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The Independent Electricity System Operator (IESO) ensures the reliability and cost-
effectiveness of Ontario’s power system. The IESO plans and prepares for Ontario's
electricity needs by assessing requirements to ensure electricity will be available when
and where it is needed. It is an ongoing process that must consider near-, medium-
and long-term electricity needs, as well as impacts on cost and reliability. Balancing
electricity supply and demand depends on comprehensive planning that enables the
IESO to meet reliability requirements, while giving market participants the data and
insights they need to make informed operational and investment decisions.

Planning for Ontario's future electricity needs comprises two province's energy and capacity needs. By providing timely and
processes: bulk system planning and regional planning. Bulk transparent information about future electricity needs on a regular
system planning addresses the provincial electricity system while basis, the Outlook is intended to guide investment decisions and
regional planning considers local electricity priorities within market development. That being said, forecasts of electricity

each of the province's 21 electricity planning regions. The IESO supply and demand are, by definition, inexact. The uncertainties
develops the Annual Planning Outlook (APO) as part of the bulk associated with any forecast will increase with the length of the
system planning process. planning horizon, and reflect dependencies.

A 20-year forecast for Ontario's electricity system, the APO Overall, Ontario is in a strong position, with sufficient resources to
includes electricity demand projections, a resource adequacy meet its needs under most circumstances, provided the majority
assessment, transmission considerations, and performance of existing resources remain available.

indicators, such as an emissions outlook, and identifies the
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The demand forecast serves as the basis from which Ontario's
resource needs are assessed. The forecast informs system
adequacy needs by anticipating future requirements, which
are affected by many factors, including consumer behaviour,
demographics, the economy, energy prices, transportation
policy, and energy-efficiency measures.

Although energy efficiency is an important resource to

meet system needs, one of the most significant variables

affecting the forecast concerns the long-term future for

energy-efficiency investment in Ontario. In light of uncertainty

surrounding the future of existing programming beyond the

end of 2020, the APO includes two demand scenarios or

“cases” that reflect different assumptions related to future

energy-efficiency initiatives:

« Reference Case: existing IESO-delivered energy-efficiency
programs cease at the end of 2020

* Energy Efficiency Case: existing energy-efficiency programs
continue beyond 2020, for the duration of the outlook period
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These two cases were used throughout the report to assess and
compare Ontario’s future resource adequacy needs.

Overall demand growth over the next 20 years will be largely
driven by modest growth in the residential, commercial and
agricultural sectors, as well as the increased electrification of
transportation. As a result, energy demand is expected to grow
between 0.4 per cent and 1.4 per cent each year over the
forecast period.

The Reference Case suggests total energy consumption is
expected to grow from 144 terawatt-hours (TWh) in 2020 to
170 TWh in 2040. In the Energy Efficiency Case, overall energy
demand is expected to increase from 144 TWh in 2020 to

162 TWh in 2040 - or 8 TWh less than the Reference Case.
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Ontario's diverse supply mix means the province is well
positioned to meet future resource adequacy needs. The APO
forecasts that Ontario is generally expected to have enough
energy to supply demand over the next 20 years. Having reliable
baseload facilities like nuclear and hydroelectric, along with the
combined cycle gas fleet, means there should be ample energy
available to meet expected needs under most circumstances.

Although Ontario's energy requirements can largely be met with
existing and available resources, a summer capacity need does
arise in the 2020s. Assuming existing resources remain available,
a capacity need of approximately 2,000 megawatts (MW)
emerges in 2023 and grows slowly through 2040. This need is
limited, occurring for a few short hours of peak demand each year,
meaning future resource requirements are peaking in nature. The
capacity need through the mid-2020s can primarily be met by
acquiring capacity from existing and available resources, including
demand response, imports, merchant generators, enhancements
of current facilities (uprates), distributed energy resources (DERs)
and, potentially, energy efficiency.

Major planned generator outages can also affect the need for
capacity. The period during which nuclear refurbishments are
scheduled is particularly important to monitor, since two to four
nuclear units are anticipated to be out of service each summer
until 2029. Peak refurbishment activity occurs in summer 2023,
when four nuclear units (totalling 3,364 installed MW) will be
out of service.

Going forward, capacity auctions will be an important mechanism
for efficiently and competitively acquiring resources to meet
Ontario's capacity needs. Introducing the capacity auction in
advance of periods with significant system need will allow both the
|IESO and participants to learn and adjust early. At the same time,
the increased competition fostered by the auction is expected to
put downward pressure on pricing, which will benefit ratepayers.

Summer Capacity Surplus/Deficit
with continued availability of existing resources

The IESO recognizes that a capacity auction, while a valuable
tool, may not work for all resources. As a result, an engagement
was announced in 2019 to work with stakeholders in anticipation
of future capacity shortfalls and to consider complementary
acquisition approaches. As there is no “one-size-fits-all” solution
that works for all resources, the IESO intends to have a suite of
procurement tools that enable competition.

Although the vast majority of Ontario’s electricity resources are
connected to the high-voltage transmission system, a growing
number of smaller units are connecting at the distribution level
as customers see the benefits of having greater control of their
electricity supply. DERs may provide an opportunity for the IESO
to address future energy and capacity needs if they are effectively
integrated into the markets. Currently, there are approximately
33,000 DERs under contract with the IESO, the majority of which
are small-scale solar projects. With the potential for further
deployment of DERs in the province, an opportunity exists

to harness their capabilities to reduce system costs, improve
reliability and enhance resilience.

Planning Ontario's electricity system involves more than just
ensuring adequate supply to meet demand. It also requires
consideration of how electricity will be delivered to end users,
including analysis of the expected state of the province's
transmission system. Although the IESO has been carrying out
bulk transmission planning for a number of years, the process
was never standardized. Instead, individual studies have been
initiated on an as-needed basis.

The IESO has been working to develop a formal, integrated

bulk system planning process to ensure solutions are identified
transparently as needs materialize. To meet Ontario's electricity
needs most efficiently and cost-effectively, the IESO regularly
assesses its planning assumptions and reliability criteria. Over the
coming year, the [ESO intends to conduct a formal review of its
reliability criteria.

Energy Efficiency Case -
Proposed Pickering Extension

Reference Case -
Proposed Pickering Extension

Energy Efficiency Case
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The IESO is also exploring competitive transmission procurement
as a way to reduce the cost of transmission projects by leveraging
market forces and competition. Stakeholder input will inform
decisions on the development of a competitive process, including
the types of transmission facilities suitable for competition, facility
design standards, and potential opportunities for Indigenous
communities to participate.

Greenhouse gas emissions from the electricity sector have
declined by more than 90 per cent since 2005, and Ontario now
has one of the cleanest electricity systems in North America.
About 93 per cent of the electricity produced in 2018 was from
non-carbon-emitting resources. Emissions are expected

to increase in the 2020s as a result of increased production
from gas-fired generation during the nuclear refurbishment
period and the retirement of the Pickering Nuclear Generating
Station. Electricity sector emissions are forecast to increase

to 11 megatonnes CO,e by 2030, still remaining well below
2005 levels.

Independent Electricity System Operator

Over the next 10 years, a number of variables could impact
emission levels, leading to lower certainty in emission forecasts.
These include advances in generation technology for non-emitting
resources, the ongoing role of energy efficiency, carbon policies,
and what types of resources are acquired to meet future
electricity system needs.

Stakeholder input and feedback are priorities for the IESO and
support effective sector-wide decision-making. Ensuring the
reliability and cost-effectiveness of Ontario's power system is a
collaborative activity that requires close coordination within the
organization, and between the IESO and the sector as a whole.
This approach brings together experts from all corners of the
electricity industry to reconcile views, assumptions, requirements
and solutions. Driven by the need to enhance planning transpar-
ency, the IESO will continue to investigate improvements to its
long-term planning process with stakeholders, with a particular
emphasis on regular sharing of information.
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1. Demand Forecast

11 Introduction

Satisfying consumer demand for electricity is the [ESO’s highest
priority. The long-term demand forecast sets the context for

the Annual Planning Outlook (APO) and the bulk power system
planning process. That said, electricity demand forecasts are, by
definition, inexact. They display inherent uncertainty and reflect
dependencies such as the state of the economy, demographics,
policy and other considerations. The IESO has developed its
demand forecast from the bottom up to consider individual
end-uses, building or business types, load profiles and analysis
of seven different market sectors.

The demand forecast informs system adequacy and investment
decisions by anticipating future needs, which are affected by
many factors, including technology, equipment purchasing
decisions, consumer behaviour, population, the economy, energy
prices, transportation policy, and conservation.

Energy efficiency can have a significant impact on demand for
electricity. In light of pending policy decisions with respect to
the future of existing energy-efficiency programming beyond
the end of 2020, when the current funding framework expires,
the IESO has modelled two different cases to develop this
demand forecast.

Figure 1: Historical Energy Demand
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The Reference Case is considered a committed resource case
that anticipates no major changes in its drivers over the outlook
period, with existing IESO-delivered energy-efficiency programs
coming to an end at the end of 2020. The Energy Efficiency Case,
by contrast, reflects the continuation of current energy-efficiency
programs, and projected benefit and cost outcomes beyond 2020.

This demand forecast is presented on a weather-normalized basis
and at the net level, as opposed to actual weather-affected and
grid or gross level. Gross-level demand is the total demand for
electricity services in Ontario prior to the impact of conservation
programs but including the effects of naturally occurring conser-
vation. Net-level demand is gross-level demand minus the impact
of conservation. Grid-level demand is net-level demand minus
the demand met by embedded resources. It is equal to the energy
supplied by the bulk power system to wholesale customers and
local distribution companies.

To provide context for the long-term demand forecast, it is
informative to understand historical electricity demand trends.
Grid-level demand has been declining for the past five years,
mainly driven by changes in the economy, conservation program
savings, and embedded generation, which reduces the need for
grid-supplied energy. Grid-level demand is 2 terawatt-hours (TWh)
less (approximately 2%) than five years ago.

= Gross Level Demand
Conservation Savings
Net Level Demand
Embedded Generation

— Grid Level Demand

2014 2015 2016

2017 2018
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Figure 2: Reference Case - Energy Demand
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Figure 3: Reference Case - Seasonal Peak Demand
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1.2 Reference Case

The demand forecast Reference Case projects annual net energy
demand to be 144 TWh in 2020, and to increase an average

of approximately 1 per cent per year over the outlook period to
170 TWh in 2040, an overall increase of 26 TWh.

Summer and winter peak demands are expected to experience an
average growth rate of approximately 1 per cent, which is similar
to the energy demand growth rate. Summer peak demand is
projected to be approximately 23,970 megawatts (MW) in 2020,
increasing to 27,640 MW in 2040, while winter peak demand is
projected to be 21,810 MW in 2020, and 24,610 MW in 2040.

