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Looking forward, Ontario's electricity system is well positioned to

continue to meet provincial needs, while at the same time adapting

to significant change across the sector. Over the past decade, the

coal fleet has been retired and replaced with wind, solar, bioenergy,

waterpower, refurbished nuclear and natural gas-fired resources.

These resources. combined with investments in conservation

and transmission:

• have addressed the reliability concerns of a decade ago

• have reduced greenhouse gas emissions in Ontario's electricity

sector by more than 80 percent

• with current planned investments, will help to meet the province's

needs well into this planning period.

Implementation of the province's climate change policies, consistent

with the Climate Change A,ction Plan, the Climate Change Mitigation
and Low-Carbon Economy Act, 2016, and the Vancouver Declaration,
will have an impact on the demand and supply of electricity includ­

ing through greater electrification of the economy.

This report begins with an overview of the current state of Ontario's

electricity system. As per the Minister's request, it also examines

the outlook for demand; the potential for resources such as

conservation, wind, solar, bioenergy, waterpower, and nuclear, as

well as new emerging distributed energy resources to meet that

demand; the risks associated with those various resources; and

the costs of the electricity system. The report looks at the needs of

the electricity system over the next two decades associated with

capacity, reliability, market and system operations, transmission

and distribution. It also provides an outlook for emissions from the

electricity sector.

Ontario Planning Outlook
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Investments over the last decade have established a firm

foundation for Ontario's electricity system. Between 2005 and

2015, the province saw a net growth in electricity supply: over six

gigawatts (GW) of installed coal-fired capacity was shut down

and replaced with more than 14 GW of renewable, natural gas­

fired, nuclear and demand response resources (Figure 1). This

has driven a significant change in the province's electricity supply

mix, with the share from fossil-fuelled resources decreasing

while the share of supply from non-fossil-fuelled resources

increased.

Renewable energy now comprises 40 percent of Ontario's

·Installed capac·lty and generates approx·lmately one-th·lrd of

the electricity produced in the province. When combined with

nuclear resources, which account for one-third of Ontario's

installed capacity and produce nearly 60 percent of its electricity,

these non-fossil sources now generate approximately 90 percent

of the electricity in Ontario (Figure 2)

Figure 1: Ontario Installed Supply Mix in 2005 and 2015
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Figure 2: Ontario Electricity Production in 2005 and 2015'

9%

23%

10%

58%

Natural Gas

m",m", Nuclear

"""""" Solar/Wind/Bioenergy

mWater

8%

51%

22%

19%

Water

m Coal

!!!!!i Natural Gas

While the electricity system has traditionally been characterized

by the flow of electricity from large central generating stations

through bulk transmission lines to load centres, the last decade

saw an increasing amount of generation embedded within the

province's distribution systems. Distributed energy resources

typically include renewable resources such as solar, wind,

waterpower or bioenergy or combined heat and power (CHP)

facilities and demand response (DR) resources. Supply from

embedded resources connected to the distribution system

was negligible in 2005 But by the end of 2015, the amount

of embedded resources had grown to approximately 3,600
megawatts (MW) of installed supply2

Demand measured on the province's bulk power grid has

declined over the last 10 years (Figure 3) as a result of conserva­

tion, distributed energy resources, changes in the economy and

pricing effects. Non-weather-corrected grid demand in Ontario

was approximately 10 percent lower in 2015 than it was 10 years

previously, dropping from 151 terawatt-hours (TWh) in 2006 to

m",m", Solar/Wind/Bioenergy <1%

1 Includes electricity produced to meet Ontario demand, including embedded generation

2 Embedded resoul'ces al'e small-scale supply resources iocated vvithin the distribution system

genel'ation (mostly solar PV) and 700 MVV of embedded demand I'esponse resoul'ces

the total to :43 TNh in 2015), exports (17 TNh 20iS)

part of the iESO-controiled At the of 20:5, there were approximately 2,900 MW of embedded

2 I Independent Elect,·icity System Operator
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The State of the System 10-Year Review

Figure 3: Historical Ontario Energy Demand 3
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137 TWh in 2015. As a result of the additional supply and reduc­

tion in demand, there has been a sizeable appreciation of Ontario's

capacity margins, and the capacity deficits that existed in the early

2000s have been eliminated.

Conservation and demand management played an increasing role

in reducing both energy and peak demands over the 2006-2015

period, with the province achieving 12.7 TWh of electricity savings

through conservation programs and changes to codes and standards
(Figure 4)'j

Demand response initiatives have combined to reduce peak

demand on summer days The grid peak demand of 27,005 !v'IW

on August 1,2006 continues to be the all-time highest provincial

grid peak demand. By comparison, the grid peak demand in 2015

was 22,516 MW.s The IESO has introduced demand response into

the market where it can be called upon like other resources to meet

provincial needs. The first capacity-based demand response auction

conducted in December 2015 is contributing 3915 MW for the

2016 summer season and 403.7 !v'IW for the 2016-17 winter season.

Demand response resources together amounted to approximately

18 GW in 2015 (Figure 5)

The operability of the system has also evolved over the past decade.

