞𝑖,𝑗,𝑠,𝑑 + 𝑞𝑖,𝑗,𝑠,𝑒 )
𝑄

,

Take the partial derivative with respect to 𝑃
𝑛

𝑛

∑𝑖=1 𝑞𝑖,𝑗,𝑠,𝑑
∑𝑖=1 𝑞𝑖,𝑗,𝑠,𝑒
𝜕𝑃
=1−
−
𝜕𝑃
𝑄,
𝑄,
Directional outcomes for

given the value of ∑

𝑞,

, ,
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𝑖𝑓

𝑞,

, ,

⎧< 𝑄𝑠,𝑑 ,
⎪
⎪
= 𝑄𝑠,𝑑 ,
⎨
⎪
⎪> 𝑄 ,
𝑠,𝑑
⎩

𝜕𝑃𝑑
>0
𝜕𝑃𝑚
𝜕𝑃𝑑
=0
𝜕𝑃𝑚
𝜕𝑃𝑑
<0
𝜕𝑃𝑚

Where
1
2

𝑃 is the total Price paid per MWh by Domestic consumers (from Equation 4.7).
𝑃 is the Price (P) used to settle the wholesale electricity Market (m). This is the market
clearing price (From Equation 4.1a).
𝑝,

is the Price (p) producer i with the jth procurement Contract (c) is contractually

,

obligated to receive for each MWh of Available Capacity (ac) they maintain for
3

production. This applies only to procurement contracts which pay producers for
the quantity of productive capacity they offer to the market (From Equation
4.1c).
is the Quantity (q) of Available Capacity (ac) producer i is paid for in their

𝑞,

procurement contract for the purposes of ensuring domestic demand needs can

4

be met. This applies only to procurement contracts which pay producers for the
quantity of productive capacity they offer to the market (From Equation 4.1c).
𝑝,

is the Price (p) producer i with the jth procurement Contract (c) is contractually

,

obligated to receive for each MWh of Electricity Produced (𝑔𝑝). This applies

5

only to procurement contracts which pay producers for the quantity of
electricity they supply to the market (From Equation 4.1c).

6
7
8

𝑞,

, ,

is the Quantity (q) producer i with the jth procurement contract Supplied (s) to
Domestic (d) consumers (From Equation 4.1c).

𝑞,

, ,

is the Quantity (q) producer i with the jth procurement contract Supplied (s) to
Export (e) consumers (From Equation 4.1c).

𝑄

,

is the Quantity (𝑄) Supplied (s) by producers to all Domestic (d) consumers in the
market. (from Equation 4.1)

Equation 4.8b displays the effect of an incremental increase in the market clearing price
(𝑃 ) on the value of the price paid by domestic consumers (𝑃 ). The Equation shows that the
change in the value of the domestic consumer price (𝑃 ) given a change in the market clearing
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price (𝑃 ) is equal to 1 subtract the ratio of the total quantity supplied by contracted producers
(∑

𝑞,

+𝑞,

, ,

, ,

) and the total quantity supplied to domestic consumers in the market (𝑄

The change in the value of producers’ domestic market revenue ( 𝑅

, ,

,

).

) equals 1, while the

change in the value of the Global Adjustment (𝐺𝐴 ) makes up the remainder of the equation. In
the event there are no contracted producers, Equation 4.7a reduces to 1 as it would be measuring
the change in the market clearing price (𝑃 ) given a change in the market clearing price (𝑃 ). As
contracted supply is added to the market, the value of this change is increasingly offset by the
change in the value of the Global Adjustment (𝐺𝐴 ). With a small amount of contracted supply,
Equation 4.7a becomes 1 −

∑𝑛𝑖=1 𝑞𝑖,𝑗,𝑠,𝑑
,

. As the quantity of contracted supply in the market

approaches the total quantity supplied to domestic consumers in the market (𝑄 , ), Equation 4.7a
approaches 0. When the quantity of contracted supply exactly equals the quantity supplied to
domestic consumers, Equation 4.7a equals 0. As the quantity of contracted supply increases
beyond this, Equation 4.7a equals −

∑𝑛𝑖=1 𝑞𝑖,𝑗,𝑠,𝑒
,

, which is always negative and less than 1.

The three possible directional outcomes for a change in the domestic consumers’ price
(𝑃 ) given an incremental increase in the market clearing price are as follows:


If the total quantity supplied by all contracted producers in the market is less than
the total quantity supplied to domestic consumers in the market (𝑄 , ), an increase
in the market clearing price (𝑃 ) will result in an increase in the value of the total
price paid by domestic consumers (𝑃 ).



If the total quantity supplied by all contracted producers in the market is less than
the total quantity supplied to domestic consumers in the market (𝑄 , ), an increase
in the market clearing price (𝑃 ) will result in an increase in the value of the total
price paid by domestic consumers (𝑃 ).



If the total quantity supplied by all contracted producers in the market is greater
than the total quantity supplied to domestic consumers in the market (𝑄 , ), an
increase in the market clearing price (𝑃 ) will result in an decrease in the value of
the total price paid by domestic consumers (𝑃 ).

As this Chapter progresses, the quantity of contracted supply in the market will increase
as each producer receives a procurement contract. Understanding the Market Price Effect is
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important for interpreting observed changes in the domestic consumers’ price (𝑃 ), as this effect
causes the direction of these changes to slowly reverse over the course of this chapter. Also,
because the quantity supplied to domestic consumers is a function of the market clearing price
(𝑄 , (𝑃 )), changes in the market clearing price (𝑃 ) will always cause changes in the quantity
demanded domestically (𝑄 , ). This means that whenever the Market Price Effect occurs, the
Quantity Demanded Effect occurs as well. This makes understanding how both of these effects
work in different scenarios important for interpreting observed changes in the domestic
consumers’ price (𝑃 ).
4.5.2

Procurement Contracts in the Domestic Market
The following section illustrates some of the important effects caused by the introduction

of procurement contracts into the market which are not related directly to export benefits or costs
to consumers, but which will need to be understood when examining effects which are. More
specifically, I will be giving Fixed $/MWh procurement contracts to three different producers
whose combined output is less than domestic demand, so that no contracted supply will be
scheduled for exports. A brief overview of how the payment mechanism for Fixed $/MWh
contracts will be provided, and then using the market framework established in Figure 4.6,
Producers 1, 6, and 5 will be given procurement contracts one by one, and the effects of each
will be explored.
4.5.2.1 Introducing a Single Procurement Contract to the Market: Producer Offer Behaviour,
the Domestic Consumers’ Price and the Global Adjustment
To introduce some of the overall effects of adding a procurement contract to the
wholesale market, I have constructed Figure 4.8, which depicts the market outcome from Figure
4.6 except Producer 1 now has a Fixed $/MWh contract. Specifically, it shows that with a Fixed
$/MWh procurement contract Producer 1’s offer price changes to the market floor ($0/MWh),
Producer 1’s market revenue does not change and Producer 1 now makes a payment into the
Global Adjustment. It also introduces the variable for the total price paid by domestic consumers
𝑃 , and shows that domestic consumers now pay less for their electricity. As discussed in Section
4.1.1.1, Fixed $/MWh contracts incentivize producers to maximize output regardless of the
market clearing price (𝑃 ). Now that Producer 1 has a Fixed $/MWh contract, they are
incentivized to maximize output, and offers the total quantity of MWh they can supply during the
market interval at the market floor price of $0/MWh to ensure they are first in the dispatch
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schedule. This shift in behaviour is represented in Figure 4.8 in the shift of their offer price to
$0/MWh. Their offer function no longer represents their short-run total cost function, which is
instead represented by the Contract Price line. For my purposes, all contract prices will be equal
to pre-contract cost functions. Despite the change in bidding strategy, because they were the
lowest cost producer and therefore already at the bottom of the offer stack function, the market
clearing price (𝑃 ) and total quantity supplied in the market (𝑄 , ) remain unaffected. However,
because the market clearing price (𝑃 ) is greater than Producer 1’s contract price (𝑝

,

), the

difference between these two prices for all of Producer 1’s production is placed into the Global
Adjustment (𝐺𝐴 ) rather than going to the government. It can be understood as a negative value
for Producer 1’s domestic contract revenue (𝑟 ,

,

). This reduces the value of the Global

Adjustment (𝐺𝐴 ), which subsequently reduces the value of domestic consumers’ Total
Expenditure (𝑇𝐸

,

) (to review connections between revenues, expenditures and the Global

Adjustment, see Section 4.4.1.4). As discussed in Section 4.4.1.4, if a producer’s contract
revenue is negative, it becomes a payment by the producer to domestic consumers via the Global
Adjustment (𝐺𝐴 ), so going forward, I will use the concepts of negative producer’s contract
revenue and producer’s (contract) payment interchangeably. The total value of this payment by
Producer 1 (𝑟 ,

,

) into the Global Adjustment (𝐺𝐴 ) is represented in Figure 4.8 as the Domestic

Global Adjustment Payment. It is classified this way because it is a payment from Producer 1 to
the Global Adjustment (𝐺𝐴 ) for electricity supplied to domestic consumers. As was
demonstrated in Table 4.1, It can also be understood as a payment from the Global Adjustment
(𝐺𝐴 ) to domestic consumers. In all of the remaining figures, I refer to producers’ contract
revenues and payments as Global Adjustment revenues and payments to avoid having to
complicate each figure with unique contract revenue sections for each producer. However, as
discussed in Section 4.4.1.3 and Equation 4.4a, the Global Adjustment (𝐺𝐴 ) is simply the sum
of producers’ domestic and export contract revenues (𝑅

,

,𝑅

, ,

), so these contract revenue

streams are functional equivalents to the Global Adjustment payments and revenues which will
be depicted in upcoming figures.
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Figure 4.8- Price, Quantity, Surplus and Revenue Determination In the Wholesale
Spot Market With Producer 1 on a Fixed $/MWh Contract
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In Figure 4.8, the price paid by domestic consumers (𝑃 ) is lower than the market
clearing price (𝑃 ). This occurs because only Producer 1 has a procurement contract, and the
market clearing price is greater than their contract price, so they have to make a payment to
domestic consumers via the Global Adjustment (𝐺𝐴 ). To better illustrate this, I have included
Equation 4.8, which displays the price paid by domestic consumers (𝑃 ) in Figure 4.8, and is
constructed by substituting the Fixed $/MWh payment mechanism from Equation 4.6 into
Equation 4.7.
Fixed $/MWh payment mechanism for the producer i from Equation 4.6
𝑞,

, ,

+𝑞,

𝑝,

, ,

−𝑃

Substitute the Fixed $/MWh payment mechanism for Producer 1 into Equation 4.7
𝑃 =𝑃 +

𝑞1,𝑓𝑟,𝑠,𝑑 + 𝑞1,𝑓𝑟,𝑠,𝑒

𝑄

(4.8)

𝑝1,𝑓𝑟 − 𝑃

,

Subject to
𝑞
𝑞

,

,

𝑝

, ,
, ,

,

=0
< 𝑄𝑠,𝑑

< 𝑃𝑚

Where
𝑃 , 𝑃 and 𝑄
𝑞,

, ,

,

are defined in Equation 4.7

is the Quantity (q) producer i with a Fixed $/MWh Rate (fr) procurement contract
Supplied (s) for Domestic (d) consumption. (from Equation 4.6)

𝑞,

, ,

is the Quantity (q) producer i with a Fixed $/MWh Rate (fr) procurement contract
Supplied (s) for Export (e) consumption. (from Equation 4.6)

𝑝,

is the contract Price (p) producer i receives from their Fixed $/MWh Rate (fr)
contract for each MWh supplied. (from Equation 4.6)

𝑞

,

, ,

is the Quantity (q) Producer 1 with a Fixed $/MWh Rate (fr) procurement contract
Supplied (s) for Domestic (d) consumption.

𝑞

,

, ,

is the Quantity (q) Producer 1 with a Fixed $/MWh Rate (fr) procurement contract
Supplied (s) for Export (e) consumption.

𝑝

,

is the contract Price (p) Producer 1 receives from their Fixed $/MWh Rate (fr)
contract for each MWh supplied.
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Because the market clearing price (𝑃 ) in Figure 4.8 is greater than Producer 1’s contract
price, the term 𝑝
𝑞1,𝑓𝑟,𝑠,𝑑 +𝑞1,𝑓𝑟,𝑠,𝑒

,

𝑝1,𝑓𝑟 −

,

− 𝑃𝑚 in Equation 4.7 becomes negative, resulting all of the term

becoming negative. This leaves (𝑃 ) equal to the market clearing price

(𝑃 ) minus the value of Producer 1’s contract revenue per MWh of domestic consumption
(

𝑞1,𝑓𝑟,𝑠,𝑑 +𝑞1,𝑓𝑟,𝑠,𝑒
,

𝑝1,𝑓𝑟 −

).

In Figure 4.8, even though domestic consumers are now paying a lower price for their
electricity, I still use the market clearing price (𝑃 ) to set the quantity supplied to domestic
consumers (𝑄 , ). In reality, the value of the Global Adjustment (𝐺𝐴 ) rate is a single $/MWh
rate charged to each consumer for their monthly consumption. This means that only the market
clearing price (𝑃 ) can influence hourly changes in consumption decisions. I use the market
clearing price (𝑃 ) to determine the quantity supplied to domestic consumers (𝑄 , ) for the
remainder of this Chapter.
In Figure 4.8, at the new domestic price (𝑃 ), domestic consumer surplus is now 𝑦𝑃 𝑒 −
𝑎𝑑𝑒. Compared to Figure 4.7, this is an increase of in domestic consumers’ surplus of 𝑃 𝑎𝑑𝑃 ,
and is equal to the value of the Global Adjustment (𝐺𝐴 ).
4.5.2.1.1

Changes in Export Demand with a Single Contracted Producer

In Figure 4.8, Producer 1 is low enough on the offer function that all of their quantity
supplied to the market can be considered as servicing domestic demand. For any producer in this
situation, their quantity supplied (𝑞 ,

,

) is unaffected by any change export demand, meaning

they do not contribute to the size of total contract revenue from exports (𝑅

, ,

). This means

Producer 1 therefore causes neither export benefits nor costs to occur meaning they are classified
as export neutral. To demonstrate this graphically, I have included Figure 4.9a, which shows that
the domestic consumers’ price (𝑃 ) from Figure 4.8 does not change when exports increase
without changing the market clearing price (𝑃 ). This Figure presents the wholesale market both
as it was in Figure 4.8 (first panel) and after an increase in export demand (shift in the aggregate
market demand curve). (second panel). The result of the increased export demand is an increase
in the total quantity supplied in the market (𝑄 , ), producers’ export market revenue (𝑅

, ,

) and

export consumer surplus (triangle acd). However, the increase did not change the market
clearing price (𝑃 ) or the total quantity supplied to domestic consumers (𝑄 , ). This generally
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mirrors the changes in Figure 4.7a. Because domestic market conditions do not change, neither
the value of producers’ domestic market revenue (𝑅
revenue (𝑅

,

, ,

) nor the value of Producer 1’s contract

) change, and therefore the Global Adjustment (𝐺𝐴 ) changes. From Equation 4.2a,

domestic consumers’ Total Expenditure (𝑇𝐸
revenue (𝑅

, ,

,

) is the sum of producers’ domestic market

) and the Global Adjustment (𝐺𝐴 ). Because neither of these values changed, it

means that under these current market conditions, the domestic consumers marginal expenditure
on exports is equal to 0. From the possible outcomes in Equation 4.5a, when domestic consumers
marginal expenditure on exports equals 0, the producer in question can be classified as causing
an export neutral outcome. Therefore, Producer 1 can be classified as export neutral.
4.5.2.1.2

Changes in Domestic Demand with a Single Contracted Producer

Changes in market conditions do not always leave domestic market conditions unaltered,
so it is important to understand how changes in domestic market conditions affect the total value
of the Global Adjustment (𝐺𝐴 ), as well as the domestic consumer total price (𝑃 ). Figure 4.9b
shows that with a single contracted producer in the market, when there is a reduction in the
domestic quantity demanded (𝑄 , ) that does not change the market clearing price (𝑃 ) or the
value of the Global Adjustment (𝐺𝐴 ), there can still be a change in the value of the domestic
consumers’ price (𝑃 ). The first panel in Figure 4.9bcontains the same market outcome as Figure
4.8, while the second panel features an inward shift (towards the y-axis) of the domestic demand
curve. The shift causes a decrease in both the quantity supplied to domestic consumers (𝑄 , ) and
the total quantity supplied in the market (𝑄 , ). The slope of aggregate market demand curve
remains unchanged, and still intersects Producer 3’s offer function. This means the market
clearing price (𝑃 ) remains unchanged. Because the market clearing price (𝑃 ) did not change
and export demand did not change, the quantity of exports (𝑄 , -𝑄 , , line segment ab) also
remained unchanged. The quantity supplied by Producer 1 (𝑞

, ,

) has not changed, and they still

receive the same market clearing price (𝑃 ), meaning that the value of their domestic market
revenue (𝑅

, ,

) and their Global Adjustment Payment has not changed. This is visually apparent

in Figure 4.9b as both these sections remain the same size in both panels.
Despite no change in the market clearing price (𝑃 ) or the total value of the Global
Adjustment (𝐺𝐴 ) in Figure 4.9b, the domestic consumers’ price (𝑃 ) has decreased. While
domestic consumers’ Total Expenditure (𝑇𝐸

,

) has decreased, it is entirely caused by a
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reduction in market expenditures, as opposed to payments to contracted producers. Because the
$/MWh rate for market expenditures is the market clearing price (𝑃 ), and 𝑃 has not changed,
the change in the domestic consumers’ price (𝑃 ) is neither caused by, nor is reflective of, the
change in their Total Expenditure (𝑇𝐸

,

). Instead, this change is caused by the previously

discussed Quantity Demanded Effect (Section 4.5.1.2.1). Because the market clearing price (𝑃 )
is greater than the domestic consumers’ price (𝑃 ), it follows that the value of the Global
Adjustment (𝐺𝐴 ) is negative (i.e. payment to domestic consumers). Looking at the possible
directional outcomes for this effect in Equation 4.8a, when the Global Adjustment (𝐺𝐴 ) is
negative, an incremental decrease in the quantity supplied to domestic consumers results in a
decrease in the value of the domestic consumers’ price (𝑃 ). This is exactly what was observed
in Figure 4.9b.
To summarize, in Figure 4.9b there was a reduction in the quantity supplied to domestic
consumers (𝑄 , ) which did not change the market clearing price (𝑃 ) or the value of the Global
Adjustment (𝐺𝐴 ). While domestic consumers’ Total Expenditure (𝑇𝐸

,

) decreased, the per unit

price they paid should have remained the same. However, the value of their per unit price, the
domestic consumers’ price (𝑃 ), decreased as a result of the Quantity Demanded Effect.
4.5.2.1.3

Changes in the Market Clearing Price with a Single Contracted Producer

Figure 4.9c uses the market outcome established in Figures 4.9a and 4.9b to illustrate the
effect of change in the market clearing price (𝑃 ) on domestic consumers’ Total Expenditure
(𝑇𝐸

,

) and total price (𝑃 ). While the first panel in Figure 4.9c is the same as the first panel in

Figures 4.9a and 4.9b, the second panel features an increase in export demand, which causes an
increase in the market clearing price (𝑃 ). Because of where the aggregate market demand curve
intersects the offer function, the total quantity supplied in the market (𝑄 , ) remains the same.
However, the quantity of exports (𝑄 , -𝑄 , ) increases because the higher market clearing price
reduced the domestic quantity demanded (𝑄 , ). Domestic consumers pay a greater market
clearing price (𝑃 ) for all non-contracted generation. However, as shown in Equation 4.6a, there
is no change in Producer 1’s Total Revenue (𝑡𝑟 , ), so domestic consumers’ expenditure on
Producer 1 remains the same. Despite the value of the Global Adjustment (𝐺𝐴 ) remaining
unchanged in Figure 4.9c, the value of the total price paid by domestic consumers (𝑃 ) does
increase. This is due to the Market Price Effect (Section 4.5.1.2.2). As predicted in Equation
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4.8b, because Producer 1’s quantity supplied is less than the total quantity supplied to domestic
consumers (𝑄 , ), an increase in the market clearing price (𝑃 ) causes the value of the domestic
consumers’ price (𝑃 ) to increase, but at smaller magnitude than the increase in the market
clearing price (𝑃 ). Also, because the quantity supplied to domestic consumers (𝑄 , ) decreased,
the Quantity Demanded Effect (Section 4.5.1.2.1) also changes the value of the domestic
consumers’ price (𝑃 ). Because the Global Adjustment (𝐺𝐴 ) is still negative, Equation 4.7a
shows that the Quantity Demanded Effect should reduce the value of the domestic consumers’
price when the quantity supplied to domestic consumers (𝑄 , ) decreases. Given that the
domestic consumers’ price increased in Figure 4.9c, the increase in the domestic consumers’
price (𝑃 ) due to the Market Price Effect must have been greater than the decrease caused by the
Quantity Demanded Effect.
To summarize, under a single contracted producer, an increase in the market clearing
price (𝑃 ) results in an increase in domestic consumers’ Total Expenditure (𝑇𝐸

,

) on all

producers supplying domestic demand except Producer 1. This is because the Fixed $/MWh
contract insulates domestic consumers from any price risk associated with payments to Producer
1. It also causes an decrease in the quantity demanded by domestic consumers (𝑄 , ). While the
Market Price Effect increases the domestic consumers’ price (𝑃 ) proportionally with the
increase in domestic consumers’ Total Expenditure (𝑇𝐸

,

), the Quantity Demanded Effect

counters part of this increase. This reduces the ability of the domestic consumers’ price to reflect
the change in the domestic consumers’ Total Expenditure (𝑇𝐸

,

).
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Figure 4.9a- Quantity, Surplus and Revenue Determination In the Wholesale Spot Market With Producer 1
on a Fixed $/MWh Contract and a Change in Export Demand Only
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Figure 4.9b- Quantity, Surplus and Revenue Determination In the Wholesale Spot Market With Producer 1
on a Fixed $/MWh Contract and a Change in Domestic Demand but not the Market Price
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Figure 4.9c- Quantity, Surplus and Revenue Determination In the Wholesale Spot Market With Producer 1
on a Fixed $/MWh Contract and a Change in both Export Demand and the Market Price
Baseline Export Demand
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4.5.2.1.4

Classifying all Producers Scheduled to Supply Domestic Consumers as Export
Neutral

In the end of Section 4.5.1.2.1, I classified Producer 1 as being export neutral. It is
important to note that this classification is not given to Producer 1 because of the structure of
their procurement contract but because of their position in the offer function (dispatch schedule).
In Equation 4.8, I established that the quantity supplied to export consumers by Producer 1
equals 0 (𝑞

,

, ,

= 0). Recall from the discussion regarding the three conditions for classifying

exports in Equation 4.5a that when there is a change in domestic consumers’ Total Expenditure
(𝑇𝐸

,

), and therefore a change in the Global Adjustment (𝐺𝐴 ), given a change in the quantity

of exports supplied equals 0 (

,
, ,

= 0), a producer can be classified as export neutral. Because

the quantity of exports supplied by Producer 1 equals 0, there is no change in the quantity of
exports scheduled in the market which could change their Total Revenue (𝑡𝑟 , ). This holds
even if the market clearing price (𝑃 ) changes, as Equation 4.6a establishes that the producers’
marginal revenue on exports under a Fixed $/MWh contract equals 0. So while it is possible that
Fixed $/MWh hour contracts could be classified as an Export Benefit or Cost (see Section
4.5.2.1), Producer 1 is classified as export neutral in Figures 4.8 and 4.9a, b and c specifically
because they are only scheduled to supply domestic consumers.
Classifying a producer as export neutral because they are only scheduled to supply
domestic consumers is a rule which extends to all producers, regardless of contract structure.
When a producer is only scheduled to supply domestic consumers, it means two things. The first
is that the entire value of their domestic market revenue ( 𝑅

, ,

) is paid for by domestic

consumers. The consequence of this is that a change in the market clearing price (𝑃 ) does not
change domestic consumers’ Total Expenditure (𝑇𝐸

,

) on that producer. The second thing this

scheduling means is that any change in the quantity of exports in the market does not change the
quantity that producer supplies. The consequence of this is that any change in the quantity of
exports in the market does not change domestic consumers’ Total Expenditure (𝑇𝐸

,

) on that

producer. The following two paragraphs contain the justification for each of these consequences.
To illustrate that a change in the market clearing price (𝑃 ) does not change the value of
domestic consumers’ Total Expenditure (𝑇𝐸

,

) on producers scheduled to supply domestic

consumers, consider the following statements. Producers only scheduled to supply domestic
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consumers will only receive domestic market revenue ( 𝑅
(𝑅

,

,

,𝑅

, ,

, ,

)

). Because all procurement contract payment mechanisms

deduct producers’ market revenues ( 𝑅
,

) and domestic contract revenue

). Domestic consumers pay the entire value of producers’ domestic market revenue ( 𝑅

and domestic contract revenue (𝑅

(𝑅

, ,

, ,

,𝑅

) from the value of producers’ contract revenues

, ,

), any change in domestic market revenue is entirely offset by a change in domestic

contract revenue. So as a change in the market clearing price (𝑃 ) changes the value of
producers’ domestic market revenue ( 𝑅
domestic contract revenue (𝑅

,

, ,

), it is equally offset by a change in producers’

). It follows that if a producer is only scheduled to supply

domestic consumers, any change in the market clearing price (𝑃 ) will have no effect on that
producers’ Total Revenue (𝑇𝑅 ).
To show that a change in the quantity of exports in the market does not change the value
of domestic consumers’ Total Expenditure (𝑇𝐸

,

) on producers scheduled to supply domestic

consumers, consider the following statements. If the producer’s procurement contract pays them
per unit of output supplied, their Total Revenue (𝑡𝑟 , ) will only change if the quantity they
supply changes. If a producer is paid for the quantity of available capacity they maintain, their
Total Revenue (𝑇𝑅 , ) will only change if their market revenue ( 𝑅
change in their market revenue (𝑅
Expenditure (𝑇𝐸

,

, ,

,𝑅

, ,

, ,

,𝑅

, ,

) changes. A

) will only change domestic consumers’ Total

) if it is caused by a change in the quantity they supply to export consumers

(𝑞 , , ) (see previous paragraph for change in the market clearing price (𝑃 )). When a producer is
entirely scheduled to supply domestic consumers, a change in the quantity of exports in the
market does not change they quantity they supply. Therefore, if a producer is only scheduled to
supply domestic consumers, a change in the quantity of exports scheduled in the market will
have no effect on the producers’ Total Revenue (𝑇𝑅 ).
From the previous two paragraphs, it follows that if a producer is only scheduled to
supply domestic consumers that a change in the quantity of exports scheduled in the market
and/or market clearing price (𝑃 ) will not change the producer’s Total Revenue (TRi), regardless
of the type of procurement contract they have. From the three classifications of producers in the
export benefit/cost debate (See Section 4.4.2), if a change in the quantity of exports does not
change domestic consumers’ Total Expenditure (𝑇𝐸

,

) on a producer, they are classified as

export neutral. Domestic consumers’ pay the entire value of producers’ domestic market revenue
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(𝑅

, ,

) and domestic contract revenue (𝑅

,

). Therefore, any producer who is only scheduled to

supply domestic consumers belongs to the classification of export neutral.
It is important to remember that while this classification always holds, in reality,
domestic demand, export demand and the order of the dispatch schedule (offer function) can
change every hour. This means that a producer who is entirely scheduled to supply domestic
consumers one hour might be entirely scheduled to supply export consumers the next hour,
potentially changing their classification from export neutral to export benefit or cost. It is also
possible they are partially scheduled to supply domestic consumers and partially scheduled to
supply export consumers, leaving a portion of their supply classified as export neutral while the
other portion could be any of the three classifications. For many producers, how much of what
they offer into the market is scheduled to supply domestic demand will depend on the conditions
in the market. This doesn’t negate the classification of different kinds of procurement contracts
as export benefit, export neutral, or export cost. Instead it overrides these classifications for all
producers supplying domestic demand in a given market hour. To summarize, any producer who
is scheduled to supply domestic demand, regardless of their contract type or the value of the
market clearing price (𝑃 ), is classified as export neutral. Changes in the quantity of exports in
the market does not change domestic consumers’ Total Expenditure (𝑇𝐸

,

) on these producers.