2 Independent Electricity System Operator
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1.3 Energy Efficiency Case

The demand forecast Energy Efficiency Case is an illustrative
forecast based on the Reference Case. The only variable that
distinguishes it from the Reference Case is the inclusion of
possible load modifiers consisting of:

* The continued delivery of the current 2019-2020 Energy
Efficiency Interim Framework past its committed end date
of December 31, 2020 at currently forecasted savings and
approved budget rates, for the duration of the outlook
period; and

* The delivery of federally or municipally funded programs
affecting electricity demand, including the Green Municipal
Fund, and the Climate Action Incentive Fund.



https://fcm.ca/en/programs/green-municipal-fund
https://fcm.ca/en/programs/green-municipal-fund
https://www.canada.ca/en/environment-climate-change/services/climate-change/carbon-pollution-pricing-proceeds-programming/climate-action-incentive-fund.html

Figure 4: Energy Efficiency Case - Energy Demand
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Figure 5: Energy Efficiency Case - Seasonal Peak Demand
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The two government programs have recently been announced
and are currently in development. Due to the absence of specific
program details and associated forecasts of potential energy
savings, the impacts on projected electricity demand remain
uncertain; as a result, they have been included in the Energy
Efficiency Case.

The Energy Efficiency Case projects annual net-level energy
demand to be 144 TWh in 2020, and to grow an average of
approximately 0.5 per cent per year (between -0.3% and 1.0%)
over the outlook period to 162 TWh in 2040.

The difference in energy demand between the Reference Case
and Energy Efficiency Case is roughly 1 TWh per year in 2021.
This difference is expected to grow by an incremental 1 TWh

<
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per year in each year through 2024 to 4 TWh per year, then
increase by about 0.6 TWh per year in each year through 2030
to 7.5 TWh per year before stabilizing at about 8 TWh per year
from 2031 to 2040.

Summer peak demand is projected to be 23,940 MW in 2020
and grow an average of approximately 0.5 per cent per year
(between 0.4% and 0.8%) to 26,400 MW in 2040, while winter
peak demand is projected to be 21,810 MW in 2020 and grow an
average of approximately 0.3 per cent per year (between -0.7%
and +1.2%) to 23,450 MW in 2040.

The annual differences between the Reference and Energy
Efficiency Cases for both summer and winter peak demand are
roughly 150 MW in 2021, 700 MW in 2024, 1,000 MW in 2029,
and 1,200 MW from 2035 to 2040.

Annual Planning Outlook, January 2020
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1.4 Drivers of Demand

All electricity users - residential, commercial, institutional,
industrial and others - contribute to province-wide energy
demand. This demand forecast has been developed using sector-
level segmentation and corresponding individual assessments.
Overall, an expected increase in demand over the outlook period
will be largely driven by mild demand growth in the commercial
sector and emerging growth in the agricultural and transportation
sectors. This increase in consumption may be compounded by the
absence of future committed energy-efficiency programs.

1.4.1 Residential Sector

Electricity demand from the residential sector is expected to
be flat over the outlook period as a result of offsetting trends.
Household growth is forecast to be especially high in the Toronto
and Ottawa zones, offset by the shift toward multi-residential
high-rise buildings with lower unit energy intensity rates.
Increased saturation of small appliances and other consumer
electronics is expected to be offset by a decrease in electricity
required for water and space heating attributable to mild fuel
switching. Overall, total residential sector demand is forecast
to grow minimally from 50 TWh in 2020 to 55 TWh in 2040,
an average annual growth rate of 0.5 per cent.

1.4.2 Commercial Sector

Commercial sector electricity demand growth is expected to be
slow over the outlook period. As is the case with the residential
sector, multiple trends offset each other in terms of impacts on
electricity demand. Emerging trends in the commercial sector
include:

* Urban construction boom: Significant residential growth in
urban areas, including downtown Toronto and Ottawa, is
forecast to continue, which will increase demand for local
services (e.g., education, health care, recreation and culture),
and put additional pressure on existing facilities to expand
their current locations.

* Shrinking office space needs: Many businesses are reducing
their space - and energy - requirements through alternative
workplace strategies and more efficient building design.

* Declining growth in retail and restaurant businesses: Shifts
in consumer behaviour toward e-commerce and online food
delivery services have resulted in softening growth in demand
for bricks-and-mortar floor space, which is expected to
continue in the future.

= Supply chain warehouse business growth: This shift in retail
channel preferences is having a domino effect in the
commercial real estate market, with increasing demand for
large warehousing and logistics distribution hubs to support

online shopping and declining demand for storefronts and malls.

Overall, commercial sector total floor space is forecast to grow
from 3.4 billion square feet in 2020 to 4.1 billion square feet

Independent Electricity System Operator

in 2040, a 19-per-cent increase. The proportion of demand from
various end-uses and business types is forecast to be largely
consistent over the outlook period. Total commercial sector
energy demand, by contrast, is forecast to grow minimally from
50 TWhin 2020 to 60 TWh in 2040, an average annual growth
rate of only 0.9 per cent.

1.4.3 Industrial Sector

Ontario's industrial sector has experienced a significant transition
over the past 20 years. World economic conditions, particularly
in the United States and China, coupled with foreign exchange
rate variations, have resulted in a declining market for Ontario
exports. Industry has responded to the reduced demand for
Ontario products with plant closures and production cutbacks.
Electricity demand from industrial wholesale customers has been
flat at approximately 17 TWh per year for the past seven years.
Five segments, each with geographic concentrations, currently
dominate the Ontario industrial sector:

1. Mining (including smelting, in northern Ontario);

2. Primary metal (Hamilton, Cambridge, Nanticoke, and
Sault Ste. Marie);

3. Chemical (Sarnia and Nanticoke);
4. Pulp and paper (northern Ontario); and

5. Automobile manufacturing (Windsor, Ingersoll, Cambridge,
and the Toronto area).

Mining is the only top-five industrial sector segment to recover
from the recession of 2008-2009 in terms of electricity demand.
It is also forecast to continue to show the highest growth among
all the industrial sector segments. Further, the northwestern
Ontario area known as the “Ring of Fire” has been found to
contain high quality rare earth metal ores, including chromite
(used in the production of stainless steel). Conversely, the recent
transition of the General Motors Canada automobile assembly
plant in Oshawa, Ontario will have consequences on the supply
chain throughout the industry segment in Ontario.

Overall, given current known economic indicators, energy demand
from Ontario’s industrial sector is forecast to stay flat, at roughly
36 TWh per year over the outlook period.

1.4.4 Agricultural Sector

Demand for electricity from Ontario’s agricultural sector
continues to grow, driven primarily by greenhouse expansion,

as well as the proliferation of artificial lighting in greenhouses.
Grow lights enhance production and crop yields of various fruits,
vegetables, flowers and cannabis.

One area with significant agricultural sector growth is Kingsville-
Leamington where a considerable number of requests to connect
to the power system have materialized. Such loads primarily
increase winter electricity energy and peak demand. The area’s
winter electricity demand is projected to increase by approxi-
mately 600 MW between 2020 and 2030 as identified in


https://media.gm.ca/media/ca/en/gm/oshawa_transformation_agreement.html

the conservative forecast of the Windsor-Essex Integrated
Regional Resource Plan. The annual electricity energy demand
for the agricultural sector is projected to increase to 6 TWh
by 2030.

1.4.5 Electric Vehicles

Electric vehicle (EV) numbers and their electricity charging
requirements are currently relatively small but are projected

to increase significantly. In recent years, government policy has
been a key driver for increased near-term EV adoption. The
federal government has set a long-term target to sell 100 per cent
zero-emission vehicles by 2040, with interim sales goals of

10 per cent by 2025 and 30 per cent by 2030. The federal
government’s 2019 budget included several measures to support
EV adoption, including purchase incentives; tax benefits for
business vehicles; and support for EV charging infrastructure,
automobile manufacturers, and automobile parts suppliers.

A wide range of EV adoption forecasts are available from
various organizations, including industry consultants, academic
institutions, government agencies and market research
companies, with annual sales market share estimates ranging
from 1 per cent to 70 per cent in 2030. Actual EV adoption

is affected by many factors, including policy, technology and
consumer behaviour. The IESO’s EV adoption forecast is based
on historical trends and available information, such as industry
sales data, government vehicle registration data, and forecasts
from other reputable organizations.

The IESO projects Ontario’'s new EV sales will increase 20 per cent
year over year over the next 10 years and then stabilize, and
Ontario's EV stock will reach about 1.2 million vehicles by 2040
with an annual electricity charging demand of 4 TWh.

1.4.6 Transit Electrification

Broad transit electrification is underway in Ontario, including
the GO commuter rail system serving the Greater Toronto Area,
local light rail transit (LRT) systems throughout the province
and multiple Toronto Transit Commission (TTC) subway line
extensions.

Metrolinx, the Crown agency responsible for public transportation
for the province, is building an integrated transit network which
promotes transit electrification. Electrifying GO rail corridors

is a multi-year project with completion expected in 2025. Built

on previous environmental assessments and public engagement,
the first step to electrify Metrolinx-owned corridors, the

Transit Project Assessment Process, was completed in 2017.

Nine local LRT projects and multiple subway line extensions
are being built or planned across the province. The ION project
connecting Kitchener and Waterloo came into service in

June 2019 and the Confederation Line in Ottawa opened in

September 2019. New TTC subway projects, including the
planned Ontario Line and several subway line extensions in the
GTA, have been announced and early preparations are underway.

Demand projected for new transit electrification is based on most
recent plans and schedules. This demand forecast predicts that
annual electricity demand for public transit will be about 1.5 TWh
when all the planned transit projects are in operation.

1.4.7 Other Electricity Demand

This demand forecast accounts for all electricity energy and

peak demand in the province, which is generally categorized and
evaluated according to established market sectors. However,
certain loads do not fall under any one sector and are classified as
“other.” These include:

1. Remote communities;

2. Electricity generators;

3. Street lighting; and

4. Municipal water treatment.

The demand forecast projects these four segments to consume
5.2 TWhin 2020. A number of small remote communities in
northern Ontario are not currently connected to the provincial
electricity grid but will be within the next few years. Connecting
these communities to the grid is expected to add approximately
0.2 TWh of annual energy demand by 2040. Collectively these
four “other” load categories are expected to grow minimally but
consistently over the course of the outlook to 5.9 TWh in 2040,
an annual increase of 35 GWh or 0.6 per cent per year, for a total
increase of 0.7 TWh or 14 per cent.

1.4.8 Energy-Efficiency Programs

On March 21, 2019 the 2015-2020 Conservation First Framework
(CFF) and Industrial Accelerator Program (IAP) Framework were
discontinued and replaced with an Interim Framework to be
delivered through December 31, 2020.

The CFF and IAP Frameworks wind-down phase allows projects
initiated prior to March 2019 to be completed where electricity
savings can be achieved. These wind-down activities are expected
to achieve annual electricity savings of 0.8 TWh in 2020.

The Interim Framework came into effect on April 1, 2019. The
IESO’s Program Plan for the delivery of the Interim Framework
was released on June 5, 2019, with programs offered in Ontario
from April 1, 2019 to December 31, 2020. The Program Plan aims
to achieve annual energy savings of 1.4 TWh and peak demand
reductions of 189 MW, funded with a total budget of $353 million.