In response to surplus baseload generation conditions, the IESO

has enhanced its processes to maintain supply-demand balance

through dispatching down grid-connected wind and solar facilities

and manoeuvering nuclear units. The IESO's Renewable Integration

Initiative (RII) introduced centralized resource forecasting to help

demand" delivered on bulk system to wholesale customers and distl'ibution customers demand from embedded resources on the system

"Gross the for electricity to the effects of conservation and reflects net demand

4 2m5 conservation results have not yet been

5Weather-corrected Ilet peak demand 2006 was 25,162 tv'!W and 20:5 vvas 23,965 M\V, AI! demand outlooks pl'esented this report refel' to vveather-corrected peak demand unless described otherwise

Ontario Planning Outlook 3
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The State of the System lO-Year Review

Figure 6: Electricity Sector GHG Emissions 6

40
III
l::
0 35

"iii
III

"Ew 30w N

~8 25::c III
~ III
... l::

20o l::
.... 0u ....
III '" 15Vlo.o
»11l
~:2:
u '-'" 10

:.E
u

.S! 5
w

0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

reduce forecast errors for variable generation. The IESO also started

to explore the use of storage and demand response to provide

regulation services.

Due to the retirement of coal-fired generation and the reduced

demand for electricity, the greenhouse gas (GHG) emissions from

Ontario's electricity sector has fallen by 80 percent since 2005

(Figure 6) Carbon emissions from the electricity sector now make

up approximately four percent of the province's total emissions or

approximately seven megatonnes of GHG emissions in 2015.

The evolution over the past decade in the amount and nature of

Ontario's electricity supply was supported by increased investment

in transmission. This investment served several purposes: facilitating

Ontario's off-coal policy, enabling the incorporation of new renew­

able energy resources, enhancing the reliability of the power system

across the province and expanding access to neighbouring

electricity markets.

In real terms, the total cost of electricity service grew by 32 percent

between 2006 and 2015, primarily because of new investments

in generation and distribution infrastructure? The cost is now

approximately $20 billion per year in current dollars. Over the same

period, reductions in overall demand increased the average unit

cost of electricity in real terms by 3.9 percent per year; it is now

approximately $140 per megawatt-hour (MWh) in current dollars.

As described in Section 3.7, these unit costs are expected to

stabilize through the planning period.

6 2015 emissions are "sfirm!.,d.
72005 was an anomalous yea I" due unusual weatnel tight supply

4 I Independent Electl'icity System Operator

which to very high demand record prices for power
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3,1, Demand Outlook

The demand for electricity is the starting point used in assessing

the outlook for the electricity system. There is uncertainty in any

demand outlook, as future demand will depend on the economy,

demographics, policy and other considerations (Figure 7). Electricity

planning explicitly recognizes the uncertainties in any of these

drivers by addressing a range of potential futures.

In preparing this report, the IESO considered a range for electricity

demand in Ontario, from 133 TWh to 197 TWh in 2035, compared

to 143 TWh in 2015 (Figure 8) This range is reflected in four

outlooks that provide context for long-term integrated planning

and discussion. The outlooks all reflect the actions identified in the

government's recently announced Climate Change Action Plans

Figure 7: Demand Uncertainty

The four outlooks for Ontario's electricity demand are:

• Outlook A (or "low demand outlook"), which explores the

implications of lower electricity demand

• Outlook B (or "flat demand outlook"), which explores a level of

long-term demand that roughly matches the level of demand that

exists today

• Outlooks C and D (or "higher demand outlooks"), which explore

higher levels of demand driven by different levels of electrification

associated with policy choices on climate change

The peak demand in the summer differs in the four outlooks, from

22.6 GW to 285 GW by 2035 (Figure 9) The winter peak ranges

from 20.6 GW to 35.4 GW (Figure 10) Outlooks C and D would see

Ontario return to being a winter-peaking jurisdiction as a result of an

increased use of electricity for space heating

2015 2020 2025 2030 2035

8 Ontal'io Climate Change Action Plan 2 Ol6) https://w'vv'vv.ontario,ca/page/climate-change-action-pi an

Ontario Planning Outlook 5
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3. Eiectricity System 20-Year Outiook

Figure 8: Ontario Net Energy Demand across Demand Outlooks
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Figure 9: Ontario t'Jet Summer Peak Demand across Demand Outlooks
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Figure 10: Ontario Net Winter Peak Demand across Demand Outlooks
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3. Electricity System 20-Year Outlook

Table 1: Assumptions across Demand Outlooks

Sector Outlook A Outlook B Outlook C Outlook D

Residential

(52 TWh ill 2015)

48 TWh in 2035 51 TWh in 2035 Oil heating switches to

heat pumps, electric space

and water heating gain

25% of gas market share

Oil heating switches to

heat pumps, electric space

and water heating gain

50% of gas market share

(58 TWh in 2035)* (64 TWh in 2035)

Commercial

(51 TWh in 2015)

49 TWh in 2035 54 TWh in 2035 Oil heating switches to

heat pumps, electric space

and water heating gain

25% of gas market share

Oil heating switches to

heat pumps, electric space

and water heating gain

50% of gas market share

(63 TWh in 2035) (69 TWh in 2035)