For producers who are scheduled to supply both domestic and export demand, only the portion of
their supply scheduled to supply domestic demand is guaranteed to be export neutral. Because
domestic demand fluctuates on hourly, daily, weekly and seasonal cycles, there can be
considerable variance as to which producers are scheduled to supply domestic consumers at any
given time. As will become more apparent in Chapter 5, this greatly increases the difficulty of
empirical estimation. However, as I will discuss in the next section (4.5.2.2), there are also
producers who are guaranteed to always be scheduled to supply domestic consumers. This helps
to reduce the difficulty of classifying certain producers within the export debate.
4.5.2.2 Procurement Contracts with Priority Access to the Grid and Changes in the Order of the
Offer Function (Dispatch Schedule)
4.5.2.2.1

No Change in the Market Clearing Price and Total Quantity Supplied

When Producer 1 received a procurement contract in Figure 4.8, it did not have any effect
on the ordering of producers’ offers in the offer function. However, it is possible for producers
higher up in the offer stack to receive procurement contracts which will affect their bidding
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behavior and subsequently their position in the offer function. Figure 4.10 demonstrates what
happens in the market when a producer receives a procurement contract which shifts their offer
function in the offer but does not change the market clearing price (𝑃 ) or quantity (𝑄 , ). It
illustrates a market which is identical to the market from Figure 4.8 except that Producer 6 has
been given a Fixed $/MWh contract. This Fixed $/MWh contract also grants priority access to
the grid, meaning that Producer 6’s offer is accepted before all other offers, even if their offer
price is the same. As a result, their offer price is set at the market floor, like Producer 1.
However, because they have priority access, their offer is put before Producer 1’s, despite being
at the same price. This ensures that as total market demand declines, all other producers must not
be scheduled before Producer 1’s scheduled output is reduced. Because producer 6 was
previously unscheduled, their offer now displaces all other offers ahead of them in the offer
function, effectively causing an outwards shift in the stepped supply function. Compared to
Figure 4.8, domestic and export market demand, the market clearing price (𝑃 ), the quantity
supplied to domestic consumers (𝑄 , ) and the total quantity supplied in the market (𝑄 , ) have
not changed as the aggregate market demand curve still intersects Producer 3’s offer function.
However, the quantity supplied by Producer 3 has been reduced by the quantity supplied by
Producer 6. Because there is no change in the market price or quantities, Producer 1’s Global
Adjustment Payment (𝑅

,

) remains unchanged. However, the total value of the Global

Adjustment (𝐺𝐴 ), and subsequently the price paid by domestic consumers (𝑃 ), does change as
it is affected by contract payments to Producer 6. Because Producer 6’s contract price (𝑝 ,
greater than the market clearing price (𝑃 ), they receive contract revenue (𝑅

,

,

) is

) from the Global

Adjustment (𝐺𝐴 ) to cover the short-fall in their contract revenue. This contract revenue
Producer 6 receives for their domestically supplied electricity (𝑅

,

) is labelled as Domestic

Global Adjustment Revenue in Figure 4.10. Because of this payment by domestic consumers to
Producer 6 via the Global Adjustment, domestic consumers’ Total Expenditure (𝑇𝐸

,

), as well

as the value of the Global Adjustment (𝐺𝐴 ), increases. The result of this domestic contract
revenue (𝑅

,

) is a relative increase in the price paid by domestic consumers (𝑃 ) compared to

Figure 4.8. However, the domestic consumers’ price (𝑃 ) is still lower than the market clearing
price (𝑃 ) because the payment from Producer 1 is larger than the payment to Producer 6. To
summarize, when a producer receives a procurement contract, the change in their offer price in
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the market can result in a change in their position in the dispatch schedule (offer function) and an
outward shift in the market offer function. However, if the market clearing price (𝑃 ) and
quantity (𝑄 , ) do not change, exports do not increase. Instead, only the marginal producer’s
scheduled supply is reduced.
In terms of their classification in the export benefit/cost debate in Ontario, having priority
access to the grid ensures the producer always supplies domestic demand, and therefore is
classified as export neutral (see Section 4.5.1.2.4). So even though domestic consumers’ Total
Expenditure (𝑇𝐸

,

) increases when Producer 6 is given a procurement contract, the priority grid

access in their procurement contract ensures that this increase in cost to domestic consumers is
not attributable to exports.
4.5.2.2.2

Changes in the Market Clearing Price and Total Quantity Supplied

When giving a producer a procurement contract causes a shift in the market offer
function, it is possible that the market clearing price (𝑃 ) will decline. Figure 4.11 shows that
when the shift in the market offer function from a contracted producers’ new offer price causes
the market clearing price (𝑃 ) to change, it can result in an increase in the quantity supplied to
domestic consumers (𝑄 , ), the quantity supplied to export consumers and therefore quantity
supplied in total (𝑄 , ). To explore the market outcomes of this occurring, I have included Figure
4.11, which builds on Figure 4.10 by giving Producer 5 a Fixed $/MWh contract with priority
grid access. Producer 5 now submits their offer at the market floor price and is the first producer
scheduled for dispatch. For the purposes of simplicity, I am ordering identical offer bids from
lowest to highest contract price, but in reality, there is a tie breaking system employed by the
market operator. As a result of Producer 5’s new offer price in the market, they now receive
contract revenue (𝑅

,

) for their domestic quantity supplied (𝑞

, ,

), increasing the size of the

Domestic Global Adjustment Revenue and the value of 𝑃 in Figure 4.11. However, the outward
shift in the offer stack results in the aggregate market demand curve intersecting the offer
function at Producer 2’s maximum capacity but below Producer 3’s offer price, causing Producer
3 to no longer be scheduled for dispatch. The outward shift also causes a reduction in market
clearing price (𝑃 ) and a subsequent increase in both the domestic and total quantity supplied
(𝑄

,

and 𝑄 , ). This means that Market Price Effect (Section 4.5.1.2.3) and the Quantity

Demanded Effect (Section 4.5.1.2.2) influence the value of 𝑃 . Overall then, 𝑃 was raised by
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both Producer 5’s Global Adjustment revenue and the Quantity Demanded Effect and reduced by
the Market Price Effect, with the net change being an increase in value.
4.5.3

Procurement Contracts and Exported Electricity
To introduce an understanding of the effect of procurement contract payments from

exported electricity on domestic consumers, I have included Figure 4.12 which builds from
Figure 4.11 by giving a Fixed $/MWh contract to Producer 2. The purpose of this Figure is
simply to set up the market for the next two figures, which uses changes in exports and the
market clearing price to demonstrate the export classification of Fixed $/MWh contracts under
different market scenarios. As a reminder, line segment ab is the quantity of exports, triangle
abc is export consumer surplus, triangle 𝑃 ay (y-intercept) is the domestic consumers’ surplus if
there were no procurement contracts, square 𝑃 ad𝑃 is the value domestic consumers’ pay to
domestic producers through the Global Adjustment, and domestic consumers’ surplus in the
presence of procurement contracts is triangle 𝑃 dy. As a result of their new Fixed $/MWh
contract, Producer 2 changes their offer price to the $0/MWh. Because Producer 2 was already
fully scheduled for production, the change in their offer price did not affect market clearing price
(𝑃 ) or quantities (𝑄 , , 𝑄 , ). The market clearing price (𝑃 ) is above Producer 2’s contract
price (𝑝 , ), so Producer 2 must make a payment into the Global Adjustment (𝐺𝐴 ). This
payment is equal to the value of any domestic or export market revenue ( 𝑅
earned above the value of their contract revenue (𝑅

,

,𝑅

, ,

, ,

,𝑅

, ,

) they

). This payment reduces the value of

the Global Adjustment (𝐺𝐴 ), resulting in a decrease in the value of the domestic consumers’
price (𝑃 ) relative to Figure 4.11. Because part of Producer 2’s production supplies export
demand, part of their payment into the Global Adjustment (𝐺𝐴 ) comes from export market
revenue (𝑅

, ,

). This section is labelled as Export Global Adjustment Payment in Figure 4.12. It

is called Export Global Adjustment Payment because these are payments from the Global
Adjustment (𝐺𝐴 ) to domestic consumers.
If a producer has a section of their revenue labelled as Export Global Adjustment
Payment in my market figures, the portion of their supply scheduled for export demand is
classified as an export benefit. This means that Producer 2’s quantity scheduled for export in
Figure 4.12 can be classified as an export benefit. However, Figure 4.12 is designed to introduce
the concept of exports supplied by contracted producer into the figures of the market I have been
building. As was explained when developing the three export classifications in Section 4.4.2, it is
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the change in the value of domestic consumers’ Total Expenditure (𝑇𝐸

,

) given a change in the

quantity of exports which is used to classify producers as Export Benefit, Cost or Neutral. So,
Figure 4.12 does not explain why Producer 2’s exports are classified Export Benefit under these
market conditions. This will be answered in Section 4.5.3.1.2, which uses changes in the quantity
of exports supplied under a Fixed $/MWh contract to explain when these contracts are classified
Export Benefit and Export Cost. Section 4.5.3.1.2 explains how changes in the market clearing
price (𝑃 ) change domestic consumers’ Total Expenditure (𝑇𝐸
Fixed $/MWh contract.

,

) on exports supplied under a
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Figure 4.10- Price, Quantity, Surplus and Revenue Determination In the
Wholesale Spot Market with Producer 6 on a Fixed $/MWh Contract and Priority
Access to the Grid
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Figure 4.11- Price, Quantity, Surplus and Revenue Determination In the
Wholesale Spot Market with Producer 5 on a Fixed $/MWh Contract and Priority
Access to the Grid
$/MWh
Contract Price

c

S

a
d

Pm

b

Pd
e

AD
D
Qs,t
q5

q6

q1

Domestic Market Revenue
Domestic Global Adjustment Revenue

Source: Author

Qs,d

q2

MW/h

Domestic Global Adjustment Payemnt
Export Market Revenue

118

Figure 4.12- Price, Quantity, Surplus and Revenue Determination In the
Wholesale Spot Market with Producer 2 on a Fixed $/MWh Contract
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4.5.3.1 Classification and Behaviour of Contract Revenues on Exports: Fixed $/MWh Contracts
4.5.3.1.1

Changes in the Quantity of Exports Supplied and Conditions for Classifying Export
Benefit, Neutral and Cost.

Exports supplied under a Fixed $/MWh contract can be classified as an export cost when
the market clearing price (𝑃 ) is less than the contract price (𝑝 , ). Exports supplied under a
Fixed $/MWh contract can be classified as an export neutral when the market clearing price (𝑃 )
is equal to the contract price (𝑝 , ). Exports supplied under a Fixed $/MWh contract can be
classified as an export benefit when the market clearing price (𝑃 ) is greater than the contract
price (𝑝 , ).
To introduce the rational for the previous three statements, I have included Figure 4.13a
which shows that when the market clearing price (𝑃 ) is less than Producer 2’s contract price, an
increase in only the quantity of exports supplied by Producer 2 increases domestic consumers’
Total Expenditure (𝑇𝐸

,

) and price (𝑃 ). Figure 4.13a contains two panels. The first contains a

version of the market from Figure 4.12 in which domestic demand has been reduced. The result
of this is that export demand now intersects Producer 2’s offer in the market, setting the market
clearing price (𝑃 ) equal to $0/MWh. The second panel is similar to the first panel, except there
is an increase in export demand. Compared to the first panel, the total quantity supplied in the
market (𝑄 , ) changed while the quantity supplied to domestic consumers (𝑄 , ), as well as the
market clearing price (𝑃 ), did not. This means that the increase in the total quantity supplied
(𝑄 , ) is a result of an increase in exports. All of these exports are supplied by Producer 2, who
now is scheduled to supply the entirety of what they offered in the market.
In Figure 4.13a, Producer 2 now receives export contract revenue (𝑅

, ,

) from the Global

Adjustment equal to the difference between their contract price and the market clearing price
(𝑃 ). Their contract revenue is now labelled Export Global Adjustment Cost. This label is used
when domestic consumers’ must pay into the Global Adjustment (𝐺𝐴 ) to cover a producer’s
export contract revenue (𝑅

, ,

). Any producer who’s export contract revenue (𝑅

, ,

) is labelled

Export Global Adjustment Cost in a figure can be classified as an export cost. This means that in
Figure 4.13a, exports supplied under Producer 2’s Fixed $/MWh contract can be classified as an
export cost.
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Understanding why Producer 2 is classified as an export cost in Figure 4.13a can be
observed visually by comparing Producer 2’s export contract revenue (𝑅

, ,

) and the value of

the domestic consumers’ price (𝑃 ) in the first and second panel of the figure. As the quantity of
exports supplied by Producer 2 increases between the first and second panel, their export
contract revenue (𝑅

, ,

) increases as well. As previously described in Equation 4.6b, this occurs

because under a Fixed $/MWh contract, a producer only earns contract revenue for their output.
The reason this is a cost to domestic consumers is because the market clearing price (𝑃 ) is
below Producer 2’s contract price. Recall from Section 4.5.2.1 that under a Fixed $/MWh
contract, a Producer is entitled to a set $/MWh price for each MWh they produce. Any shortfall
in revenues earned from the market must be paid for entirely by domestic consumers. So for the
quantity of exports supplied by Producer 2 from the first to the second panel, there is an increase
in domestic consumers’ Total Expenditure (𝑇𝐸
contract revenue (𝑟

, ,

,

) equal to the increase in Producer 2’s export

). This is what the increase in the size of the Export Global Adjustment

Revenue in Figure 4.13a represents. The cost to domestic consumers is also captured by an
increase in the domestic consumers’ price (𝑃 ). Because the increase in exports did not change
the quantity supplied to domestic consumers (𝑄 , ) or the market clearing price (𝑃 ), the increase
in the domestic consumers’ price (𝑃 ) is unaffected by the Quantity Demanded or Market Price
Effects. In fact, the there is no change in domestic consumers’ Total Expenditure on any of their
consumption between either panel of Figure 4.13a. Therefore, the change in the domestic
consumers’ price (𝑃 ), is entirely a result of the increase in exports supplied by Producer 2.
Therefore, despite no change in domestic consumption or the market clearing price (𝑃 ),
domestic consumers’ Total Expenditure (𝑇𝐸

,

) increases. As discussed in Section 4.5.2, if an

increase in the quantity of exports supplied by a contracted producer (𝑞 , , ) increases domestic
consumers’ Total Expenditure (𝑇𝐸

,

), then they are classified as an Export Cost.
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Figure 4.13a- Effect of Producer 2's Fixed $/MWh Contract on Price, Quantity, Surplus and Revenue Determination
In the Wholesale Spot Market When Export Demand Sets the Market Clearing Price Above or Below Producer 2's
Contract Price
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From the more generalized discussion above, I have constructed Equation 4.9 and
Equation 4.9a. Figure 4.9 simply sets up for Equation 4.9a. It combines the Fixed $/MWh
contract revenue formula for the ith producer from Equation 4.6 and integrates it with domestic
consumers’ Total Expenditure (𝑇𝐸

,

) from Equation 4.2. The main purpose of this equation is to

setup for Equation 4.9a. Equation 4.9a considers how an incremental increase in the quantity of
exports supplied under a Fixed $/MWh contract changes the value of domestic consumers’ Total
Expenditure (𝑇𝐸

,

) from Equation 4.9. The purpose of this equation is to conduct the test for

classifying exports (see Equation 4.5a) when a producer has a Fixed $/MWh contract. It includes
3 possible directional outcomes based on the values of the market clearing price (𝑃 ) and the
producer’s contract price (𝑝 , ).
Substitute Equation 4.6 into Equation 4.2
𝑇𝐸

,

=𝑃 𝑄

,

+ 𝑞,

, ,

(4.9)
+𝑞,

, ,

𝑝,

−𝑃

Take the partial derivative of domestic consumers’ Total Expenditure with

(4.9a)

respect to the quantity of exports supplied by a producer with a Fixed $/MWh
contract
𝜕𝑇𝐸 ,
= 𝑝𝑖,𝑓𝑟 − 𝑃
𝜕𝑞 , , ,
Possible Directional Outcomes for

,
,

⎧< 𝑝 , ,
⎪
⎪
𝑃

⎨
⎪
⎪
⎩

=𝑝, ,
>𝑝, ,

, ,

given the values of 𝑝 ,

and 𝑃 :

𝜕𝑇𝐸 ,
>0
𝜕𝑞 , , ,
𝜕𝑇𝐸 ,
=0
𝜕𝑞 , , ,
𝜕𝑇𝐸 ,
<0
𝜕𝑞 , , ,

Where
1 𝑇𝐸
2
3

,

is the Total Expenditure (𝑇𝐸) by all k Domestic (d) consumers. (from Equation 4.2)

𝑃 is the Price (p) used to settle the wholesale electricity Market (m). This is the market
clearing price. (From Equation 4.1)
𝑄

,

is the Quantity (𝑄) Supplied (s) by producers to all Domestic (d) consumers in the
market. (from Equation 4.1)
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𝑞,

4

, ,

is the Quantity (q) producer i with a Fixed $/MWh Rate (fr) procurement contract
Supplied (s) for Domestic (d) consumption. (from Equation 4.6)

𝑞,

5

, ,

is the Quantity (q) producer i with a Fixed $/MWh Rate (fr) procurement contract
Supplied (s) for Export (e) consumption. (from Equation 4.6)

𝑝,

6

is the contract Price (p) producer i receives from their Fixed $/MWh Rate (fr)
contract for each MWh supplied (from Equation 4.6).
Equation 4.9a shows that a change in domestic consumers’ Total Expenditure (𝑇𝐸

,

),

given an incremental increase in the quantity of exports demand bids scheduled under a Fixed
$/MWh contract (

,
,

, ,

), is equal to the difference between the per MWh contract price (𝑝 , )

and the market clearing price (𝑃 ). This means that for each MWh increase in exports demand
bids scheduled under a Fixed $/MWh contract, domestic consumers’ Total Expenditure (𝑇𝐸
will change by the MWh value of the producer’s export contract revenue (𝑅

, ,

,

)

).

Because the answer to Equation 4.9a is equal to the difference between the per MWh
contract price and the market clearing price ( 𝑝 ,
consumers’ Total Expenditure (𝑇𝐸

,

− 𝑃𝑚 ), the direction of the change in domestic

) is dependent on which of these two prices is larger. This is

the reason there are three possible directional outcomes in Equation 4.9a. Depending on which of
the two prices is larger, an increase in the quantity of exports (QIFRE) will cause the value of
domestic consumers’ Total Expenditure (𝑇𝐸

,

) to change in a different direction. As well,

because the direction of the change in domestic consumers’ Total Expenditure (𝑇𝐸

,

) given a

change in the quantity of exports is the test I developed in Section 4.4.2 to determine export
classifications, the three directional outcomes in Equation 4.9a can be used for classifying
exports supplied under a Fixed $/MWh contract for each possible price outcome (i.e. 𝑃 ⋛ 𝑝𝑖,𝑓𝑟 )
The following is a summary of the three possible directional outcomes in Equation 4.9a, as well
as their export classification:


When the market clearing price is less than the Fixed $/MWh contract price (𝑃 < 𝑝𝑖,𝑓𝑟 ),
an increase in the quantity of exports supplied under that contract will increase domestic
consumers’ Total Expenditure (

,
,

, ,

> 0). Therefore, under this circumstance, Fixed

$/MWh contracts are classified Export Cost.
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When the market clearing price is equal to the Fixed $/MWh contract price (𝑃 = 𝑝𝑖,𝑓𝑟 ),
an increase in the quantity of exports supplied under that contract will not change
domestic consumers’ Total Expenditure (

,
,

, ,

= 0). Therefore, under this

circumstance, Fixed $/MWh contracts are classified Export Neutral.


When the market clearing price is greater than the Fixed $/MWh contract price (𝑃 >
𝑝𝑖,𝑓𝑟 ), an increase in the quantity of exports supplied under that contract will decrease

domestic consumers’ Total Expenditure (

,
,

, ,

< 0). Therefore, under this

circumstance, Fixed $/MWh are classified Export Benefit.
The first of these three outcomes confirms the previous conclusion for Producer 2 in
Figure 4.13a. As Producer 2 was scheduled to supply more export demand bids, domestic
consumers’ Total Expenditure (𝑇𝐸

,

) increased by the difference between Producer 2’s contract

price and the market clearing price (𝑝

,

-𝑃 ) for each MWh increase in exports. The last of

these three outcomes can be used to explain classifying Producer 2 as Export Benefit in Figure
4.12 without visually displaying a change in the quantity they exported. Because the market
clearing price was greater than Producer 2’s contract price (𝑃 > 𝑝2,𝑓𝑟 ), any increase in the
quantity of exports they were scheduled to supply would reduce domestic consumers Total
Expenditure (𝑇𝐸

,

). This occurs because Producer 2 receives the market clearing price (𝑃 )

from export consumers, but transfers any value in excess of their contract price (𝑝

,

) to

domestic consumers via the Global Adjustment (𝐺𝐴 ).
To summarize, for producers with Fixed $/MWh contracts, the absolute value of export
contract revenues (𝑅

, ,

) increases given an increase in the quantity of exports (𝑞 ,

, ,

). The

classification of exports supplied under these contracts depends on the values of the market
clearing price (𝑃 ) and the contract price (𝑝 , ) relative to each other. If the market clearing
price is less than the Fixed $/MWh contract price (𝑃 < 𝑝𝑖,𝑓𝑟 ), they are classified Export Cost. If
the market clearing price is equal to the Fixed $/MWh contract price (𝑃 = 𝑝𝑖,𝑓𝑟 ), they are
classified Export Neutral. If the market clearing price is greater than the Fixed $/MWh contract
price (𝑃 > 𝑝𝑖,𝑓𝑟 ), they are classified Export Benefit.
4.5.3.1.2

Changes in the Market Clearing Price
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Overall, increases in the market clearing price (𝑃 ) reduce the value of producers’ export
contract revenue (𝑅

, ,

) from Fixed $/MWh contracts. This means that for exports supplied

under Fixed $/MWh contracts, an increase in the market clearing price (𝑃 ) benefits domestic
consumers by reducing their Total Expenditure (𝑇𝐸

,

) on the same quantity consumed. While

this seems counterintuitive, I shall explain why in the following section.
To demonstrate why an increasing market price (𝑃 ) is good for domestic consumers, I
have included Figure 4.13b, which shows that as the market clearing price (𝑃 ) increases, the
domestic consumers’ price (𝑃 ) decreases. Figure 4.13b is split into two panels. The first panel
of Figure 4.13b depicts the market outcome from Figure 4.12 but with a large enough reduction
in export demand that the market clearing price (𝑃 ) is lower that Producer 2’s contract price.
The second panel is identical to Figure 4.12. In the first panel of Figure 4.13b, Producer 2’s
export contract revenue (𝑅

, ,

) is labelled as Export Global Adjustment Revenue and therefore

constitutes an export cost. This has not changed from Figure 4.13a (see Section 4.5.3.1.1). In the
second panel, the market clearing price (𝑃 ) is greater than Producer 2’s contract price. For this
reason, their export contract revenue (𝑅

, ,

) is labelled as Export Global Adjustment Payment.

The most important change between the two panels of Figure 4.13b is that the value of
the domestic consumers’ price (𝑃 ) decreases between the first and second panel. The reason that
this happens is because as the market clearing price (𝑃 ) approaches Producer 2’s contract price,
they earn an increasing amount of export market revenue (𝑅
export contract revenue (𝑅

, ,

, ,

). This reduces the value of their

) and therefore domestic consumers’ expenditure on Producer 2.

The value of this reduction can be understood visually as the Export Global Adjustment Revenue
in the first panel of Figure 4.13b. As the market clearing price (𝑃 ) increases beyond Producer
2’s contract price, their export market revenue (𝑅

, ,

) continues to increase. Because this is

above their contract price, they have to pay it to domestic consumers via the Global Adjustment
(𝐺𝐴 ). This further reduces domestic consumers’ Total Expenditure (𝑇𝐸

,

). The value of this

reduction can be understood visually as the Export Global Adjustment Payment in the second
panel of Figure 4.13b.
In Figure 4.13b, the Export Global Adjustment Revenue in the first panel combined with
the Export Global Adjustment Payment in the second panel makes up the total value of the
decrease in the domestic consumers’ Total Expenditure (𝑇𝐸

,

) caused by the increase in the
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market clearing price (𝑃 ). Importantly, the increase in the market clearing price (𝑃 ) had a
decreasing effect on domestic consumers’ Total Expenditure (𝑇𝐸

,

), regardless of whether

Producer 2’s exports were classified Export Cost (Export Global Adjustment Revenue) or Export
Benefit (Export Global Adjustment Payment). All of this means that for Fixed $/MWh contracts,
as the market clearing price (𝑃 ) changes, both producers’ export contract revenue (𝑅
domestic consumers’ Total Expenditure (𝑇𝐸

,

) and

, ,

) change in opposite directions regardless of

which export classification (i.e. Export Benefit, Neutral or Cost) applies. So even though the
static value of the market clearing price (𝑃 ) determines whether exports under a Fixed $/MWh
contract are classified Export Benefit, Cost or Neutral (see Section 4.5.3.2.1), the change in
market clearing price (𝑃 ) has a uniform directional change on the value of domestic consumers’
Total Expenditure (𝑇𝐸

,

).

The process by which an increase in the market clearing price (𝑃 ) decreases producers’
export contract revenue (𝑅

, ,

) from Fixed $/MWh contracts is expressed for the ith producer in

Equation 4.9b. This Equation shows the partial derivative of domestic consumers Total
Expenditure (𝑇𝐸

,

) with respect to the ith producer’s quantity of exports supplied (𝑞 ,

, ,

the purpose of simplicity, in this Equation, domestic consumers’ Total Expenditure (𝑇𝐸

,

). For
)

assumes all producers in the market have Fixed $/MWh contracts.
From Equation 4.9
𝑇𝐸

,

=𝑃
𝜕𝑇𝐸
𝜕𝑃

(𝑞 ,
,

, ,

)+

𝑝,

− 𝑃 (𝑞 ,

, ,

+𝑞,

, ,

)
(4.9a)

=

(𝑞 ,
𝜕𝑇𝐸
𝜕𝑃

, ,

,

)−

=−

𝑞,

𝑞,

, ,

−𝑞,

, ,

, ,

Where
𝑇𝐸

,

is the Total Expenditure (TE) by all k Domestic (d) consumers in the market (from
Equation 4.2)

𝑃 is the Price (p) used to settle the wholesale electricity Market (m). This is the market
clearing price. (from Equation 4.1)
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𝑞,

, ,

is the Quantity (q) producer i with a Fixed $ Rate (fr) per MWh contract Supplied
(s) Domestically (d). (from Equation 4.6)

is the contract Price (p) producer i receives from their Fixed $/MWh Rate (fr)

𝑝,

contract for each MWh supplied (from Equation 4.6).
𝑞,

, ,

is the Quantity (q) producer i with a Fixed $/MWh Rate (fr) procurement contract
Supplied (s) for Export (e) consumption. (from Equation 4.6)

Equation 4.9a shows that given an incremental increase in the market clearing price (𝑃 ),
domestic consumers’ Total Expenditure (𝑇𝐸

,

) decreases by sum of the quantity of exports

supplied under Fixed $/MWh contracts. While the increase in the market clearing price (𝑃 )
increases producers’ domestic market revenue (𝑀𝑅𝐷 = 𝑃 ∑

(𝑞 ,

, ,

)), this increase is

entirely offset by an equivalent decrease in producers’ domestic contract revenue (𝐶𝑅𝐷 =
∑

𝑝,

− 𝑃 (𝑞 ,

, ,

), see Section 4.5.1.2.2). Producers’ export contract revenue (𝑅

also equally offset by an increase in their export market revenue (𝑅

, ,

revenue (𝑅

, ,

,

, ,

) decreases with the decrease in producers’ export contract

). This confirms the discussion in the previous paragraph regarding this

phenomenon. It is also the reason for the decrease in the domestic consumers’ price (𝑃 ) in
Figure 4.13b, despite the increase in the market clearing price (𝑃 ).

) is

, see Equation 4.6a).

However, because domestic consumers’ do not pay producers’ export market revenue (𝑅
their Total Expenditure (𝑇𝐸

, ,

),
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Figure 4.13b- Effect of Producer 2's Fixed $/MWh Contract on Price, Quantity, Surplus and Revenue Determination
In the Wholesale Spot Market When Only Export Demand Changes
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4.5.3.2 Classification and Behaviour of Contract Revenues on Exports: Minimum Net-Revenue
Contracts
4.5.3.2.1

Imputed Net-Revenues and Producers’ Offer Behaviour

As I previously discussed in Chapter 3, Minimum Net-Revenue Contracts apply to
generators which use natural gas as a fuel to generate electricity. They also apply to Combined
Heat and Power (CHP) facilities, which use natural gas to generate electricity while selling the
heat produced in the generation process. In general, these contracts guarantee producers a fixed
monthly payment for each MW of contracted capacity and available capacity they maintain. I
will refer to this as their fixed rate per Megawatt month (MW-month), or just their fixed
payment. The value of this payment is reduced by the value of the imputed net-revenue earned in
each imputed production hour in a month. Imputed is the term used within the actual MinimumNet Revenue contracts. Within the context of the contracts, imputed can be understood as a
synonym for the word ‘assumed’. An imputed production hour is one in which the market
clearing price is greater than the producer’s agreed upon variable cost. During an imputed
production hour, imputed production occurs. This means that a contracted producer is assumed
to have been scheduled to produce, regardless of whether they actually did. Imputed production
is always equal to the producer’s total contracted capacity. During an imputed production hour, a
producer earns imputed net-revenues. Imputed net-revenues are the difference between the
wholesale market clearing price (𝑃 ) and the producer’s agreed upon variable cost multiplied by
the imputed quantity of production. While the variable cost includes the price of fuel as well as
operating and maintenance costs, for my purposes here I will only be using fuel costs, as
operating and maintenance costs do not cause any useful changes to the market outcomes.
Understanding how producers earn revenue under Minimum Net-Revenue contracts may help to
contextualize the terms described above. At the end of the month, the contract ‘buyer’ (Ontario
Power Authority until 2015, IESO 2015 onward) uses the hourly market clearing price (𝑃 ) and
daily spot market price for natural gas to determine which hours in the month are imputed
production hours for the contracted producer. For each imputed production hour, a producer is
assumed, or imputed, to have produced the entire quantity of their contracted supply. For each
imputed production hour, the daily spot price of natural gas is subtracted from the hourly market
clearing price (𝑃 ) and then multiplied by the imputed production to arrive at the producers’
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imputed net-revenue. The value of the imputed net-revenue for each imputed production hour is
subtracted from the producer’s fixed monthly payment.
As the Market Surveillance Panel (2009) explains, the purpose for this payment
mechanism is to incentivize contracted producers to offer into the market as they would in the
absence of a contract. While producers receive a set payment per MW-month to ensure their
fixed costs are covered, any imputed net-revenues they earn reduces the value of this payment.
As explained above, imputed net-revenues are calculated as the market clearing price (𝑃 ) minus
their variable cost (price of natural gas) multiplied by their contracted quantity. This is equal to
their gross market revenue net their variable cost. Generally, with economics, the shutdown point
for firms in the short-run is below the producers’ variable cost, and so it is assumed that in the
absence of a procurement contract, these natural gas producers would set their offer price equal
to their variable cost under competitive market conditions. By assuming net-revenues were
earned and then subtracting them from the value of the monthly payment, the optimal offer
strategy for them is to offer at their variable cost. Offering below their variable cost increases the
risk of being scheduled when the market price is less than their variable cost. Offering above
their variable cost increases the risk of them being only partially scheduled, or not scheduled in
the market at all. If they are not scheduled during an imputed production hour, their monthly
payment is reduced by the imputed net-revenue, but they do not receive an equivalent netrevenue from the market.
4.5.3.2.2

Producers’ Total Revenue and Export Classification

The purpose of this section is to introduce the total revenue equation for producers with
Minimum Net-Revenue contracts and use it to determine whether exports supplied under these
contracts are classified Export Benefit, Export Neutral, or Export Cost. I explain that exports
supplied under these contracts are classified Export Neutral because reductions in the value of
their fixed monthly payments come from imputed net-revenues rather than producers’ export
market revenues (𝑅

, ,

). Imputed net-revenues are only a function of the market clearing price

(𝑃 ), not the quantity of exports supplied. Therefore, they are classified Export Neutral.
Equation 4.10 contains the total revenue function for a producer with a Minimum-Net Revenue
contract (𝑡𝑟 ,

). It begins with the function divided into three revenue streams derived from

Equation 4.1, and then defines each of these before presenting the full functional form. Equation
4.11 is included just below Equation 4.10 and contains domestic consumers’ Total Expenditure
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(𝑇𝐸

,

) on an individual producer with a Minimum Net-Revenue contract. It is included here as

it is similar to Equation 4.10 and is used further along in this Chapter. This is abscent of any
applicable payments for heat provided, as these apply only to Combined Heat and Power plants
are addressed in a later section (4.5.3.4.3)
Modify Equation 4.1 for an individual producer with a Minimum Net-Revenue

(4.10)

contract.
𝑡𝑟 ,

= 𝑟,

+ 𝑟,

, ,

+ 𝑟,

, ,

,

Substitute in Equation 4.1a and 4.1b for market revenues and 4.1c for contract
revenues. Modify for Minimum Net-Revenue contract

𝑟,

=𝑝,

,

𝑟,

, ,

=𝑃 𝑞,

, ,
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, ,
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, ,
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,
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, ,

+𝑝,

,

𝑃 −𝑃

,

Therefore
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=𝑃 𝑞,

− 𝑞,

,

+𝑞,

,

,

𝑞,

,

,

𝑃 −𝑃

,

Simplified
𝑡𝑟 ,

=𝑝,

𝑞,

,

+ (𝑃 ) 𝑞 ,

,

− 𝑃 −𝑃

𝑞,

, ,
,

+𝑞,

, ,

+𝑞,

,

,

,
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,
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,

,

+𝑞,

,
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,

,
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,
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𝑃
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,

,

,
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,
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,

,
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,
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,

,

=𝑞,
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Substitute Equation 4.10 into Equation 4.2
𝑇𝐸
Where

,

=𝑃 𝑞,

, ,

+𝑝,

,

𝑞,

,

− 𝑃 −𝑃

4.11
𝑞,

,

,

+𝑞,

,

,
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1

is the Total Revenue (tr) earned by producer i with a Minimum Net-Revenue

𝑡𝑟 ,

(mn) contract
2

𝑟,

is the Revenue (r) earned from the Market (m) by producer i with a Minimum

, ,

Net-Revenue (mn) contract for the quantity they Supplied (s) to Domestic (d)
consumers.
3

𝑟,

is the Revenue (r) earned from the Market (m) by producer i with a Minimum

, ,

Net-Revenue (mn) contract for the quantity they Supplied (s) to Export (e)
consumers.
4

𝑟,

is the Revenue (r) earned by producer i from the Minimum Net-Revenue (mn)

,

Contract (c) for the quantity of contracted Available Capacity (ac) they
maintain.
5

𝑃 is the Price (p) used to settle the wholesale electricity Market (m). This is the
market clearing price. (From Equation 4.1)

6

𝑞,

is the Quantity (q) producer i with a Minimum Net-Revenue (mn) contract

, ,

Supplied (s) to Domestic (d) consumers
7

𝑞,

is the Quantity (q) producer i with a Minimum Net-Revenue (mn) contract

, ,

Supplied (s) to Export (e) consumers
8

𝑝,

is the Price (p) paid for to producer i per Hour (h) for each MW of capacity

,

maintained under their Minimum Net-Revenue (mn) contract. It is the
conversion of their fixed monthly payment for capacity into hours
9

𝑞,

is the Quantity (q) producer i has under their Minimum Net-Revenue (mn)

,

contract of Available Capacity (ac)
10 𝑞 ,

,

,

is the Quantity (q) producer i with a Minimum Net-Revenue (mn) contract is

Imputed (im) to have supplied to Domestic (d) consumers
11 𝑞 ,

,

,

is the Quantity (q) producer i, with a Minimum Net-Revenue (mn) contract,

is Imputed (im) to have supplied to Export (e) consumers
12 𝑃
𝑇𝐸

is the daily spot market Price (p) of Natural Gas (ng) converted to $/MWh
,

is the Total Expenditure (𝑇𝐸) by all k Domestic (d) consumers (from Equation
4.2)
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Equation 4.10 states that the Total Revenue function for a producer with a Minimum NetRevenue contract (𝑡𝑟 ,

is equal to their revenue earned per hour for each MW of available

capacity maintained (𝑝 ,

,

𝑞,

export market revenue (𝑃 𝑞 ,
( 𝑞,

,

,

+𝑞,

,

,

,
, ,

) plus any domestic market revenue (𝑃 𝑞 ,

, ,

), plus any

), minus the value of their imputed net-revenues

𝑃 −𝑃

). I have split the producer’s imputed production by

domestic and export consumers to maintain a level of consistency within the presentation of my
equations. In reality, because these are only assumed to have occurred, they are not consumed by
anyone. Equation 4.11 shows the domestic consumers’ Total Expenditure (𝑇𝐸

,

) on a producer

with a Minimum Net-Revenue contract. Comparing it to Equation 4.10, the only difference is
that domestic consumers do not have to pay for the producer’s export market revenue (𝑟 ,
𝑃 𝑞,

, ,

, ,

=

). As previously discussed (Section 4.4.2), producer’s never pay this.