Collectively, all energy-efficiency programs from the CFF, IAP and
Interim Framework implemented in 2019 and 2020 are expected
to realize annual electricity savings in 2020 of 2.2 TWh. These
savings are accounted for in the Reference Case.
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Demand Forecast Energy Efficiency Case

Beyond energy-efficiency program savings included in the demand
forecast Reference Case, there are potential opportunities to
achieve greater electricity savings. Based on the information
available to date, there are at least three such opportunities

as summarized in Table 1and forecast to achieve the savings
illustrated in Figure 6.

Table 1: Demand Forecast - Energy Efficiency Case (Summary)

Given that these three potential energy-efficiency initiatives are

not currently committed or are at an early stage of development,
estimates of corresponding energy savings reflect a high degree

of uncertainty.

1.4.9 Codes and Standards

Building codes and equipment standards are an effective energy-
efficiency tool as they have no ratepayer cost, broad reach, and a
relatively high level of certainty when forecasting results. Codes

Program &
#  Delivery Agent

Details, Funding
& Target

Governance
& Funding

Policy, Fuel Type

& Support Period

Incremental Annual
Savings & Savings in
2040

1 Post-2020 Save on
Energy Programs

* Delivered by the IESO

2 Climate Action
Incentive Fund

* Funded by the
federal government

3 Green Municipal Fund

* Delivered by
Federation of Canadian
Municipalities via:

1. Collaboration on
Community Climate
Action

2. Community
EcoEfficiency
Acceleration

3. Sustainable

Affordable Housing
Innovation

4. Municipal Asset
Management
Program

= Not committed,
assumes continued
delivery of Interim
Framework at current
funding and energy-
savings rates

Funding of

$177 million/year
Focused on business
and industrial
customers, with
ongoing commitment
to low-income

and First Nations
communities

Announced May 30,
2019, subject to the
passage of the Budget
Implementation Act.
Program development
underway

Ontario's allocation
about $975 million
from 2020-2024

Available to

small businesses,
municipalities,
universities, schools,
hospitals and not-for-
profit organizations

Ongoing development

Investment of

$1 billion in 2018-2019
Residential,
commercial and
multi-unit buildings

6 Independent Electricity System Operator

* Provincial

* Ontario electricity
rates or tax

* Federal

* Funded from proceeds
of the federal carbon
pollution pricing
system

* Federal
* Federal tax

* Energy efficiency 2021-2040
* Electricity

* Incentives

» Carbon emission 2020-2024

reduction
= All fuels
* Rebates

* Energy efficiency 2021-2040
= All fuels
* Primarily financing,

some grants

* 0.7 TWh incremental
annual energy savings

* 8 TWh annual energy
savings in 2040

* Maximum
incremental annual
energy savings of
0.34 TWhin 2023

* 0.16 TWh annual
energy savings in
2040

* Estimated incremental
annual energy savings
of 0.01 TWh

* 0.1 TWh annual
energy savings in
2040



Figure 6: Energy Efficiency Case - Incremental Energy-Efficiency Savings
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Figure 7: Codes and Standards Savings
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and standards savings estimates are based on the expected
improvement in the codes for new and renovated buildings and for
specified end-uses through the regulation of minimum efficiency
standards for equipment. The IESO estimates savings attributable
to codes and standards by comparing the demand forecast at

the gross level to the demand forecast adjusted for the impacts

of regulations. Most savings from improved codes and standards
will come from the residential and commercial sectors and are
estimated to reduce demand by an additional 8 TWh by 2040.

1.4.10 Industrial Conservation Initiative

The Industrial Conservation Initiative (ICI) is a form of demand
response that provides reduced electricity costs to program
participants that reduce their electricity consumption during
periods of peak electricity demand. Participant eligibility has been

TAllIClI figures based on reported estimates.
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unchanged for two years and provides a reasonable sample

set from which to assess and project the program’s long-term
impacts. The IESO projects ICl system peak-demand reduction
impacts to remain at 2018 levels. ICl drivers, including customer
ICl program investment and Global Adjustment levels, will
inevitably change over the course of the outlook period and the ICI
impacts on the demand forecast methodology will be reassessed
on an annual basis.

In 2018, the ICl delivered an average demand reduction of
approximately 1,600 MW" in the top 10 demand hours, and a
maximum |Cl reduction of 1,717 MW. The maximum ICl| reduction
on the peak demand day, and during the peak demand hour, was
1,347 MW and 1,330 MW, respectively.

The aggregate impact from all ICl participants on the 2018 system
peak day is shown in Figure 8.
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Figure 8: Industrial Conservation Initiative - Peak System Day Hourly Demand Impact
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1.5 Conclusion

The IESO continues to monitor and interpret electricity demand
drivers and other factors to develop and continuously improve
demand forecasts. Demand forecasts are the basis of integrated
planning. The demand forecast has been thoroughly developed,
refined and reviewed by stakeholders as part of the IESO'’s
commitment to transparency, consistency and engagement.

Demand Forecast: Key Highlights

Key uncertainties over the next few years will include the extent
and pace of industrial sector growth, potential changes to ICl
program rules, the success of the Interim Framework on Energy
Efficiency, agricultural sector load growth in southern Ontario,
electric vehicle adoption and the potential growth of embedded
generation in Ontario. Uncertainties in the longer term also reflect
technological advances, changing customer preferences/choices
and the potential for further economic fluctuations.

* The IESO developed two demand cases, one that reflects the planned expiration of existing energy-efficiency programs at the end
of 2020 (the Reference Case) and one that reflects the continuation of these programs beyond 2020 (the Energy Efficiency Case).

* Under the Reference Case, annual net energy demand will be 144 TWh in 2020 and will increase an average of approximately
1 per cent per year over the outlook period to 170 TWh in 2040, an overall increase of 26 TWh.

* Under the Energy Efficiency Case, annual net energy demand will be 144 TWh in 2020 and will increase an average of approximately
0.5 per cent per year (between -0.3% and 1.0%) over the outlook period to 162 TWh in 2040, an overall increase of 18 TWh.

* Under the Reference Case, summer peak demand is projected to be 23,970 MW in 2020 and will increase to 27,640 MW in 2040.
Winter peak demand is projected to be 21,810 MW in 2020 and will increase to 24,610 MW in 2040.

Independent Electricity System Operator



2. Supply Outlook

2.1 Ontario’s Installed Capacity in 2019
211 Fuel Type

Figure 9: 2019 Installed Capacity by Fuel Type

Ontario has 40.5 gigawatts (GW) of installed capacity comprising Nuclear 1216w
a diverse mix of resources. B Gas 9.7 GW
The majority of Ontario's installed capacity comes from nuclear Hydroelectric 94 GW
(30%), gas (24%), and hydroelectric (23%) resources, with the B Wind 5.4GW
remainder from wind (13%), solar (6%), demand response (2%) Solar 2.6 GW
and bioenergy (1%). The IESO has also procured 111 MW of energy B Demand Response 0.9 GW

storage for various reliability services. Most of Ontario's capacity
is supplied by transmission-connected market participants (91%);
the rest is supplied by embedded generators (9%). Both types of
resources are included in the capacity assessment.

2.1.2 Seasonal Capacity

There is a fundamental difference between installed capacity and
effective capacity. No resource is capable of producing energy

at maximum output levels at all times, making effective capacity
a more meaningful value for planning purposes. A resource’s
summer and winter effective capacity is an estimate of its contri-
bution to meeting seasonal capacity needs. The effective capacity
calculation takes into consideration expected ambient temperature,
forced (i.e., unplanned) outages and fuel availability risks. Total
installed capacity for the entire fleet is 40.5 GW, while summer
and winter effective capacities are 28.0 GW and 29.6 GW
respectively. More detail by fuel type is provided in the data tables
at www.ieso.ca/apo.

Figure 10: Installed Capacity 2020-2040
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2.2 Ontario’s Installed Capacity Supply
Outlook: 2020-2040

Figure 10 shows the installed capacity (GW) by fuel type for the
outlook period (2020-2040). Due to the refurbishment and/
or retirement of the nuclear fleet, total installed capacity varies
between 37 and 41 GW during the 2020s, before levelling off

at 40 GW in the 2030s. The supply mix, over the course of the
outlook, generally reflects the supply mix shown in Figure 9.
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Figure 11: Summer Effective Capacity 2020-2040
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Figure 12: Winter Effective Capacity 2020-2040
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Figures 11 and 12 show the summer effective and winter effective
capacities, by fuel type, for the outlook period 2020-2040.
Summer effective capacity varies between 25 and 28 GW during
the 2020s, due to the refurbishment of the nuclear fleet, and then
levels off at 27 GW in the 2030s.

2.3 Nuclear Resources

Throughout the 2020s, Ontario's electricity system will see
significant turnover in its nuclear fleet, driven by nuclear
refurbishments and retirements.

Long-term refurbishment outages at the Darlington and Bruce
stations will increase resource needs and introduce greater
uncertainty in the resource outlook. By 2033, a total of 8.4 GW of

nuclear capacity will undergo refurbishment. The first Darlington
unit went offline for refurbishment in 2016 and is expected to
return to service in 2020.2 Refurbishment activity will increase in
the 2020s, with between two and four nuclear units out of service
each summer until 2029. Darlington and Bruce refurbishments
are expected to be complete in 2026 and 2033, respectively.

Pickering Nuclear Generating Station (NGS) is expected to retire
in the mid-2020s, reducing Ontario’s installed nuclear capacity
by 3.1 GW. With the two Pickering A units scheduled to go out
of service at the end of 2022, and the remaining four units at
Pickering B following in 2024, the Pickering NGS retirement is

a major contributor to upcoming resource needs. If approved,

a proposal by Ontario Power Generation would see Pickering
NGS units continuing to operate beyond their scheduled
shutdown dates.

2Resource assessments in the APO were completed before Ontario Power Generation announced a four-month extension to the Darlington G2
refurbishment outage. This change is not expected to impact the overall nuclear refurbishment schedule.
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Figure 13: Base Case Nuclear Refurbishment and Retirement Schedule
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Figure 14: Nuclear Refurbishment Outages - Number of Units and Installed Capacity at Summer Peak
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Figure 15: Existing Resources Post-Contract Expiry 2020-2040 by Fuel Type
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Figure 16: Installed Capacity by Commitment Type 2020-2040
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2.4 Commitments Ending 2020-2040

Over the course of the outlook period, many generation contracts
held by the IESO or the Ontario Electricity Financial Corporation
will expire. In addition, the 2018 demand response (DR)

auction committed capacity only until April 2020.3 Contracted
generators and existing DR capacity could continue to meet the
|IESO's capacity needs if these resources are successful in future
acquisition mechanisms.

Material contract turnover begins in the 2020s and becomes
significant by the end of the decade. Contracts and commitments
that expire in the 2020s are primarily gas and DR resources,
while wind, hydroelectric and solar contracts begin to expire in
the 2030s.
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Later in this report, scenarios with and without existing resources
post-contact expiry will be examined.