Industrial

(35 TWh in 2015)

29 TWh in 2035 35 TWh in 2035 5% of 2012 fossil

energy switches to

electric equivalent

10% of 2012 fossil

energy switches to

electric equivalent

(43 TWh in 2035) (51 TWh in 2035)

Electric Vehicles

«1 TWh in 2015)

2 TWh in 2035 3 TWh in 2035 24 million electric

vehicles (EVs) by 2035

24 million EVs by 2035

(8 TWh in 2035)

(8 TWh in 2035)

Transit

«1 TWh in 2015)

1TWh in 2035 1 TWh in 2035 Planned projects,

2017-2035

Planned projects,

2017-2035

(1 TWh in 2035) (1 TWh in 2035)

Other*' 5TWh 5TWh 5TWh 5TWh

Total***

(143 TWh in 2015)

133 TWh in 2035 148 TWh in 2035 177 TWh in 2035 197 TWh in 2035

(lEi) program and street lighting

Ilew additions driven by gmwth the residential

Note: Outlooks C and D assume the same economic

* By 2035, of the numbel' of natura: gas-fuelled watel' heating equipment being soid

and commercial sectms), 25 percent of this stock in Outlook C 50 percent Outlook D is replaced with clir-soui<:e

H "Other" represents demand from agriculture, remote communities, generator demand,

H* Total may not add due to rounding

Assumptions across the demand outlooks are summarized in

Table 1

In June 2016, the government released its Climate Change Action

Plan (CCAP), which includes a number of policy objectives

to encourage reductions in the use of fossil fuels in Ontario.

Electrification potential exists in nearly every part of the energy

system. Electrification of the transportation sector has been

garnering much attention over the last few years with its potential

to be an economical and clean alternative to fossil-fuel powered

engines. Potential also exists for fuel switching in other sectors,

particularly where oil or natural gas is the primary fuel.

The early focus of the CCAP is on programs over the next five years,

although it is anticipated that the CCAP will be regularly updated.

Each of the four demand outlooks in this report reflects the impacts

that near-term actions in the CCAP would have on the electricity

sector. In the longer term, there is uncertainty with respect to the

pace of electrification,

Ontario Planning Outlook 7
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3. Eiectricity System 20-Year Outiook

Figure 11: Conservation A.chievement and Outlook to Meet the 2013 LTEP Target
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3,2, Conservation Outlook

All four outlooks incorporate the achievement of the target

established in 2013 LTEP of 30 TWh by 2032 and the near-term

target set in the Conservation First Framework and Industrial

Accelerator Program of 8.7 TWh by 2020. The long-term target

is achieved through a combination of conservation programs and

building codes and equipment standards (Figure 11). Approximately

60 percent of this is expected to be achieved through programs

implemented to date, those programs that are a part of the current

Conservation First Framework, and codes and standards. To

achieve the longer-term target, it is assumed that conservation

programs will continue to be made available to customers after the

Conservation First Framework ends. The focus and design of future

programs will be determined based on future sector and market

conditions and on the experience gained in the current framework.

In June 2016, the IESO completed an Achievable Potential Study

(APS) to assess the electricity conservation potential in Ontario.

The APS considered the potential for energy-efficiency programs

and for behind-the-meter generation projects. The APS concluded

that within the current budget assumptions. approximately 74 TWh

of conservation can be achieved by local distribution companies

(LDCs) by 2020. The APS also found that in the longer term about

19 TWh can be achieved from distribution- and transmission­

connected customers by 2035. Incremental conservation may be

achievable at higher budget levels. The APS considered conservation

measures and technologies that are currently feasible. It is likely

that new and possibly disruptive technologies will become available

and will change the outlook for conservation achievement The

IESO will continue to update its assessments in order to understand

conservation potential for integration into future plans.

8 I illdependent Eiect,'icity System Operator

Opportunities for conservation will also vary with increases and

decreases in demand. In the higher demand outlooks, demand

growth is assumed to come from the electrification of key end

uses such as space heating and water heating. In developing

these outlooks, the IESO assumed that customers would switch

from oil and natural gas to efficient electric technologies such

as air-source heat pumps. As such, a considerable amount of

incremental conservation has been assumed to occur in these

outlooks. There may be some opportunity for conservation beyond

that already assumed as the value of conservation will be higher

than in the flat demand outlook, particularly in the period following

2025 as new resources are required to meet demand. The nature

of programs in these outlooks would need to focus on meeting

winter peak requirements. However, more study is required to

identify incremental conservation potential under different

demand outlooks.

33, Supply Outlook

As previously discussed, Ontario is in a strong starting position to

reliably address any of the demand outlooks presented in this report

This starting position is shaped by three factors:

• The combined capability of resources that exist today

("existing resources")

• Resources that have been procured but are not yet in service

("committed resources")

• Resources not yet procured or acquired but have been directed

to meet government policy objectives outlined in the 2013 LTEP

and elsewhere ("directed resources")

IESO-N-0061647



Figure 12: Outlook for Installed Capacity to 2035
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If all existing resources were to continue to operate after the

expiry of their contracts, and if nuclear refurbishments, committed

resources and directed resources come into service as scheduled,

Ontario would have a total installed capacity of nearly 43 GW by

2035 (Figure 12). In contrast, if all existing resources are removed

from service after contract expiry, Ontario would have a total

installed capacity of approximately 25 GW by 2035.