The first constraint in Equation 4.10 simply states that a producer’s total quantity of
imputed production 𝑞 ,
contracted capacity (𝑞 ,

,
,

,

+𝑞,

,

,

is necessarily equal to their total quantity of

). This ensures that imputed net-revenues are always calculated

using the entire quantity of the producer’s contracted capacity. The second constraint says that
the total quantity of imputed production 𝑞 ,

,

,

+𝑞,

quantity supplied to domestic and export consumers 𝑞 ,

,
, ,

is greater than or equal to the

,

+𝑞,

, ,

. This means that the

producer cannot supply more than their imputed production, but that they are capable of
supplying less than it. As previously explained, imputed net-revenues are calculated regardless of
the quantity of a producer’s actual net-revenues, so if a producer is not fully scheduled in the
market, their imputed production is greater than their actual production. The third constraint
simply stats that the price of natural gas is greater than $0. The fourth constraint sets the size of
imputed production given the value of the market clearing price (𝑃 ) and the price of natural gas
(𝑃 ). When the market clearing price (𝑃 ) is greater than or equal to the price of natural gas
(𝑃 ), imputed production is equal to the total quantity of contracted capacity (𝑞 ,

,

). When it

is less, the imputed production equals 0. This constraint ensures that imputed net-revenues are
not calculated when the market price (𝑃 ) is less than the price of natural gas (𝑃 ).
Based on the payment mechanism within Minimum Net-Revenue contracts, I classify
them Export Neutral. This is because the size of their contract revenue ( 𝑅
the value of their imputed net-revenues ( 𝑞 ,

,

,

+𝑞,

,

,

𝑃 −𝑃

,

) only varies with
) and not the actual
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quantity of exports they supply (𝑞 ,

). So long as the market clearing price (𝑃 ) is greater

, ,

than the price of fuel (𝑃 ), imputed net-revenues are deducted from a producer’s Total Revenue
(𝑡𝑟 ,

) and subsequently domestic consumers’ Total Expenditure (𝑇𝐸

the quantity supplied to export consumers (𝑞 ,
Expenditure (𝑇𝐸

,

, ,

,

). To demonstrate that

) does not change domestic consumers’ Total

), I have included Equation 4.11a which shows domestic consumers’

marginal expenditure for the quantity of exports supplied by a producer with a Minimum NetRevenue contract.
From Equation 4.11
𝑇𝐸

,

=𝑃 𝑞,

4.11a
, ,

+𝑝,

,

Take the partial derivative of 𝑇𝐸

𝑞,
,

,

− 𝑃 −𝑃

𝑞,

with respect to 𝑞 ,
𝜕𝑇𝐸
𝜕𝑞 ,

,

,

,

+𝑞,

,

,

, ,

=0

, ,

Equation 4.11a shows that an increase in the quantity of exports supplied under a
Minimum Net-Revenue contract does not change the value of domestic consumers’ Total
Expenditure (𝑇𝐸
(𝑇𝐸

,

,

). This outcome occurs because domestic consumers’ Total Expenditure

) on a producer with a Minimum Net-Revenue contract (Equation 4.11) is not a function of

the quantity supplied to export consumers (𝑞 ,

, ,

). As explained before Equation 4.11a, the

producers’ contract revenue for available capacity (𝑟 ,

,

) only changes with a producer’s

imputed net-revenues and is therefore unaffected by a change in the quantity of exports they
supply (𝑞 ,

, ,

). The result of Equation 4.11a matches the directional outcome for an Export

Neutral classification in Equation 4.5a. Therefore, Minimum Net-Revenue contracts are
classified Export Neutral.
4.5.3.2.3

Introducing Minimum Net-Revenue Contracts into the Market

Figure 4.14 continues from Figure 4.12 by giving a procurement contract to Producer 3.
The purpose of the figure is to demonstrate the visual changes that occur in my market figures
when introducing Producer 3’s Minimum Net-Revenue contract. As discussed in section
4.5.3.4.1, producers with Minimum Net-Revenue contracts are incentivized to offer into the
market at their variable cost, which I have set equal to the price of natural gas (𝑃 ). This is
represented as a change in Producer 3’s offer price to the price of natural gas (𝑃 ). Producer 3
now has a contract price line which is equal to their hourly contract price for available capacity
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(𝑝 ,

). Compared to Figure 4.12, The reduced offer price has resulted in Producer 3 being

,

partially scheduled for production, increasing 𝑄

,

and exports while decreasing 𝑃 . Producer 3’s

revenue is visually displayed as Domestic Global Adjustment Revenue despite supplying exports
because as previously set out in Section 4.4.2, contract payments made for available capacity are
considered as services supplied to domestic consumers. Their Domestic Global Adjustment
Revenue is situated between their offer price, which is set at their variable cost, and their contract
price, which I have set at their long-run average total cost. This means that their Domestic Global
Adjustment Revenue is equal to the value of their fixed costs, as is stipulated in their contract.
The section below their offer is partially filled by Export Market Revenue to represent the
revenue earned from export consumers. The rest of this section is left blank because Minimum
Net-Revenue contracts do not cover a producers’ variable costs as those are earned in the market.
Compared to Figure 4.12, the domestic consumers’ price (𝑃 ) has increased. Part of this increase
is due to the Market Price Effect which captures the reduction in Producer 2’s Export Global
Adjustment Payment (4.5.1.2.2). The change in the domestic consumers’ price (𝑃 ) is also
influenced by the Quantity Demanded Effect (see Section 4.5.1.2.1). Based on the possible
directional outcomes for the Quantity Demanded Effect (see Equation 4.7a), it both increases and
decreases the domestic consumers’ price (𝑃 ) between Figure 4.12 and 4.14 because the market
clearing price (𝑃 ) goes from being greater than 𝑃 to being less than it. As this occurred, the
Quantity Demanded Effect went from having an increasing effect on the domestic consumers’
price to a decreasing one (see Equation 4.7a). However, if both of these effects were not present,
the domestic consumers’ price (𝑃 ), and by extension, domestic consumers’ Total Expenditure
(𝑇𝐸

,

), increased by the value of Producer 3’s Domestic Global Adjustment Revenue. So while

domestic consumers now pay more as a result of Producer 3 receiving a Minimum Net-Revenue
contract, this increase in costs was not influenced by the quantity of exports in the market. To
reiterate, Minimum Net-Revenue contract are classified Export Neutral.
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Figure 4.14- Price, Quantity, Surplus and Revenue Determination In the Wholesale
Spot Market with Producer 3 on a Minimum Net-Revenue Contract
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4.5.3.2.4

Changes in the Quantity Supplied to Export Consumers

To illustrate the effect of a change in the quantity supplied to export consumers (𝑞 ,

, ,

)

under a Minimum Net-Revenue contract, I have included Figure 4.15a. Specifically, this figure
shows that a change in the quantity supplied by Producer 3 does not change the domestic
consumers’ price (𝑃 ) and therefore their Total Expenditure (𝑇𝐸

,

). This reaffirms my

conclusion from Equation 4.11a. The first panel of Figure 15a considers a situation in which the
aggregate market demand curve is such that the market clearing price (𝑃 ) is equal to Producer
3’s offer price but Producer 3 is not scheduled to supply. In the second panel, aggregate market
demand has increased so that all of Producer 3’s contracted available capacity is scheduled to
supply exports but the market clearing price (𝑃 ) has not changed. The value of the domestic
consumers’ price (𝑃 ) does not change as exports increase (𝑞 ,

, ,

) between these two panels

because the market clearing price (𝑃 ) remains equal to Producer 3’s offer price (i.e. the price of
natural gas). Therefore, their imputed net-revenues do not reduce the value of their fixed
payment for available capacity (see Section 4.5.3.4.2), labelled as their Domestic Global
Adjustment Revenue in Figure 4.15a. Because this represents the total cost of what domestic
consumers spend on Producer 3, their Total Expenditure (𝑇𝐸

,

) does not increase either. To

summarize, a change in the quantity of exports supplied by a producer with a Minimum NetRevenue contract does not change domestic consumers’ Total Expenditure (𝑇𝐸

,

). As discussed

in Section 4.5.3.4.2, this means that Minimum Net-Revenue contracts are classified Export
Neutral.
4.5.3.2.5

Changes in the Market Clearing Price

Figure 4.15b demonstrates the effect of a change in the market clearing price (𝑃 ) on
Producer 3’s contract revenues. Specifically, it shows that as the market clearing price (𝑃 )
increases, Producer 3’s Export Market Revenue increases, reducing their Domestic Global
Adjustment Revenue and therefore the domestic consumers’ price (𝑃 ) and Total Expenditure
(𝑇𝐸

,

). This reaffirms my assertion in Section 4.5.3.3.3 that increasing the market clearing price

(𝑃 ) reduces domestic consumers’ Total Expenditure (𝑇𝐸

,

). The first panel in Figure 4.15b

contains the same market outcomes as the second panel in Figure 4.15a, while the second panel
in Figure 4.15b contains an increase in export demand which results in an increase in the market
clearing price (𝑃 ) but not the total market clearing quantity (𝑄 , ). As a result of the increase in
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in the market clearing price (𝑃 ), Producer 3’s Domestic Global Adjustment Revenue has been
reduced. While this reduction has been offset visually with Figure 4.15b as Export Market
Revenue, as discussed in Section 4.5.3.4.2, this reduction is due to imputed net-revenues and
would have occurred even if Producer 3 did not earn those Export Market Revenues (i.e. was not
scheduled to produce). The domestic consumers’ price (𝑃 ) has decreased. Part of this decrease
has to do with the Market Price and Quantity Demanded Effects. Factoring those out, the
remainder of the decrease in the domestic consumers’ price is due to the reduction in Producer
3’s Domestic Global Adjustment Revenue. To summarize, an increase in the market clearing
price (𝑃 ) decreases domestic consumers’ Total Expenditure (𝑇𝐸

,

) on Producer 3. However,

because Producer 3 has a Minimum Net-Revenue contract, this expenditure reduction for
domestic consumers would have occurred whether or not Producer 3 was scheduled to supply in
the market.
4.5.3.2.6

Changes in a Producer’s Variable Cost (Price of Natural Gas)

Because Minimum Net-Revenue contracts use the price of natural gas (𝑃 ) in their
payment mechanism, and the price of natural gas varies daily, it is important to explore how a
change in the price of natural gas will affect contract payments and market outcomes. Figure
4.15c shows that when a producer has a Minimum Net-Revenue contract and they are the
marginal producer, an increase in the price of natural gas will increase the market clearing price
(𝑃 ) but will not change the value of their contract revenue ( 𝑟 ,

,

). Specifically, the first panel

of Figure 4.15c contains the same market outcomes as Figure 4.14 while the second panel shows
a relatively increase in the price of natural gas. In both panels, Producer 3’s offer price is equal to
the price of fuel. While there are changes in market conditions in both panels, Producer 3
remains the marginal producer resulting in no change in their Domestic Global Adjustment
Revenue. This means that any changes to the domestic consumers’ price (𝑃 ) are a result of the
Market Price Effect and Quantity Demanded Effect. Because this outcome causes an increase in
the market clearing price (𝑃 ), it results in a much similar outcome as the previous section
(4.5.3.4.5). The only difference in this example is that, due to the increase in the price of natural
gas, Producer 3’s imputed net-revenues are still $0/MWh, so their Domestic Global Adjustment
Revenue does not change.
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Figure 4.15a- Effect of Producer 3's Minimum Net-Revenue Contract on Price, Quantity, Surplus and Revenue
Determination In the Wholesale Spot Market When Export Demand but not the Market Clearing Price Changes
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Figure 4.15b- Effect of Producer 3's Minimum Net-Revenue Contract on Price, Quantity, Surplus and Revenue
Determination In the Wholesale Spot Market When both Export Demand and the Market Clearing Price Change
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Figure 4.15c- Effect of Producer 3's Minimum Net-Revenue Contract on Price, Quantity, Surplus and Revenue
Determination In the Wholesale Spot Market at Relatively Different Fuel Costs
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4.5.3.2.7

Combined Heat and Power Plants

In Figures 4.14 and 4.15 a,b,c, the Minimum Net-Revenue contract is applied to a regular
natural gas generator. However, Minimum Net-Revenue contracts are also given to Combined
Heat and Power (CHP) generators using natural gas. While the payment mechanism for CHP
generators function similarly to the one outlined in Equation 4.10, there is one difference. This
difference results in a change in their offer price. In a CHP contract, there is something called a
Directed Dispatch Interval. While discussing Minimum Net-Revenue contracts in Section
4.5.3.4.1, I explained that imputed net-revenues only accrued during imputed production hours.
In CHP contracts, one or more imputed production hours occur during what are called Deemed
Dispatch Interval. These are intervals of time when the producer offers in the market as they see
fit, while imputed net-revenues are calculated based on when the producer was deemed to have
been dispatched. In CHP contracts, there is a second type of dispatch interval called a Directed
Dispatch Interval. These occur when the producer is directed by the contract ‘buyer’ (Ontario
Power Authority/IESO) to operate over a given period of time. The short term Directed Dispatch
Intervals are a day in length, while the long-term intervals span between a month to a year with
the option to cancel dispatch for any given day. There are no stated reasons for Directed
Dispatch Intervals in the contracts, but their absence from non-CHP Minimum Net-Revenue
Contracts suggests they are there to ensure the reliable provision of heat. Under Directed
Dispatch Intervals, there is a separate clause to allow the producer and the ‘buyer’ to negotiate a
price used to reimburse the cost of fuel, as production may occur when the market clearing
price(𝑃 ) is below price of natural gas (𝑃 ). They still, however, use the total contracted
capacity rather than actual production for determining net-revenue. This means that the presence
or absence of export demand does not change the value of a producers’ contract revenue when
under Directed Dispatch, and so the contract revenue is classified as export neutral. Also, in
order to ensure they are scheduled for their Directed Dispatch Interval, a producer will offer at
the market floor, putting them near the beginning of the dispatch schedule. So even if they could
be classified Export Benefit or Export Cost, they are usually scheduled to supply domestic
consumers and are therefore unlikely to ever be in the position to qualify. To summarize, the
important difference between ‘regular’ Minimum Net-Revenue contracts and those for CHP
producers is that CHP producers can be incentivized to offer their supply at the market floor.
They are still, however, classified Export Neutral.
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The purpose of Figure 4.16 is to illustrate how giving Producer 4 a Minimum-Net
Revenue Contract for a CHP plant changes their offer behaviour as well as the domestic
consumers’ price. To differentiate this contract from Producer 3’s contract, Producer 4 is under a
Directed Dispatch order and the value of their CHP credit is equal to the price of natural gas. As
a result of these contract stipulations, Producer 4 offers at the market floor price, moving their
offer function in front of Producer 6’s. Relative to Figure 4.14, this displaces offers, shifting the
offer function outwards, reducing the market clearing price (𝑃 ) and increasing the total quantity
supplied (𝑄 , ), the quantity supplied to domestic consumers (𝑄 , ) and therefore the quantity
supplied to export consumers (𝑄 , -𝑄

or line segment ab). While domestic consumer costs

,

have been increased by contract payments to Producer 4, these payments would have been
incurred in the absence of any exports, and so Producer 4 earns Domestic Global Adjustment
Revenue rather than Export Global Adjustment Revenue. While Producer 2 is fully scheduled in
both Figure 4.14 and 4.16, the shift in the offer function caused by Producer 4 has caused two
important changes for them. The first is that while their offer was supplying both domestic and
export consumers equally in Figure 4.14, they are now entirely supplying export consumers. The
second change is that the decrease in the market clearing price (𝑃 ) has resulted in their export
classification changing from Export Neutral to Export Cost. This means that domestic consumers
expenditure on Producer 2 has increased. While this outcome is caused by the particular market
conditions in both figures and is not a feature of Minimum Net-Revenue Contracts for CHP
producers, it demonstrates that changes in both supply and demand curves can change export
classifications of certain contracted producers as well as the domestic consumers’ Total
Expenditure (𝑇𝐸

).Equation 4.10a presents an updated version of Equation 4.10 which includes

,

a provision for a producer’s revenue from a Minimum Net-Revenue contract while under a
Directed Dispatch Interval and earning a CHP credit. Other than this, it is functionally identical
to Equation 4.10, and is merely being introduced here for use further along in this Chapter.
𝑡𝑟 ,

=𝑝,

,

𝑞,

+𝑃 𝑞,

,

− (𝑧 ) 𝑞 ,
−𝑧) 𝑞,

,
,

,

, ,

+𝑞,
+𝑞,

,

+𝑞,
,
,

𝑃 −𝑃

,
,

(4.10a)

, ,

(𝑃 − 𝑃

− (1
− 𝑐ℎ𝑝 )

Related Identities:
𝑞,

,

≡ 𝑞,

,

,

+𝑞,

,

,

≡ 𝑞,

,

,

+𝑞,

,

,
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𝑞,

,

,

+𝑞,

,

≢ 𝑞,

,

𝑃

+𝑞,

, ,

, ,

>0

𝑧 = 𝑒𝑖𝑡ℎ𝑒𝑟 0 𝑜𝑟 1 ∀ 𝑖
𝑧 ≠ 𝑜𝑛𝑙𝑦 0 𝑜𝑟 1 ∀ 𝑖
Value of 𝑞 ,

,

𝑃

,

+𝑞,

,

given the value of 𝑃 relative to 𝑃 :

,

<𝑃 ,

𝑞,

,

,

+𝑞,

,

,

=0

≥𝑃 ,

𝑞,

,

,

+𝑞,

,

,

=𝑞,

,

Where
1

is the Total Revenue (tr) earned by producer i with a Minimum Net-Revenue (mn)

𝑡𝑟 ,

contract (from Equation 4.10)
2

𝑟,

, ,

is the Revenue (r) earned from the Market (m) by producer i with a Minimum
Net-Revenue (mn) contract for the quantity they Supplied (s) to Domestic (d)
consumers. (from Equation 4.10)

3

𝑟,

, ,

is the Revenue (r) earned from the Market (m) by producer i with a Minimum
Net-Revenue (mn) contract for the quantity they Supplied (s) to Export (e)
consumers. (from Equation 4.10)

4

𝑟,

is the Revenue (r) earned by producer i from the Minimum Net-Revenue (mn)

,

Contract (c) for the quantity of contracted Available Capacity (ac) they maintain.
(from Equation 4.10)
5

𝑃 is the Price (p) used to settle the wholesale electricity Market (m). This is the market
clearing price. (From Equation 4.1)

6

𝑞,

, ,

is the Quantity (q) producer i with a Minimum Net-Revenue (mn) contract
Supplied (s) to Domestic (d) consumers (from Equation 4.10)

7
8

𝑧 is a binary variable set equal to 1 when producer i is under a Deemed Dispatch Interval
and 0 under a Directed Dispatch interval.
𝑞,

, ,

is the Quantity (q) producer i with a Minimum Net-Revenue (mn) contract
Supplied (s) to Export (e) consumers (from Equation 4.10)

9

𝑝,

,

is the Price (p) paid for to producer i per Hour (h) for each MW of capacity
maintained under their Minimum Net-Revenue (mn) contract. It is the conversion
of their fixed monthly payment for capacity into hours (from Equation 4.10)
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10 𝑞 ,

is the Quantity (q) producer i has under their Minimum Net-Revenue (mn)

,

contract of Available Capacity (ac) (from Equation 4.10)
11 𝑞 ,

,

,

is the Quantity (q) producer i with a Minimum Net-Revenue (mn) contract is

Imputed (im) to have supplied to Domestic (d) consumers (from Equation 4.10)
12 𝑞 ,

,

,

is the Quantity (q) producer i, with a Minimum Net-Revenue (mn) contract, is

Imputed (im) to have supplied to Export (e) consumers (from Equation 4.10)
13 𝑃

is the daily spot market Price (p) of Natural Gas (ng) converted to $/MWh (from
Equation 4.10)

14
15
16

𝑞,

,

,

is the Quantity (q) producer i with a Minimum Net-Revenue (mn) contract

under Directed Dispatch (dd) supplied for Domestic (d) consumers
𝑞,

,

,

is the Quantity (q) producer i with a Minimum Net-Revenue (mn) contract

under Directed Dispatch (dd) supplied for Export (e) consumers
𝑐ℎ𝑝 is the value of the Combined Heat and Power (chp) credit in $/MWh earned by
producer i
Compared to Equation 4.10, Equation 4.10a adds 𝑞 ,

,

,

+𝑞,

,

,

(𝑃 − 𝑃

−

𝑐ℎ𝑝 ), which is the sum of both the domestic and exported quantities under Directed Dispatch
multiplied by the net of the market clearing price and the CHP credit. There is also a new
variable, z, which is set equal to 1 during Deemed Dispatch and 0 during Directed Dispatch for
each producer. The total quantity supplied under Directed Dispatch is also now equal to the
quantity of available contracted capacity. This revenue formula somewhat simplifies the
payments to CHP producers’ as it assumes the negotiated price of natural gas is equal to the
actual price of natural gas, removing it from the revenue calculation. As well, there is no
provision for CHP credit payments during Imputed Non-Production hours. For the purpose of
simplicity, I will assume that all CHP producers are under Directed Dispatch and under Directed
Dispatch, all fuel costs are covered.
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Figure 4.16- Price, Quantity, Surplus and Revenue Determination In the Wholesale
Spot Market with Producer 4 on a Minimum Net-Revenue Contract for a Combined Heat
and Power Generator
$/MWh
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4.5.3.3 Classification and Behaviour of Contract Revenues on Exports: Take-or-Pay Style
Contracts
4.5.3.3.1

The Origin of Take-or-Pay Style Contracts

Up until now, each producer has been assumed to be able to respond perfectly to changes
in market conditions, ramping up or down their production perfectly in response to changes in
total market demand. In reality, this is not always the case.
Using the market established in Figure 4.16, assume that Producer 1 and 2 cannot vary
their production quickly enough in a given market hour to match fluctuations in demand. They
have some flexibility to respond to forecasted changes in demand, but it requires advanced
notice. They can shut down entirely, but it takes at least a day to start back up and shutting down
would significantly reduce the total capacity available to supply domestic demand. This is
typically the case with nuclear generators, which is why they are considered baseload generation.
With the contracting of Producer 4 in Figure 4.16, combined with all the other low offer price
supply, Producer 2 is now the marginal producer. If there is a small reduction in domestic
demand over the market hour it would require a partial reduction in Producer 2’s output. Because
of their inflexible production, they would be unable to accommodate a partial reduction and
instead would have to shut-down their facility. This would take a significant portion of the
market supply offline and increase the possibility of a blackout or brownout. While other
generators might be able to respond more quickly, the dispatch software used to coordinate the
market only sends dispatch instruction changes to the marginal producer. I will consider
Producer 3 to be sufficiently flexible to respond to changes in the quantity demanded, so an
increase in domestic demand will be accommodated. I will also assume Producer 5 is now
assumed to be able to respond sufficiently quickly enough to accommodate dispatch instructions
to reduce their output.
In an attempt to rectify this supply flexibility problem in the market, Producer 5 is now
given a separate price floor which is greater than $0/MWh, forcing their offer in between
Producer 2 and Producer 3. Now Producer 5 acts as a buffer, so if there is a quick reduction in
demand, Producer 5 can reduce their output in response. However, Producer 5 has a Fixed
$/MWh contract with priority access to the grid. This means that while their contract price was
originally set equal to their long-run average total cost, this cost was calculated using a forecast
of their lifetime production which assumed they were always scheduled to supply in the market.
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With this change, if the frequency with which their scheduled output is reduced is high enough,
they will no longer receive sufficient revenue to cover their long-run total costs. To remedy this
problem, their existing Fixed $/MWh contract is modified into what the Market Surveillance
Panel (2014) calls a Take-or-Pay style contract.
In a Take-or-Pay style contract, Producer 5 still gets paid the same fixed $/MWh rate as
before, but now they get paid for the quantity of capacity made available in the market hour
rather than their actual output. Specifically, they earn their contract price for each MWh offered
into the market for a given hour, even if they are not scheduled to produce. This differs from the
contract capacity revenue earned under a Minimum Net-Revenue contract, which is paid
regardless of whether they offer into the market or not.
In general, producers with Take-or-Pay style contracts will offer into the market at their
floor price as the incentives they are still the same as the Fixed $/MWh contracts. For now, I will
set the offer price under this style of contracts at their separate offer floor price.
While the narrative I have presented above is fairly complex, I have included it as it
provides an overview of the actual events leading up to the creation of several of the Take-or-Pay
style contracts in the Ontario electricity sector. To summarize, Take-or-Pay style contracts are
modified Fixed $/MWh contracts which pay producers for the total quantity they offered to
supply (their available capacity) rather than the quantity they were scheduled to supply. Also, in
my framework they contain a separate market floor price than the one used by other producers in
the market.
4.5.3.3.2

Total Revenue, Total Expenditure and Export Classification for Take-or-Pay style
Contracts

Equation 4.12 displays the equation for an individual producer’s Total Revenue under a
Take-or-Pay style contract. Immediately following Equation 4.12 is Equation 4.13, which
displays the equation for domestic consumers’ Total Expenditure (𝑇𝐸

,

) on an individual

producer with a Take-or-Pay contract. They are displayed together as they are very similar in
structure. Equation 4.12 is also necessary for setting up Equation 4.13. Equation 4.13 is
necessary for classifying exports from Take-or-Pay contracts.
Modify Equation 4.1 for an individual producer with a Take-or-Pay style
contract
𝑡𝑟 ,

= 𝑟,

, ,

+ 𝑟,

, ,

+ 𝑟,

,

(4.12)
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substitute in Equation 4.1a and 4.1b for market revenues and 4.1c for contract
revenues. Modify for a Take-or-Pay style contract

𝑟,

𝑟,

, ,

=𝑃 𝑞,

, ,

𝑟,

, ,

=𝑃 𝑞,

, ,

=𝑝, 𝑞,

,

−𝑃 𝑞,

,

, ,

+𝑞,

, ,

therefore
𝑡𝑟 ,

=𝑃 𝑞,

, ,

+𝑃 𝑞,

+𝑝, 𝑞,

,

−𝑃 𝑞,

, ,

+𝑞,

, ,

+ 𝑝, 𝑞,

,

−𝑃 𝑞,

, ,

+𝑞,

, ,

=𝑝, 𝑞,

,

, ,

which can be expressed as
𝑡𝑟 ,

=𝑃 𝑞,

+𝑞,

, ,

, ,

and reduces to
𝑡𝑟 ,
𝑞,

, ,

,𝑞 ,

, ,

are subject to the constraint
𝑃

≥𝑝,

,

, (𝑞 ,

, ,

+𝑞,

, ,

)>0

<𝑝,

,

,

, ,

+𝑞,

, ,

=0

𝑞,

Substitute Equation 4.12 into the Equation 4.2 for domestic consumers’ Total

(4.13)