The resource outlook includes considerable change through the
2020s and early 2030s due to the combined effect of nuclear
retirement, refurbishment outages and contract expiry. The
installed capacity outlook by commitment type illustrates the
growing role of resources with expired contracts and units
expected to complete nuclear refurbishment.

3The 2019 DR auction, which was held in December 2019, committed capacity for the summer 2020 and winter 2020/2021 periods; the results of that
auction were not available at the time of this analysis and are, therefore, not included.
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Supply Outlook: Key Highlights

* The majority of Ontario's installed capacity comes from nuclear (30%), gas (24%), and hydroelectric (23%) resources, with the
remainder derived from wind (13%), solar (6%), demand response (2%), and bioenergy (1%). The IESO has also procured 111 MW
of energy storage for various reliability services.

* Most of Ontario’s capacity is supplied by transmission-connected market participants (91%), with the rest being supplied by
embedded resources (9%).

* Turnover in nuclear resources continues through the 2020s as refurbishments proceed. The retirement of Pickering NGS in the
mid-2020s is one of the drivers for incremental capacity needs looking ahead.

* Over the course of the outlook period, many contracts held by existing resources with the IESO or the Ontario Electricity Financial

Corporation will expire. Contracts that expire in the 2020s are primarily gas; wind, hydroelectric and solar contracts begin to expire
in the 2030s.
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3. Resource Adequacy

3.1 Overview

A key aspect of power system reliability is resource adequacy,
which describes the balance of supply and demand in the system.
While risks to power systems, such as extreme weather and gen-
erator outages, could cause situations in which supply is unable to
meet demand for a period of time, an adequate system has enough
capacity to mitigate these risks. The IESO calculates capacity
requirements by performing a resource adequacy assessment.

The probabilistic risk assessment compares the demand forecast
with anticipated resource performance to simulate the range of
possible future system conditions. Loss of load expectation (LOLE)
is a measurement of resource adequacy, defined as the average
number of days per year during which supply is expected to be
insufficient to meet demand. Reliability standards* require that the
IESO maintain enough capacity such that the LOLE is no greater
than 0.1 days/year. As resources enter and exit the market, the
IESO's capacity requirements will change.

The same standards set out the risks the IESO should consider

in adequacy assessments. For example, actual demand may be
higher or lower than forecast depending on weather conditions.
Resources may be unavailable in real time due to planned mainte-
nance or equipment failures. Variable generators - like wind and
solar - provide relatively low levels of firm capacity since they are
sensitive to environmental conditions and cannot always produce
energy when required. Finally, major projects, such as the ongoing
nuclear refurbishments, may not be completed on time and gener-
ators could potentially experience a higher failure rate afterward.

Table 2: Five-Year Reserve Margin

Resources are assessed in terms of effective capacity, which

is typically lower than installed capacity, as was discussed in
Chapter 2. The capacity requirements in this section are in the
same units (MW). The total resource requirement is the
amount of effective capacity needed to meet resource adequacy
standards, and the reserve margin requirement is the amount
by which the total resource requirement exceeds peak demand
under normal weather conditions.

Summer capacity needs are generally much higher than winter
capacity needs. The main driver of this difference is demand, with
summer peaks tending to be higher and more variable than winter
peaks. Existing resources, particularly gas, hydroelectric and wind,
also provide less capacity value in the summer season compared
to the winter season. If existing resources continue to be available,
nearly all remaining capacity needs occur in the summer season.

3.2 Reserve Margin

The IESO maintains an adequate reserve margin to ensure there is
enough electricity available to compensate for volatility in factors
that impact supply and demand.

In accordance with Section 8.2 of the Ontario Resource and
Transmission Assessment Criteria (ORTAC), the IESO annually
publishes a five-year forecast of reserve margin requirements at
the time of projected annual peak.® Requirements are compared to
the amount of effective capacity available from existing resources.

2020 2021 2022 2023 2024
Reference Case Summer Peak Demand (MW) 23,970 24,250 24,340 24,420 24,640
Summer Effective Capacity (MW) 28,100 28,120 27,300 25,660 26,460
Total Resource Requirement (MW) 26,950 26,680 27,060 27,740 27,070
Reserve Margin Available (MW) 4130 3,870 2,960 1,240 1,810
Reserve Margin Requirement (MW) 2,980 2,430 2,720 3,320 2,430
Capacity Surplus (MW) 1150 1,440 240 -2,080 -620
Reserve Margin Available (%) 17% 16% 12% 5% 7%
Reserve Margin Requirement (%) 2% 10% MN% 14% 10%

4“NPCC's Regional Reliability Reference Directory # 1 Design and Operation of the Bulk Power System, available at www.npcc.org
IESO's Ontario Resource and Transmission Assessment Criteria, Section 8, available at www.ieso.ca
SHistorically, the IESO has published this forecast as a standalone document, the Ontario Reserve Margin Report. Going forward, the APO will satisfy

this requirement.

Independent Electricity System Operator


http://www.npcc.org
http://www.ieso.ca

Figure 17: Reserve Margin Requirement 2020-2040
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Figure 18: Summer Capacity Surplus/Deficit, with Continued Availability of Existing Resources
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Figure 19: Winter Capacity Surplus/Deficit, with Continued Availability of Existing Resources
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There are many reasons why the reserve margin requirement will
vary from year to year. The IESO includes additional reserve to
account for risks associated with nuclear refurbishments, with
the amount varying depending on the refurbishment schedule.

A year with higher-than-average planned outages will also have
a higher reserve margin requirement. Finally, the methodology to
calculate effective capacity for each resource type also affects
the reserve margin.

3.3 Capacity/Surplus Deficit

An intuitive way to understand future capacity needs is in terms
of surplus or deficit, relative to a set of resource assumptions.
Results in this chapter assume the continued availability of
existing resources post-contract expiry. In this resource scenario,
the capacity deficit, or need, represents the minimum amount of
new capacity that must be acquired from resources not currently
registered in the IESO market or otherwise providing capacity to
the IESO. A discussion of capacity needs without the continued
availability of existing resources past contract expiry, as well as
options for meeting those needs, is presented in Chapter 5.

The resource adequacy assessment was performed for the
summer and winter seasons using the two demand forecasts
outlined in Chapter 1.

In the next decade, up to 3,000 MW of new summer capacity
will be needed in the Reference Case, with just over 2,000 MW
required by 2023. If the proposed extension of Pickering NGS is
approved, the capacity need would become 1,200 MW. In the
Energy Efficiency Case, no more than 2,000 MW is needed over
the same period.

Major planned generator outages affect the capacity need. The
nuclear refurbishment program is particularly important, with

between two and four nuclear units out of service each summer
until 2029. Peak refurbishment activity occurs in summer 2023,

Resource Adequacy: Key Highlights

when four nuclear units (totalling 3,364 installed MW) are out
of service. The capacity need is lower in summer 2024 because
there are fewer major outages planned for that season.

3.4 Locational Considerations

The capacity requirements presented in this chapter are the total
amount needed to reliably meet provincial demand for electricity.
However, the location of resources on the system also affects
resource adequacy. Transmission limitations can prevent capacity
from being delivered to where it is needed. To manage major
transmission limitations that impact capacity acquisition, the
IESO will continue to apply minimum or maximum capacity limits
to certain regions of the province, as required.

Transmission constraints in the resource adequacy assessment
are modelled using major transmission interfaces and the

10 IESO electrical zones. The process for setting zonal limits

is under development as part of the work related to the IESO'’s
capacity auction.

Current studies indicate that summer capacity needs in the
mid-2020s will occur mainly in the GTA and eastern Ontario
(i.e., Toronto, Essa, East and Ottawa zones). With the retirement
of Pickering NGS and the Darlington refurbishment, this area will
have much less generation capacity available than it has today.

Capacity constraints on the Flow South interface will limit the
amount of capacity that can be added in northern Ontario

(i.e., Northwest and Northeast zones). The Flow East Toward
Toronto interface is also a key consideration. There will likely
be limits on the amount of capacity that can be accommodated
in southwest Ontario (i.e., Southwest, West, Niagara and

Bruce zones), requiring some portion of new summer capacity
in the mid-2020s to be acquired in the Toronto, Essa, East, or
Ottawa zones. Further discussion of key transmission system
considerations can be found in Chapter 6.

* In the next decade, up to 3,000 MW of new summer capacity will be needed in the Reference Case, with just over 2,000 MW
required by 2023. In the Energy Efficiency Case, the summer capacity need decreases to just over 1,600 MW in 2023, and less than
2,000 MW in 2030. This assumes all existing generation resources continue to have an obligation to supply capacity. Should these

generators exit the market, the need would be higher.

* Major planned generator outages affect the need for capacity. The nuclear refurbishment program is particularly important, with
between two and four nuclear units out of service each summer until 2029. Peak refurbishment activity occurs in summer 2023,
when four nuclear units (totaling 3,364 installed MW) will be out of service.

summer season onIy.

Assuming all existing resources remain available and compete to provide capacity, nearly all remaining capacity is required for the

* Transmission limitations can prevent capacity from being delivered to where it is needed. To manage major transmission limitations

that impact capacity acquisition, the IESO will continue to apply minimum or maximum capacity limits to certain regions of the

province, as required. Current studies indicate that summer capacity in the mid-2020s is required mainly in the GTA and eastern

Ontario (i.e., Toronto, Essa, East and Ottawa zones).

Independent Electricity System Operator



4. Energy Outlook

41 Overview

Energy dispatch models allow the IESO to simulate how supply
resources might participate in the energy market over the fore-
cast period. Plant details such as startup times, ramp rates and
marginal energy costs are used to replicate real-world scheduling,
unit commitment and dispatch as closely as possible. It should be
noted that all results are for a typical year. Variations in weather
from one year to the next can cause large swings in energy demand
and production from wind, solar and hydroelectric resources.
Median conditions are assumed for weather-sensitive generators.

4.2 Energy Adequacy Outlook

The purpose of the energy adequacy outlook is to assess Ontario’s
ability to meet its own electricity needs and better characterize
the nature of future needs. The simulation does not include any
economic imports or exports across Ontario’s interconnections.
Contracted energy imports are included.

Ontario is expected to have an adequate supply of energy,
provided existing resources continue to be available post-contract
expiry. In this scenario, current amounts of renewable generation
continue and production from gas-fired generators ramps up to
meet growing demand.

The energy adequacy outlook indicates that Ontario's supply
needs over the next decade are principally for managing

risk. Existing resources can meet energy demands in most
circumstances. The capacity requirement will be for only a few
hours each year, and to help the system handle unlikely events.

Although existing resources are sufficient to meet future energy
needs, new resources will have the opportunity to compete with
existing resources in the energy and ancillary services markets.
Any resource can earn revenue by offering energy at a lower price
than the marginal resource (see Section 7.1). Flexible, dispatchable
resources can also quickly react to short-term energy price spikes
or sell operating reserve.

Another way to understand how often new capacity will be
needed is through duration curves. The curve displays a year's
hourly electricity demand from highest to lowest. For Ontario, the
leftmost part of the curve represents the annual peak on a hot
summer day, while the rightmost part of the curve is minimum
demand overnight in the fall and spring.