There are a number of risks that could affect the availability

of supply over the planning outlook. This includes the risk of

implementation delays, including with the nuclear refurbishment

program, and the effect of aging on the performance of the

generation fleet

Provided that the planned resources come into service and existing

resources continue to operate, Ontario's existing, committed and

directed resources would be sufficient to meet the flat demand

outlook. There would also be enough flexibility to address a lower

growth in demand or to adapt to new opportunities or priorities.

Additional resources would be required to meet any increased

growth in demand such as in demand outlooks C and D (Figure 13).

3.3.1. Supply Outlook under Low Demand (Outlook A)

Ontario could adapt to lower demand outlooks by not re-contracting

with generation facilities when contracts expire. Ontario also has

the option of exercising nuclear refurbishment off-ramps in response

to sustained low demand resulting from structural or disruptive

technological change These provide the ability to align future

investments with the province's evolving needs, opportunities

and priorities.

3. Electricity System 20-Year Outlook

Existing Resources
with Expired Contracts

IiiiiII Directed

Committed

IiiiiII Refurbished Nuclear

Existing Supply

Ontario Planning Outlook 9
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Figure 14: Installed Capacity of Future Contract Expirations

3. Electricity System 20-Year Outlook
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Figure 15: Electricity Supply Requirements in Outlooks C and D
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3.3.2. Supply Outlook under Flat Demand (Outlook B)

As with lower demand, Ontario has a number of options for

meeting flat demand or for meeting growth in electricity demand

that remains at or near today's levels. The options include using

Ontario's existing, committed and directed resources, provided

that planned resources come into service and arrangements

can be made for the continued operation of resources following

contract expiry.

Ontario could also meet flat demand by taking advantage of

improvements in technology performance and costs that may

emerge to replace existing resources as contracts expire. Such

new resources could include conservation, demand response,

renewable and storage technologies, distributed energy resources

and clean energy imports. As in the case for addressing reductions

in electricity demand, Ontario's expiring resource contracts and

off-ramps for nuclear refurbishment enable the province to take

advantage of a wide range of future opportunities.

3.3.3. Supply Outlook under Higher Demand (Outlook C & D)

Ontario would require more electricity resources than it has

today to serve higher levels of electricity demand growth For

perspective, energy demand under Outlook C and D by 2035

would be approximately 30 TWh and 50 TWh, respectively,

higher than today These quantities are roughly equivalent to

between 20 percent and 40 percent of Ontario's current annual

electricity demand. The total resource requirement in Outlook C

and D increases to 34 GW and 41 GW, respectively, relative to

approximately 28 GW today (Figure 15)

As illustrated in Figure 13, the IESO projects that Ontario will have

sufficient resources to meet demand requirements generally over

the next decade across all outlooks. Beyond the next decade, while

there is increased uncertainty about the need for new resources,

available technologies are likely to expand.

Ontario Planning Outlook 11
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Table 2: Current Technology Characteristics

Contribution Contribution
Operating Load Frequency Capacity to Winter to Summer LUEC

Capacity Energy Reserve Following Regulation Factor Peak Peak ($/MWh)

Conservation Yes Yes No No No Depends on Depends on Depends on $30-50

Measure Measure Measure

Demand Yes No Yes Yes Limited N/A 60% 85% N/A

Response

Solar PV Limited Yes No Limited No 15% 5% 30% $140-290

Wind Limited Yes No Limited No 30% 30% 10% $65-210

Bioenergy Yes Yes Yes Limited No 40-80% 90% 90% $160-260

Storage Yes No Yes Yes Yes Depends on Depends on Depends on Depends on

technology/ technology/ technology/ technology/

application application application application

Waterpower Yes Yes Yes Yes Yes 30-70% 75% 71% $120-240

Nuclear Yes Yes No Limited No 85-95% 90-95% 95-99% $120-290

Natural Gas Yes Yes Yes Yes Yes up to 65% 95% 89% $80-310

Source: IESO, LUEC: Leveiized Unit Energy Cost

While higher demand could create a need for additional resources

in the longer term, these needs are not projected to occur until the

mid-2020s, with significant increases in resource requirements

beyond 2030. Higher demands also provide greater potential for

conservation. The value of conservation is greater in the higher

demand outlooks as conservation can avoid the construction of

new electricity infrastructure in these outlooks. This increased

value of conservation could unlock conservation potential from

existing end-uses that were otherwise uneconomic, supporting

higher investment in more efficient technologies than under low

demand outlooks.