Expenditure on Take-or-Pay contracts
𝑇𝐸

,

=𝑃 𝑞,

, ,

+ 𝑝, 𝑞,

,

−𝑃 𝑞,

=𝑝, 𝑞,

,

−𝑃 𝑞,

, ,

+𝑞,

, ,

which reduces to
𝑇𝐸

,

, ,

Where
1
2

3

4
5

is the Total Revenue (tr) earned by producer i with a Take-or-Pay (tp) style contract

𝑡𝑟 ,
𝑟,

, ,

is the Revenue (r) earned from the Market (m) by producer i with a Take-or-Pay
(tp) style contract for the quantity they Supplied (s) to Domestic (d) consumers

𝑟,

, ,

is the Revenue (r) earned from the Market (m) by producer i with a Take-or-Pay
(tp) style contract for the quantity they Supplied (s) to Export (d) consumers

𝑟,

,

is the Revenue (r) from a procurement Contract (c) earned by producer i from their
Take-or-Pay (tp) style contract

𝑃 is the Price (p) used to settle the wholesale electricity Market (m). This is the market
clearing price. (From Equation 4.1)
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6
7
8
9

𝑞,

is the Quantity (q) producer i under their Take-or-Pay (tp) contract supplied for

, ,

Domestic (d) demand
𝑞,

, ,

is the Quantity (q) producer i under their Take-or-Pay (tp) contract supplied for
Domestic (d) demand

is the Price (p) paid to producer i per MW/h from their Take-or-Pay (tp) contract

𝑝,
𝑞,

,

is the Quantity (q) producer i has under their Take-or-Pay (tp) contract of
Available Capacity (ac) contract

𝑝,

is the Price (p) set for producer i in their Take-or-Pay (tp) contract as a floor for

,

their offers in the market. It is different than the offer floor price in the market
10 𝑇𝐸

,

is the Total Expenditure (𝑇𝐸) by all k Domestic (d) consumers (from Equation 4.2)

In Equation 4.12, the producer’s contract revenue (𝑟 ,

,

) is structured identically to the contract

revenue for a Minimum Net-Revenue contract (Equation 4.10). The producer receives a $/MWh
price for each unit of available capacity (𝑝 , 𝑞 ,
production at the market clearing price (𝑃 𝑞 ,

,
, ,

) which is reduced by the value of their total
+𝑞,

, ,

). The only difference between the

two is that in a Take-or-Pay style contract, the producer’s revenue for available capacity is
reduced by the market value of their actual production rather than their imputed-production (see
Section 4.5.3.4.2). Compared to a Fixed $/MWh contract (see Equation 4.6), the contract price
(𝑝 , ) is now multiplied by the contracted available capacity (𝑞 ,
supplied to domestic and export consumers (𝑞 ,

, ,

+𝑞,

, ,

,

) rather than the quantity

). The result of this is that the

producer’s total revenue (𝑡𝑟 , ) in Equation 4.12 now reduces to the full value of their contract
revenue for available capacity (𝑝 , 𝑞 ,
𝑞,

, ,

+𝑞,

floor price (𝑝 ,

,

). The constraint on the total value of their production

states that when the market clearing price (𝑃 ) is greater than the producers

, ,

), they are, at least partially scheduled to supply, but when it is lower, they

,

are no longer scheduled to supply in the market.
Domestic consumers’ Total Expenditure (𝑇𝐸

,

) on a producer with a Take-or-Pay style

contract, displayed in Equation 4.13, also contains the producer’s contract revenue for available
capacity (𝑝 , 𝑞 ,

,

). However, the value domestic consumers must pay on this contract

revenue is reduced by the producers’ export market revenue (𝑟 ,

, ,

4.12, the value of the export market revenue (𝑟 ,

) the producer earns is offset by

, ,

=𝑃 𝑞,

, ,

=𝑃 𝑞,

, ,

). In Equation
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an equal sized reduction in the value of their contract revenue (𝑟 ,
𝑃 𝑞,

, ,

+𝑞,

, ,

(𝑟 ,

=𝑃 𝑞,

, ,

, ,

𝑝, 𝑞,

,

(𝑟 ,

=𝑃 𝑞,

, ,

−𝑃 𝑞,
, ,

=𝑝, 𝑞,

,

,

). While domestic consumers pay producers’ domestic market revenue
) and the reduced value of the producers’ contract revenue (𝑟 ,
+𝑞,

, ,

, ,

, ,

=

,

), export consumers pay producers’ export market revenue

). As a result, the producer’s contract capacity revenue (𝑝 , 𝑞 ,

Equation 4.13 is reduced by the value of the producer’s export market revenue (𝑟 ,
𝑃 𝑞,

−

,
, ,

) in
=

).

From the discussion of Equation 4.13 above there are two important points to highlight.
The first is that while domestic consumers’ Total Expenditure (𝑇𝐸

,

) on a producer with a

Take-or-Pay style contract will always include the value of that producer’s revenue earned for
available capacity (𝑝 , 𝑞 ,
revenue (𝑟 ,

, ,

=𝑃 𝑞,

Total Expenditure (𝑇𝐸
market revenue (𝑟 ,

, ,

,

), it can be reduced by the value of the producer’s export market

,
, ,

). The second point is that any reduction in domestic consumers’

) is paid for export consumers, as they pay the value producers’ export
=𝑃 𝑞,

export market revenues (𝑟 ,

, ,

, ,

). From these two points it follows that an increase size of

=𝑃 𝑞,

, ,

) earned by a producer with a Take-or-Pay style

contract reduces domestic consumers’ Total Expenditure (𝑇𝐸

,

). Continuing from this, if the

quantity of exports that producer is scheduled to supply increases, domestic consumers’ Total
Expenditure (𝑇𝐸

,

) should decrease. This fits the description of the Export Benefit classification

(see Section 4.5.2). Therefore, exports supplied under a Take-or-Pay style contract are classified
Export Benefit.
4.5.3.3.3

Introducing Take-or-Pay Style Contracts into the Market

In Section 4.5.3.5.1, I used the market outcome in Figure 4.16 to justify the conversion of
Producer 5’s Fixed $/MWh contract into a Take-or-Pay style. The outcome of this conversion is
displayed visually in Figure 4.17. I have included Figure 4.17 to setup the market so that in the
next two figures I can visually demonstrate how changes in the quantity of exports supplied
(𝑞 ,

, ,

) and the market clearing price (𝑃 ) change the value of domestic consumers’ Total

Expenditure (𝑇𝐸

,

) on producers with Take-or-Pay style contracts.

As I explained in Section 4.5.3.5.1, a Take-or-Pay style contract stipulates a separate
offer floor price which greater than the typical market floor price. In Figure 4.17, Producer 5’s
new floor price has resulted in their offer price being greater than both their previous offer price
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(see Figure 4.16) and the offer price of all other producers, except Producer 3. Because of the
new value of their offer price, their offer function has been repositioned in the market offer
function (dispatch schedule) between Producer 3 and Producer 2. Producer 5 is now the marginal
producer instead of Producer 2, so any hourly fluctuations in demand will result in Producer 5,
not Producer 2, having to change their output in response. As discussed in section 4.5.3.5.1,
Producer 5’s Fixed $/MWh contract was converted into a Take-or-Pay contract for precisely this
reason.
Continuing with Figure 4.17, the market clearing price (𝑃 ), quantity supplied to
domestic consumers (𝑄 , ), total quantity supplied in the market (𝑄 , ) and quantity supplied to
export consumers (𝑄 , -𝑄 , , line segment ab) do not change from Figure 4.16. The offer
function of each producer, except Producer 3, has shifted closer to the beginning of the market
offer function to fill the gap where Producer 5’s offer function was previously positioned. The
shift in Producer 2’s offer function causes part of their production to be scheduled to supply
domestic consumers. To account for the shift, a portion of their Export Market Revenue and
Export Global Adjustment Revenue is re-categorized as Domestic Market Revenue and
Domestic Global Adjustment Revenue. This has both positive and negative consequences for
domestic consumers. On the positive side, the conversion of Producer 2’s Export Global
Adjustment revenue to Domestic Global Adjustment Revenue means a reduction in the quantity
of their total production being classified Export Cost. On the negative side, the newly
categorized Domestic Market Revenue is a new domestic consumer expenditure which was
previously paid for by export consumers (see Figure 4.16). Together, these both mean that while
domestic consumers’ expenditure on Producer 2 has increased because of Producer 5’s Take-orPay contract, the value of their expenditure caused by Producer 2 supplying exports has
decreased.
Despite the increase in domestic consumers’ expenditure on Producer 2, their Total
Expenditure (𝑇𝐸

,

) remains unchanged. This is because the increase in expenditure on Producer

2 is entirely offset by a decrease in expenditure on Producer 5. This decrease occurs because
when Producer 5’s offer function shifts between Figure 4.16 and Figure 4.17, the market revenue
they previously earned for suppling domestic consumers is now earned for supplying export
consumers. However, in Figure 4.17, the section of Producer 5’s revenue which would normally
be labelled Export Market Revenue is instead labelled Export Global Adjustment Payment. This
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has to do with the Export Benefit classification and payment mechanism of Take-or-Pay style
contracts. As explained in Section 4.5.3.5.2 and with Equation 4.13, for Take-or-Pay style
contracts, domestic consumers must pay the value of the capacity portion of a producer’s
contract revenue. However, this payment is reduced by the value of the export market revenue
earned by the contracted producer. In Figure 4.17, while Producer 5 is technically earning Export
Market Revenue, this revenue is paying for a portion of Producer 5’s contract revenue which
would otherwise be paid for by domestic consumers. That is why Producer 5 is instead labelled
as having Export Global Adjustment Revenue. This label also indicates the Export Benefit
classification of Producer 5.
Producer 5’s new contract has resulted in the portion of total exports which are scheduled
to be supplied by Producer 5 to be classified Export Benefit. The remainder of the exports, which
are scheduled to be supplied by Producer 2, are classified Export Cost. While this outcome is a
product of market conditions and not a specific outcome of Take-or-Pay style contracts, I have
mentioned it here as it demonstrates the possibility that exports can be classified Export Benefit
and Export Cost simultaneously. Up until this point, exports have only been supplied by a single
producer at a time. But in Figure 4.17, exports are simultaneously supplied under two different
types of contracts, each of which has a different export classification. In the absence of any
export demand in the market, domestic consumers’ Total Expenditure (𝑇𝐸

,

) would increase by

the loss of Producer 5’s Export Global Adjustment Payment, which is the value of the benefit
from exports. However, their Total Expenditure (𝑇𝐸

,

) would also decrease by the reduction in

Producer 2’s Export Global Adjustment Revenue, which is the value of the cost of exports.
Understanding the possibility of this occurring becomes important in the discussion of my
empirical results in Chapter 5.
Overall, the change in Producer 5’s contract to Take-or-Pay style resulted in their offer
price increasing, their offer function moving in between Producer 2 and Producer 3, and all
producers now behind Producer 5 to shift closer to the beginning of the offer function.
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Figure 4.17- Price, Quantity, Surplus and Revenue Determination In the Wholesale
Spot Market with Producer 5 on a Take-Or-Pay Style Contract With a Separate Offer
Price Floor
$/MWh
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4.5.3.3.4

Changes in the Quantity Supplied to Export Consumers

The purpose Figure 4.18a is to show how an increase in the quantity of exports supplied
under a Take-or-Pay style contract benefits domestic consumers by reducing their Total
Expenditure (𝑇𝐸

,

). The first panel in Figure 4.18a is identical to the market outcome in Figure

4.17. In the second panel, a reduction in export demand has caused an inward shift in the
aggregate demand curve. While this has not changed the value of the market clearing price (𝑃 ),
it has resulted in Producer 5 no longer being scheduled to supply export consumers. As Producer
5 is no longer supplying into the market, the export market revenues (labelled Export Global
Adjustment Payment) which previously covered part of the value of their contract revenue for
available capacity are no longer being earned. This shortfall must be paid for by domestic
consumers via the Global Adjustment (𝐺𝐴 ). This change is displayed in Figure 4.18a as the
reclassification of Producer 5’s Export Global Adjustment Payment from the first panel to
Domestic Global Adjustment Revenue in the second panel. Domestic consumers Total
Expenditure (𝑇𝐸

,

) has therefore increased as a result of the reduction in exports supplied by

Producer 5. It follows that the domestic consumers’ price (𝑃 ) has increased between the first
and second panels of Figure 4.18a, although the relatively small increase in Total Expenditure
(𝑇𝐸

,

) makes this change difficult to distinguish. In either case, both of these results reaffirm

my previous Export Benefit classification for exports under Take-or-Pay contracts.
4.5.3.3.5

Changes in the Market Clearing Price

The purpose of Figure 4.18b is to illustrate that an increase in the market clearing price
(𝑃 ) reduces domestic consumers Total Expenditure (𝑇𝐸

,

) on producers with Take-or-Pay

contracts scheduled to supply export consumers. The first panel contains the same market
outcome as Figure 4.17. In the second panel, an increase in export demand has caused the market
clearing price (𝑃 ) to increase. While the total quantity supplied in the market (𝑄 , ) has not
changed, the increase in the market clearing price (𝑃 ) has decreased the quantity supplied to
domestic consumers (𝑄 , ) and increased the quantity of exports supplied (𝑄 , -𝑄 , , line
segment ab). Because of the increase in the market clearing price (𝑃 ), the size of Producer 5’s
Export Global Adjustment Payment has increased as the value of their market revenue from
exports increased. The result of this is a decrease in domestic consumers’ Total Expenditure
(𝑇𝐸

,

) on Producer 5. This decrease also causes a decrease in the domestic consumer price (𝑃 ).

The domestic consumers’ price (𝑃 ) is also reduced by the Market Price Effect (see Section
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4.5.1.2.2), which captures the value of the reduction in domestic consumers’ expenditure on
Producer 2. These reductions in the domestic consumers’ price (𝑃 ) are partially offset by the
Quantity Demanded Effect (see Section 4.5.1.2.1), which captures the increase in 𝑃 caused by
the decrease in the quantity supplied to domestic consumers (𝑃 ). To summarize, an increase in
the market clearing price (𝑃 ) reduces domestic consumers’ Total Expenditure (𝑇𝐸

,

) on Take-

or-Pay style contracts when the producer is scheduled to supply export demand. This is
consistent with my previous discussion in Section 4.5.3.4.3, where I explained that an increase in
the market clearing price (𝑃 ) reduces domestic consumer’ Total Expenditure (𝑇𝐸
producers supplying exports, regardless of which type of contract they possess.

,

) on
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Figure 4.18a- Effect of Producer 5's Take-Or-Pay Style Contract on Price, Quantity, Surplus and Revenue
Determination In the Wholesale Spot Market Under Changing Export Demand Only
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Figure 4.18b- Effect of Producer 5's Take-Or-Pay Style Contract on Price, Quantity, Surplus and Revenue
Determination In the Wholesale Spot Market Under Changing Export Demand and Market Clearing Price
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4.5.3.4 Negative Priced Offers in the Market
Until this point, the market floor price, which is the lowest price a producer can submit
their offer, has been set at $0/MWh. However, in the wholesale electricity market in Ontario, the
market floor price it is set at -$2000/MWh, mirroring the market ceiling price of $2000/MWh.
This means producers can submit offers as low as -$2000/MWh. When a producer submits a
negative offer price, it represents the lowest price they are willing to pay in the market to have
their electricity taken. This may seem counterintuitive as the shut-down point for firms is
understood to be their variable cost, and all variable costs are positive, so the lowest price a
producer is willing to accept will be positive. In the absence of any contracted or regulated
producers in the market, producers usually do offer at positive prices, although a more
comprehensive look at these kinds of offer prices is included in Section 5.2. Negative offer
prices can also serve administrative functions. As previously discussed in Section 3.5, while
importers submit their offer prices in the hours leading up to the real-time market clearing hour,
during this hour their offer prices are set at the market clearing floor to insure they are both
accepted in the dispatch schedule and are not the marginal producer. However, as I have
discussed in Sections 4.5.1.1, 4.5.3.4.1, 4.5.3.4.7 and 4.5.3.5.2, the payment mechanisms in
different types of procurement contracts result in producers being incentivized to submit offer
prices differently than they would have without them. While I have discussed the different offer
prices when the market clearing price (𝑃 ) was $0/MWh, I shall briefly discuss how these offer
prices change with a negative market floor. After this, I will re-establish the market from Figure
4.17 with but with a negative market floor price. I will then use this to demonstrate how a
negative market clearing price (𝑃 ) can change the export classifications (i.e. Benefit, Cost,
Neutral) of certain procurement contracts. In doing so, I also explain how changes in the quantity
of exports supplied change the value of domestic consumers Total Expenditure (𝑇𝐸

,

) under a

negative market clearing price (𝑃 ).
4.5.3.4.1

Offer Behaviour of Contracted Producers with a Negative Market Floor Price

As I previously explained in Section 4.5.1.1, producers with Fixed $/MWh style contracts
receive a fixed price for each unit of output, regardless of the market clearing price (𝑃 ). This
incentivizes them to offer as low as possible in the market to ensure their total contracted
capacity is scheduled for production. This holds true when the market floor price is negative. In
this case, their negative offer price signals their willingness to pay for their electricity to be
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taken. If a producer is scheduled when the market clearing price (𝑃 ) is negative, they must pay
that value for each MWh they produce. However, their contract stipulates that they are owed the
difference between their fixed $/MWh contract price (𝑝 , ) and the market clearing price (𝑃 ).
The result is that their per MWh contract revenue is equal to the sum of their contract price and
the market clearing price (𝑝 ,

− (−𝑃 )). This means that their Total Revenue (𝑡𝑟 , ) does not

change if the market clearing price (𝑃 ) is negative. Because their contract price is set at their
long-run average total cost, it will always be greater than their short-run marginal cost. As
previously explained, this means they are incentivized to maximize output no matter what the
market price is (𝑃 ). Therefore, their negative offer price represents their willingness to pay to
ensure they are scheduled in the market.
For Minimum Net-Revenue contracts, the offer behaviour when the floor price is
negative differs between the regular versions of these contracts and the ones designed for
Combined Heat and Power (CHP) plants. For the regular versions of these contracts, as I
explained in Section 4.5.3.4.1 and Equation 4.10, these producers are incentivized to offer at
their contracted variable cost, which I am setting equal to the price of natural gas (𝑃 ). Because
this price is always positive, so are offer prices under these contracts. While this is complicated
by a number of issues related to starting-up these facilities, this is a complication for all natural
gas generators and is discussed in Chapter 5. For the purpose of simplicity, I will leave their
offer price unchanged. For Minimum Net-Revenue contracts designed for CHP plants, their offer
price is now set at the new market clearing floor. Recall from Section 4.5.3.4.7 that one of the
distinguishing features of these contracts is that they can operate under Directed Dispatch
Intervals. These are where the contract ‘buyer’ directs the CHP producer to supply into the
market over a given period of time. During these market hours, their monthly contract payment
is still reduced by the value of their imputed net-revenues (which includes their CHP credit).
However, during these intervals, the ‘buyer’ compensates the producer for the price of natural
gas. This means that if the market clearing price is below their variable cost, they are still able to
cover this cost. When the market floor is negative, they set their offer price at the market floor to
ensure they are scheduled to supply as directed by the ‘buyer’. While they are not always under a
Directed Dispatch Interval in reality, in this framework I am assuming they are.
For Take-or-Pay contracts, the discussion of offer behaviour in Section 4.5.3.1 explained
that these producers typically offer at their floor price but the reason why may differ amongst
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producers. While these reasons will be dealt with case by case in Chapter 5, for the sake of
simplicity, their offer price is set at their separate offer floor price. This means that their offer
price does not change when the market floor price becomes negative. However, if their separate
offer floor price became negative, then their offer floor price would match it. Their per MWh
revenue is calculated similarly to the Fixed $/MWh contract, where they would pay the market
clearing price (𝑃 ) to have they production taken, but receive contract revenue equal to their
contract price plus the market clearing price (𝑝 ,

− (−𝑃 )). While in reality, there are one or

two exceptions to this, for the purpose of simplicity, I will leave them for Chapter 5. To
summarize, under a Take-or-Pay style contract, a producer’s offer price will be equal to their
separate offer floor price, regardless of whether this offer floor price is positive or negative.
4.5.3.4.2

Negative Floor Price and Changes in Producers’ Offers in the Market

In order to demonstrate how market outcomes change when the market floor price is
negative, I have included Figure 4.19. The purpose of this figure is also to set up the market for
the next two figures, as they both contain a negative market clearing price (𝑃 ). Figure 4.19
takes the market from Figure 4.17 and lowers the market floor price from $0/MWh to a negative
value. It also adjusts the offer prices of producers based on what was discussed in the previous
Section (4.5.3.6.1). Producer’s 1, 2 and 6, who all possess Fixed $/MWh contracts, now offer at
the new market clearing floor. Producer 5 still retains a separate offer price, although it has been
moved below $0/MWh. Producer 3’s offer price has not changed, still matching the price of
natural gas. Producer 4’s offer price is at the new market floor because they are under a Directed
Dispatch Order and must offer at the market floor to ensure they are scheduled to produce.
Domestic and aggregate market demand continue to the new market floor with their slopes
unchanged. Despite offers from most producers going below $0/MWh, market outcomes,
including prices, quantities, and revenue streams, remain the same as the aggregate demand
curve still intersects the offer function in the same spot. So long as changes in offer prices do not
change the order of offers from different producers and market demand remains constant,
lowering offer prices below $0/MWh will not alter market outcomes.
4.5.3.4.3

Changes in the Market Clearing Price Below $0/MWh

The purpose of Figure 4.20a is to demonstrate that when the market clearing price (𝑃 ) is
negative, the total revenue earned by each producer in the market does not change while
domestic consumers’ Total Expenditure (𝑇𝐸

,

), increases by the value of producers’ export
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contract revenue (𝑅

, ,

). Figure 4.20a consists of two panels. The first panel is identical to

Figure 4.19. In the second panel, a reduction in export demand has caused the market clearing
price (𝑃 ) to drop below $0/MWh. While this does not change the total quantity supplied in the
market (𝑄 , ), the total quantity supplied to domestic consumers (𝑄 , ) increases, meaning that
the total quantity supplied to export consumers decreases (𝑄 , -𝑄 , , triangle ab).
All the Domestic and Export Market Revenues in the first panel are not in the second
panel, as producers now pay the market clearing price (𝑃 ) to consumers for their electricity.
However, as discussed in the previous section, the value that producers pay into the market is
entirely paid for by domestic consumers via the Global Adjustment (𝐺𝐴 ). The market revenue
paid to domestic consumers from producers scheduled to supply them offsets the increase in
producers’ domestic contract revenues (𝑅

,

,𝑅

,

) they pay. Therefore, in the second panel of

Figure 4.20a, even though the value of the Domestic Global Adjustment Revenue for each
producer is now larger than the total value of their respective contract prices, domestic
consumers’ expenditure on these producers remains the same. As I discussed in Section
4.5.2.1.4, domestic consumers’ Total Expenditure (𝑇𝐸

,

) on any contract producer supplying

domestic consumers is not affected by changes in the either the market clearing price (𝑃 ) or
quantity of exports supplied (𝑄 , ). This rule extends to negative market prices (𝑃 ). It follows
that all of these producers are still classified Export Neutral.
In Figure 20a, domestic consumers’ Total Expenditure (𝑇𝐸

,

) on producers scheduled to

supply exports does increase as the market clearing price (𝑃 ) becomes negative. Export contract
revenue (𝑅

, ,

) earned by these producers increases in the same way as producers’ domestic

contract revenue (𝑅

,

,𝑅

,

) described above. However, these producers pay their export

market revenue to export consumers rather than domestic consumers. So, when producers are
scheduled to supply exports, as the market clearing price decreases below $0/MWh, the increase
in the value of their export contract revenue (𝑅

, ,

) is an increasing cost to domestic consumers.

In Figure 4.20a, this is the section labelled Export Global Adjustment Revenue below the
$0/MWh line. As previously established, this means the exports supplied by these producers are
classified Export Cost. While this does not change Producer 2’s classification, it partially
changes Producer 5’s. However, this will be more formally explained in the next section as I
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discuss how a change in the quantity of exports supplied by Producer 2 changes domestic
consumers’ Total Expenditure (𝑇𝐸

,

).

To summarize, in Figure 4.20a, as the market clearing price (𝑃 ) becomes negative,
domestic consumers’ Total Expenditure (𝑇𝐸
market revenue (𝑅

, ,

,

) will increases by the value of producers’ export

). This occurs because producers pay their export market revenue (𝑅

, ,

)

to export consumers while domestic consumers reimburse producers the value of this payment
through the Global Adjustment (𝐺𝐴 ). In Figure 20a, this increase in domestic consumers’ Total
Expenditure (𝑇𝐸

,

) is captured as an increase in the domestic consumers’ price (𝑃 ). The full

value of this increase in the domestic consumers’ price is partially offset by the Quantity
Demanded Effect.
4.5.3.4.4

Changes in the Quantity of Exports Supplied Under a Take-or-Pay Style Contract

In Section 4.5.3.4.2, I explained that Take-or-Pay contracts are classified Export Benefit.
This still holds true when the market price is greater than $0/MWh. However, as I explained in
the previous section, when the market clearing price (𝑃 ) becomes negative, Take-or-Pay style
contracts experience a change in their export classification. As displayed in Figure 4.20a,
Producer 5’s export classification becomes Export Cost, although only for section of the
producer’s revenue below $0/MWh (labelled Export Global Adjustment Cost). To earn this
classification, an incremental increase in the quantity of exports supplied must increase domestic
consumers’ Total Expenditure (𝑇𝐸

,

) when the market clearing price (𝑃 ) is negative. To

demonstrate this occurring, I have included Figure 4.20b, which shows that a reduction in the
quantity of exports supplied by Producer 5 reduces their Export Global Adjustment Revenue.
The first panel in Figure 4.20b depicts a market outcome similar to the second panel of Figure
20a, except the aggregate demand curve now intersects Producer 5’s market offer. In the second
panel, a reduction in export demand causes the aggregate demand curve to shift inward, reducing
Producer 5’s scheduled output. Because Producer 5 is the marginal producer in both panel’s, the
market clearing price (𝑃 ) does not change. In the first panel, on top of the Domestic Global
Adjustment Revenue Producer 5 earns for available capacity, they earn Export Global
Adjustment Revenue equal to the value of their scheduled output multiplied by their negative
market clearing price (𝑃 ). Being scheduled when the market clearing price (𝑃 ) is negative
means Producer 5 must pay export consumers to take their electricity. Because they are
guaranteed to earn revenue equal to the value of their contract revenue for available capacity,
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they receive additional contract revenue to cover their market payment to export consumers. This
additional contract revenue is paid for by domestic consumers via the Global Adjustment (𝐺𝐴 ).
In the second panel, because Producer 5 is scheduled to supply less exports, their payment to
export consumers is reduced, which subsequently reduces the additional contract revenue
domestic consumers pay to Producer 5. This is visually represented in Figure 20b by the
reduction in their Export Global Adjustment Revenue. There is also a reduction in the value of
the domestic consumers’ price (𝑃 ), although due to the small decrease in Producer 5’s Export
Global Adjustment Revenue, it is difficult to notice.
In order to update the classification of Take-or-Pay style contracts for a negative market
clearing price (𝑃 ), I have included Equation 4.13a. This equation considers how the value of
domestic consumers’ Total Expenditure (𝑇𝐸

,

) from Equation 4.13 changes given an

incremental increase in the quantity of exports supplied by an individual producer with a Takeor-Pay style.
Equation 4.13 re-written so 𝑃 can be positive, zero or negative. Indicated by ±
𝑇𝐸

,

= (±𝑃 )𝑞 ,

, ,

+ 𝑝, 𝑞,

Take the partial derivative of 𝑇𝐸

,

,

− (±𝑃 ) 𝑞 ,

with respect to 𝑞 ,

, ,

, ,

+𝑞,

(4.13)

, ,

(4.13a)

𝜕𝑇𝐸 ,
= −(±𝑃 )
𝜕𝑞 , , ,
Possible outcomes for

,
,

, ,

given the value of 𝑃
⎧> 0,
⎪
⎪

𝑃

⎨
⎪
⎪
⎩

= 0,
< 0,

𝜕𝑇𝐸 ,
<0
𝜕𝑞 , , ,
𝜕𝑇𝐸 ,
=0
𝜕𝑞 , , ,
𝜕𝑇𝐸 ,
>0
𝜕𝑞 , , ,

Where
1 𝑇𝐸

,

is the Total Expenditure (𝑇𝐸) by all k Domestic (d) consumers (from Equation 4.2)

2 𝑃 is the Price (p) used to settle the wholesale electricity Market (m). This is the market
clearing price. (From Equation 4.1)
3 𝑞,

, ,

is the Quantity (q) producer i under their Take-or-Pay (tp) contract supplied for
Domestic (d) demand
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4 𝑝,
5 𝑞,

is the Price (p) paid to producer i per MW/h from their Take-or-Pay (tp) contract
,

is the Quantity (q) producer i has under their Take-or-Pay (tp) contract of Available
Capacity (ac) contract

6 𝑞,

, ,

is the Quantity (q) producer i under their Take-or-Pay (tp) contract supplied for
Domestic (d) demand

Equation 4.14 shows that the change in domestic consumers Total Expenditure (𝑇𝐸

,

)

given an increase in the quantity of exports supplied under a Take-or-Pay contract depends on
the value of the market clearing price (𝑃 ). Specifically, there are three possible outcomes:


If the market clearing price (𝑃 ) is greater than $0/MWh, than an increase in the quantity
of exports supplied under a Take-or-Pay style contract will decrease the value of
domestic consumers’ Total Expenditure (𝑇𝐸

,

). In this situation, Take-or-Pay style

contracts are classified Export Benefit.


If the market clearing price (𝑃 ) is equal to $0/MWh, then an increase in the quantity of
exports supplied under a Take-or-Pay style contract will not change the value of domestic
consumers’ Total Expenditure (𝑇𝐸

,

). In this situation, Take-or-Pay style contracts are

classified Export Neutral.