Figure 20: Reference Case - Energy Adequacy Outlook, with Continued Availability of Existing Resources
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Figure 21: Duration Curves, with Continued Availability of Existing Resources
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Figure 22: Surplus Baseload Generation, with Continued Availability of Existing Resources
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The forecast duration curves for several years in the mid-2020s
are shown in Figure 21. Directly below is another set of curves
representing the remaining demand after the contribution from
baseload resources - nuclear, run-of-river hydroelectric, wind,
solar, and combined heat and power. This remaining demand is
supplied by dispatchable resources like gas, peaking hydroelectric,
storage and imports. The lowest curve at the lower left of the
figure represents the residual requirement after dispatchable
generation. Resources beyond what the existing fleet can provide
would be required to meet this need.

Surplus baseload generation (SBG) occurs when output from
baseload resources exceeds demand. It is a normal outcome of
electricity markets with high shares of non-dispatchable (i.e.,
baseload and intermittent) resources. Periods of SBG require
the IESO to use market mechanisms, such as exports, variable

Independent Electricity System Operator
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generation curtailment, and nuclear curtailment, to correct the
imbalance. Curtailing generation can be costly to ratepayers
because contracted generators still receive payments for energy
that would otherwise have been produced, increasing the effective
cost of this resource compared to its value in meeting system
needs. In the APO study period, SBG is expected to continue

to be managed using existing market tools.

SBG is forecast to decrease due to rising demand and the retire-
ment of Pickering NGS (3,102 MW installed capacity, with output
of 19-21 TWh/year). There are many uncertainties in the outlook
for SBG. The energy adequacy outlook represents typical weather
conditions, but high hydroelectric production or milder weather
could lead to higher SBG.



Figure 23: Reference Case - Energy Production Outlook

200 = Ontario Demand + Exports
i~ . B Ontario Demand
S 150 e
E I I W ) Imports
S I Bl Gas
o
3 100 Bl Non-Hydro Renewables
a )
> Hydroelectric
20
I_;g_, 50 Nuclear
O | | | | | | | | | | | | | | | | | | | | |
D . . . . . . . . . . . SH. . D, S, . . . . W
[ 05 S05 Y05 05 S04 05 SO5 Y05 S0O5 SO O5 SO5 Y05 S05 SO5 S05 SO5 S05 S0y Q.
DT DR Y e 2 S S DR T e > N

Figure 24: Energy Production Outlook, CCGT Capacity Factor with Continued Availability of Existing Resources
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4.3 Energy Production Outlook

The IESO-administered energy markets are connected to
Ontario's neighbours through interconnections. Imports and
exports are scheduled in the real-time energy market to take
advantage of price differences between jurisdictions. In 2018,
Ontario imported 8.4 TWh of energy and exported 18.6 TWh.
The model used to produce this energy production outlook
includes detailed representations of Ontario’s trading partners in
order to more closely represent expected conditions and market
outcomes. While the energy adequacy outlook is useful for
characterizing resource needs, the energy production outlook is
needed to forecast market outcomes.

Production by fuel type is similar to the energy adequacy outlook
because production from baseload resources is generally

I N A N M |
)
2y R %, R T % % K

]

insensitive to market prices. Gas production is higher on average
as these generators take advantage of export opportunities.
Capacity factors® for combined cycle gas generators, which

make up the majority of Ontario’s gas-fired capacity, increase to
between 40 and 60 per cent by the mid-2020s. Higher-priced
peaking generators - such as Lennox and York Energy Centre - are
needed for operability, but are expected to provide little energy.

Energy exports decrease sharply in the early 2020s with the
retirement of Pickering NGS and more nuclear generators

on refurbishment outage. Coincidentally, imports increase
slightly from historical levels. The balance of trade is expected
to shift back toward exports in the 2030s, when the nuclear
refurbishment program concludes.

8 A capacity factor is the ratio of a generator's average power output to its installed capacity.

Annual Planning Outlook, January 2020



Figure 25: Energy Production Outlook, Imports and Exports
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Figure 26: Energy Efficiency Case - Change in Energy Production Outlook
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The Energy Efficiency Case includes continued investment
in energy-efficiency programs. Compared to the Reference
Case, demand is up to 8 TWh lower over the outlook period.
This reduced demand leads to differences in the energy
production outlook between the two cases. Primarily, the
Energy Efficiency Case sees reduced production from
Ontario-based gas-fired generators, as well as fewer imports
and more exports. Production from nuclear, hydroelectric,
wind and solar resources is unchanged.

Cost and emission outcomes from the energy production
outlook, including the avoided costs and emissions resulting
from energy efficiency, are discussed in Chapter 7.
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4.4 Fuel Security Considerations

Ontario has a diverse fuel mix, with nuclear and hydroelectric
resources providing the majority of energy through the planning
horizon. During the 2020s, nuclear refurbishments and the
Pickering NGS retirement are projected to increase capacity
factors of the combined cycle gas fleet to the 40 to 60 per cent
range. As the fuel mix evolves through this period, the interde-
pendencies between the gas and electric systems will need to
be monitored.

Fuel-security risk reflects the possibility that thermal units will
not have or be able to get the fuel (primarily natural gas) required
to run. This could be due to either the season (i.e., during winter,
generating capacity may become unavailable due to priority
demand for natural gas from space heating), unexpected pipeline
outages, or because increased utilization of the gas fleet creates
uncertainty about whether power plants can arrange for fuel
when needed.



Natural gas pipelines can become constrained during peak
pipeline conditions, potentially limiting the use of natural gas-fired
generation to meet Ontario's supply needs. Gas-fired generation
is typically fuelled using just-in-time transportation and delivery
with limited storage, and might be subject to interruption,
depending on the gas delivery product. In constrained natural

gas markets, these units may not be served during peak pipeline
conditions. Natural gas pipeline constraints have serious
implications for reliability and price volatility. Power generation
facilities can mitigate these risks through the use of adequate firm
transportation and storage capacity.

Fuel deliverability is of concern relative to the operating reliability
of the infrastructure that delivers natural gas to the generating
stations. In some areas, deliverability to the generation fleet is
limited during winter months due to higher demand from space
heating. As such, the risk of unavailability needs to be factored
into the evaluation of the overall operational and planning
reliability of the electricity system. This risk is mitigated through
deemed dispatch contract structures that incent generators to
mitigate the risk that their marginal economics would diverge
from pricing at the Dawn Day Ahead Index. Further, certain
gas-fired generators in areas with potential winter transportation
issues have Gas Delivery and Management Committees that
mitigate fuel availability risks.

Energy Outlook: Key Highlights

* Ontario is generally expected to have an adequate supply of energy, provided existing resources continue to be available post-contract

Following the Pickering NGS retirement and during the nuclear
refurbishment period, incremental energy needs will be met
primarily by the increased utilization of the gas fleet. With the
increasing reliance on natural gas-fired electricity generation

in combination with the potential for constrained natural

gas pipelines during peak pipeline conditions, important
considerations around fuel security need to be incorporated into
long-term planning.

Ontario is fortunate to be home to the Dawn storage hub -
Canada's largest integrated underground natural gas storage
facility. The risk of winter fuel unavailability in Ontario is further
reduced with a large portion of the gas fleet located in close
proximity to the Dawn hub.

expiry. In this outlook, current amounts of renewable generation continue and production from gas-fired generators ramps up
to meet growing demand. As a result, capacity will only be required for a few hours each year, generally to help the system handle

unlikely events.

* Although existing resources are sufficient to meet future energy needs, new resources will continue to have the opportunity to
compete with existing resources in the energy and ancillary services markets.

* Surplus baseload generation (SBG), which occurs when output from baseload resources exceeds demand, is forecast to decrease due

to nuclear refurbishments and retirements, as well as rising demand. Over the next 20 years, SBG is expected to be managed using

existing market tools.

* Energy exports will decrease sharply in the early 2020s with the retirement of Pickering NGS and more nuclear generators on
refurbishment outage. The balance of trade is expected to shift back toward exports in the 2030s, as the nuclear refurbishment

program concludes.

* Following the Pickering NGS retirement and during the nuclear refurbishment period, incremental energy needs will be met primarily
through the increased use of the gas fleet. Given the important role of gas-fired generation in Ontario's supply mix and the potential
for pipeline constraints during peak periods, the IESO monitors fuel security as part of its long-term planning.

Annual Planning Outlook, January 2020
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5. Meeting Ontario’s Electricity Needs

As discussed earlier, the Annual Planning Outlook is not intended
to recommend how the province should address potential needs
at the bulk supply level. Instead, the APO is a technical document
that describes the current demand and supply outlook, identifies
future system needs, and highlights any areas that may require
greater attention.

The resource adequacy assessment that underpins this report
identifies a capacity need emerging in the mid-2020s and growing
over the outlook period. This chapter presents a qualitative
discussion of existing and available resources that may compete
to meet this need, while remaining agnostic as to the specific mix
of resources. Future editions of the APO will begin to explore

the resources available to meet Ontario’s future capacity needs
more quantitatively.

5.1 Capacity Needs, Uncertainty and
Planning Criteria

It is important to recall that the capacity need identified in
Chapter 4 is the result of a probabilistic risk assessment. This
accounts for a fair degree of uncertainty in the key parameters
of this outlook. However, any forecast of this type is based

on a range of assumptions for which all uncertainty cannot

be accounted.

One such variable is the set of planning assumptions and
reliability criteria used in this analysis. The IESO has identified
certain aspects of these assumptions and criteria which, if revised,
may change the results of this analysis. Over the coming year,

the IESO intends to conduct a review of its reliability criteria.

5.2 Future Electricity System Needs
5.2.1 Capacity Need

Chapter 3 presented the resource scenario assuming all existing
resources remain available post-contract expiry, which represents
the minimum amount of new capacity that will have to be acquired
to maintain adequacy. Capacity deficits are also calculated without
existing resources post-contract expiry. In this scenario, the
capacity deficit represents the total amount of capacity that the
IESO must acquire to have adequate capacity. In other words,

the capacity that will meet this need has not yet been committed.
Capacity needs calculated in this manner, and other system
inputs, will inform target capacity in future acquisition processes.

There is a small surplus in the first two years of the forecast.
In the mid-2020s, the Pickering NGS retirement and the expiry
of two major contracts will cause the summer need to increase to

Independent Electricity System Operator

6,000 MW. The capacity need increases again in the late 2020s
and through the 2030s with contracts expiring for most of the
remaining gas plants and many wind and solar generators.

5.2.2 Energy Need

If existing resources decide to exit the market post-contract expiry
and the capacity shortfall grows, the amount of unserved energy
would increase sharply after 2029, exceeding 40 TWh by the

late 2030s. With a capacity need exceeding 10,000 MW, this
resource scenario has considerable energy shortfalls through the
2030s, as gas and renewable contracts expire.

As discussed in Chapter 4, however, if existing resources continue
to be available, Ontario is generally expected to have enough
energy to meet demand throughout the forecast period.