3.3.4. Supply Resources

Ontario faces sizeable and increasing opportunities for further

deployment of cleaner technologies including distributed energy

resources to meet higher demand outlooks. These opportunities are

being driven by technological advancements, evolutions in policy

and market design and increasing customer engagement

It is important to note that no single resource option can meet all

customer needs at all times (Table 2). Some resources are baseload

in nature; others are peaking. Some resources have higher operating

12 I illdependent Eiect,'icity System Operator

costs but are dispatchable, while others have low operating costs

but are highly variable. Electricity needs can relate to one or several

types of products or services such as energy, capacity, regulation

and ramping. Maintaining a diverse resource mix, where the

different resources are complementary to each other, is an effective

way to provide the various services necessary to support reliable

and efficient operations.

The characteristics of each of these current technologies are

discussed above.

Conservation: Conservation represents savings from energy

efficiency programs and building codes and equipment standards.

Conservation as a resource is described more fully in Section 3.2.

Levelized unit energy cost (LUEC) values in Table 2 reflect the

current range of costs to procure conservation.

Demand Response: Opportunities also exist for demand response

(DR) resources. The 2013 LTEP included a DR goal of 10 percent

by 2025 (approximately 25 GW). DR resources amounted to

approximately 1.8 GW in 2015. The extent to which additional DR

resources become available will depend on the demand outlook

and the types of loads that can contribute in the event that Ontario

becomes a winter-peaking system

IESO-N-0061647
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Solar Photovoltaic (PV): Solar PV is an example of a technology

that is evolving Solar PV module prices have declined by 70-80

percent over the past decade in line with improvements in efficiency,

manufacturing and growing economies of scale. Solar PV prices

are expected to continue to decline in the future (Figure 16), and

applications for the technology, such as building-integrated solar PV

(where solar PV is integrated into the building envelope), are also

expected to diversify

Ongoing evolution in solar PV technology and prices will increase

options for customer participation in the electricity system,

including those available in conjunction with other technologies

and systems such as electricity storage. demand management and

smart energy networks.

There are limitations on the role that solar PV might play in meeting

winter peak needs. Solar output tends to be less aligned with peak

electricity demands in the winter, which usually occur during dark

mornings and dark evenings; this invites further consideration of

how technologies such as solar PV might be effectively coupled with

other enabling elements such as storage.

Wind Power: Wind turbine technologies continue to evolve.

Turbines are generally getting taller and rotor diameters are

becoming larger, which has helped boost output and drive down

per-unit costs. This has resulted in reduced project footprints

(same output with fewer turbines). The average output of a wind

turbine has tripled over the past 20 years, and the cost of installed

wind capacity has followed a declining trend worldwide. Given the

maturity of the technology, the rate of cost decline is expected to be

slower than in the past

3. Electricity System 20-Year Outlook

Residential Rooftop
Solar PV (3-10 kW)

Commercial Rooftop
Solar PV (100 kW)

Commercial Rooftop
Solar PV (500 kW)

Small-Scale Ground-Mounted
Solar PV (500 kW)

Utility-Scale Ground-Mounted
Solar PV (> 5 MW)

Bioenergy: Bioenergy refers to the conversion of energy in organic

matter to produce electricity. This could include directly com busting

organic fuel (biomass) or allowing the organic matter to decompose

to produce methane gas (biogas or landfill gas), which in turn is

combusted. Ontario has plentiful sources of bioenergy including

residual materials from forestry operations that are left to decay

on the forest floor, waste matter from agricultural production

and animal livestock activities, by-products of food-processing

operations, and municipal waste from landfills, compost and water

treatment facilities. A number of bioenergy conversion technologies

exist employing a variety of processes. Some technologies, such as

landfill gas, are well-established while other technologies are still in

the research phase. Challenges for bioenergy development include

relatively high capital costs. Feedstock costs are generally zero since

they are produced as a waste by-product although there may be

a cost associated with transporting the fuel. Projects can benefit

from being located close to where the feedstock is produced (such

as at a farm or mill). This makes them suitable in rural and remote

appl ications.

Electricity Storage: While some electricity storage technologies.

such as pumped hydro storage. have been in operation around

the world for over a century, a variety of newer technologies such

as flywheels. batteries and compressed air facilities are gaining

adoption. These technologies vary considerably in terms of their

size and scale, how energy is stored. how long energy can be

stored and their response time. At the same time. the costs of

these technologies have been declining and are expected to further

decline. they tend to be less geographically constrained as far as

siting is concerned. and they involve shorter development lead

times. Storage can also provide a number of services. for example. to

help manage variable generation. provide bulk system services such

as regulation or voltage control. or help manage outages.

Ontario Planning Outlook 13
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Waterpower: Assessments over the years have identified significant

remaining waterpower potential in the province. However, most of

the potential exists in relatively remote regions of northern Ontario

that lack transmission access. The cost of developing this potential

is expected to be higher than in the past and projects require rela­

tively longer lead times to develop. However, waterpower could be a

significant source of non-carbon emitting energy and would provide

opportunities to partner with First Nation and Metis communities.

While Ontario's greatest remaining waterpower potential is in the

north, there are also opportunities in the south, including redevelop­

ments at existing water control structures (dams)

Nuclear: Nuclear power plants are baseload resources and carbon­

free in operation. They produce electricity on a continuous basis

with limited but increasing capability to vary output as demand

varies (ie., load follow). Opportunities for baseload resources,

including nuclear, will be limited by the extent to which there is

growth in baseload demand.