If the market clearing price (𝑃 ) is less than $0/MWh, than an increase in the quantity of
exports supplied under a Take-or-Pay style contract will increase domestic consumers’
Total Expenditure (𝑇𝐸

,

). In this situation, Take-or-Pay style contracts are classified

Export Cost.
The first of these outcomes expresses the conclusion established for positive priced hours
in Section 4.5.3.4.2. The third outcome expresses the conclusion established in this Section for
negative priced hours. While I did not previously discuss what happens when the market clearing
price (𝑃 ) is $0/MWh, which is the second outcome listed, it is a straightforward conclusion to
arrive at because it results in Equation 4.13a reducing to 0.
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Figure 4.19- Price, Quantity, Surplus and Revenue Determination In the Wholesale
Spot Market When Offer Floor Price is Below $0/MWh
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Figure 4.20a- Price, Quantity, Surplus and Revenue Determination In the Wholesale Spot Market When A
Reduction in Export Demand Cause the Market Price To Drop Below $0/MWh
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Figure 4.20b- Effect of Producer 5's Take-Or-Pay Style Contract on Price, Quantity, Surplus and Revenue
Determination In the Wholesale Spot Market When the Market Floor is Below $0/MWh and Only Export Demand
Changes
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4.5.4

Summary of Procurement Contracts and Export Classifications
In Section 4.4.2, I explained that given an increase in the quantity of exports supplied

(𝑞 , , ) by a producer, domestic consumers’ Total Expenditure (𝑇𝐸

,

) can either increase,

decrease, or remain the same. Depending on the outcome, the exports supplied by this producer
would be classified Export Benefit, Export Neutral, and Export Cost. These outcomes were
expressed mathematically in Equation 4.5a (see Section 4.4.2.1), which I have restated below as
a reminder.
,

Possible directional outcomes for
𝜕𝐺𝐴 𝜕𝑅 , 𝜕𝑅
𝜕𝑅 , 𝜕𝑅 , 𝜕𝑅

,
, ,

, , ,

:

𝜕𝑅 , ,
𝜕𝑞 , , ,

𝑜𝑟

𝑖𝑓

𝜕𝐺𝐴 𝜕𝑅 , ,
𝜕𝐺𝐴 𝜕𝑅
+
𝜕𝑅 , , 𝜕𝑞 , , ,
𝜕𝑅 , , 𝜕𝑅

, ,
, ,

𝜕𝑅 , ,
𝜕𝑞 , , ,

𝜕𝑇𝐸 ,
⎧> 0,
> 0 ∴ 𝑒𝑥𝑝𝑜𝑟𝑡 𝑐𝑜𝑠𝑡
𝜕𝑞 , , ,
⎪
⎪
𝜕𝑇𝐸 ,
= 0,
= 0 ∴ 𝑒𝑥𝑝𝑜𝑟𝑡 𝑛𝑒𝑢𝑡𝑟𝑎𝑙
𝜕𝑞 , , ,
⎨
⎪
⎪ < 0, 𝜕𝑇𝐸 , < 0 ∴ 𝑒𝑥𝑝𝑜𝑟𝑡 𝑏𝑒𝑛𝑒𝑓𝑖𝑡
𝜕𝑞 , , ,
⎩

Where
1

𝐺𝐴 is the Global Adjustment (𝐺𝐴) Total (t) Value (v) (from Equation 4.4).
𝑅

2

,

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for
services provided to Domestic (d) consumers. These services are the provision
electricity generation and productive capacity. (from Equation 4.1c)
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𝑅

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for

,

the quantity of Available Capacity (ac) they maintain. Only applies to

3

procurement contracts which pay for the quantity of available capacity
maintained. (from Equation 4.1c)

4
5
6
7

𝑅

, ,

is the Revenue (R) earned from the Market (m) by all (n) producers for their
quantity Supplied (s) to Export (e) consumers. (from Equation 4.1b)

𝑞,

, ,

is the Quantity (q) producer i with the jth style procurement contract Supplied (s) to
Export (e) consumers. j may also refer to no contract (from Equation 4.1b)

𝑅

, ,

is the Revenue (R) earned from procurement Contracts (c) by all (n) producers for
their quantity Supplied (s) to Export (e) consumers. (from Equation 4.1d)

𝑇𝐸

,

is the Total Expenditure (𝑇𝐸) by all k Domestic (d) consumers. (from Equation
4.2)

I have explained throughout this chapter how an increase in the quantity of exports
supplied (𝑞 ,

, ,

) by any one producer changes the value of domestic consumers’ Total

Expenditure (𝑇𝐸

,

) depends upon which style of procurement contract the producer has, as well

as the value of the market clearing price (𝑃 ). This results in the numerous possible outcomes I
have explained throughout this chapter.
The purpose of Table 4.2 is to summarize these all of these possible outcomes. The first
row displays the equation for a change in domestic consumers’ Total Expenditure (𝑇𝐸

,

) given
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a change in the quantity of exports supplied under a specific type of procurement contract. The
three rows below this display the conditions under which exported electricity from each of the
three procurement contract types is classified Export Benefit, Export Neutral and Export Cost.
For Fixed $/MWh contracts, exports are classified Export Benefit when the market clearing price
(𝑃 ) is greater their contract price (𝑝 , ), Export Neutral when the market clearing price (𝑃 ) is
equal to their contract price (𝑝 , ), and Export Cost when to domestic consumers when below
the contract price. The $/MWh value of any benefits or costs under these contracts is equal to
their contract price (𝑝 , ) minus the market clearing price (𝑃 ). For Minimum Net-Revenue
contracts, they are always classified Export Neutral as the quantity of exports they supply does
not change the value of domestic consumers Total Expenditure (𝑇𝐸

,

). For producers with a

Take-or-Pay style contract, they are classified Export Benefit when the market clearing price
(𝑃 ) is above $0/MWh, Export Neutral when the market clearing price (𝑃 ) is equal to $0/MWh
and Export Cost when the market clearing price (𝑃 ) is less than $0/MWh. The $/MWh value of
any benefits or costs from these under these types of contracts is equal to the value of the market
clearing price (𝑃 ). This can also be understood as the value of the market revenue they earn
from export consumers.
Overall, Table 4.2 highlights the difficulty of determining the outcome of the export
benefit/cost debate, as it is possible for exports to simultaneously impose a benefit, a cost and
neither a benefit or cost depending on the contracts held by the producers supplying exports. For
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Minimum Net-Revenue contract holders, or producers with no contracts, its exported electricity
is neither an export benefit or cost to domestic consumers. For Take-or-Pay producers, whether
they can be considered an export benefit, cost, or neither, is entirely dependent on the market
clearing price being above, equal to, or below $0/MWh. Therefore, exported electricity from all
producers with Take-or-Pay contracts will have the same benefit, cost, or neither distinction, and
all receive the same $/MWh rate for its benefit or cost calculations (market clearing price).
Producers with Fixed $/MWh contracts have the most complicated outcome for the export
benefit/cost debate, as the determinants of whether they constitute an export benefit, cost or
neither is partially dependent on each producers’ $/MWh contract price. Because these contract
prices can differ, it is possible that exported electricity from Fixed $/MWh contracts is
simultaneously a benefit and a cost to domestic consumers. Also, as I discuss in Chapter 5, many
of them contain additional performance incentive payments which are unique to the contract in
question. On top of these difficulties for, each equation in Table 4.2 is for a given hour, meaning
that the quantity of exports classified as Export Benefit, Export Cost and Export Neutral changes
on an hourly basis.
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Table 4.2- Conditional Determinants of an Export Benefit, Cost or Neutral
Outcome by Procurement Contract Type
Marginal
Fixed $/MWh
Expenditure
on Exports
𝜕𝑇𝐸 ,
=
𝑝 , − (±𝑃 )
𝜕𝑞 , ,
Export
Benefit
,
(
< 0)

Minimum NetRevenue
0

Take-Or-Pay

−(±𝑃 )

N/A

𝑝,

<𝑃

Export
Neutral
𝜕𝑇𝐸
( 𝑘,𝑑 = 0)

𝑝,

=𝑃

Always

𝑃 =0

Export Cost
𝜕𝑇𝐸
( 𝑘,𝑑 > 0)

𝑝,

>𝑃

N/A

𝑃 <0

𝑃 >0

, ,

𝜕𝑞𝑖,𝑠,𝑒

𝜕𝑞𝑖,𝑠,𝑒

Where:
,
, ,

is the change in Total Expenditure (TE) by all k domestic (d) consumers

give an increase in the quantity (q). Is also referred to as domestic
consumers marginal expenditure on exports.
𝑃 is the Price (p) used to settle the wholesale electricity Market (m). This is
the market clearing price. (From Equation 4.1)
𝑝 , is the contract Price (p) producer i receives from their Fixed $/MWh
Rate (fr) contract for each MWh supplied.
N/A means the outcome does not occur for a given contract program
Source: Author
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4.5.5

Understanding Each Side of the Export Benefit/Cost Debate
As discussed in Chapter 2, proponents of the export benefit side of the export benefit/cost

debate use export market revenues as a measure of the benefits of exports to Ontario consumers.
Their justification for this is that export market revenues reduce the value of contract revenues to
producers which domestic consumers would otherwise have to pay. The claim that producers’
contract revenues are unavoidable costs to domestic consumers indicates an assumption that the
producers being scheduled to supply export demand are paid for their available capacity rather
than output. This assumption may apply to either Minimum Net-Revenue and/or Take-or-Pay
style contracts. However, in Table 4.2, export benefits equal to the market clearing price (𝑃 )
only occur for exports supplied under Take-or-Pay style contracts, and only when the market
clearing price (𝑃 ) is greater than $0/MWh. So for the export benefit side to be correct,
producers with Take-or-Pay style contracts would always have to be the ones scheduled to
supply export demand
Also discussed in Chapter 2, proponents of the export cost side of the export benefit/cost
debate use the Global Adjustment as a measure of the cost of exports to Ontario consumers.
Export costs either come from contract payments made on exports to Fixed $/MWh above their
export market revenue and negative export market revenue earned by producers with either
Fixed $/MWh or Take-or-Pay contracts. These figures are all captured in the Global Adjustment,
so a positive Global Adjustment value could indicate insufficient export market revenue, and
therefore constitute an export cost. But the Global Adjustment also contains the contract
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payments to Fixed $/MWh contracts for electricity supplied to domestic consumers, as well as
the remaining capacity payments made to all Take-or-Pay and Minimum Net-Revenue contracts.
This means that the $/MWh Global Adjustment rate authors use to calculate export costs is an
average of the payments to all contracted producers for domestic supply, export supply and
available capacity. However, none of these authors explicitly address the different contract types
in their arguments or discuss the inherent limitations of using the Global Adjustment to measure
the cost of exports. The most likely explanation is that proponents of the export cost side of the
debate assume that all of the producers in the market have Fixed $/MWh contracts.
While the presentation of this debate within the literature creates the appearance of a
contradictory set of outcomes (i.e. exports are either a benefit or costs), the possibility for exports
to incur both benefits and costs simultaneously makes it likely that both sides of the debate are
correct in their assertions that exports have generated benefits and have generated costs to
domestic consumers. Determining the winner of the debate requires measuring whichever of the
two values is greater.
I should note that the aforementioned behaviour of proponents on each side of the debate
does not include the Market Surveillance Panel (2014). Their argument does acknowledge the
different types of procurement contracts as well as the importance of the order of producers on
the dispatch schedule. The three contract categories I use in this chapter to organizes contract
payment mechanisms were created by them. However, their analysis was qualitative and only
addressed the state of the electricity market in 2014.
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4.6

Conclusion
In Chapter 4, I developed the theoretical framework to explain the circumstances under

which electricity exports from Ontario can be considered to be either beneficial, a cost, or have
no impact on Ontario consumers within the context of the export benefit/cost debate. I
demonstrated that the outcome depends on whether a producers’ contract revenue increased,
decreased or remained the same given an increase in the quantity of exports they supply. If this
change in revenue was a positive value, an Export Cost outcome was shown to occur. If this
change in revenue was a negative value, an Export Benefit outcome was shown to occur. Finally,
if this change was equal to zero then an Export Neutral outcome was shown to occur. I then
proceeded to explore the conditional market outcomes required for an Export Benefit, Cost or
Neutral outcome to occur for each type of procurement contract. Importantly, I outlined the
conceptual framework for conducting this test, which is to consider how the value of the Global
Adjustment changes with respect to a change in export demand and therefore exports supplied by
the marginal producer. I illustrated that in any given market hour, producers which are either
self-scheduling, scheduled to supply export demand, have no contract or have a Minimum NetRevenue contract will can be classified Export Neutral. I showed that producers with Take-orPay contracts can be classified Export Benefit for all market price values greater than 0 and
producers with Fixed $/MWh contracts can be classified Export Benefit for all market price
values greater than their individual contract prices. Finally, I showed that producers with Takeor-Pay contracts can be classified Export Benefit for all market price values greater less than 0

177
and producers with Fixed $/MWh contracts can be classified Export Benefit for all market price
values less than their individual contract prices.
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Chapter 5: Empirical Method and Results
In this Chapter, I present my empirical results as well as the methods by which they were
derived. Section 5.1 explains the framework I use to structure my empirical estimation as well as
the methods I used to prepare and derive my results. Section 5.1.1 provides a step-by-step
overview of my methods, broken down into sections related to policy and data organization.
Section 5.1.2 explains how I placed different groups of producers into the three contract
categories (e.g. Take-or-Pay) over time, based on their contract payment mechanisms. Section
5.1.3 explains the guidelines I developed for constructing my model of the dispatch schedule. It
also contains the 7 different models of the dispatch schedule I developed to address changes in
contracted/regulated payment mechanisms over time. Section 5.1.4 explains how I calculated
Export Benefit, Export Cost and Export Neutral values between 2005 and 2016. Section 5.2
contains a description of the data I used. Section 5.3 includes a discussion of my results and their
significance.
Throughout this Chapter I will refer to the Hourly Ontario Energy Price (HOEP) and the
market clearing price interchangeably. The HOEP is the hourly market price used to settle most
financial transaction in the Ontario spot market. It is comprised of 12 5-min market clearing
prices which are used to settle only a small amount of financial transactions in Ontario. If and
when I use the term market clearing price it is analogous to the HOEP and not a reference to
these 5-minute market clearing prices.
5.1

Empirical Framework and Methods
When reading previous writings from both sides of the export benefit/cost debate in

Ontario, the answer to the debate is most often presented as dichotomous. Exports either benefit
domestic consumers by reducing the value of unavoidable contract payments to producers, or
cost domestic consumers by increasing the value of avoidable contract payments to producers.
While the logic utilized by either to construct their arguments makes sense, both sides base their
arguments on an assumption that at least all of the producers scheduled to supply exports have
one particular type of contract (i.e. Fixed $/MWh, Take-or-Pay). Yet as I described in my
theoretical framework (Chapter 4), it is possible for both types of contracts to cause Export
Benefits and Costs under certain circumstances. Furthermore, there is a third option.
Specifically, it is possible that contract payments to producers do not change in value as exports
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increase or decrease. While this is true for any producer positioned below export demand on the
dispatch schedule, it is also true of producers with Minimum Net Revenue contracts scheduled to
supply exports.
At its core, my empirical framework is conceptually no different than my theoretical
framework. The primary difference between the two is that while the theoretical framework
looks at the change in domestic consumers’ marginal expenditure given an incremental increase
in exports from a contracted producer, the empirical framework measures the change in domestic
consumers’ total expenditure in the absence of any exports being scheduled in the market.
Briefly looking back at Figure 4.20, rather than measuring the Export Benefit, Cost and Neutral
values accrued over the small shift in export demand, I would be measuring the size of these
values that would occur had the export demand curve not been present in the figure.
Given the diversity in payment mechanisms for contracts, determining whether exports
are a benefit or cost to Ontario consumers requires knowing which producers would not have
been scheduled in the absence of export demand as well as the category of procurement contract
they possess. The complexity of this task is compounded by a number of issues. Because my
investigation spans from 2005-2016, variation in the quantity of installed capacity, contracted
capacity and payment mechanisms for previously contracted capacity must be accounted for as
they can all effect who is being scheduled to supply exports and whether they are classified
Export Benefit, Cost or Neutral. Producers’ offer prices and quantities, export demand bid prices
and quantities and domestic demand quantities all fluctuate hourly, requiring my estimates to
also be calculated hourly.
5.1.1

Step by step overview
The first and second steps of my methods deal the policy aspect of my research. They

involve identifying all of the different procurement contracts and regulated rates, and which
producers they apply to. The combined output of these first two steps is described in Section
5.2.2. The third, fourth and fifth steps of my methods deal with the empirical aspect of my
research. The third and fourth steps involve developing and implementing a set of guidelines for
ordering generator output from different producers along the dispatch schedule. They also
involve updating the order of the dispatch schedule over time to accommodate policy changes.
These two steps are described in Section 5.2.3, with step three contained in Section 5.2.3.1 and
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step 4 contained in Section 5.2.3.2. The fifth and final step is the actual calculation of the Export
Benefit, Export Cost and Export Neutral values. It is explained in Section 5.2.4.
The remainder of this section provides a more detailed overview of each of the
aforementioned steps.
The first step I took was to identify how each producer on the high-voltage grid currently
receives revenue, as well as how that has changed between 2005 and 2016. I only include
generators on the high-voltage grid as embedded generators cannot supply exports and are not
typically wholesale market participants. The possible options for receiving revenue are
procurement contract, revenue regulation and the market. I grouped together contracted
producers by their shared procurement contract programs (e.g. Feed-In-Tariff 1, Combined Heat
and Power 3). Generators with revenue regulation are all owned by OPG. I grouped these
generators by input fuel type, with hydro generators being further split into two groups referred
to as Prescribed and Non-Prescribed. These are the two groups OPG divides their hydro
generators into, and I have maintained this division as each of these two groups have different
payment mechanisms.
In the second step, I take the groups created in step one and categorize them as either
Take-or-Pay, Minimum Net-Revenue or Fixed $/MWh based on their contract or regulated
payment mechanism. For producers who rely on the market price, which I shall refer to as the
Hourly Ontario Energy Price (HOEP), I place them into a separate category called Merchant
generation. This is the term used by the IESO. While categorizing producer groups I searched for
any changes in payment mechanisms and market rules between 2005 and 2016 that would cause
how they were categorized to change. Several producer groups are placed in more than one
category to account for this.
In the third step, I developed a series of guidelines with which to determine the position
of different producers on my model of the dispatch schedule. Producers on the dispatch schedule
are organized from lowest to highest offer price, so the guidelines are focused on determining the
value of the offer price of certain producers relative to the offer prices of other producers. Most
of these are taken directly from the offer behaviour of producers under different types of contract
payment mechanisms described in Chapter 4. In addition to these, I develop two more to deal
with the unique operation features of fossil fuel and hydro generators. Even when these
producers have procurement contracts, they may split the generation they offer into the market
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into a low price section and a high price section. Sections 5.2.3.1.4 and 5.2.3.1.5 contain the
relevant information for understanding these unique operation features, as well as the methods I
used to separate generation from the appropriate producers into the high and low offer price
blocks. I refined some of the categories developed in the first two sections by incorporating the
operational features of certain types of generating facilities which can influence how facilities
with the same fuel types and procurement contracts might split their generation amongst two
offer prices and/or offer at different prices than other facilities with identical input fuels and
procurement contracts.
In the fourth step, I organize the categories from the third step into a dispatch schedule
which is intended to approximate the dispatch schedule which would have occurred in the
Ontario electricity sector. Several version of the dispatch schedule are constructed for different
time periods to accommodate changes in payment mechanisms for certain producers as well as
any relevant changes in market rules.
In the fifth and final step, I estimate Export Benefit, Cost and Neutral values. With
generator data for each hour organized as describe in Steps 1-4, I first determine which
generators were scheduled to supply domestic demand. This is done by starting at the lowest
offer price on the dispatch schedule and continuing to subtract it from Ontario domestic demand
until Ontario domestic demand equals 0. The remaining generation is determined to have been
scheduled to supply export demand. Export Benefit, Cost and Neutral outcomes are calculated on
this generation based on the payment mechanism for each of the relevant producers.
5.1.2

Categorizing Producers by Payment Mechanism
In this section I show how I categorized the producer groups I created in step 1 as either

Take-or-Pay, Minimum Net-Revenue, Fixed $/MWh or Merchant generation. Each of these
categories is described in its own subsection. The producer groups in each category are listed,
along with the quantity of installed capacity in each group as of 2016. OPG’s facilities which
have regulated revenue rather than a procurement contract are included in a separate section after
the contract producers (Section 5.1.1.5.1).
As previously discussed in Section 3.6, the Take-or-Pay, Minimum Net-Revenue and
Fixed $/MWh categories come directly from the Market Surveillance Panel (2014). Most of the
categorization of producer groups are also directly taken from them as well, although I
independently verified as many of these categorizations as I could. This was done by checking
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the payment mechanisms included in the contract templates for any procurement contract
program with publicly available documents (Ontario Power Authority, 2014). The only
categorization by the Market Surveillance Panel (2014) which I could not independently verify
were the Non-Utility Generator (NUG) contracts and the Hydroelectric Energy Supply
Agreement (HESA) contracts as they do not have any publically available documents. However,
for the NUG contracts, an IESO (2015) report on renegotiating some of these contracts provided
some details as to the core of the payment mechanisms for these contracts. For OPG’s facilities
with regulated revenue, I reviewed Ontario Energy Board (OEB) reports 43 which included any of
their decisions regarding changes to OPG’s regulated payment mechanism.
There were a few procurement contract programs that were not discussed by the Market
Surveillance Panel (2014). I have categorized these programs based on the payment mechanisms
included in any publically available contract templates. When no templates were available, a
categorization was made based on the best possible information I was able to acquire. Below the
listing of the all the procurement contract programs in a particular category is a justification for
each contract program I placed in the category which was not previously categorized by the
Market Surveillance Panel (2014). Included in these justifications is a description of the
information I used for these justifications when no contract templates were publically available.
Certain producer groups are included in more than one category. For them, changes to
their payment mechanisms between 2005 and 2016 resulted in them belonging to a different
contract category. For these programs, the years in which they belonged to the category they are
listed in, will be included. Also, for those programs which switched categories prior to 2016, the
installed capacity listed is at the last date they belonged to that category. I provide an explanation
for each producer group with time varying categorization in Section 5.1.1.5 after all four
categories have been discussed. This Section is divided into two parts. The first is the
aforementioned Section 5.1.1.5.1 covering the payment mechanisms for OPG’s generators with
regulated revenue rather than procurement contracts. I have included it here because the payment
mechanisms for nearly all of their generators changed at least once between 2005 and 2016. The
second part contains a discussion of procurement contracts which changed over time, as well as
my justification for changing their categorization.
5.1.2.1 Take-or-Pay Contracts
43

EB-2007-0905 (Kaiser et al., 2008), EB-2010-0008 (Chaplin et al., 2011), EB-2013-0321 (Hare et al., 2014)
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As explained in Chapter 3 and 4, a Take-or-Pay style contract pays producers a fixed rate
for each unit of available capacity they offer into the market, regardless of whether they are
actually scheduled to produce. Any market revenues they earn reduce the value of their contract
revenue which is paid for by domestic consumers.
Certain contract programs are grouped into what I refer to as contract families. These
families contain contract programs which are both titled similarly and contain similar payment
mechanisms. The contracted and regulated revenue programs in this category are:


(Amended) Bruce Power Refurbishment and Implementation Agreement ((A)BPRIA)
-From Sept. 2013-Present
o Applies to the Bruce Flexible44-Nuclear Power Facility (6300 MW)

Feed-In Tariff (FIT) contract family45
o 80 MW of solar (From Sept. 2013-Present)
o 1832 MW of wind (From Sept. 2013-Present)
Renewable Energy Supply (RES) contract family


Renewable Energy Supply 1 (RES I)
o 305.1 MW of wind (From Sept. 2013-Present)



Renewable Energy Supply 2 (RES II)
o 778.5 MW of wind (From Sept. 2013-Present)



Renewable Energy Supply 3 (RES III)
o 425.8 MW of wind (From Sept. 2013-Present)

Not included in the Market Surveillance Panel’s (2014) list:


Green Energy Investment Agreement (GEIA)
o 868.6 MW of wind (From Sept. 2013-Present)
o 250 MW of solar (From Sept. 2013-Present)



Thunder Bay Biomass Energy Supply Agreement (TBESA)
o



44

135 MW of biomass

Lennox Energy Supply Agreement (LESA)

Flexible nuclear facilities are able to reduce their electricity production by allowing steam to bypass the turbines, as opposed to non-flexible
nuclear facilities which can only generate at full capacity. The Bruce Nuclear facility is able to reduce production in 300 MW blocks. Because
they are bypass the turbines rather than producing less steam, they are not actually reducing fuel consumption.
45
There are 4 separate FIT contract programs currently in operation, as well as a micro-FIT program. However, only producers contracted under
the first FIT program have capacity on the high voltage grid. For this reason, I have combined all of the programs into one category. All of the
quantities listed come from the first FIT program.
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o 2000 MW of natural gas or oil
GEIA: The Green Energy Investment Agreement (GEIA) was signed between the
Minister of Energy and the Korean Consortium (Korea Electricity Power Corporation and
Samsung), guaranteeing the Consortium procurement contracts for renewable energy
development in exchange for building and operating manufacturing plants in Ontario. There are
provisions in the contract (Chiarelli, 2013a) that each of the generating facilities have contract
terms which are modelled after the FIT contracts. I will assume that it the GEIA was not
mentioned by the Market Surveillance Panel because they considered it as part of the FIT group.
For the purposes of simplicity, any future discussions of the contract changes or capacity for the
FIT programs will also apply to generators contracted under the GEIA.
LESA: The Lennox Energy Supply Agreement (LESA) is a long-term contract which
applies specifically to OPG’s Lennox dual-fire (Oil/Natural Gas) generating facility. As stated in
the contract (IESO, 2008) OPG is guaranteed a monthly payment for fixed and variable costs
which is reduced by 95% of the gross market revenue earned. Assuming generation occurs when
the market price is greater than the variable cost, a reduction in exported electricity from this
facility would increase the contract payment owed by the value of the net-revenue. Were fuel
costs incurred so that the facility could be scheduled to supply export demand, and the market
price was less than the variable cost of the facility, then exports would impose a cost on domestic
consumers. While it is possible that this might occur occasionally, it is unlikely to occur on a
consistent basis as it would require OPG to willfully operate the facility in an inefficient manner
for no financial gain. Overall, they receive contract revenue regardless of whether they produce,
but any market revenue they receive reduces the contract revenue they are owed. For this
reasons, I classified it as Take-or-Pay
TBESA: The Thunder Bay Energy Supply Agreement (TBESA) covers the conversion of
OPG’s Thunder Bay coal fire generating facility to burn biomass, as well as generation from this
facility following its conversion. While the actual contract is unavailable, the ministerial
directive issued by Chiarelli (2013b) for the contract states that all fixed and variable costs shall
be paid for, but are reduced by the value of any market revenues earned. This fits the definition
of a Take-or-Pay style contract. However, the contract only requires the facility to be available
to generate for one 8-hour period each week (Monday-Friday), and will only cover the variable
costs incurred during this 8-hour period. Outside of these 8-hour periods, OPG only receives
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market revenues for their production. However, it is not clear if these market revenues are kept
by OPG or go towards reducing the value of their contract payment for their fixed costs. If the
former is true, then during these hours, they would be categorized as Merchant generation. If the
latter is true, they would still be classified as Take-or-Pay. While it is not clear which one is true,
fortunately, they only started generating in 2016, and in that year only generated for 292 hours or
3.3% of the total hours. Generation from this facility occurs sporadically throughout the year in
10 to 12 hour blocks. Given the small number of hours that would occur outside the 8-hour
block, it is very unlikely that incorrectly categorizing these hours would have any impact on my
results. For the purpose of simplicity, I also categorize these hours as Take-or-Pay.
5.1.2.2 Minimum Net-Revenue Contracts
As previously discussed in Chapters 3 and 4, producers with these contracts receive a fixed
monthly payment, which is reduced by the value of their imputed net-revenues. Imputed netrevenues are calculated as the difference between the hourly market clearing price and the
producers variable cost multiplied by the quantity of their imputed production. Imputed
production is production which is assumed to have occurred. For these contracts it is assumed to
have occurred when the market clearing price was greater than, or equal to, a producer’s variable
cost. Essentially, the value of a producers’ fixed monthly payment is reduced by any market
revenue above their variable cost they could have earned, rather than the revenue they actually
earned.
All producers in this category have natural gas facilities, so this information is omitted
from the list below.
Clean Energy Supply contract family


Accelerated Clean Energy Supply (ACES)
o



2031 MW

Clean Energy Supply46 (CES)
o 1582 MW



Early Mover Clean Energy Supply47 (EMCES)
o

46

985.25 MW

While the naming convention for contracts in the CES family is to add an adjective before CES, this contract program was simply called Clean
Energy Supply.
47
The Market Surveillance Panel (2012) notes that this contract program was designed specifically for producers who had constructed and begun
to operate natural gas facilities since the opening of the Ontario electricity market. The associated capacity values do not represent an increase in
installed capacity, only contracted capacity.
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Combined Heat and Power (CHP)48 contract family


Combined Heat and Power 1 (CHP I)
o 320.4 MW49



Combined Heat and Power 3 (CHP III) 50
o 40 MW51 of Bioenergy



Combined Heat and Power Standard Offer Program 1 and 2 (CHPSOP I&II)
o 0MW on the High-Voltage Grid

Not included in the Market Surveillance Panel’s (2014) list:


Northern York Generation Peaking Contract (NYRP)
o 391 MW



Atikokan Biomass Energy Supply Agreement (ABESA)
o 205 MW of biomass
NYRP: The Northern York Generation Peaking Contract (NYRP) was awarded for the

development of a Combined Heat and Power Plant (CHP) in the North York region of Toronto
(Ontario Power Authority, 2008). The payment mechanism in the contract is structured as a
Minimum Net-Revenue contract for CHP producers, described in Section 4.5.3.3.7. For this
reason I have categorized it as a Minimum Net-Revenue contract.
ABESA: The Atikokan Biomass Energy Supply Agreement (ABESA) contract is similar
to the TBESA contract in that it covers the cost of converting one of OPG’s coal fire facilities
(Atikokan) to burn biomass, as well as the operational costs following the conversion. While the
actual contract is not publicly available, the ministerial directive issued for the ABESA contract
(Duguid, 2010) states that it should be structured to incentivize the facility to optimize
production based on the market price of electricity. Given that Minimum Net-Revenue contracts
are considered by the Market Surveillance Panel (2007) to be the best contractual means of

48

This refers to Combined Heat and Power generating technology, which relies on the combustion of a fuel source to generate electricity
conventionally while also being able to distribute the waste heat from the fuel combustion to nearby consumers.
49
The contract capacities for the CHP I program were not in the IESO Contracted Capacity data file. This number is my estimate taken from the
nameplate capacities listed on the websites of each of the contracted generators. Sources included in data portion of my references.
50
The IESO Contracted Capacity data file only includes values for CHP I and CHP III. While the Ontario Power Authority (2014) shows that
there were 4 phases to the CHP program, they estimate that all phases contracted about 450 MW of capacity. The values listed above, plus the
93.6 MW for CHP I and 8 MW for CHP III connected to the Local Distribution Network equals 462 MW. Because of this, I am assuming that I at
least have the correct capacity estimate for all 4 phases of the program.
51
While the CHP III program does not have capacity data in the IESO Contracted Capacity data file, I was able to obtain the contracted capacity
for the Thunder Bay Condensing Turbine facility from the Association of Power Producers Ontario (APPrO) (2014). It is one of two generators in
the CHP III program, and the only one on the high voltage grid.
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incentivizing market based production optimization utilized in Ontario, I will assume that the
ABESA contract is structured as one.
5.1.2.3 Fixed Rate per MWh
Producers with these contracts are paid a fixed $/MWh rate for their production.
Following the guidelines set down by the Market Surveillance Panel, the current contract
programs under the Fixed Rate per MWh category are:


Hydroelectric Contract Initiative (HCI) (From Dec 2009-Present)
o 999.363 MW



Hydroelectric Energy Supply Agreement (HESA)
o 958.8 MW52



Hydroelectric Standard Offer Program (HESOP)
o 0 MW53



Original Non-Utility Generator (NUG)
o 935.28 MW of natural gas
o 126 MW of hydro
o 94 MW of biomass

5.1.2.4 Merchant generation
Merchant generators rely primarily on the HOEP for their revenue rather than contract
revenue. Both of the generators in this category are discussed in more detail in Section
5.2.2.5.2 as their payment mechanism have varied over time


Hydroelectric Contract Initiative (HCI) (2005-December 2009)
o 999.363 MW



Re-Negotiated Non-Utility Generators (NUG) (January 2014 54- Present)
o 382.7 MW of Natural Gas

5.1.2.5 Time Variant Producer Categorization
5.1.2.5.1

OPG Asset Categorization

Before discussing the changes in Ontario Power Generation’s (OPG) asset categorization,
I shall first explain how their facilities are typically grouped. OPG (2016) operates 71 generating
52

A portion of the contracted capacity related to the OPG/Lower Mattagami Partnership was not included in the IESO Contracted Capacity
database. The capacity values for these facilities were retrieved from Ontario Power Generation’s 2016 Annual Report.
53
All contracted capacity under this program was installed in the Local Distribution Network and therefore was not included.
54
According to the IESO Active Contracted Generation List, the first re-negotiated NUG contract signed was in September of 2013. However,
the facility was not active under this contract until January of 2014.
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facilities which receive regulated revenue in different ways. These facilities can be grouped
together based on how they receive their regulated revenue. Both nuclear facilities are grouped
together as OPG nuclear facilities. OPG’s Annual Reports (OPG, 2005-2016) will typically
report the installed capacity in this group at 6066 MW. OPG’s coal facilities are typically
referred to collectively as OPG coal, although I do refer to specific facilities under certain
circumstances. OPG’s Annual Reports (OPG, 2005-2016) will typically report the installed
capacity in this group at 5915 MW. OPG’s hydro facilities are broken up into two different
categories called prescribed and non-prescribed. This is the terminology set down in the Ontario
Electricity Act (1998). OPG prescribed generators refer to their largest hydro generation
facilities, the Sir Adam Beck group (Niagara River), the De Crew Falls group (Welland River)
and the R.H. Saunders facility (St. Lawrence River). OPG’s Annual Reports (OPG, 2005-2016)
will typically report the installed capacity in this group at 3321 MW. OPG non-prescribed hydro
facilities are used to describe the remaining hydro facilities owned by OPG. OPG’s Annual
Reports (OPG, 2005-2016) will typically report the installed capacity in this group at 3332 MW.
OPG’s nuclear generators have receive a fixed $/MWh rate, and so are classified as Fixed
$/MWh. Their categorization has not changed over time.
From 2005 until November 2008, OPG’s prescribed hydro generators received a fixed
$/MWh rate for the first 1900 MWh they produced collectively each hour. This production is
categorized as Fixed $/MWh. Any generation above this level, received the market price. This
generation, when it occurs, is classified as Merchant generation. Since January 2009, the
Prescribed facilities received their regulated revenue through what is called the Hydroelectric
Incentive Mechanism (HIM) (Kaiser et al., 2009). Equation 5.1 contains the formula for the
HIM.
𝐻𝐼𝑀 = 𝑝

𝑞

,

+ 𝑞 −𝑞

,

∗𝑝

,

(5.1)

Where
1
2
3
4

𝐻𝐼𝑀 is the Hydroelectric Incentive Mechanism
is the regulated Price (p) per MWh received by Ontario Power Generation (OPG)

𝑝

under the Hydroelectric Incentive Mechanism (HIM)
𝑞

,

is the hourly Average (ave) Quantity (q) generated by all relevant OPG facilities
per Month (m)

𝑞 is the Quantity (q) supplied by all relevant OPG facilities in hour h.
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5

𝑝

,

is the Price (p) used to settle the wholesale electricity Market (m) in hour h. This is
the market clearing price.

The HIM works similarly to a Fixed $/MWh contract but contains a financial incentive
to shift output from low to high price hours. For the main revenue portion of the HIM (𝑃
𝑞

,

∗

), OPG receives a fixed $/MWh rate for the monthly average MWh produced from the

prescribed facilities. They earn this for each hour of the month. For the incentive portion of the
HIM ( 𝑞 − 𝑞

,

∗𝑃

,

), they earn the market clearing price on the difference between their

hourly production and their monthly average production. When their hourly production exceeds
their monthly average production, they earn the market clearing price on the difference. When it
is below their monthly average, they pay the market clearing price on the difference. Therefore,
they have an incentive to shift any output they can from lower to higher price hours.
Between December 2008 and November 2010, OPG received the total value of the HIM.
After a review of the performance of the HIM by the Ontario Energy Board (Chaplin et al.
2011), it was decided that a portion of the revenue earned through the incentive mechanism
would be shared with Ontario consumers. The way in which this shared value is determined is
complicated. Each year, a forecast is made to determine the value that OPG will earn through the
incentive mechanism portion of the HIM. Half of the value of this forecast is included in their
Revenue Requirement. The Revenue Requirement is a forecast of OPG’s variable costs for the
year. The value of the Revenue Requirement is divided by a forecast of their annual production
to get their fixed $/MWh rate. If OPG does not meet their Revenue Requirement for a given
year, they are paid the difference through a rate rider added to their rate their following year.
This means that they are guaranteed to earn half the value of the forecast of the incentive portion
of the HIM. Any export revenue they earn towards this value is therefore an export benefit. OPG
keeps the remaining half of the value of the forecast of the incentive portion of the HIM.
Whether or not they earn value, domestic consumers are unaffected. This means it is Export
Neutral. For any revenue they earn through the incentive mechanism above this value, they retain
half, while half is paid to Ontario consumers. If there were any revenues earned at this level as a
result of supplying exports, in the absence of exports, Ontario consumers would no longer
receive their half of this revenue. So any export revenues earned at this level are classified as
Export Benefits. This system, which I shall refer to as the 50% Revenue Share, has been in place
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since 2011. Because the HIM and the 50% Revenue Share have elements of Fixed $/MWh,
Take-or-Pay and Merchant payment mechanism, for categorization purposes I shall refer to them
together as a Combination payment mechanism.
For OPG’s non-prescribed hydro generators, their regulated revenue payment mechanism
can be broken up into three periods. The first period was from 2005 until April 2009. During this
period they received a fixed $/MWh rate for 85% of production and the hourly market clearing
price on the remaining 15%. This is why OPG’s prescribed hydro is listed above as both Fixed
$/MWh and Merchant generation for this time period. The installed capacity figures for each of
these categories are 85% and 15% of OPG’s total prescribed hydro capacity. From May 2009 to
November 2014, OPG’s non-prescribed hydro went unregulated and simply received the market
clearing price (Hare et al., 2014), making it Merchant generation. The installed capacity listed for
this time period and all subsequent time periods is equal to the total capacity in OPG’s nonprescribed hydro generator group less the quantity of facilities contracted under the
Hydroelectric Energy Supply Agreement (HESA). While OPG owns the facilities under HESA,
they receive contract revenue through the HESA contracts rather than through their nonprescribed regulated revenue, so I placed generators with HESA contracts in the HESA category.
Since December 2014, OPG’s Non-Prescribed hydro facilities earned revenue through the HIM
described previously.
For OPG’s coal facilities, their regulated revenue payment mechanism between 2005 and
April 2009 was identical to OPG’s prescribed hydro facilities and so were categorized in the
same manner. Starting in May of 2009, different coal facilities received their revenues in
different ways. Two of the coal facilities, Nantikoke and Lambton, were under a contract with
the Ontario Electric Financial Corporation (OEFC) until they were both shut-down. According to
the Ontario Electric Financial Corporation (2009), they received enough revenue to cover their
fixed and variable costs (incurred not imputed). This payment was reduced by the value of their
gross market revenue. This payment structure makes these assets Take-or-Pay style, as any
export market revenue above their variable cost goes towards offsetting the contract revenue they
receive for their fixed costs (maintaining available capacity). For the remaining two coal
facilities, Atikokan and Thunder Bay, as of May 2009, these facilities no longer received
regulated revenue. Instead they received the market clearing price and so are classified as
Merchant generation. In July 2012, the Atikokan facility was signed to the Atikokan Biomass
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Energy Supply Agreement (ABESA). In June of 2013, the Thunder Bay facility was signed to
the Thunder Bay Biomass Energy Supply Agreement (TBESA). As explained in the appropriate
sections, ABESA is categorized as Minimum Net-Revenue and TBESA is categorized Take-orPay.
Table 5.1 presents a timeline of the changes in revenue sources for OPG’s generation
facilities based on the discussion above. It does not include the categorizations of each OPG
generator group, but it does include how each group was paid over what period of time, as well
as the installed capacity. I have included it as a supplementary visual to the text, and it is
intended to serve as an easy reference for the reader if needed.
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Table 5.1- Ontario Power Generation’s (OPG) Revenue Sources for Each of
Their Generator Groups
OPG
Generator
Groups

2005-08

Prescribed
Hydro – 3321
MW

Fixed $/MWh up
to 1900 MWh
each hour. Over
1900 MWh
receives market
price

NonPrescribed
Hydro – 3631
MW
Nanticoke
(3940 MW)
and Lambton
(1975 MW) –
5915 MW Coal
Atikokan – 211
MW of Coal
Thunder Bay –
305 MW of
Coal
Nuclear – 6066
MW

2009

2010

2011-12

2013

2014+

Hydroelectric Incentive Mechanism (HIM): Fixed
$/MWh rate for the monthly average MWh produced.
Hourly market price for the difference between the
hourly and monthly average production.
Retain all
revenues

50% Revenue Share Mechanism

Market Price – 2673 MW

HIM -2673 MW

Fixed $/MWh through HESA contracts -958.8 MW

Fixed $/MWh for
85% of
generation.
Market price for
remaining 15%.

Take-or-Pay style contract with
OEFC. Installed capacity less
generating unit shut downs as per
Ontario coal-phase out:
5915
3710
2830 MW
MW
MW
Market Price

Retired

0 MW

Signed ABESA for 205 MW

Market Price

Signed TBESA
For 135 MW

Fixed $/MWh

Source: Constructed by author. Installed capacity values retrieved from OPG Annual
Reports (2005-2016). Regulated payment mechanisms retrieved from Kaiser et al.
(2008), Chaplin et al. (2011) and Hare et al. (2014). Lambton and Nantikoke contract
information retrieved from Ontario Electric Financial Corporation (2009). Information
for the Atikokan Biomass Energy Supply Agreement (ABESA) was retrieved from
Duguid (2010). Information for the Thunder Bay Biomass Energy Supply Agreement
was retrieved from Chiarelli (2013a).
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5.1.2.5.2

Procurement Contract Categorization

When discussing the origin of Take-or-Pay contracts in Section 4.5.3.4.1, I explained that
these contracts were created to ensure that producers who had Fixed $/MWh contracts would still
have the ability to receive sufficient revenue (i.e. long-run total cost) after being switched from
non-dispatchable to dispatchable. This is what occurred with wind and solar facilities under the
Feed-In-Tariff (FIT) and Renewable Energy Supply (RES) contract families, as well as the Bruce
Nuclear facility under the (Amended) Bruce Power Refurbishment and Implementation
Agreement. From 2005 until August 2013, these producers received a fixed $/MWh rate for each
MWh of production and are categorized as Fixed $/MWh contracts. Starting in September of
2013, these contract facilities were given their own offer floor price to move them further along
the dispatch schedule. This would cause them to be the marginal producers more often, resulting
in a smaller quantity of production from these facilities in the long-run. Because their original
contract prices were set using larger forecast of their long-run total output, they would no longer
be able to earn sufficient revenue to cover their long-run total costs. For the Bruce Nuclear
facility, this could mean they would have been unable to cover their variable costs and would
have shutdown, reducing available capacity in the market by about 3000MW. While wind and
solar facilities have negligible variable costs, certain contracted producers, specifically those
under the Feed-In-Tariff (FIT) program (Ontario Power Authority, 2012), were protected from
any material economic damage resulting from changes in the market rules. To remedy both of
these situations, the contract for the Bruce Nuclear facility ((A)BRPIA) as well as all of the
contracts for wind and solar facilities (including those with non-FIT contracts) were changed so
that they received their fixed $/MWh price for each MWh they offered into the market,
regardless of whether they ended up being scheduled to supply (Market Surveillance Panel,
2014). This is why these contract programs are categorized as Take-or-Pay starting in September
2013.
Producers under the Hydroelectric Contract Initiative (HCI) are categorized as Merchant
generation from 2005 until November 2009, and Fixed $/MWh from December 2009 onwards.
While HCI contracts are structured as Fixed $/MWh contracts, they were not created until
December 2009. This contract program was also specifically designed for hydroelectric facilities
that already existed. This means that prior to signing HCI contracts, these hydroelectric
producers were receiving the market clearing price for all of their generation. Therefore, they
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belong in the Merchant generation category for this time period. According to the contract (,
their per unit contract payment value does not increase once the market price goes below
$0/MWh. As well, if they are instructed to reduce their output when the market clearing price is
below this, they will receive the value of their contract price for each MWh of forgone
production. Technically, this means that at prices below $0/MWh, they are classified as Take-orPay style. However, because this occurs infrequently, I shall refer to HCI contacts as Fixed
$/MWh. On top of the Fixed $/MWh contract payment, HCI contracts also contain extra
payments for on and off and off peak production. According the HCI contract framework, a
producer receives 1.35x their contract price of $69/MWh during on-peak hours and .90x their
contract price during off-peak hours. On-peak hours are Monday-Friday 11:00 a.m. to 7:00 p.m.
and off-peak hours are all other hours.
Certain producers have what are referred to as Non-Utility Generator (NUG) contracts.
These are procurement contracts that were signed with private producers prior to the dismantling
of Ontario Hydro, which was the public utility in charge of all aspects of the electricity sector in
Ontario until April 2002. Because all generation had traditionally been owned and operated by
this public utility, when these private producers were contracted, they were referred to as nonutility generators, and their procurement contracts retained this name. While there are no
publically released documents for the NUG contracts, in the IESO’s (2015) NUG Framework
Assessment they explain that when the NUG contracts were first signed, each producer received
a fixed $/MWh rate for each MWh they produced. This places them in the Fixed $/MWh
category. Over time these contracts have begun to expire. Some have been renegotiated, with the
first renegotiated contract becoming active in January 2014. These contracts are not made public,
but the IESO (2015) does provide a rough overview of how producers earn their revenue.
Producers’ receive a monthly payment to cover the value of their average monthly fixed costs.
They are also reimbursed for what the IESO refers to as ‘Gas Delivery and Management’
(GD&M) services. This does not include the cost of fuel. Under these re-negotiated contracts,
producers receive their contract revenue as well as any market revenue they earn. Essentially,
these contracts are structured to replicate how producers in an Energy plus Capacity market earn
revenue (see Section 3.5) as they receive a fixed payment for their fixed costs and must earn their
variable costs in the market. Because their market revenue does not change the size of their
contract revenue, I categorize these renegotiated contracts as Merchant generation.
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5.1.2.5.3

Summary of Producer Group Categorization Over Time

The content of the previous Section (5.1.1.1 to 5.1.1.5.2) make up the policy framework I
use for developing my empirical framework and estimating my results. Knowing the policy
framework is necessary for understanding many of the decisions I make in the remainder of the
methods section. It is also necessary to for understanding my results. However, this policy
framework is very complicated, and may be difficult for the reader to remember. I have included
Table 5.2 to try and alleviate this problem. Table 5.2 provides an overview of the policy
framework previously discussed, condensing the necessary information for understanding my
methods and results into a single page reference tool. It organizes all production on the highvoltage grid by input fuel, procurement contract/OPG asset category and payment mechanism
category (e.g. Minimum Net-Revenue) between 2005 and 2016. It identifies any extra
contract/regulated payments unique to certain producers, and identifies if those receiving the
extra payments would experience a change in their offer behaviour as a result.
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Table 5.2- Payment Mechanism Categories by Producer Group from 2005-2016
Input
Fuel

Program

Biofuel

ABESA
TBESA
NUG

Coal

OPG

Atikokan/TBay
Nantikoke/
Lambton
HCI
NUG
Prescribed

Hydro
OPG

Non-Pres.

Natural
Gas

HESA
CES Family
CHP Family
LESA
NUG

Nuclear
(Uranium)
Wind
Solar

OPG
(A)BPRIA
RES Family
FIT Family

Payment
Mechanism
Category

Unique Features:
Contract
Payment

Min Net-Rev
Take-or-Pay
Fx-$/MWh
Fx-$/MWh

85%*MWh

Merchant

15%*MWh

Offer Behaviour

Self-Schedule

20052008

2009

Take-orPay/Merchant
Fx-$/MWh
Merchant
Fx-$/MWh
Min Net-Rev
Min Net-Rev
Take-or-Pay
Fx-$/MWh
Merchant
Fx-$/MWh
Fx-$/MWh
Take-or-Pay
Fx-$/MWh

2012

See Coal, OPG, Atikokan/T-Bay
See Coal, OPG, Atikokan/T-Bay
05-Present
05-April 09
(All Coal)

Take-or-Pay
Merchant
Take-or-Pay
Fx-$/MWh
Fx-$/MWh
Fx-$/MWh
Merchant

2010-2011

2013

2014+

July 12- Pres.
June 13-Pres.

May 09-July 13 (100%*MWh)
May 09-April 14

05-Nov. 09
𝐻𝑂𝐸𝑃 < $0/𝑀𝑊ℎ
𝐻𝑂𝐸𝑃 > $0/𝑀𝑊ℎ; Per. Incent.
Self-Schedule
<=1900MWh
>1900MWh

Dec 09-Present
2005-Present
05-Nov 08
Dec 08-Present

Hydro Incentive Mech. (HIM)
85%*MWh
15%*MWh

Nov.14
05-Apr 09
Non-Pres.

Dir. Dispatch
Self-Schedule

May 09-Nov.14 (100%*MWh)
Jan 09-Present
2005-Present
Dec. 2006-Present
2005-Present
2005-Present

Re-Negotiated

Dec. 13-Pres
2005-Present
2005-Aug. 2013
Price Floor
Self-Schedule

Take-or-Pay

Price Floor

Fx-$/MWh

Self-Schedule

Sep. 13-Pres
2005-Aug. 2013
Sep. 13-Pres
2005-Aug. 2013
Sep. 13-Pres
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Source: Constructed by Author. Information for HCI, CES family, CHP family, (A)BPRIA, RES family, and FIT family contract
groups were retrieved from Ontario Power Authority (2014). Information on the NUG category was retrieved from IESO (2015).
Regulated payment mechanisms retrieved from Kaiser et al. (2008), Chaplin et al. (2011) and Hare et al. (2014). Information on the
HESA category was retrieved from the Market Surveillance Panel (2014). Information on the LESA category was retrieved from
IESO (2008). Lambton and Nantikoke contract information retrieved from Ontario Electric Financial Corporation (2009).
Information for the Atikokan Biomass Energy Supply Agreement (ABESA) was retrieved from Duguid (2010). Information for the
Thunder Bay Biomass Energy Supply Agreement was retrieved from Chiarelli (2013).
Notes:
1) ABESA is the Atikokan Biomass Energy Supply Agreement.
2) TBESA is the Thunderbay Biomass Energy Supply Agreement.
3) NUG refers to the Non-Utility Generator contracts.
4) HCI refers to the Hydroelectric Contract Initiative contracts.
5) OPG refers to Ontario Power Generation.
6) Prescribed and Non-Prescribed refer to the divisions of OPG hydroelectric generators by their regulated revenue mechanism.
7) HESA refers to the Hydroelectric Energy Supply Agreement
8) CES Family includes all Clean Energy Supply contracts, as well as the Northern York Generation Peaking Contract (NYRP).
9) CHP Family refers to all Combined Heat and Power contracts.
10) LESA refers to the Lennox-Addington Energy Supply Agreement.
11) (A)BPRIA refers to the (Amended) Bruce Power Refurbishment and Implementation Agreement.
12) RES Family refers to all Renewable Energy Supply contract programs
13) FIT family refers to al Feed-In-Tariff programs
14) The 85%*MWh and 15%*MWh refer to the period in time when OPG coal and Non-Prescribed hydro assets received a Fixed
$/MWh rate and the HOEP for their output.
15) 𝑃 < $0/𝑀𝑊ℎ and 𝑃 > $0/𝑀𝑊ℎ in the HCI category state that these producers are Take-or-Pay when the HOEP is less than
$0/MWh and Fixed $/MWh when it is greater than $0/MWh. Per. Incent refers to the on-peak/off-peak changes in HCI contract
payment rates.
16) The contract payment category under unique features refers to additional payment mechanisms on top of the standard payment
mechanism. Where these payments result in different offer behaviour than incentivized under the standard payment mechanism, the
table cell is merged with the offer behaviour cell.
17) This Table only contains information on producers connected to the high-voltage grid. It does not contain information for
producers on local distribution networks.
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5.2

Modelling the Dispatch Schedule
In this section, I explain the process by which I construct my model of the dispatch

schedule. While my theoretical framework in Chapter 4 provides a broad understanding of the
order of the dispatch schedule based on the different contract payment mechanism, those are
stylized versions. In reality, some contracts contain extra incentive payments above the stylized
payment mechanisms which further alters a producer’s offer behaviour. In the first part of this
Section (5.2.2.1), I describe the guidelines I use for determining the relative value of offer prices
submitted by different producer groups. In the second part of this section (Section 5.2.2.2), I use
these guidelines to develop 7 different models of the dispatch schedule to account for the
changes in payment mechanisms and offer prices for certain producers over time. These 7
dispatch schedule models are what I use in Section 5.2.2 to calculate my empirical results.
5.2.1

Guidelines for Determining the Order of the Dispatch Schedule
The dispatch schedule I constructed in Chapter 4 explicitly assumed that each producer

had a unique, constant offer price in the market. It also implicitly assumed that these offer prices
were visible to those who do not participate in the market, which in this case is the reader.
Together, these two features make determining the order of producers on the dispatch schedule
very easy. In reality, none of these are true. While producers with procurement contracts will
offer into the market as describe in Chapter 4, I showed in Section 5.2.1.4 that some producers
do not have contracts. These producers offer into the market at their marginal costs. On top of
this, some of the producers discussed Section 5.1.2 receive extra ‘performance payments’ (e.g.
Hydroelectric Incentive Mechanism (HIM)) which, as I explain in Section 5.2.2.1.5, can
incentivize offer behaviour that partially follows their marginal cost function. While certain
types of generators, such as wind generators, all share identical offer functions, other types of
generators, such as hydro, may not.
Over the next several sections, I provide explanations as to how I determined the offer
behaviour for specific groups of producers given their contract or regulated payment mechanism,
input energy type (i.e. hydro, coal etc.) and relevant production constraints.
Following from the dispatch schedule constructed in Chapter 4, the main principle I use
to determine the order of the dispatch is the offer prices of different producers in the market.
These prices are ranked from lowest to highest to determine the order. Primarily, I rely on the
offer behaviour for producers under the different procurement contracts as described in Chapter
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4. This also includes the unique contract rules from Chapter 4, which are having priority access
to the grid (being non-dispatchable) and being under a directed dispatch order for a Combined
Heat and Power (CHP) contract.
The offer behaviours described in Chapter 4 are based on several assumptions which do
not hold for all producers across all times periods in the Ontario electricity sector. For producers
in which these assumptions do not hold, I incorporated a basic understanding of how these
producers operate in the absence of any procurement contracts. More specifically, I looked at the
operating features of these producers to provide a better understanding of their marginal cost
function, focusing on the minimum offer price as well as any potential discontinuities or breaks
in this function. When possible, I used this form of qualitative analysis to supplement any offer
behaviour information obtainable from Chapter 4.
In certain case, qualitative analysis was insufficient for determining a producer’s offer
behaviour, so quantitative analysis was used instead. While different methods were used for
different producer groups, they all relied on hourly production data for individual producers and
the Hourly Ontario Energy Price (HOEP). My focus for the quantitative analysis was similar to
the qualitative analysis, targeting the minimum offer prices and discontinuities in generation. As
well, I also looked at the responsiveness of output to changes in the HOEP, although only at low
price levels. Because each producer has a finite productive capacity, they are perfectly price
inelastic at any price above the marginal cost of their last possible unit of output. For any value
of the HOEP greater than the marginal cost of a producer’s last possible unit of output, the
producer’s output will remain the same. Depending on a producer’s marginal cost/offer function,
the situation may occur frequently as the HOEP is determined by the offer of a single producer
with a non-identical cost function. This results in data that is difficult to interpret and/or model at
certain price levels without the aid of econometric methods designed to deal with kinked supply
curves. This can be further complicated by production constraints for different types of
generators. As an example, hydro facilities maximum output is a function of the availability of
water, which fluctuates on seasonal and annual cycles. Importantly, these complications only
effect price responsiveness captured in the data at higher price levels. For this reason, I focused
on price responsiveness at lower price levels only.
5.2.1.1.1

Non-Dispatchable
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As previously discussed, producers who are non-dispatchable are able to produce
whenever they would like. They do not receive dispatch instructions from the IESO (market
operator). Because of this, it is impossible that they would not be scheduled to produce in the
absence of export demand. For this reason, I place any producer who is non-dispatchable at the
beginning of my dispatch schedule.
5.2.1.1.2

Wind and Solar

All wind producers are grouped together because they all face the same incentives under
their procurement contracts. Prior to September 2013, they were non-dispatchable and would
produce according to the availability of wind rather than the market price. Once the separate
market floor price was set for wind producers, the Market Surveillance Panel (2014) explains
that they all offer into the market at this price. This is in-line with my discussion in Chapter 4, as
these producers offer into the market as low as possible.
Solar energy is not produced on the high-voltage grid until 2014. At this point in time, all solar
producers were subject to the same market floor price as wind, and offered into the market at this
price. For this reason, I group together all solar output into a single block of output.
5.2.1.1.3

Nuclear

As the Market Surveillance Panel (2012) explains, nuclear facilities are fairly inflexible,
and have a limited ability to reduce output before one or more of their generating units are forced
to shut-down. Restarting them can take up to 3 days (Market Surveillance Panel, 2012). The
opportunity cost of not being scheduled for dispatch is the forgone revenue earned over the
restart period of the facility. This means that even in the absence of any procurement contracts,
nuclear facilities would submit low or even negative offer prices in order to avoid being shutdown. This behaviour is reinforced by the Fixed $/MWh style payments these facilities typically
receive. Therefore, as a general rule, the offer price of nuclear facilities is fairly low, and they
usual are close to the beginning of the dispatch schedule
I divide nuclear output into OPG Nuclear and Bruce Nuclear. While these facilities
should have similar minimum offer prices, the Bruce Nuclear facility is newer and more flexible
than the OPG Nuclear facilities. In the absence of any contract or regulated payments, they
should have a steeper marginal cost function than the other nuclear facilities. While this may not
be true in the presence of contract and regulated payments, output from these producers are back
to back on the dispatch schedule until September 2013 so treating them as a single block of
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generation makes little difference. Also, after September of 2013, the Bruce Nuclear facility is
subject to a separate offer floor price and must be divided from the OPG nuclear facilities.
5.2.1.1.4

Fossil fuels

5.2.1.1.4.1 Combined Heat and Power
As discussed in Section 4.5.3.3.7, CHP facilities operate under directed dispatch
intervals. In order to ensure they are scheduled to produce, these facilities will offer at low or
negative prices to ensure they can match the directed dispatch order. I assume they will only
receive this order when the market clearing price is greater than the negative value of their
Combined Heat and Power credit (the value of the heat supplied). While this is a negative value,
it would be greater than the market offer floor. Given the opportunity cost of a nuclear facility
being shutdown, it is likely that CHP plants would be directed to shut down before nuclear.
Given that directed dispatch intervals are not publicly announced, and may not apply uniformly
to all CHP facilities, I developed a method for determining when a CHP facility was under a
directed dispatch interval. For each facility, I calculated the percentage of total hours in a month
for which the facility was operational. If this percentage was greater than seventy percent, the
facility was considered to be under directed dispatch for that month. Seventy percent was used as
a benchmark because it was found to be the low end % of operational hours for producers with
Non-Utility Generator contracts (NUG). Some of these producers have CHP facilities and all of
them are non-dispatchable and paid a Fixed $/MWh. This number is greater than the low end and
mid- range % of operational hours for the other contracted natural gas facilities. For this reason,
the seventy percent operational hour benchmark strikes a balance between accounting for
cancelled directed dispatch hours and production while not under a directed dispatch order.
5.2.1.1.4.2 Minimum Loading Point
Fossil fuel (i.e. Natural Gas, Coal) generators have a minimum level at which they must
run before they shut down55. This is called a facility’s minimum loading point or minimum stable
generation. It is usually determined as a percentage of the facilities installed capacity. Harris
(2006) explains that plants cannot operate effectively below this level as steam temperatures may
not be hot enough and excessive vibrations and Nitrogen Oxide (NO x) production can occur. For
older plants, it can also cause material damage. Similar to a car, natural gas generators have to
55