5.3 Meeting Capacity Needs

As seen in Chapter 3, much of the need identified above can be
met by the continued availability of existing Ontario resources
once their contracts expire. Further, if existing resources remain
in the market to provide capacity, the remaining capacity need
exists only for a few hours each year and is primarily required to
meet reliability standards and manage risk. New capacity may
be acquired from:

» Demand response
* Capacity imports
* Enhancements of current facilities (including, for example,

uprates to conventional generation at Bruce NGS as per the
terms of its contract)

* Energy efficiency

* Distributed energy resources

5.3.1 Capacity Auctions

The transition of the demand response (DR) auction to a capacity
auction will, over time, enable competition between additional
resource types, such as non-committed dispatchable generators,
transmission-connected storage facilities and firm imports. Intro-
ducing the capacity auction in advance of periods with significant
system need will allow both the IESO and participants to learn
and adjust early. At the same time, the increased competition
fostered by the auction is expected to put downward pressure on
pricing, which will benefit ratepayers.

The DR auction has proven successful in driving down capacity
costs and increasing liquidity and competition. Enhancing the
IESQO's approach to capacity auctions by opening participation
to other resources is another step toward a more competitive
electricity marketplace.



Figure 27: Summer Capacity Surplus/Deficit, without Continued Availability of Existing Resources
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Figure 28: Winter Capacity Surplus/Deficit, without Continued Availability of Existing Resources

2,000
E Energy Efficiency Case
é 0 N\ — Reference Case
3
€ -2000
S
:‘.i; -4,000
3
S -6,000
3
a
5 -8,000
a
2
5 -10,000
©
s
o -12,000 L L L L L L L L L L L ! ! ! ! ! |

Energy Efficiency Case

-10 — Reference Case

-20

-30

-40

Unserved Energy (TWh)

-50

-60 I I I I ]

| | | | | | | | | | | | | |
D D D D D D D D D D D D D D D . D D . .
o) o) o) D5 <05 O 2 2 D5 <05 S0
2 2 R TR, R, R T T TR B R T R R, R T % % %

Annual Planning Outlook, January 2020

23



The IESO remains committed to capacity auctions that will
enable competition between non-committed dispatchable
generators, transmission-connected storage facilities, demand
response and firm imports. The IESO will also work with
stakeholders in anticipation of future capacity shortfalls to
consider complementary mechanisms to meet the province's
adequacy needs.

5.3.2 Imports

Electricity imports can impact the need for capacity. Imports can
be considered as either firm or non-firm:

* Firm Imports: contractual agreement guaranteeing a reliable
amount of imports when needed. There is currently a firm
import agreement with Quebec, with 500 MW of summer
capacity to be delivered in a future year, when requested by
the IESO, before 2030.

* Non-Firm Imports: Non-firm imports would assume a certain
level of likely imports when needed, based on conditions in
neighbouring jurisdictions.

Enabling capacity imports from neighbouring jurisdictions will
provide access to non-domestic resources that would reduce
the need for additional capacity in Ontario. Non-firm imports
are currently not considered in the capacity assessment, in
order to model the system for a self-sufficient Ontario as per
ORTAC requirements.

Firm imports can take two forms: system-backed, where the
capacity is ensured by an entire power system (e.g., a province
or state); and resource-backed, where the capacity is being
provided by a specific resource in another jurisdiction.

The IESO is enabling firm imports for system-backed and
resource-backed resources through the evolution of its
capacity auction.

5.3.3 Conservation and Demand Management

Conservation and demand management (CDM) is an important
resource in Ontario's electricity markets, reducing the need to
build new infrastructure, and secure electricity from less economic
resources. CDM, however, is dependent on continued policy
commitment. Programs require investment for administration

and customer incentives on an annual basis, but provide benefits
for years to come. The IESO has included varying levels of CDM
based on different investment levels in this Outlook.

Reference Case Demand Forecast

The Reference Case demand forecast is presented as a business-
as-usual case and considers expected shifts in market forces
and known changes to policy. It includes only firm policy
commitments and does not hypothesize about future energy-
efficiency frameworks.

Independent Electricity System Operator

Incorporated in the Reference Case demand forecast are fore-
casted energy savings from committed, existing energy-efficiency
programs, which expire on December 31, 2020. These include
savings from:

1. Ongoing commitments from the Conservation First Framework
(CFF) and Industrial Accelerator Program (IAP); and

2. The 2019-2020 Interim Framework.

These frameworks reinforce a commitment to energy efficiency
through IESO-delivered programs. The Interim Framework is
projected to achieve 1.4 TWh in annual energy savings in 2020
funded with a budget of $353 million from 2019-2020. The
remaining commitments from the CFF and IAP are projected

to achieve an additional 0.7 TWh, bringing total 2019-2020
incremental energy-efficiency program savings to 2.2 TWh.

Energy Efficiency Case

The alternative case and sensitivity analysis regarding

energy efficiency in Section 1.3 included assumptions for

energy-efficiency savings from provincial, federal and

municipal programs:

* Provincial - the continued delivery of the 2019-2020 Interim
Framework past December 31, 2020 to the end of the outlook
period on December 31, 2040 at the current forecasted energy
efficiency achievement and budget spending rates; and

* Federal and municipal programs, including the Green Municipal
Fund and the Climate Action Incentive Fund.

This Energy Efficiency Case illustrates potential opportunities

for electricity savings in the absence of committed CDM
frameworks in the post-2020 era, and highlights uncertainties in
forecasted electricity savings from early-stage or in-development
CDM programs.

The net impact of the Energy Efficiency Case is incremental
annual energy savings that increase to about 8 TWh per year

by 2028 and are maintained through 2040, as well as a reduction
in annual peak demand that grows from roughly 150 MW in 2021
to roughly 1,200 MW in 2035 and is maintained through 2040.

IESO and OEB CDM Achievable Potential Study

The IESO worked with the Ontario Energy Board (OEB) to
consider future opportunities for energy efficiency through the
2019 Achievable Potential Study (APS). This study identified
and quantified electric and natural gas potential energy and
demand savings, greenhouse gas emission reductions, and the
associated cost of CDM program implementation for the
period 2019-2038. The APS aimed to inform:

1. The development of future conservation policy and/or
frameworks;

2. Program design, implementation and evaluation; and

3. Long-term resource planning and system operations.


http://www.ieso.ca/-/media/Files/IESO/Document-Library/Interim-Framework/Interim-Framework-CDM-Plan-20190524.pdf?la=en
https://fcm.ca/en/programs/green-municipal-fund
https://fcm.ca/en/programs/green-municipal-fund
https://www.canada.ca/en/environment-climate-change/services/climate-change/carbon-pollution-pricing-proceeds-programming/climate-action-incentive-fund.html
http://www.ieso.ca/2019-conservation-achievable-potential-study

The culmination of thorough investigation, research and analysis,
as well as engagement and feedback since early 2018, the APS
identifies and evaluates different levels of CDM potential based
on standard industry practice:

1. Technical CDM Potential: the upper bound of the energy and
demand savings from CDM technologies that are technically
feasible, and unconstrained by considerations of cost, market
acceptability or consumer adoption;

2. Economic CDM Potential: a subset of Technical CDM Potential
that excludes CDM technologies that are not cost-effective
based on specific societal and program administrator cost-
effectiveness tests and also unconstrained by considerations
of market acceptability or consumer adoption; and

3. Achievable CDM Potential: a subset of Economic CDM Poten-
tial that accounts for practical constraints, including market
or programmatic barriers, incentive programs and specific
incentive rates, and reflects the expected actual adoption of
CDM technologies and practices by homes and businesses.

Figure 30: Various CDM Potential Subsets
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The APS identifies four unique achievable potential scenarios
based on varying levels of customer incentives. The incentive
amounts and structure drive the estimates of customer adoption
of the CDM technologies and the amount of energy and demand
savings achievable from future CDM activities.

5.3.4 Distributed Energy Resources (DERs)

Exploring Options for Integrating DERs

The vast majority of Ontario's energy-producing resources are
connected to the high-voltage transmission system, but a growing
number of smaller units are connecting at the distribution level as
customers see the benefits of having their own source of power.
DERs can provide an opportunity for the IESO to address future
energy and capacity needs if they are effectively integrated into
the IESO-administered markets (IAMs). Currently, there are
approximately 33,000 DERs under contract with the IESO,

the majority of which are small-scale solar projects. With the
potential for further deployment of DERs in the province, an
opportunity exists to harness their capabilities to reduce system
costs, improve reliability, and enhance resilience. However, DERs
can also present some challenges to operability, as outlined in the
IESQO’s 2019 Operability Assessment.

In order to understand the potential for DERs to participate in the
markets, the IESO included several DER-focused initiatives in its
first Innovation Roadmap. These projects will examine potential
models for DER participation in the IAMs and identify challenges
and next steps to implementation.

The Innovation Roadmap identifies and assesses key challenges
and opportunities to advancing innovation in Ontario’s electricity
sector and includes a multi-year work plan to help support the
IESQO's reliability and cost-effectiveness goals. The Roadmap
projects include research and white papers, demonstration/
evaluation projects, capital projects, process improvements,
partnerships and capability building. Through the Innovation
Roadmap projects, the IESO will gain a better understanding of
the capabilities and limitations of DERs, which will allow these
resources to be leveraged more effectively.

Addressing Barriers to Energy Storage

In April 2018, the IESO established the Energy Storage Advisory
Group to assist in evolving policies, rules, processes, and tools

to better enable the integration of energy storage resources within
the current structure of the IAMs. Building on the work of this
group, the IESO published Removing Obstacles for Storage Resources
in Ontario in December 2018. The report detailed strategies to
address the primary barriers preventing the fair competition of
energy storage resources in the markets. As is the case with other
types of DERs, addressing barriers to energy storage will provide
more options for meeting future system needs in a cost-effective
and reliable manner.

The IESO is committed to pursuing solutions to the barriers that
are within its purview, and to working with government and the
OEB to address those outside its jurisdiction.

Opportunities to Coordinate Bulk and Regional Needs with
Non-Wires Alternatives

As outlined in numerous integrated regional resource plans,
communities and customers have been exploring opportunities
to meet their own regional electricity system needs with DERs
and community-based solutions. The IESO is conducting a
review of the regional planning process to identify and propose
options to overcoming potential barriers to implementing
non-wires solutions in regional planning. The barriers relate to
any issues that would limit the consideration, acquisition and
operationalization of DERs and energy-efficiency options to
address identified regional needs. These could include
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http://www.ieso.ca/en/Sector-Participants/System-Reliability/Operability-Assessment
http://ieso.ca/en/Get-Involved/Innovation/Innovation-Roadmap
http://ieso.ca/Sector-Participants/Engagement-Initiatives/Engagements/Energy-Storage-Advisory-Group
http://ieso.ca/Sector-Participants/Engagement-Initiatives/Engagements/Energy-Storage-Advisory-Group
http://ieso.ca/-/media/Files/IESO/Document-Library/engage/esag/Removing-Obstacles-for-Storage-Resources-in-Ontario_20181219.pdf?la=en
http://ieso.ca/-/media/Files/IESO/Document-Library/engage/esag/Removing-Obstacles-for-Storage-Resources-in-Ontario_20181219.pdf?la=en
http://www.ieso.ca/en/Sector-Participants/Engagement-Initiatives/Engagements/Regional-Planning-Review-Process
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a combination of emerging technologies and conservation Through this initiative, the IESO will address barriers related to

programs, such as targeted demand response, distributed regional planning and continue to work with industry partners to
generation and advanced storage technologies, microgrid and address barriers downstream of regional planning and advance
smart-grid technologies, and more efficient and integrated broader sector changes. The IESO will publish a Regional Planning
systems combining heat and power. As barriers begin to be Review straw man report in early 2020 and is aiming to release
mitigated, more energy resources are expected to be available the final report in 2020.

in the electricity system, increasing competition in the IAMs.