Construction cost of new nuclear plants has generally been

increasing, and cost is an area of considerable uncertainty.

The refurbishments of Darlington and Bruce units are proceeding,

consistent with the principles outlined in the 2013 LTEP.

Figure 17: Existing Interconnections
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Additional inforrtlatiorl on Ontario's existing irltercOrirlections can be found the Ontario Transmission System section of the IESO's 18-fv1onth Outlook

htto //wwwieso ca/Documents/marketReports/OntTxSystem_2016jun pdf
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Gas-fired Resources: Gas-fired resources produce lower GHG

emissions than coal-fired resources and can complement a low­

carbon supply mix. The gas fleet provides significant flexibility to

respond to the intermittency associated with renewable generation.

Many of the current technologies outlined here could also

support firm electricity imports or be deployed as distributed

energy resources.

Firm Electricity Imports: In addition to opportunities within the

province, opportunities also exist for greater electricity trade

between Ontario and its neighbours. Ontario currently has

interconnections with five of its neighbours: Quebec, Manitoba,

Minnesota, Michigan and New York. These interconnections

facilitate the import and export of electricity (Figure 17) Electricity

trade now provides operational and planning flexibility and enhances

the reliability and cost-effectiveness of the Ontario electricity

system. Interties can also be used to obtain firm capacity to support

resource adequacy as well as energy to meet consumption where

they can be pursued at costs below domestic resources (factoring

in transmission). As an example, Ontario recently entered into

a seasonal capacity swap agreement with Quebec for the next

decade. Under the terms of the deal, Ontario provides firm capacity

to Quebec in the winter (when Ontario has its greatest surplus) and

Quebec provides firm capacity in the summer (when Quebec has

its greatest surplus). The introduction of competition for capacity

from resources located outside of Ontario offers further opportunity

to lower costs and support reliability Taking advantage of available

supply through existing interconnections could have the effect

of reducing Ontario-based resource requirements. The scale and

economics of any potential firm import capacity deal will depend

greatly on the need for additional transmission infrastructure on

both sides of the border.

Distributed Energy Resources (DERs): Evolutions in technology and

policy are also expanding opportunities for customer engagement

and participation in the Ontario electricity system and are driving a

transition towards a system more characterized by two-way flows

and a growing prevalence of distributed energy resources. The

utility-customer relationship is becoming more complex against

this backdrop as an increasing number of products and services

are becoming available to customers. Some of these products and

services compete directly with utility services. For example, a wide

range of home energy technologies and smart home appliances

are now available, and the competition to become the provider of

the home "internet-of-things" ecosystem is growing. A number of

communities are now developing community energy plans, and

distributed energy resources have become a key component of

3. Electricity System 20-Year Outlook

those plans. Distributed energy resources are also being promoted

by some communities in the context of ongoing regional planning

activities across the province.

The higher demand outlooks provide greater opportunities

for harnessing DERs without stranding assets as the risk of

underutilizing assets becomes less of an issue. DERs can be part

of the solution in addressing higher demands and reducing the

need for new grid-connected resources. DERs can also enhance

supply security and resiliency This potential is illustrated by the

experience of New York City during Hurricane Sandy. The storm

left eight million people without power in New York, and some of

the hardest hit areas were left without power for two weeks. In the

heart of r\lew York City, however, NYU's Washington Square campus

remained powered by a 13.4 tv,W natural gas-fired combined

heat and power (CHP) system that had recently been installed. In

Ontario, several customers (for example, Metrolinx) have installed

small CHP systems in their facilities that are capable of providing

heat and power during an interruption of grid power. At the same

time, distributed energy resources and other local solutions are

receiving greater attention with greater involvement of customers

and communities in regional planning Addressing barriers to the

adoption of distributed energy resources, such as cost allocation

and integration issues, could help to better realize their potential

benefits.

Pilot programs and lessons learned from other jurisdictions can

help Ontario to better understand available or emerging options

and identify barriers that might hinder their broader realization.

While there are many potential benefits in evolving to an electricity

system that relies more on distributed energy resources, care must

be taken in managing this evolution to ensure that it does not result

in higher ratepayer costs, stranding of existing assets or increased

GHG emissions.

3.4. Market and System Operations Outlook

Over the planning period, a number of foreseeable changes are

expected to result in a power system that is increasingly variable

and complex to operate on a day-to-day basis. Changes such as

increases in variable renewable generation and distributed energy

resources, nuclear decommissioning and refurbishments, and

changing customer demand patterns will change the flow patterns

on the bulk system. New facilities, tools and/or measures will need

to be in place to help maintain system reliability and operability

through this significant transition period.

Ontario Planning Outlook 15
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The IESO has successfully integrated over 6,000 MW of wind

and solar PV into Ontario's electricity system. The IESO has made

strides in integrating significant amounts of variable generation

while maintaining reliable operations of the power system. This has

been achieved through efforts such as the Renewable Integration

Initiative (RII), which brought in centralized forecasting of variable

generation and the capability to dispatch variable generators.