Other types of generating facilities can also have minimum loading points, such as nuclear facilities. However, their minimum load offer prices
are not significantly different from the offer prices for the rest of their output and would therefore fall near or beside these output offers. For this
reason, I only address the minimum load offers from fossil fuel plants
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warm up by running at their minimum loading point for a certain period of time before they are
able to increase their output. While a generator is running at its minimum loading point, it is
producing electricity. In order for the generator to be permitted to supply electricity to the grid, it
must be dispatched by the market operator. So if a generator would like to offer their entire
available capacity in hour 0, they have to ensure that at least the output of their minimum loading
point is accepted for dispatch in hour 0. Also, because they have to warm up prior to hour 0, they
have to offer the value of their minimum loading point into the market at least one hour earlier at
a price which ensures it will be accepted for dispatch. For this reason, fossil fuel facilities offer
their minimum loading points at different prices than the rest of their output. The Market
Surveillance Panel (2009) explains that these prices are typically low or negative to ensure the
offers are accepted. They also explain that these offers are considered baseload production, as the
ability for producers to reduce their output below these quantities is typically very limited. For
this reason, I separate production from a facility up to their minimum loading point from the rest
of their total output.
There is no public information on the minimum loading points for fossil fuel facilities in
Ontario. Determining the minimum loading point of a fossil fuel generator can be complicated
by a number of factors. Minimum loading points can vary across generators due to turbine size,
input fuel, generator age, and several other factors. It is also possible to change a minimum
loading point by making certain adjustments to the facility. Running below the minimum loading
point of a facility for extended periods of time is not impossible, just not very good for the
facility. In fact, generators technically operate below their minimum loading points as they ramp
the facility up to the minimum loading point. All of this can make it difficult to determine a
facility’s’ minimum loading point using their generation data.
This problem is further complicated by the way in which generator data is reported.
When the IESO releases the hourly generation data, they will typically report the output from a
particular generating facility, such as the Nantikoke coal plant. However, the Nantikoke coal
plant (at its peak) operated eight separate generators. This can alter the minimum loading point.
According to Balling (2010), the minimum load for a model of Combined-Cycle Gas Turbines
(CCGT) by the Seimans Corporation is 30%-50% of its rated capacity when run separately, but
only 15%-25% when two are operated at the same plant. Harris (2006) explains that while
generation efficiency increases with generator size faster than the fixed costs, having multiple
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smaller generators at one power plant allows for increased operational flexibility and reduces the
opportunity cost of generator down time, repairs and maintenance. While some facilities may
have multiple, evenly sized generators, others may have a mix of larger and smaller generators.
The IESO does not supply any data on the quantity and size of generators at a given power plant.
This data would have to be acquired separately from each facility.
In order to determine the minimum loading point for each facility, I first calculated the
mode, exclusive of 0 MWh generation hours, of the annual generation data for each facility for
each year. Using the mode as a benchmark for a facility’s minimum load, for each hour I
considered a facility’s output up to their mode as minimum load generation.
The rationale for using the mode is as follows. Producers offer into the market up to
minimum loading point at low prices in anticipation of being scheduled to produce more during
high price hours. Because these high price hours may not materialize, or may occur one or two
hours later than anticipated, the frequency at which a facility is generating at their minimum
loading point would be greater than any other level of output.
In order to verify the effectiveness of the mode of a producer’s hourly generation in
determining their minimum loading point, I constructed a scatterplot of generation and the HOEP
for each fossil fuel producer (excluding those with NUG contracts) and verified that the mode
corresponded with what would appear to be a facility’s minimum loading point. Visually, a
producer’s minimum loading point would appear as a cluster of production across nearly all price
hours which precedes a section of consistent, price responsive production. As I explained in
Section 5.2.1.1, this price responsiveness occurs at a lower price range, although the exact value
of this price range will depend on the price of the facilities input fuel.
5.2.1.1.4.3 Natural Gas
Ignoring Combined Heat and Power facilities (See Section 5.1.2.1.4.1), producers with
NUG contracts (See Section 5.1.2.1.4.2) and offers up to the minimum load of a natural gas
facility (See previous section), natural gas facilities tend to have the highest offer prices in the
market as they have the highest variable cost. The Market Surveillance Panel (2006, 2010, 2014)
has found that the HOEP and the price of natural gas have consistently tracked each other over
time. Because these facilities all have Minimum Net-Revenue style contracts and therefore
almost identically structured marginal revenue functions, they should offer into the market in a
similar manner. The Minimum Net-Revenue contracts do not contain any extra performance
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incentive payments, so their offer behaviour should remain relatively similar to the way it was
depicted in Chapter 4.
5.2.1.1.4.4 Coal
Coal power has similar characteristics to natural gas generators. They will offer up to
their minimum load at a low price to ensure they are scheduled and operate as peaking
generators. While coal power is run as both baseload and/or peaking generation in different parts
of the world, due to the large amount of baseload nuclear and hydro generation in Ontario, I
assume coal is predominantly run as peaking generation for the time period I cover in this
research.
In the absence of any procurement contracts, coal power has one of the highest minimum
offer prices in the market as their input fuel costs result in a higher minimum average variable
cost than other peaking generators. However, natural gas facilities will have greater minimum
average variable costs as well as greater marginal cost functions due to the cost of purchasing
and transporting natural gas as well as the limited ability to store it. As mentioned in the previous
section, the Market Surveillance Panel (2006, 2014) consistently found that from 2005 onward,
the HOEP was highly correlated with the price of natural gas but not the price of coal, suggesting
that natural gas producers were more likely to set the HOEP and therefore have higher offer
prices.
5.2.1.1.5

Hydroelectric

Hydroelectric facilities can operate as baseload generators, peaking generators or what I
will refer to as combination generators, which is a mix of both. How a facility operates changes
their offer behaviour and their position on the dispatch schedule.
Baseload hydroelectricity is produced at a low marginal cost and offered into the market
at the same value. For this reason, it is produced consistently throughout the year, and is not very
responsive to changes in the market price. Traditionally, hydroelectricity from large hydro
facilities is typically referred to as baseload hydro facilities. However, this type of production
can also come from smaller run-of-the-river hydro facilities. These are hydro generators that are
built into part of a river and generate electricity using the ambient current of the river, instead of
being built as a dam and manipulating output through the dam. Some baseload generation occurs
due to safety and environmental constraints. For example, hydro dams on small rivers may have
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to maintain a minimum level of generation to ensure that river levels downstream do not become
so low that they could harm aquatic ecosystems or cause boating accidents.
Peaking hydroelectricity is produced from the potential energy stored in hydro reservoirs.
It is referred to as peaking hydro because it is only produced intermittently and in response to
changes in the market clearing price. The marginal cost function for this production is more
complicated than for the baseload hydro. It must also incorporate the opportunity cost of
generating from the reservoir at the current market price. Because they can store hydro energy in
the reservoir, but that reservoir takes time to replenish, the opportunity cost of producing a unit
from reservoir hydro now is the forgone revenue of producing that unit at a future date and
potentially higher price. However, hydro being stored in the present also prevents more hydro
from being stored to be shifted to higher price hours, resulting in the marginal cost of storing a
unit of hydro diminishing the longer it has been stored. The important thing to understand from
this is that facilities with hydro storage tend to have steeper marginal costs curves than baseload
facilities, so their offer prices tend to be higher too. While a straight Fixed $/MWh contract
payment should negate this, as I discussed throughout Section 5.1.1.5, all hydro producers have
some form of extra payment which incentivizes them to shift their output from low to high price
hours. While the payment mechanisms are different, the end result is that the opportunity cost of
storing hydro for use during hours with a higher contract price is the revenue earned by
producing greater volumes during hours with a lower contract price.
Combination generators produce both baseload and peaking hydroelectricity. Producers
may operate their facilities as combination generators for a few reasons. Smaller facilities that
would otherwise operate at peaking may be subject to environmental or safety regulations
requiring a minimum level of output. Large baseload facilities will typically have some form of
reservoir to store water. This is especially true of hydroelectric dams as their construction results
in the creation of reservoir. Whatever the reason for operating as a combination generator, the
result is that a portion of their output is offered into the market as baseload, while the remainder
as peaking hydro. Similar to natural gas generators at their minimum load, output from
combination generators must be separated into two categories. The baseload portion must be
placed in the baseload hydro category while the remainder is placed into the category of the
contract or regulated payment for which a given generator belongs to.
5.2.1.1.5.1 Identifying Baseload Generation
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For any given generator there are 3 possible ways their generation can be classified: All
baseload, all peaking or part baseload and part peaking. Unlike with minimum loading points,
there is no immediately obvious and detectable portion of the data which can be used for
dividing up the output from producers into these categories. Scatterplots and correlations
between the generator output and the HOEP are also limited in their effectiveness. As previously
mentioned (Section 5.2.3.1), producers who frequently have a maximum output offer price lower
than the HOEP will appear to be fairly price inelastic. Also, hydro availability will vary over the
course of the year, and given the volume of hydro generation in Ontario, it may influence the
HOEP.
Because of the difficulty of determining hydro offer behaviour from the hourly data, I
instead organized the data using a scatterplot of average output over certain price ranges. For
each year, I calculated the average hourly output over a given series of price ranges. Starting
with the lowest HOEP, each price range spans the following 94 consecutive prices. This was
repeated for 94 sets of price ranges. Ninety-four was chosen as it is the square root of 8760,
which is the number of hours in a year. It is therefore the number of data points per year.
Consecutive prices increasing in value were used to determine the price ranges to ensure that
each of production averages was calculated using the same sample size. The only time this rule
was breached was during years in which the number of low value price ranges was less than or
equal to two. Prior to 2011, low price hours consisted of the minimum hourly price up to
$5/MWh, while from 2011 onward the upper limit was reduced to $0/MWh to reflect the
increasing number of negative price hours. This was done to provide a clearer measure of price
responsiveness at the lower HOEP hours which is of particular importance in determining a
producer’s minimum offer price. The importance of this increases after the introduction of the
separate price floors for wind, solar and Bruce nuclear in 2013, as it determines whether hydro
output from a producer is placed before or after the 6000-8000 MW of output from those three
producer groups. When this rule was breached, the number of data points in the price ranges for
prices below $0/MWh was lowered to 50, with the remaining 46 positions being distributed
evenly across the other price ranges. For years in which there was less than three negative HOEP
ranges, no changes were made as the negative price hours were presumed to be the result of
unusual circumstances, rather than market forces and therefore not worth isolating.
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Once the individual generator data was organized into average generation per price
range, I went about identifying the baseload hydro. To identify producers who operated entirely
as baseload, I subtracted the average generation for all prices over the low end of the price ranges
for the year from the average output for the year. Low end prices were between the minimum
price and $5/MWh from 2005-2010 but excluding 2009. Low end prices were $0/MWh for all
remaining years due to the frequency of negative price hours. If the difference of these two
averages is less than 10% of the installed capacity of the facility, all generation from the facility
was considered to be baseload. The logic behind this decision is that if the average generation
from a facility at the low end of the HOEP does not deviate significantly from the average output
from that facility across the remaining price ranges, then it is likely the facility is non-responsive
to the HOEP and is therefore generating baseload electricity. The threshold for this difference
was scaled with the size of the generator to account for larger absolute size in output and output
variation that may be experienced as facilities increase in size. 10% was originally chosen as
conservative estimate but was kept after I visually verified the result. How I conducted this
visual verification is explained towards the end of this section.
The remaining facilities were then classified as either peaking hydro or combination
generation. Peaking hydro was determined as facilities with a minimum average output over the
low priced hour ranges which fell below a maximum threshold. A maximum threshold was used
rather than 0 MW in order to accommodate any unusual market circumstances that may have
resulted in non-zero average output. The threshold was set at 10 MW as I determined it to be a
reasonable limit for the purpose. This value was also verified visually using the same process
explained further along in this section. Any generators with an installed capacity of up to 1.5x
the maximum threshold were assumed to be entirely peaking generators due to their relatively
small capacity and failure to be classified as fully baseload. Any generators who did not meet the
criteria to classify as peaking hydro were classified as combination generators. For these
facilities, their minimum generation hour for the year was used to as the value of their baseload
generation. For each hour of generation this value was subtracted from their total generation and
placed into the baseload category
To visually verify the baseload capacity test value of 10% and the peaking hydro
threshold of 10 MW, I first constructed a scatterplot for each generator using the average
generation per price interval explained previously and the price intervals used for calculating the
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average generation. I then looked at each scatterplot and recorded whether I considered the
producer to be a full baseload facility based on how responsive their generation was to the
HOEP. Particular importance was placed on the responsiveness of the facility’s generation to low
end price intervals. Generators can appear to be non-responsive to the HOEP at high prices either
because they are baseload generators or because they are peaking generators producing at their
maximum capacity. Peaking generators can only be price elastic so long as they can increase
their generation. Once this limit is reached, they become perfectly price inelastic as they are
willing to accept any higher price for their output. Because of this, baseload and peaking
generators might appear to have similar price responsiveness at higher end prices, but only
peaking will responsive to the HOEP at low end prices.
While recording whether I thought a facility was full baseload or not, I also recorded
whether I thought the facility was strictly a peaking generator or was a combination generator.
This was done by looking at the minimum generation and determining if it was low enough to
reasonably assume that the generator had a shut-down price.
Once I had recorded my outcomes based on visual inspection of the scatterplots, I then
determined which generators were baseload, peaking and combination using the empirical
process described above. I chose to do this after the visual inspection to limit the potential of
biasing my own results. Overall, both methods produced similar results. When the results
disagreed, it was only on whether the facility should be considered baseload, and this occurred
when the difference between the average low price generation and average generation were
within a few MWh of the cut-off range. This visual verification was conducted for generation in
2008, 2011 and 2015 in order to ensure that the empirical method produced reliable results
despite inter-temporal changes in hydro contract/regulated payments and market condition. All
three years yielded similar results. The empirical method for classifying the hydro facilities was
then utilized for all remaining years between 2005 and 2016.
5.2.1.2 Order of the Dispatch Schedule
In this section I explain how I ordered output from different producers to create a model
of the dispatch schedule based on the offer behaviour of different producers described previously
in this section. I start by justifying my decision for the dispatch schedule in 2005, which I refer to
as the base year. I then continue on by justifying any changes I made to the dispatch schedule
over time to accommodate changes in procurement contracts or market rules. All of these
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changes are included in Table 5.3, which contains the different versions of the dispatch schedule
I used during different time periods. Generation in these schedules is placed into different
categories based on a combination of the producers’ contract programs discussed in section 5.2
and the unique operation features discussed in The dispatch schedules have the lowest offer
producers on the reader’s left. Each dispatch schedule in Table 5.3 contains 3 rows. The first
row explains whether the producer group is classified Export Benefit, Export Cost or Export
Neutral. These classifications are the predominant classification for a particular contract type. As
an example, even though Fixed $/MWh contracts can be classified Export Benefit when the
HOEP is greater than the contract price, the HOEP is typically lower than the contract price and
so is predominantly classified Export Cost. The second row contains the fuel type for the
producer category. The third row contains a second series of identifying features. Discussion and
Justification of Table 5.5 makes up the remainder of this Section.
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Table 5.3 - Dispatch Schedule Model By Time Period
Jan
05Nov
08

Neutral: Self-Schedule

Cost

Cost

Neutral

HYD BIO GAS WND
Non-Utility
Generator (NUG)
Neutral: Self-Schedule

Nuclear (NUC)

HYD

FOSSIL
HYD
MLP/
OPG-P
CHP
<1900
Neutral
Cost

OPG

ABPRIA

BSLD

Cost

Cost

Neutral
HYD
OPG

Neutral

HYD
OPG-P
HCI
>1900
Neutral
Neutral

Cost

Neutral

Neutral

COAL

GAS

OPG

>MLP

Dec
Cost
Cost
Cost
Cost Neutral
Neutral
08HYD BIO GAS WND
NUC
HYD
FOSSIL
HYD
HYD
HYD
COAL
GAS
April
NUG
OPG ABPRIA BSLD MLP/CHP
OPG-P
OPG
HCI
OPG
>MLP
09
May
Neutral: Self-Schedule
Cost
Cost
Neutral
Cost
Neutral
Benefit
Neutral
09HYD BIO GAS WND
NUC
HYD
FOSSIL
HYD
HYD
COAL COAL
Gas
Nov
NUG
OPG ABPRIA BSLD MLP/CHP
HESA
OPG-P
HCI
OPG
OPG-2 OPG-1 >MLP
09
Dec
Neutral: Self-Schedule
Cost
Cost
Neutral
Cost
Neutral
Benefit
Neutral
09HYD BIO GAS WND
NUC
HYD
FOSSIL
HYD
HYD
COAL COAL
GAS
Aug
NUG
OPG ABPRIA BSLD MLP/CHP
HESA
OPG-P
HCI
OPG
OPG-2 OPG-1 >MLP
13
Sep
Neutral: S.-Schedule
Cost
Cost
Neutral
Benefit
Cost
Neutral Benefit
Neutral
13HYD BIO GAS
NUC
HYD
FOSSIL
WND/SLR
NUC
HYD
HYD
COAL COAL
GAS
Oct
NUG
OPG
BSLD MLP/CHP
ABPRIA HESA OPG-P HCI
OPG
OPG-2 OPG-1 >MLP
14
Nov
Neutral: S.-Schedule
Cost
Cost
Neutral
Benefit
Cost
Neutral
14HYD BIO GAS
NUC
HYD
FOSSIL
WND/SLR
NUC
HYD
BIO
GAS
Jan
NUG
OPG
BSLD
MLP/CHP
ABPRIA
HESA
OPG-All
HCI
ABESA
>MLP
16
Feb
Neutral: S.-Schedule
Cost
Cost
Neutral
Benefit
Cost
Neutral
16HYD BIO GAS
NUC
HYD
FOSSIL
BIO
NUC
WND/SLR
HYD
BIO
GAS
Dec
NUG
OPG
BSLD
MLP/CHP
TBESA
ABPRIA
HESA
OPG
All
HCI
ABESA
>MLP
16
Source: Author
Notes:
1) BSLD is baseload. MLP/CHP is fossil fuel facilities operating at their Minimum Loading Points and Combined Heat and Power Producers. OPG-1 is the
Atikokan and Thunder Bay coal fire plants. OPG-2 is the Lambton and Nantikoke coal fire plants.
2) The Benefit, Cost and Neutral labels refer to the export classifications for a particular generation category. Where a payment mechanism can have
multiple export classifications (e.g Fixed $/MWh), the most common one was listed (e.g. Fixed $/MWh is usually Export Cost).
3) OPG generator categories labelled as both Cost and Neutral refer to the 85% Fixed $/MWh 15% Merchant payment mechanism
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Base Year/2005 dispatch schedule: As discussed in Section 5.2.1.1.1, the first producers on the
dispatch schedule are self-scheduling producers. This includes all of the natural gas (some CHP),
hydro and biofuel Non-Utility Generators (NUG). It also includes all wind power facilities,
which first started production on the high-voltage grid in March 2006. While all of the producers
in this category have Fixed $/MWh contracts, I have labelled them as Export Neutral because
they are self-scheduling and so no reduction in the quantity of exports would result in a reduction
of their output.
After this, I have placed the nuclear facilities because they have the lowest offer price of
any of the Fixed $/MWh style contracts. Bruce nuclear is placed ahead of OPG’s nuclear
facilities for the reasons discussed in Section 5.2.1.1.2.
The next category is the baseload hydro category. As previously discussed, baseload
hydro will offer at low prices to ensure production and maximize output even in the absence of
procurement contracts. The possession of Fixed $/MWh might allow these producers to offer at
lower prices, but should not cause a significant change to their overall offer strategy. Baseload
hydro is placed in front of nuclear production on the dispatch schedule because the opportunity
cost of being scheduled off for these facilities is lower.
The next category in the dispatch schedule, CHP/MLP, is a combination of CHP
producers under directed dispatch and all fossil fuel facilities at their Minimum Loading Points.
As discussed in Sections 5.2.1.1.4.1 and 5.1.1.4.2. While generation from this category is offered
at very low prices, it is more likely to be scheduled off than baseload hydro. Given the similar
offer nature of generation in these two categories, I have placed them together.
Following CHP/MLP producers, I have placed the first 1900 MWh of OPG’s Prescribed
hydro facilities. Because OPG received a Fixed $/MWh rate on the first 1900 MWh from their
Prescribed hydro facilities, they would be incentivized to offer at low prices to ensure output. As
the Market Surveillance Panel (2010) explains, this payment mechanism provided little incentive
for OPG to spill water at these facilities during low price hours. Despite the label of this
category, any portion of OPG’s Prescribed facilities determined to be baseload were put into the
baseload category. This means that at the very minimum, the 1900 MWh is reduced by 306
MWh from the Sir Adam Beck 2 plant and 275 MWh from the R.H Saunders plant as these two
facilities did not drop below these two quantities of output for all of 2008.
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After the first 1900 MWh of OPG’s Prescribed hydro facilities, I have placed their NonPrescribed hydro facilities. While these facilities receive a Fixed $/MWh rate, it is only on 85%
of their output. On the remaining 15% they receive the market clearing price. This means they
have an incentive to offer into the market according to their marginal cost, but their marginal
cost function is now reduced by the value of the contract revenue. The contract revenue reduces
the value of their minimum average variable cost, which in turn reduces their minimum offer
price. Because they are not fully insulated from the HOEP like the first 1900 MWh from the
Prescribed facilities, the Non-Prescribed facilities should have higher offer prices. This is why I
have placed them in front of the Prescribed facilities.
After the Non-Prescribed facilities I placed all of the generation >1900 MWh from the
Prescribed facilities. Because OPG receives the HOEP price for all of this generation, they have
an incentive to offer it at their marginal cost. I have placed this category before the HCI
producers because even though both receive the HOEP for their output, the Prescribed hydro
facilities are much larger than the HCI facilities, and due to the inherent returns to scale on
generator size, the marginal costs at these facilities will be lower.
Next in the dispatch schedule I have placed the hydro facilities under the Hydroelectric
Contract Initiative (HCI). While the HCI contracts were not signed until the end of 2009, they
were only given to pre-existing generation facilities. Prior to HCI contracts, these generators
received the HOEP for their output, and are assumed to have offered into the market at their
marginal cost.
Following this is OPG’s coal facilities. While these facilities have the same rate and
payment mechanism as OPG’s Non-Prescribed hydro facilities, and therefore the same marginal
revenue function, their marginal cost is much greater due to their larger variable cost.
At the end of the dispatch schedule, I have placed production from the CES producers
above their Minimum Loading Points. Because these producers have Minimum Net-Revenue
contracts, they are incentivized to offer into the market at their variable cost of production, which
is largely comprised of the price of natural gas. These facilities have a higher variable cost than
the other merchant generation (Non-Prescribed >1900MWh, HCI), and so will be further up on
the dispatch schedule. As already discussed, there is a strong correlation between natural gas
facilities and the HOEP.
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Dec 2008: OPG’s payment mechanism for their Prescribed hydro facilities was changed to the
Hydroelectric Incentive Mechanism (HIM) discussed in Section 5.1.1.5.1. Production from these
facilities is no longer separated into two categories by a 1900 MWh barrier.
April 2009: Some of OPG’s hydro facilities from the Non-Prescribed group began to receive
contract revenue under the Hydroelectric Energy Supply Agreement (HESA). While there are no
publically available documents pertaining to these contracts, the Market Surveillance Panel
(2014) states that they get paid a Fixed $/MWh rate. While I am unaware of any additional
payment to incentivize them to be responsive to change in the HOEP, given their existence in all
other hydro contracts, I will assume there is. This would also explain why several facilities under
this contract program show incremental increases in output as price levels rise. However,
because these contracts were signed to ensure sufficient revenue was earned at these facilities
while they underwent expansion, I assume that they do not face a penalty for not shifting output
to high price hours like producers do under the HCI and HIM contracts. This would mean that
offer prices from these facilities would be the lowest of any of the hydro facilities. For this
reason, I have placed them behind OPG’s Prescribed facilities (OPG-P).
OPG’s remaining Non-Prescribed hydro generators switched to merchant generation. For
this reason I have moved them up the dispatch schedule, placing them in front of the HCI
producers. Because the Non-Prescribed hydro and the HCI producer categories are both
comprised of numerous hydro facilities (71) with different cost structures, it is likely that offers
from these two categories are interspersed amongst each other. The choice to put them in front of
the HCI producers was made because the HCI producers would be moved behind the NonPrescribed facilities by the end of 2009 anyway.
The Lambton and Nantikoke facilities were switched to Take-or-Pay style contracts.
However, because the exact details of the contracts are unknown, it is possible that there are
extra payments which incentivize these producers to be responsive to changes in the HOEP. I
was able to confirm this by organizing the output from these facilities using the same average
output per price range technique I used for hydroelectric generators (see Section 5.2.1.1.5.1).
Generation from these facilities was very price responsive.
The Atikokan and Thunder-Bay (OPG-1) coal facilities also switched to merchant
generation. These two coal facilities are placed behind the category ‘Above Minimum Loading
Point’ on the dispatch schedule. While these facilities rely solely on the market clearing price for
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their revenue, I have placed them behind these natural gas facilities because the payment
mechanism for Minimum Net-Revenue contracts incentivizes natural gas producers to offer at
their variable cost, which typically is greater than the variable cost of coal facilities. This means
that their initial offer price should be lower than those of natural gas facilities. While the coal
producers would offer at their marginal cost rather than their variable cost like the natural gas
producers, the much larger correlation between the HOEP and natural gas discussed in Section
5.2.1.1.4.3 suggests that the marginal cost offers from the OPG-1 coal facilities are typically
lower than the offers from natural gas facilities. In the event I am incorrect about the ordering of
these two, my attribution of Export Neutral values to each category would be incorrect, but
because they are both classified Export Neutral, it would not affect my overall results.
December 2009: The HCI producers change from being merchant generation to having a Fixed
$/MWh contract. They do not change positions on the dispatch schedule. In front of the HCI
producers is OPG’s Non-Prescribed facilities. These facilities only receive the HOEP, meaning
they will offer at their marginal cost. Behind them is OPG’s Prescribed facilities. While these
facilities are incentivized to be responsive to changes in the HOEP under the HIM, as previously
explained, they may still have an incentive to produce rather than spill when the market clearing
price is negative. As previously explained (see Section 5.1.1.5.2), producers with HCI contracts
have a disincentive to produce when the market clearing price drops below $0/MWh because the
value they have to pay to produce reduces the contract payment they would otherwise receive.
While these facilities will have offer prices that reflect their marginal costs given their contract
revenue and on-peak-off-peak incentives, their offer prices are unlikely to drop below $0/MWh.
So even though it is likely that offers from OPG’s Prescribed facilities and the HCI producers
will have overlap during positive price hours, the defacto offer floor of HCI producers should be
higher.
While I have previously stated that the ABESA contract was signed in July 2012 and the
TBESA contract was signed in June 2013, the former did not start producing until July 2014, and
the later did not start until 2015. This is why they are absent in this version of the dispatch
schedule.
September 2013: This is when variable generators became dispatchable. All wind and solar
facilities connected to the high-voltage grid, as well as the Bruce Nuclear facility, now have
separate price floors. Wind and solar facilities have a price floor of -$5/MWh and the Bruce
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Nuclear facility has a slightly higher floor price of -$3/MWh (IESO, 2013). I have moved wind
power up the dispatch scheduled, placing it just below the HESA contract facilities. The Bruce
Nuclear facility has been moved just above the wind and solar facilities.
Dec 2014: All coal power is removed as it is no longer produced. The Atikokan facility began
producing electricity from Biofuels in July of 2014 and receives their revenue under the
Atikokan Biomass Energy Supply Agreement (ABESA). As previously discussed in Section
5.1.1.2, this contract is supposed to be designed to incentivize efficient production, although the
details of this are not publically available. If my assumption that the contract is a Minimum NetRevenue style contract is true, they would offer at their variable cost. However I have placed it
before the natural gas facilities. Similar to the OPG-1 coal facilities, because the ABESA
contract is Export Neutral, its position in front of or behind the natural gas facilities does not
affect the overall Export Neutral estimate.
Although the Thunder-Bay facility does not begin generation from biofuel until 2015, I
have included it in this presentation of the dispatch schedule to avoid unnecessary repetition.
Because of the highly unusual description in their contract, I have placed them in front of fossil
fuel producers at their MLP. While this facility will likely be somewhat responsive to the HOEP
in determining when it has met its production requirements, it will likely offer very low to ensure
it is scheduled to produce during these periods. In any case, production from this facility is very
small, and any errors in my results due to its improper placement will likely have a negligible
impact.
Feb 2016: The Bruce Nuclear facility has been placed behind wind and solar power on the
dispatch schedule because wind and solar floor prices were switched to -$3/MWh and the Bruce
Nuclear facility’s was switched to -$5/MWh
5.2.2

Calculating Export Benefit, Cost and Neutral values
Export Benefit, Cost and Neutral values were calculated on an hourly basis. Individual

generator output was organized into the dispatch schedule from Table 5.4. In each hour I started
with the first generator category on the dispatch schedule and subtracted the production in that
category from the total MWh of Ontario demand as defined by the IESO (see Section 5.3). This
process was repeated for each generating facility along the dispatch schedule until Ontario
demand was equal to 0. The remaining generation was considered to have been scheduled to
supply export demand bids. Because Ontario demand data contains a few extra pieces of data
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that cannot be removed (see Section 5.3), these quantities were checked each hour to see how far
they deviated from the actual export data. The average proportion of my estimate to the actual
data was 93%.
Any production identified as being scheduled to supply exports was then used to
calculate Export Benefit, Cost and Neutral values. These values were calculated using the
payment mechanism formulas identified in Chapter 4 alongside any of the extra incentive
payments identified in Section 5.2.2. These values were calculated on an hourly basis and
aggregated with the exception of OPG’s hydro facilities under the Hydroelectric Incentive
Mechanism (HIM).
As previously discussed, the HIM can be split into the non-incentive and incentive
portion of the regulated revenue. The non-incentive portion of the revenue (contract price
multiplied by the monthly average output) was calculated hourly and aggregated in the same
manner as all other producers. The incentive portion of the HIM was calculated differently. As
previously discussed (Section 5.1.1.5.1), the Ontario Energy Board makes a forecast of the value
OPG will earn from all of their producers through the incentive portion of the HIM. They are
entitled to half the value of the forecast even if they do not earn it, so any value up to this is
classified Export Benefit. Any revenue they earn in between the first and second half of this
forecast they keep but are not entitled to, so it is classified Export Neutral. Any revenue they
earn above the forecast value is split 50/50 with Ontario consumers, so it is classified Export
Benefit. In order to properly assign OPG’s export revenue to the appropriate export
classification, I first aggregated the total (i.e. domestic and export supply) hourly values earned
through the incentive portion of the HIM into an annual total value. Then I started at the
beginning of the year and subtracted the export revenue earned through the incentive portion of
the HIM each hour from the total revenue. All of these export revenues were placed into the
same export classification until the remaining total HIM revenue from the incentive portion
dropped below one of the forecast threshold values. For example, if the annual total revenue
from the incentive portion of the HIM was $15 million and the forecast revenue for that year was
$10 million, starting in January I would continue to subtract the appropriate HIM export revenue
from the $15 million total revenue until it reached $10 million. All of that export revenue would
be classified Export Benefit. I would then continue to subtract the HIM export revenue but it
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would it would now be classified Export Neutral. This process would continue until all of the
appropriate HIM export revenues in the year had been accounted for.
Although imports are considered as supply offers by the IESO, I excluded them from my
dispatch schedule model for two reasons. The first reason is that there is no meaningful way to
determine where import offers are positioned on the dispatch schedule. Imports offers are made
by foreign and domestic energy traders who will be importing from at least one of the five
connected markets to Ontario. The second issue is that import data is comprised of the actual
quantity of imports into Ontario plus the quantity of wheel-throughs (trades travelling through
Ontario). Adding imports would therefore cause an overestimate or underestimate of my results,
depending on where they were positioned on the dispatch schedule.
5.3