Meeting Ontario's Electricity Needs: Key Highlights

If existing resources continue to operate, Ontario is generally expected to have enough energy to meet demand throughout the
forecast period.

If existing resources decide to exit the market after contract expiry and the capacity shortfall grows, the amount of unserved energy
would increase sharply after 2029, exceeding 40 TWh by the late 2030s. With a capacity need exceeding 10,000 MW, this resource
scenario shows considerable energy shortfalls through the 2030s, when gas and renewable contracts expire.

The transition of the demand response (DR) auction to a capacity auction will enable competition between additional resource types.
Introducing the capacity auction in advance of periods with significant system need will allow both the IESO and participants to

learn and adjust early. At the same time, the increased competition fostered by the auction is expected to put downward pressure on
pricing, which will benefit ratepayers.

In anticipation of future capacity shortfalls, the IESO will work with stakeholders to consider complementary approaches to enable
more dynamic market-based approaches to maintain resource adequacy.

Conservation and demand management is an important resource in Ontario’s electricity market and reduces the need to build new
infrastructure for output from more expensive generation.

The vast majority of Ontario’s energy-producing resources are connected to the high-voltage transmission system, but a growing
number of smaller units are connecting at the distribution level as customers see the benefits of having their own source of power.
Provided they are effectively integrated into the IESO-administered markets, distributed energy resources can provide an opportunity
for the IESO to address future energy and capacity needs.
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6. Transmission Planning

6.1 Development of an Integrated
Planning Framework

The IESO has been working to develop an integrated planning
framework that will bring together an annual resource planning
process, a bulk transmission planning process, and a regional
planning process. The framework will align the three individual
processes and their respective cycles, to facilitate information
sharing and to create opportunities to consider common solutions.

The annual resource planning process will provide an overview
of the province's current and anticipated near-term resource
requirements. This information is required before initiating
resource procurement activities, which are expected to occur
on an annual basis.

The new bulk transmission planning process will formalize the
|IESQO'’s bulk transmission planning activities. In recent years,
individual bulk transmission studies have been initiated on an
as-needed basis, typically either in response to government
direction or as a result of the IESO becoming aware of a need
through routine planning and system operator functions. The
new formalized bulk transmission planning process will ensure
solutions are identified transparently as needs materialize.

The bulk transmission planning process will be structured

around a provincial bulk system screening assessment that will
take place on a regular cycle, notionally every three years. This
screening stage will identify the need to initiate bulk transmission
studies, which will then be completed on individualized timelines,
depending on the scale and nature of the planning issues involved.
Detailed design of this process is expected to begin in 2020.

The IESO's ongoing bulk transmission planning activities are
expected to begin transitioning to the new formalized process in
2021. In the future, regular updates on bulk transmission planning
activities will be provided in the Annual Planning Outlook (APO), as
well as through a periodic provincial bulk study report.

The IESO has been conducting a formalized regional planning
process for a number of years, ensuring each of the province's
21 planning regions is reviewed at least once every five years.
Future issues of this Outlook may include updates on regional
resource topics, such as the integration of distributed energy
resources (DERs).

6.2 Development of a Competitive
Transmission Procurement Process

One possible outcome of the planning processes described in
Section 6.1is a recommendation for a new transmission facility.
In addition to developing the planning processes described in
the previous section, the IESO is also developing a new process
to competitively procure transmission.

In 2016, the Government of Ontario amended the Electricity Act,
1998 to give the IESO authority to enter into contracts for the
development of transmission systems. This means that, where

it makes sense to do so, the IESO could run a competitive
process to select a transmitter to build transmission in Ontario,
as opposed to deferring to an established transmitter. This

move from established or incumbent transmitters having sole
rights to build transmission facilities in their service area to a
more competitive approach also aligns with trends in North
America and globally. To prepare to undertake future competitive
transmission procurements, the IESO is developing a transmission
procurement process.

With this process, the IESO aims to reduce the cost of transmis-
sion projects by leveraging market forces and competition, and
provide opportunities for transmitters to innovate in the devel-
opment or operation of transmission facilities. The IESO will be
seeking stakeholder input on the development of a competitive
process, including the types of transmission facilities suitable for
competition, facility design standards, transaction structure and
Indigenous involvement. More information on how to participate
in this engagement is available on the [ESO's website.

6.3 Active Transmission Projects

This section highlights some active, ongoing or recently
completed transmission planning activities. These projects are
highlighted because they focus on broader system issues, such
as locational considerations (Section 3.4), addressing new load
growth while maintaining reliability of the bulk system (Section
1.4), or enhancing Ontario’s ability to import electricity from
neighbouring jurisdictions (Section 5.3.2).

Transfer Capability Across the Flow East Toward Toronto (FETT)
Interface: The FETT interface consists of the four 500 kV circuits
and six 230 kV circuits that transfer power from the West,
Southwest, Bruce and Niagara zones to the rest of Ontario. The
230 kV transmission lines between Richview TS and Trafalgar TS
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are the limiting path for the FETT interface. Coincident with the
planned shutdown of Pickering NGS and the major refurbishment
of other nuclear generating units and changes to the status

of contracted generation, the transmission lines between
Trafalgar TS and Richview TS may reach their limits by 2023.

To help mitigate potential future constraints on the FETT
interface, the IESO has requested that Hydro One study various
upgrade options for the Richview x Trafalgar 230 kV transmission
lines. This will increase the transfer capability of the FETT
interface to ensure planned changes to generation patterns can
be accommodated by the transmission system. If these upgrades
are not completed, a number of resources would have to be
located east of the FETT interface.

East-West Tie Reinforcement: Additional electrical capacity is
required to maintain reliable supply to northwest Ontario under
a wide range of possible system conditions. Northwest Ontario is
connected to the rest of the Ontario system by a 230 kV double-
circuit line known as the East-West Tie. The expansion of the
East-West Tie with the addition of a new 230 kV double-circuit
transmission line will provide the necessary transfer capability to
meet capacity needs in northwest Ontario. Following expected
completion of the project in Q4 2021, the transfer capability of
the East-West Transfer East and West interfaces will increase,
providing the required supply to and removing one constraint on
generation in the Northwest.

West of Chatham Area Reinforcement: Growth in the agricultural
sector is one of the main drivers of increasing demand in Ontario,
as discussed in Section 1.4.4. This growth has not been uniform
across the province but, instead, is occurring in specific regions.
For example, growth in the agriculture sector in the Windsor-
Essex region has resulted in the need for additional electrical
supply capacity to serve the area. As a result, the IESO requested
that Hydro One proceed with development of a new switching
station (SS) at Leamington Junction to improve load-meeting
capability in the local area and to enable future bulk system
improvements to reinforce the transmission path west from
Chatham SS. The expected in-service date is Q4 2022. The IESO
has also requested Hydro One to develop and construct a new,
double-circuit, 230 kV transmission line, approximately 50 km in
length, to bring additional supply to the area. This line will connect
from Chatham SS to the proposed switching station north of
Leamington, and is expected to be completed by Q4 2025. This
project will increase the overall transfer capability of the bulk
transmission system to reliably supply the forecasted load growth
in the Kingsville-Leamington area and the broader Windsor-Essex
region, permit resources and bulk facilities to operate efficiently
and maintain existing interchange capability on the Michigan
interconnection between Windsor and Detroit.

West Ottawa Area Reinforcement: The I[ESO requested that
Hydro One proceed with upgrading circuits between Merivale TS
and Hawthorne TS with a planned in-service date of December
2022. This project will address supply capacity constraints to
west Ottawa, and enhance the ability to import electricity from
Quebec. Additional information on how imports are considered in
the planning process is included in Section 5.3.2.

Independent Electricity System Operator

6.4 Outlook for Future Transmission

To address emerging system issues and challenges, such as
facility end of life, changes to the generation resource fleet,
and preservation of utility corridor space to accommodate
future transmission needs, expansion or reconfiguration of the
transmission system may be required.

Some of these new transmission projects could be candidates
for competitive procurement.

Transmission facility end of life: As major transmission facilities
reach the end of their expected life, resizing or reconfiguring the
assets could be considered to better align with the needs of a
changing system. The process by which these opportunities are
identified and evaluated going forward is being formalized, and
will be part of the integrated planning framework introduced in
Section 6.1.

An example of this work is the end of life of the Clarington to
Chats Falls 230 kV transmission line, a 300-km transmission
corridor that runs from the Chats Falls generating station west

of Ottawa to the GTA. The four 230 kV transmission lines that
run this corridor were built almost 90 years ago, and while some
sections have been refurbished, the majority of the lines are at or
nearing their end of life. The IESO is undertaking a planning study
to assess alternatives to like-for-like replacement of these circuits.

Accommodating changes to the generation resource fleet and
to demand: Many generation facilities, including gas plants, are
located in areas where they provide critical supply to address
regional or local needs, in addition to supplying provincial
demand. As major changes to generation resources occur,
electricity flows on the transmission network can change and
trigger the need for transmission reinforcements. Similarly,
changes to electricity demand can alter flows on the transmission
network and trigger the need for investment.

An example of this is the planned retirement of Pickering NGS in
the mid-2020s. The retirement of this major source of electricity
in the east GTA, combined with increased demand in the area and
other factors, may result in flows on the bulk transmission facilities
in the western GTA that exceed their capacity.

One potential option to address this need involves installing

new 500-230 kV transformers at the existing Milton SS and
reinforcing the 230 kV transmission network in the West GTA.
The 230 kV reinforcement would involve building two new
transmission line sections totalling 13 km on the existing Parkway
Belt Transmission Corridor. As noted, the need for these facilities
is based on several factors, which are being monitored closely
given the lead time required for installation.

Preserving corridor space for future transmission:
Accommodating sustained growth and development can produce
unique challenges when the growth materializes far from the
existing transmission grid. Waiting for load to materialize before
expanding grid infrastructure can sometimes mean that land
suitable for transmission is no longer available. This could require
either expropriation or use of underground facilities, both of which
are costly and potentially disruptive alternatives.



Figure 31: Transmission Zones and Active Projects
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Planning work to identify and preserve future transmission
corridor space is currently underway along a proposed GTA West
highway corridor. The IESO has identified a long-term need for
new supply capacity to meet future growth in northern Brampton
and southern Caledon - locations where urban development is
expanding into areas where there is currently limited transmission
capability to supply new electrical demand. If this projected urban
development materializes, new transmission will be needed to
supply growth in the area.