While the IESO is working on methods for improving short-term

forecasting, measures are also being taken to maintain reliable and

efficient operations in the face of an evolving power system. These

measures include additional frequency regulation, flexibility, control

devices, and system automation. Greater coordination between

the grid operator and embedded resources, directly or through

integrated operations with LDCs, could also improve visibility into

the distribution system and reduce short-term forecast errors.

Load-following capability is primarily provided by peaking water­

power resources, the Sir Adam Beck Pump Generating Station

and natural gas-fired generation, and is sufficient in the near term.

However, the need for flexibility will increase over time. In addition

to existing mechanisms for acquiring ancillary services, consider­

ation is being given to expanded markets that would allow for more

dynamic real-time coordination.

Going forward, regulation and flexibility requirements will be as­

sessed on an ongoing basis, along with the resource fleet available

to provide these services. Electricity markets will playa stronger role

in ensuring adequate supply of flexible resources through signals

that price and dispatch these services. It is anticipated that many

resource types will be able to compete to provide regulation and/or

flexibility, including resources such as energy storage and aggregat­

ed loads. Some of these newer technologies can provide opera­

bility characteristics that are not achievable from some traditional

resources, such as very fast ramp rates, which may allow efficiency

improvements in how these services are currently dispatched.

16 I illdependent Eiect,'icity System Operator

3.5. Transmission and Distribution Outlook

Current transmission projects already at various stages of planning

and implementation are outlined in Table 3.

No significant new transmission investments would be required in

an outlook of flat electricity demand served by existing and currently

planned resources. However, additional transmission or local

resources to address specific regional needs may be identified in the

future as regional planning continues across the province.

The need to replace aging transmission assets over coming years

will also present opportunities to right-size investments in line with

evolving circumstances. This could involve up-sizing equipment

where needs exist such as in higher demand outlooks; downsizing,

to reduce the risk of underutilizing or stranding assets; or even

removing equipment that is no longer required, such as in the low

demand outlook or in parts of the province that have seen reduced

demand. Such instances may also present opportunities to enhance

or reconfigure assets to improve system resilience and allow for the

integration of variable and distributed energy resources.

In higher demand outlooks, investments in transmission will be

required to accommodate new resources. Transmission to integrate

those resources would have significant lead time requirements of

up to 10 years. Much of Ontario's undeveloped renewable resource

potential is located in areas with limited transmission capacity

- new investments in Ontario's transmission system would be

required to enable further resource developments in the province

or significant imports into the province. For example, incorporation

of renewable resources located in northern Ontario would require

reinforcements to the major transmission pathway between

northern and southern Ontario, the North-South Tie. A number

of transmission upgrades within Northern Ontario would also be

required to alleviate constraints within the region. To facilitate any

potential large firm import capacity arrangement from Quebec/

Newfoundland, major system reinforcements in eastern Ontario

would be required - a new high-voltage direct current (HVDC)

intertie to Lennox would be an example. The incorporation of new

resources in Southwestern Ontario would require reinforcement of

the transmission system, such as in the West of London area, as

well as additional enabling facilities. Similarly, investments in new

resources in the Greater Toronto Area might also trigger the need to

reinforce the bulk transmission system.

In the near term, the system can manage increases in electricity

demand driven by electrification. However, LDCs and transmitters

may be more significantly impacted as local peak demands grow.

IESO-N-0061647



3. Electricity System 20-Year Outlook

Table 3: Status and Drivers of Transmission Projects in Outlook 810

Drivers

Projects

East-West Tie

Expansion

Line to Pickle Lake

Remote Community

Connection Plan

Northwest Bulk

Transmission Line

Supply to Essex

County Transmission

Reinforcement

West GTA

Bulk reinforcement

Guelph Area

Transmission

Refurbishment

Remedial Action

Scheme (RAS) in

Bruce and Northwest

Clarington 500j230kV

transformers

Ottawa Area

Transmission

Reinforcement

Richview to Manby

Transmission

Reinforcement

Status

Expected to be in service in 2020.

Plan is complete; expected to be in

service in early 2020.

Draft technical report released;

development work underway for

connection of 16 communities;

engagement with communities is

ongoing.

Hydro One is carrying out early

development work to maintain the

viability of the option.

Expected in-service date of 2018.

Plan is being finalized.

Expected to be in service in 2016.

Under development. Northwest RAS

targeted for late 2016 in-service;

Bruce RAS early 2017.

Expected to be in service in 2018.

Project has been initiated; expected

to be in service 2020.

Expected to be in service in 2020.