Data
All of the data I used spanned from 2005 until 2016. The year 2005 was chosen as the

starting point because the Global Adjustment, called the Provincial Benefit at the time, was first
introduced in January of that year. Prior to this, contract and regulated revenues were not
collected from the Ontario consumers but were instead added to the debt account leftover from
the dissolution of the public utility Ontario Hydro in 2002. The year 2016 was chosen as it was
the last full year to have elapsed when the paper was being written.
All of the generator data I used was at the individual generator level. All generation data
is constructed by the IESO using the real-time dispatch schedule. Data from 2005 until 2007 is in
MWh per month and comes from the Monthly Generator Disclosure Report, a data series which
was discontinued by the IESO. This data was not available on the current IESO website, but was
instead acquired from an earlier version of their website using the Wayback Machine (IESO,
2010). Production data from 2008 -2016 is in MWh per hour and comes from the IESO Annual
Generator Output and Capability Report. Specifically, the IESO (2017e) explains that this data
contains the hourly average of the 5-minute outputs for each facility on the high voltage grid
with an installed capacity of 20 MW or greater 56. Data for 2008 and 2009 were provided upon
request by the IESO, while the remainder of the data was retrieved from the IESO Data
Directory (2017e). While I gathered generation data between 2010-2016 directly from the IESO
website, I received generation data for 2005-2009 from Scott Luft of Cold Air Blog who was
gracious enough to organize it for me as well.
56

Included in this data file is each facility’s installed capacity. In 2016 10 facilities had an installed capacity of less than 20 MW.
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Data for the Hourly Ontario Energy Price (HOEP) is in $/MWh and comes from the data
file “HOEP, 2002-2016” (IESO, 2017f). It is determined as the average of the 12 5-minute
market clearing prices taken from the real-time market schedule. Each HOEP value was adjusted
to real 2016 dollars using the monthly inflation rate for Canada. This inflation rate was collected
from the Statistics Canada website.
Hourly Ontario (grid) demand is in MWh and comes from the data file “Hourly Ontario
and Market Demands, 2002-2016” (IESO, 2017g). It is constructed by the IESO (2017h)
primarily as the sum of all electricity generated on the high-voltage grid plus imports minus
exports, although there are a few other small pieces of data in there. Hourly exports from Ontario
are in MWh and come from the data file “Hourly Import/Export Schedule, 2002-2016” (IESO,
2017i). They represent the total quantity of export demand and wheel-throughs scheduled in the
1-hour ahead pre-dispatch market schedule.
The Fixed $/MWh contract price was required for certain Fixed $/MWh producers in
order to calculate their Export Cost estimates. Contract prices for OPG’s coal and NonPrescribed hydro facilities between 2005 and April 2008 were retrieved from a previous version
of the IESO (2009) website. All remaining contract prices for OPG’s hydro and nuclear facilities
were obtained over several releases of the OEB’s Payment Amounts Order reports. For the hydro
facilities over this time period, I used contract prices absent any rate riders (called the base rate).
The contract price for HCI producers was retrieved from the HCI contract framework
(Ontario Power Authority, 2010). Very little information on the HESA contracts, including the
contract price, is publically available. However, the Market Surveillance Panel (2009) explains
that the HESA contracts were given to OPG for several of their Non-Prescribed hydro facilities
to provide extra funding for capacity expansion projects. While the contract price at these
facilities prior to the HESA contracts was $55/MWh (in real 2016 dollars), this rate would be
increased to cover the extra cost of construction. I set the contract rate for these facilities at the
HCI contract rate ($79/MWh in real 2016 dollars). I determined this to be a conservative
estimate of the increase based on the percentage in rate increase received by HCI producers for
expansion projects.
All contract prices were indexed to inflation using the formulas applicable for each
contract before being converted to real 2016 dollars.
5.4

Results and Discussion

219
5.4.1

Annualized Results
The condensed summary of the results is displayed in Table 5.4. Table 5.4 contains the

annual aggregate Export Benefit, Export Cost and Export Neutral estimates. It also contains the
annual aggregate and cumulative net-benefit, which is simply Export Benefits minus Export
Costs. Export Neutral values are not included in the net-benefit estimate, as they have no
financial impact on Ontario consumers.
Table 5.4 shows that between 2005 and 2016 the total value of Export Benefits was
slightly greater than half the value of the Export Benefits, at $534 million and $990 million
respectively. The result is that exports were a net cost to Ontario consumers of $456 million.
While the 2005-2007 estimates were created using monthly data and are therefore much less
reliable, ignoring them still results in exports being a net cost of $450 million. Therefore, I find
that within the context of the export benefit/cost debate, exports were a cost to Ontario
consumers.
Although Export Neutral values do not benefit or cost domestic consumers, they provide
a rough measure of the potential Export Benefits or Costs that would have materialized had the

Table 5.4 - Annual Total Export Benefits, Neutral, Cost, Net and Cumulative Net
Benefits

2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
Total

Benefits

Neutral

Costs

Net-Benefits

$4,363,670
$9,797,478
$9,242,811
$65,204,646
$41,368,508
$109,086,335
$42,416,592
$21,774,910
$46,488,797
$90,815,454
$55,559,930
$37,722,539
$533,841,671

$8,831,649
$62,943,317
$85,835,681
$174,561,854
$139,665,108
$193,174,495
$176,045,864
$164,597,739
$186,927,017
$195,524,420
$153,850,680
$35,007,236
$1,576,965,059

$0
$(13,018,382)
$(11,685,543)
$(68,119,292)
$(72,579,621)
$(31,357,475)
$(55,592,715)
$(52,944,551)
$(87,205,637)
$(160,944,022)
$(216,957,856)
$(219,434,073)
$(989,839,166)

$4,363,670
$(3,220,904)
$(2,442,732)
$(2,914,646)
$(31,211,114)
$77,728,860
$(13,176,122)
$(31,169,641)
$(40,716,840)
$(70,128,568)
$(161,397,926)
$(181,711,534)
$(455,997,496)

Source: Constructed by author. For compete list of data sources, see Section 5.2
Notes: All monetary values are reported in 2016 real Canadian dollars.

Cumulative NetBenefits
$4,363,670
$1,142,766
$(1,299,966)
$(4,214,612)
$(35,425,725)
$42,303,134
$29,127,012
$(2,042,628)
$(42,759,468)
$(112,888,036)
$(274,285,962)
$(455,997,496)
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dispatch schedule been ordered differently or if contract payment mechanisms to Export Neutral
producers been structured differently. Given that Export Neutral classification was not included
in the arguments of either side of the export benefit/cost debate (excluding the Market
Surveillance Panel), the size of this value relative to the Export Benefit and Cost values provides
an indication as to the importance of this omission on the results. Table 5.5 shows that the Export
Neutral value for the 2005-2016 period is $1.6 billion. This is only $53 million more than the
combined value of Export Benefits and Export Costs over the same time period, indicating that
the failure to account for Export Neutral producers was a significant oversight by both sides of
the debate.
While $455 million may appear to be a large figure, according to the IESO (2016a),
Ontario consumers spent a total of $196 billion on electricity between 2005 and 2015. This
includes all components of a consumers’ bill, not just the wholesale market charges (i.e. HOEP)
and the Global Adjustment (i.e. contract/regulated payments to producers). Total Net-Export
Benefits amount to 0.23% of this total value, which is including the estimates for 2016. Between
2009 and 2016, Total Net-Export Benefits have increased Ontario consumers bills by a minimum
of 0.02₵/KWh ($0.2MWh) in 2009 to a maximum of 0.1₵/KWh ($1.01/MWh) in 2015. Prior to
2009, the effect of Total Net-Export Benefits less than a tenth of a cent a KWh, which is the
standard level consumer rates are rounded to. In 2010, Net-Export Benefits reduced Ontario
consumers’ bills by 0.05₵/KWh.
Table 5.5 contains the annual Export Benefit and Cost estimates I produced by following
the most common methods used by proponents of each side of the export benefit/cost debate in
Ontario. Comparing the estimates in this Table with my results in Table 5.4 illustrates how
different the results of my estimation method are than those utilized in the export benefit/cost
debate. The total value of the Export Benefits estimate in Table 5.5 is $7.1 billion. This is just
over 10x the $533 million dollar estimate I arrived at. The reason this estimate is significantly
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Table 5.5- Annual Export Benefit and Cost Estimates Using Common
Methods in Export Benefit/Cost Debate
Date
Export Benefits
Export Costs
$748,086,114
($85,442,861)
2005
$600,054,454
$52,346,988
2006
$667,125,219
$53,780,335
2007
$1,254,634,525
$144,443,964
2008
$531,022,757
$474,431,138
2009
$617,091,484
$441,730,695
2010
$440,914,125
$492,206,213
2011
$376,949,518
$672,650,012
2012
$474,312,540
$976,329,896
2013
$549,059,232
$969,321,541
2014
$494,589,632
$1,492,452,106
2015
$325,633,875
$1,793,543,125
2016
Total
$7,079,473,476
$7,477,793,153
Source: Constructed by Author. Hourly domestic demand and
import/export quantities scheduled as well as the HOEP and total
monthly value of the Global Adjustment were all retrieved from the
IESO Data Directory.
Notes: Export Benefits were calculated for each hour as the product
of the HOEP and exports. Export costs were calculated by dividing
the total monthly value of the Global Adjustment by the sum of
Ontario Demand and net-exports, and multiplying this by the
quantity of exports each hour. All monetary values are reported in
2016 real Canadian dollars.

larger than my own is due to the way it is calculated. The method used to calculate Export
Benefits is to aggregate the product of the HOEP and the quantity of exports scheduled in the
market. This is equal to the total value of the gross market revenue earned by all producers in
the market over this time period and is identical to the concept of producers’ domestic market
revenue (𝑅

, ,

) introduced in Chapter 4. While this is the correct formula for calculating any

Export Benefits (see Section 4.5.3.4.4) earned through Take-or-Pay style contracts, and is what I
use for my empirical estimation, this method assumes that all producers scheduled to supply
export demand a have Take-or-Pay or equivalent style of contract payment which guarantees that
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producers are paid regardless of whether they are scheduled to produce or not. However,
according to my estimates, the quantity of exports supplied by producers classified as Export
Benefit between 2008 and 2016, only made up 22% of the total quantity of exports supplied.
Instead this method used for calculating Export Benefits quantifies the maximum possible value
of benefits that occurred. The total value of the export cost estimate in Table 5.5 is $7.5 billion.
This is about 7.5 times my export cost estimate of $990 million. The reason this is larger is the
method by which it is calculated. It is calculated by dividing the monthly value of the Global
Adjustment by the total monthly quantity of generation in Ontario, and multiplied by the total
monthly quantity of exports. As previously explained in Section 4.4.1, the Global Adjustment is
total value of all contract revenues owed to producers for their domestic and exported production
of electricity. Because the Global Adjustment also contains contract revenue owed to Export
Benefit and Export Neutral producers, it will over inflate the Global Adjustment rate used for
estimating export costs.
5.4.2

Monthly Trends
The Export Benefit, Cost and Neutral values in Table 5.4 exhibit different trends

between 2008 and 2016. Export Benefits remain somewhat consistent over this time period with
two spikes in 2010 and 2014. Export Neutral values remain relatively constant until 2016 when
they drop off rapidly. Export Cost values remain somewhat stable until 2014 when they jump in
value. Understanding what causes these trends is important to understand for the development of
effective policy action. There are three main possibilities for driving these trends: The
contract/regulated payment policy regime in place, the HOEP and the quantity of export demand
bids scheduled in the market. As I have discussed throughout this chapter, the structure of the
payment mechanisms by which producers earn their revenue play a key role in determining how
they offer into the market and their subsequent position on the dispatch schedule. The closer a
producer is to the end of the dispatch schedule, the more often they are scheduled to supply
export demand and the more often they contribute to the accumulated value of the export value
group they belong to. In general, increasing the HOEP increases Export Benefit and Neutral
values while decreasing Export Cost values. It determines the marginal value of exports for each
of these export classifications. It can further influence Export Benefit and Costs values by
switching the export classification of Fixed $/MWh and Take-or-Pay style contracts at certain
threshold values. The quantity of scheduled export demand increases the total quantity of
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generation used to calculate Export Benefit, Cost and Neutral values. Holding the HOEP
constant, the greater the quantity of exports, the greater the combined value of these three will
be. However, as I demonstrated in Chapter 4, which one of these three increases as the quantity
of exports increases is dependent on the export classification of the marginal producer. This is
further complicated by the relationship between exports and the HOEP, which may either move
in identical or opposite directions depending on whether there is a shift in the domestic demand
curve, export demand curve or domestic supply curve.
In order to better understand what is driving these trends, I have included Figure 5.1
which displays a timeline of Export Benefit and Cost values, the HOEP and export demand bids
per month. In this Figure I have also identified when every contract/regulated payment
mechanism change occurs, two significant HOEP events (one high and one low) and the date
when hourly data becomes available for my estimates. Export Benefits and Costs are measured
on the primary axis, with Benefits being positive and Costs being negative. The HOEP and
monthly exports demand bids are normalized between 0 and 1 using the min-max normalization
procedure in order to graph them simultaneously on the secondary axis.
Looking at Figure 5.1, one of the most notable changes in the Export estimates is the
jump in value between 2007 and 2008. This is caused by the switch from monthly to hourly data
between those two years. While hourly Ontario demand data will fluctuate along the dispatch
schedule in a 5 to 15 thousand MWh range, this fluctuation is lost when aggregated up to
monthly data. Without these fluctuations, only the producers who are closer to the end of the
dispatch schedule are determined to be scheduled to supply exports. This is why the only two
types of producers who accrued any values under the three export classifications between 2005
and 2007 are coal and natural gas producers. As previously discussed (see Table 5.3), they are
the last two producers on the dispatch schedule during those years. The other issue with monthly
pricing data is that producers with Fixed $/MWh contracts will be classified either Export
Benefit or Export Cost for the entire month because the monthly average HOEP will either be
greater than, or less than, the producer’s contract price. The effects of this are noticeable when
comparing OPG’s estimates before 2007 with their estimates for 2008. Prior to 2007, the coal
facilities only generate either Export Benefits or Costs in a given month, and these values track
the HOEP. For every month of 2008, OPG’s coal facility resulted in both Export Benefits and
Export Costs. While this data issue does not contribute to understanding the drivers of export
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benefits and costs, monthly data has been used to produce estimates in the export benefit/cost
debate, and it is worthwhile to point out the limitation this imposes on the estimates of export
costs typically used in the debate.
When looking at Figure 5.1, the two important trends in Export Benefit and Cost values
are the month-by-month changes and overall change. In general, the month-by-month changes
are driven by the behaviour of the HOEP and the quantity of exports supplied. As the market
price increases, Export Benefits increase while Export Costs decrease. However, this trend is
influenced by whether the change in the HOEP is caused by a change in the total market quantity
supplied or a shift in the domestic supply curve. The former causes the HOEP and exports to
move in the same direction, while the latter causes them to move in opposite directions. When
this occurs, the change in Export Benefit or Cost values caused by the change in the HOEP will
be diminished by the opposing change in exports. A notable example of this is between August
and September of 2015, when the increase in the HOEP was accompanied by a sharp decrease in
the quantity of exports supplied. Despite the increase in the HOEP, Export Benefits declined
from $6 million to $2.3 million due to the decrease in the quantity of exports supplied. Export
costs declined in value from $11 million to $3 million. The reason for the relatively larger
decrease in Export Costs than Export Benefits is that Export Costs decrease rather than increase
in value as the HOEP increase
For changes in the overall trend in Export Benefits and Costs, the primary driver of this
appears to be changes in procurement contracts and regulated revenues. While not all changes of
this nature have a noticeable effect, several of them do. The period of 2008 to April 2009, when
OPG coal was paid a Fixed $/MWh on 85% of their production, was characterized by a balance
of Export Benefits and Costs from coal. When two of the Coal facilities became Take-or-Pay in
May of 2009, this trend switches to coal only being Export Benefit. Coal was the primary source
of Export Benefits from May 2009 until December 2013, when the Lambton and Nantikoke
facilities had both stopped generating. Importantly, had their regulated rate remained the same,
much of the value of their Export Benefits would have been shifted to Export Costs due to the
decline in the HOEP. Because Coal facilities were scheduled just behind natural gas on the
dispatch schedule, as they were brought offline, an increasing amount of exports were supplied
by producers further down the dispatch scheduled, resulting in the increase in Export Benefits
and Costs from Hydro facilities. Starting in October of 2013, there is also an increasing amount
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of Export Benefits accrued from Nuclear, Wind and Solar facilities due to the implementation of
a separate price floor for each of them. Arguably one of the most noticeable changes is when
OPG Prescribed hydro facilities were switch from only receiving the HOEP for their output to
being paid under the HIM in November of 2014. This caused all the output from these facilities
to switch from being classified Export Neutral to Export Cost. In November of 2014 they
accounted for 28% or $11.3 million of the total value of Export Costs, and are part of the reason
Export Costs appear to greatly increase from 2015 onward.
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Figure 5.1- Monthly Export Benefit and Cost Values by Producer Group and Normalized Monthly Total
Exports and Average HOEP in Ontario

Source: Constructed by Author. Data for the Hourly Ontario Energy Price (HOEP) and the quantity of exports retrieved from the IESO
(2017f, 2017i). All other data sources explained in Section 5.3.
Notes: The HOEP and exports are normalized using a min/max procedure so they can be graphed on the same axis. Export Benefits are
positive and Export costs are negative. All coloured patterns in the legend represent the colour scheme used for positive values. All
negative values are displayed using inverted colour scheme from their positive counter-part. Monetary values presented in real 2016
Canadian dollars.
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5.4.3

Policy Recommendations
Policy remediation in this case can be focused on either eliminating Export Costs and/or

increasing Export Benefits. Switching Fixed $/MWh style contracts to Take-or-Pay style
contracts would not work because the overall cost to Ontario consumers would be the same. This
may seem counter-intuitive, but it is important to remember that in reality exports do occur, so as
long it the switch did not alter market conditions, the total price paid by domestic consumers
would be the same. It would change whether Ontario consumers’ costs would be considered to
have increased or decreased as a result of exports being scheduled in the market.
Cancelling all of the contracts and having producers only earn the HOEP is also not a
feasible option. Most of the contracts that are signed span at least 20 years and would be far
more expensive to cancel than the Export Costs avoided. On top of this, Ontario is surrounded by
two vertically integrated public utilities (Manitoba, Quebec) primarily generating low cost hydro
and three energy-plus-capacity markets (New-York, Minnesota, Michigan). This would make it
difficult for producers in Ontario to be able to remain competitive, as the neighbouring markets
would drive down the HOEP. This problem is further compounded by the significant amount of
nuclear generation in Ontario. In real 2016 dollars, OPG’s nuclear facilities have received a
Fixed $/MWh of around $60/MWh for the past decade, while Bruce nuclear facility has received
a Fixed $/MWh of around $70/MWh. Assuming these values are good approximations of these
facilities long-run average total cost, neither of these facilities would have been able to cover the
full value of their fixed cost payments since the price of natural gas dropped in 2009. While in
most competitive markets this would mean that the nuclear facilities could not compete and
would have to shut-down, in the Ontario electricity sector they generate approximately 60% of
all generation. Kidd (2011) explains that since the drop in the price of natural gas, new
development of nuclear facilities has been delayed in many places around the world as financial
backers of these projects have begun pulling out.
Fortunately, the most feasible policy option given the current state of the market is
already in development. Called the Market Renewal, this policy, among other things, will replace
the current energy-only market in Ontario with an energy-plus-capacity market like those in
New-York, Michigan and Minnesota. Rather than the long-term procurement contracts,
producers will receive capacity payments for a shorter term period (1-3 years), with all producers
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receiving the uniform auction clearing price for all capacity excepted in the auction. The
remainder of any revenue they receive will come from the spot market. This means that Ontario
consumers will have a fixed payment to be made for the value of capacity over much shorter
period of time, and any electricity scheduled to supply exports will neither increase or decrease
this price, making it Export Neutral. While the Market Renewal will take time to implement and
it will not replace the existing procurement contracts, in the long run it should eliminate the
problem.
While all of the procurement contracts have clauses addressing revenue earned through
market mechanisms not yet developed, not all of these require 100% of revenue to be paid back.
If a contracted producer was receiving payments through a capacity auction and through their
procurement contract, the portion of the capacity payment they kept would amount to an
overpayment for capacity and a cost to Ontario consumers. Before the Market Renewal project is
released, I would recommend ensuring that all issues like this are addressed.
My final recommendation would be more open access to data and information important
for researchers. In the export benefit/cost debate, as well as a number of other subjects related to
the Ontario electricity sector, much of what is written appears to founded in an incomplete
understanding of the policy framework and institutions governing the market. As previously
discussed, both sides of the debate appear to be assuming that exports are only supplied by either
producers’ with Fixed $/MWh contracts or by Take-or-Pay style contracts. While a large portion
of this Chapter has been devoted to documenting all of the different procurement contracts over
time, earlier work I wrote on this subject (Yauch and Mitchnick, 2016) did account for the
complexity of the policy framework because the procurement contract frameworks are stored on
the Ontario Power Authority website which was shut-down in 2015 after merging with the IESO.
An accurate understanding of the market institutions also seems to be an issue. For example, a
report by the Ontario Society of Professional Engineers (2017) claims that when there is intertie
congestion, producers’ receive the intertie congestion price for their output which reduces their
contractually obligated payment. As I explained in Section 3.6, congestion rent goes back to
traders through the Transmission Rights Clearing Account. However, even the authors of this
report noted a lack of publically available information as an issue. Given the relevance of the
electricity sector in the recent 2018 elections, easily accessible and transparent information is
important to ensure that Ontario citizens are able to make informed votes.
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5.4.4

Limitations
One of the primary limitations of this research is the inability to use actual bid and offer

data when calculating Export Benefit, Cost and Neutral values. Relying on a model of the
dispatch schedule does not allow for the overlap in offers by different kinds of suppliers in the
market. It also made including import offers in my calculations difficult as well.
In my calculations I used Ontario Demand data, which is the sum of all generation in the
province plus imports but minus exports. This means that my dispatch schedule determined the
quantity of net-exports generated. While this eliminates any wheel-throughs, it also reduces the
quantity of generation determined to supply export demand by the quantity of imports consumed
in the province. A version of my estimates were calculated by first subtracting imports from
Ontario demand, resulting in the quantity of generation determined to supply export demand
being equal to the quantity of exports plus the quantity of wheel-throughs. Total Export NetBenefits under this method were -$350 million. I decided not to use this method as one of the
main sources of increased Export Benefits came from Bruce Nuclear, which I explain in the
following paragraph decreases the accuracy of my results the more it is scheduled to supply
exports.
Another limitation to my results is that they assume that producer behaviour in the market
would remain the same in the absence of exports. This would not always be true. For example,
from 2014 onward, there is a considerable amount of Export Benefits from the Bruce Nuclear
facility. However, in the absence of exports it is likely that shut-downs at this facility would
increase, leading to more scheduling of wind and solar power to supply export demand. Also,
some producers are reimbursed at the value of their contract price for the quantity of power that
would have been scheduled were the market not experiencing surplus baseload generation. When
the absence of exports in the market would have led to a surplus baseload situation, any Export
Cost estimates from producers with Fixed $/MWh and a surplus baseload reimbursement clause
should instead be classified Export Benefit.
In building the model of the dispatch schedule, the methods by which I determined
minimum loading point of natural gas facilities, which natural gas facilities were under directed
dispatch and the quantity of hydro generation which could be considered baseload generation
were not very sophisticated, and as far as I am aware, have not been used previously. As my
primary focus was on building and evaluating the policy framework for all generators in the
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market, utilizing more complex econometric methods for these task was beyond the scope of my
research. However, a possible future avenue for research would be to applied more rigorous
methods and updating the baseload hydro, directed dispatch and minimum loading point of
natural gas facilities.
Because my methods do not include any regression analysis, I am unable to measure the
effect sizes of the HOEP and exports on Export Benefit, Cost and Neutral values. Unfortunately,
the data currently available from the IESO is not capable of producing meaningful regression
results due to the construction of the Global Adjustment discussed previously (see Section 5.3.1).
However, my research has developed a method for attributing the portions of the Global
Adjustment related to Export Costs to their proper source. Future research could expand upon the
framework I have developed here by developing an econometric method which can capture the
effect sizes of the HOEP, quantity of exports and changes in procurement contracts.
Another limitation is that this research does not take into account any of the benefits that
occur from exported electricity outside of the export benefit/cost debate, such as increased grid
stability or producer surplus for non-contracted producers. While these were beyond the scope of
my research, they are important things to consider before making policy decisions.
In a similar vein, my research only discusses the costs that occur from exported
electricity outside the export benefit/cost debate. In their discussion of export costs, the Market
Surveillance Panel (2014) also discussed export cross-subsidization with two ‘out-of-market’
programs, the Day-Ahead Production Cost Guarentee (DA-PCG) and the Real-Time Generation
Cost Guarentee (RT-GCG), developed for natural gas generators to ensure their start-up costs are
paid for when deemed necessary. The found the DA-PCG and RT-GCG cost Ontario consumers
$70 million and $142 million between 2012 and 2013. While not included in the export
benefit/cost debate, there are several programs like this which could contribute to the cost of
exports to Ontario consumers. One potential avenue for future research would be review the
other ‘out-of-market’ programs like these in Ontario and calculate the export costs associated
with these. Revenue from some of these programs are written into procurement contracts as well,
which is another limitation of my research.
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Chapter 6: Conclusion
6.1

Summary
In Ontario, there has been a debate carried out by the Ministry of Energy, the Auditor

General, members of parliament and several others as to whether electricity exported from
Ontario has benefited Ontario consumers by reducing the cost of their electricity, or has it cost
Ontario consumers by increasing the cost of their electricity. Proponents on both sides of the
debate have provided their empirical estimates of the benefits and costs, but these empirical
estimates did not account for the complexity of the policy regime governing contract payments to
producers and how the policy changes interact with the order of producers on the dispatch
schedule. When stating their case, the Market Surveillance Panel (2014) did account for the
interplay between the different kinds of procurement contracts and the order of producers on the
dispatch schedule, but their analysis was qualitative only. As well, all of the arguments put
forward have covered a variety of different time spans, many of which do not overlap and few, if
any, cover an exhaustive time frame. In this thesis, I developed a framework for estimating the
relevant benefits and costs of electricity exports to Ontario consumers which takes into account
for the differences in producers’ contract/regulated payment mechanisms, as well as their relative
positions on the dispatch schedule. I used this framework to produce empirical estimates of these
benefits and costs over an exhaustive timeframe (2005-2016).
Chapter 2 summarized both sides of the export debate. Chapter 3 contains an overview of
some of the important definitions and institutions within the Ontario electricity sector necessary
for understanding the export debate. In Chapter 4, I developed a conceptual framework used to
classify different producers under different market outcomes as either Export Benefit, Export
Cost or Export Neutral based on how a change in the quantity of exports changed the value of
Ontario consumers’ total expenditure on electricity, holding all other things constant. I concluded
that:


A producer is classified Export Benefit when an increase in the quantity of exports
they supply decreases Ontario consumers’ total expenditure. This classification
applies to:
o Producers with Take-or-Pay style contracts when the market clearing price is
above $0/MWh.
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o Producers with Fixed $/MWh contracts when the market clearing price is
above the Fixed $/MWh contract price


A producer is classified Export Neutral when an increase in the quantity of exports
they supply does not change Ontario consumers’ total expenditure. This classification
applies to:
o Producers with Minimum Net-Revenue contracts
o Producers with no procurement contracts
o Producers scheduled to supply domestic consumers
o Producers who are self-scheduling



A producer is classified Export Cost when an increase in the quantity of exports they
supply increases the value of Ontario consumers’ total expenditure. This
classification applies to:
o Producers with Take-or-Pay style contracts when the market clearing price is
below $0/MWh.
o Producers with Fixed $/MWh contracts when the market clearing price is
below the Fixed $/MWh contract price

In Chapter 5, I developed the empirical framework and methods I followed to produce my
empirical results. This included cataloguing the payment mechanisms by which each producer
received their contract/regulated revenue between 2005 and 2016, as well as organizing
producers on the dispatch schedule over this same period of time. I also present my results in this
Chapter. Overall, I found that between 2005 and 2016, exports imposed a net cost to Ontario
consumers of $456 million, accounting for 0.23% of their total expenditure on all electricity
related services over this time period. Export Benefit and Cost estimates were found to be 10x
and 7.5x smaller than those produced using the methods employed by those in the export
benefit/cost debate. Exploratory analysis of the drivers of Export Benefit and Cost trends
suggests that the HOEP is more influential than exports, but the influence each of these have
scales with changes in contract/regulated payment mechanisms and the order of the dispatch
schedule.
6.2

Research Contributions
This research contributes the first empirical framework for estimating Export Benefit,

Cost and Neutral values which both accounts for the different procurement contracts and
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regulated rates received by different producers in Ontario as well as the position of each
producer on the dispatch schedule. This framework allowed me produce the first set of empirical
results in the export benefit/cost debate in Ontario which recognizes all three possible export
classifications (i.e. Benefit, Cost, Neutral) and estimates the values for each based on the
contract/regulated payment mechanism of each producer scheduled to supply export demand in a
given hour. While data and other limitations constrain the accuracy of my results to a certain
extent, they are far more accurate than any other estimates yet produced. At the very least, they
provide an understanding of the size and drivers of Export Benefit, Cost and Neutral values
which can be incorporated by the Minister of Energy, the IESO and the Ontario Energy Board
when developing the Market Renewal or other relevant electricity sector policy.
This research also contributes a conceptual framework which formalizes the test to
determine whether exports are classified Export Benefit, Cost or Neutral. It also expands upon
previous work by the Market Surveillance Panel (2014) by formulating the payment mechanisms
for each of the three procurement contract categories they identified (i.e. Take-Or-Pay, Minimum
Net-Revenue, Fixed $/MWh) mathematically and testing each one to determine its classification.
While designed for Ontario, this conceptual framework can also be used for evaluating long-term
power purchase agreements (i.e., procurement contracts) in other jurisdictions which may face
similar issues
Finally, this research contributes the most comprehensive overview of the policy
framework governing contracted and regulated revenues to producers publically available. It
organizes all producers into contract and regulated programs, explains the operation of the main
payment mechanism for each program, and tracks these change over time. This is not only a
significant contribution for future research on the export benefit/cost debate in Ontario, but for
any research involving the policy framework governing producers’ revenue in Ontario.
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