The IESO and the Ministry of Energy, Northern Development
and Mines are currently undertaking a joint study to identify
land suitable for a transmission corridor and maintain the option
of preserving this land for future transmission infrastructure.
The areas of focus for this joint study are adjacent to a planned

Transmission Planning: Key Highlights

400-series highway (the GTA West highway corridor) that
is currently undergoing an Environmental Assessment (EA).
In accordance with the Provincial Policy Statement and good
planning practice, opportunities for colocation of linear
infrastructure should be sought where practical.

The pace and location of growth will dictate the dates when new
transmission infrastructure is required. Development would not
occur until closer to the time that transmission is needed, and
would still require an EA, including community engagement and
evaluation of potential alternatives.

The IESO is developing a formalized integrated planning framework to ensure that needs and solutions are identified transparently
and according to a regular cycle. This is being carried out through the formalization of a process for bulk system planning, a review
of the regional planning process, and integration of other planning processes and products.

The IESO is implementing its new accountability under the Electricity Act, 1998, by developing a process to guide future competitive
transmission procurements.

Several active, ongoing or recently completed transmission planning activities focus on broader system issues, such as improving
bulk system transfer capability, addressing new load growth considerations, or enhancing Ontario's ability to import electricity from
neighbouring jurisdictions.

Planning is underway to assess a number of emerging system issues, including standardizing the approach to transmission assets
at their end of life, accommodating changes in the generation resource fleet, and identifying corridors for future transmission. These
initiatives and their outcomes could result in a need for new transmission facilities, which may be potential candidates for a future
competitive transmission procurement.
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/. Outcomes and Additional Considerations

7.1 Marginal Resources and
their Importance

Long-term power system plans use an economic dispatch model
that schedules resources to meet system needs based on least
cost. This considers each resource’s production or variable costs,
which typically include fuel costs and variable operating and
maintenance costs. The most expensive resource scheduled is
the marginal resource. This is important because costs associated
with the marginal resource provide an indication of market price.
This model is not meant to forecast prices but, given future
conditions, the marginal resources scheduled indicate trends in
energy production from different resources.

Supply resources are categorized as baseload (operating
essentially constantly, e.g., nuclear), dispatchable (operating

as needed, e.g., gas), or intermittent (operating when fuel is
available, e.g., wind). The variable cost required to produce a

unit of energy is referred to as the production cost and typically
consists of fuel costs, carbon costs, and variable operating and
maintenance costs. Typically, baseload and intermittent resources
have lower marginal energy costs than dispatchable resources.

The IESO strives to ensure Ontario’s energy needs are met at the
lowest possible cost. Resources are generally dispatched from
lowest production cost baseload resources to higher production
cost dispatchable resources that are able to adjust their output
according to fluctuations in demand or supply of baseload and
intermittent resources.

Marginal resources provide the next unit of energy needed on
the system. For example, during the peak demand hours of hot
summer days, the marginal resource is usually a natural gas-fired
generator; overnight during autumn it is less likely that gas-fired
generation would be the marginal resource.

7.2 Marginal Cost

The data underpinning this Outlook are based on an economic
dispatch model that simulates each hour of the 20-year
outlook period. This model dispatches units in order of their
production costs and identifies the marginal resource in each
hour. The marginal cost in each hour is the production cost

of the marginal resource.

Marginal costs are not intended to be a forecast of market prices,
such as the Hourly Ontario Energy Price or locational marginal
prices. Market prices are the wholesale prices for electricity and
can differ widely due to market participant behaviour, congestion
and other factors.

Marginal costs provide an indication of the direction of market
prices. When a fundamental change to the supply mix occurs -
such as the retirement of Pickering NGS - marginal costs illustrate
the expected impact on the factors underpinning market prices.
They also provide an indication of the change in production costs
due to changes in supply and demand.

With the retirement of Pickering NGS and demand increases in
the long term, marginal costs are expected to increase as gas-fired
generation becomes the marginal resource more often.

The average marginal costs can be found in the data tables at
WWW.ieso.ca/apo.

7.3 Carbon Pricing

Ontario imports from and exports to its five neighbours every day
of the year. To forecast the impact of imports and exports, the
IESO models the demand and supply in neighbouring jurisdictions
and develops regional commodity and carbon price forecasts for
fuels used to produce electricity.

Currently, the electricity sectors in Ontario and in neighbouring
jurisdictions are subject to carbon pricing. This section details the
carbon pricing policies currently in effect within the northeastern
portion of the Eastern Interconnect, and how the carbon pricing
was modelled for the Annual Planning Outlook.

7.3.1 Carbon Pricing in Ontario and Neighbouring
Jurisdictions

The federal carbon pricing backstop in Ontario was effective
January 1, 2019. This backstop has two components: the carbon
levy applied to fossil fuels (effective April 1, 2019) and the output-
based pricing system (OBPS) for industrial facilities (effective
January 1, 2019).

The OBPS applies a regulatory charge above an industry-specific
benchmark emission rate for emission-intensive, trade-exposed
(EITE) industry. The federal government considers the electricity
sector as EITE and, as such, applies a benchmark emission rate to
the sector for large emitters (those exceeding the threshold, with
voluntary opt-in).

Having a benchmark applied to the electricity sector means that
there will be no charge associated with emissions up to a specific
rate based on fuel type (e.g., 370 t CO,e/GWh for natural gas). As
such, the carbon pricing applied with the OBPS acts as a pro-rated
carbon price. As different gas-fired generation facilities have
different emission rates, each facility will be charged an amount
based on its facility emissions and electricity production, leading
to facility-specific carbon pricing.
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The IESO has modelled the carbon pricing policies applied in
neighbouring jurisdictions where there is a material impact

on electricity sector emissions,” including Nova Scotia,® New
Brunswick,’ and parts of the United States through the Regional
Greenhouse Gas Initiative."

7.4 Greenhouse Gas (GHG) Emissions

Electricity sector emissions are forecast to increase to

11 megatonnes CO,e by 2030, still well below 2005 levels.
This expected increase is due to reduced nuclear production
and increasing demand, resulting in increased production
from gas-fired generation.

An increase in electricity sector emissions does not necessarily
mean an increase in economy-wide emissions. The carbon
intensity of electricity remains far below that of other fuels such
as gasoline for automotive transportation or fuel oil for space
heating. Switching from higher-emission fuels to low-carbon
electricity could increase electricity sector emissions while
reducing province-wide emissions. As electricity consumption
increases and emissions rise, opportunities exist for emission
reduction through non-emitting resources.

7.5 Avoided Costs

The IESO's avoided cost analysis considers the avoided energy
and capacity costs from a reduction in demand. These avoided
costs are considered benefits, and can be compared to the cost
of other measures that would reduce demand. Any measures
that are implemented should be cost-effective and lead to lower
overall customer costs.

Marginal costs are used to estimate the avoided costs associated
with changes in electricity consumption. The hourly profile of the
measures being considered is compared to the hourly profile of
marginal costs to understand the impact of avoided generation.

In the near term, Ontario will have an abundance of resources with
low production costs, meaning few system costs can be avoided.

In the medium and long terms, however, increased system costs
can be avoided due to increased demand, decreased nuclear
generation, and increased gas-fired generation.

The avoided energy costs change as demand and supply
changes. Energy data are provided to show the changes during
the day, during the seasons, and from year to year covering
the 20-year outlook.

Figure 32: Electricity Sector GHG Emissions, Historical and Forecast
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7 Although carbon pricing is in effect in Manitoba and Quebec, these jurisdictions are considered essentially non-emitting in terms of electricity

sector emissions.

8Nova Scotia's cap-and-trade program took effect January 1, 2019. climatechange.novascotia.ca/nova-scotias-cap-trade-program

°The federal output-based pricing system was also in effect in New Brunswick as of January 1, 2019.

www.gazette.gc.ca/rp-pr/p2/2019/2019-04-03/html/sor-dors79-eng.html

©The Regional Greenhouse Gas Initiative is currently in effect in nine northeastern states, with New Jersey and Virginia anticipated to join in the

near future. www.rggi.org
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The avoided capacity costs reflect the cost of capacity in years
where there is a capacity deficit, plus the avoided cost of
additional resources to meet reserve margin requirements.

The current energy-efficiency framework in Ontario will conclude
in 2020. If the existing energy-efficiency framework were to
continue to 2040 with rigorous cost-effectiveness testing, there
would be less gas-fired generation operating, with associated
system cost savings.

The avoided cost data can be found in the data tables at
WWW.ies0.ca/apo.

7.6 Avoided Emissions

Similar to the avoided costs, the avoided emission factors
consider the avoided emissions associated with a reduction in
demand for electricity.

In order to estimate the avoided GHG emissions associated

with lower consumption levels, the IESO considers emissions
reflective of the marginal resource. Based on the hour and year
being considered, a different mix of generators with different
emission rates will represent the incremental increase or decrease
in generation.

Similar to the avoided costs, there are fewer emissions to be
avoided in the near term, when more non-emitting resources will
be operating, and greater opportunities for emission reductions

in the medium and long term due to increased demand, decreased
nuclear generation and increased gas-fired generation.

The current energy-efficiency framework in Ontario will conclude
at the end of 2020. If the existing energy-efficiency framework
were to continue to 2040, there would be less gas-fired generation
operating, and therefore lower system emissions, as shown in
Figure 32.

Outcomes and Additional Considerations: Key Highlights

* Since gas-fired generators are expected to increasingly be the marginal resource as Pickering NGS retires and long-term demand
increases, emissions and the marginal cost of electricity production are expected to increase over time.

* Anincrease in electricity sector emissions does not necessarily mean an increase in economy-wide emissions. Switching from
higher-emission fuels to low-carbon electricity has tremendous potential to reduce total provincial emissions.

Annual Planning Outlook, January 2020

33


http://www.ieso.ca/apo

34

LIST OF ABBREVIATIONS

Independent Electricity System Operator

Abbreviation Description Abbreviation Description
APO Annual Planning Outlook MW Megawatt
CCGT Combined cycle gas turbine MWh Megawatt-hour
CDM Conservation & demand management NGS Nuclear Generating Station
CFF Conservation First Framework NPCC Northeast Power Coordinating Council
CO.e Carbon dioxide equivalent OBPS Output-based pricing system
DER Distributed energy resource OEB Ontario Energy Board
DR Demand response ORTAC Ontario Resource and Transmission
Assessment Criteria

EA Environmental assessment

SBG Surplus baseload generation
EITE Energy-intensive, trade-exposed

(as in sector) SS Switching station
EV Electric vehicle TTC Toronto Transit Commission
FETT Flow East Toward Toronto TS Transmission station or transformer
station

GHG Greenhouse gas

TWh Terawatt-hour
GTA Greater Toronto Area
GW Gigawatt
GWh Gigawatt-hour
Hydro One Hydro One Networks Inc.
IAM IESO-administered markets
IAP Industrial Accelerator Program
ICI Industrial Conservation Initiative
IESO Independent Electricity System Operator
kv Kilovolt
LOLE Loss of load expectation
LRT Light rail transit
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