Maintaining Bulk
System Reliability

Addressing
Regional
Reliability and
Adequacy Needs

Achieving 2013
LTEP Policy
Objectives

Facilitating
Interconnections
with Neighbouring
Jurisdictions

10 A merchant 'I GVV bi-directiona!, high-voltage, direct CLiITent Lake El'ie underwater transmission currently being proposed by
at the Nanticoke Transfmmer Station with the PJM Pennsylvania. The Pl'oposed in-service ciateof the pl'oject 2019

meet system requirements

Holdings directly connect the Ontario transmission system

is a mel'chant pl'oject that was identified by the IESO as being needed to

Ontario Planning Outlook 17

IESO-N-0061647



3. Eiectricity System 20-Year Outiook

The extent to which the transmission and distribution system will

be impacted will depend on the location of electrification driven

demand growth. The low voltage distribution system is expected

to be impacted to a much greater degree For example, some

distribution infrastructure is designed for a five kilowatt (kW) peak

household load. On a cold day, one household equipped with an

air-source heat pump could consume as much as 15 kIN Though

the system as a whole could supply this need, transmission and

distribution infrastructure in some regions would be challenged by

rapid and widespread conversions from gas to electric heating. This

could be compounded by the effect of home charging of EVs, whose

impact on peak demand can also vary substantially with charging

patterns. Some LDCs have already undertaken analysis of their

systems to determine the potential impact that high saturation of

EVs will have on their system and what measures could be taken to

manage emerging needs in the most cost-effective manner. These

measures include a focus on customer-based solutions such as

the use of load control devices, DER and storage integrated with

the local and provincial utility control systems. While the impact of

electrification in space heating, water heating and transportation

will increase electricity requirements across the province, the

impact would be the most prominent in urban centres, with

implications for regional transmission systems that will need to

be considered as part of the regional planning processes.

The increased penetration of DERs will have implications for

distribution and transmission systems. A number of facilities, tools

and measures will be needed to ensure that the power system can

continue to be reliably operated amid increasing amounts of DERs.

In some cases, DER technologies themselves can help address

18 I illdependent Eiect,'icity System Operator

some of these requirements Pilot projects are building experience

and capability with DERs within the sector. Strategies and options

for using DERs to address local issues could be laid out in regional

planning processes, working together with transmitters and LDCs.

3.6, Emissions Outlook

With the phase-out of coal-fired generation, the carbon emissions

from Ontario's electricity fleet now come primarily from natural

gas-fired generation.

Emissions are expected to continue to decline over the next five

years as additional renewable generation enters service. Beyond this

period, emissions will depend on the level of electricity demand and

the extent to which energy production from the existing natural

gas-fired fleet is displaced.

In the flat demand outlook, emissions would rise slightly following

the retirement of the Pickering l\luclear Generating Station but

would remain well below historical levels and stay relatively flat

through to 2035 (Figure 18)

When Ontario's cap-and-trade system takes effect in 2017,

the electricity sector will see the cost of carbon reflected in the

wholesale electricity price when natural gas-fired resources are

on the margin. The Ontario market price for carbon will also be

applied to electricity imports. This will provide a level playing field

for Ontario generators in the IESO market and reduce imports from

higher-emitting sources. At the same time, imports to Ontario from

non-emitting jurisdictions such as Quebec could increase, other

things being equal

On the other hand, the addition of a carbon price to emitting

Ontario generators would reduce the amount of electricity exported

from natural gas-fired generators and so reduce Ontario GHG

emissions, with the impact depending on whether the receiving

jurisdictions adopt similar carbon pricing as Ontario and Quebec.

Under the higher demand outlooks, the effects on carbon emissions

will depend on the extent to which the existing natural gas-fired

fleet is used to meet increases in demand. The existing natural

gas-fired combined-cycle fleet has considerable capability to ramp

up energy production should it be required However, increased

utilization of the existing combined-cycle fleet would increase

emissions. Therefore, in this report, consideration of how to address

the higher demand outlooks was based on keeping GHG emissions

in the electricity sector low or declining.
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Figure 18: Electricity Sector GHG Emissions in Outlook B
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Figure 19: Total Cost of Electricity Service in Outlook B

Figure 20: Average Unit Cost of Electricity Service in Outlook B
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Figure 21: Cost of Electricity Service across Demand Outlooks
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3.7, Electricity System Cost Outlook

The total cost of electricity service over the planning outlook will

be a function of demand growth, the cost of operating the existing

system and the investments required in new resources to meet

potential needs.

In the flat demand outlook, the total cost of electricity service

would average approximately $21 billion per year (2016$) over the

next 10 years and is estimated to decrease to approximately $19

billion per year by 2035 (Figure 19) Cost reductions are premised

on expectations of lower revenue requirements among generators

whose existing contracts have expired but continue to operate at

costs below existing contract rates.

The average unit cost of electricity service decreases by an average

annual 0.3 percent per year (2016$) over the 20-year period.

Ongoing investments lead to increases in the first 10 years of the

outlook at an average annual rate of 0.4 percent per year (Figure

20). Unit rates decrease over the last 10 years of the outlook due to

reduced investments in electricity resources.

In higher demand outlooks, additional investments in new resources

(conservation, generation and transmission) would be required to

meet the increase in demand (peak and energy requirements) and

to keep emissions within the range of the flat demand outlook.

The annual cost of electricity service would rise by approximately

$4 billion to $10 billion by 2035 (2016$) (Figure 21) However, this

would be associated with an increase in energy consumption in

the province. As a result, the average unit cost of electricity service

would be within the range of the flat demand outlook.

3. Electricity System 20-Year Outlook

Ontario Planning Outlook 21

IESO-N-0061647



(:tions ta ntario vveii positioned to

(wa(d to achieve

brings into service the rerTlaining corTliTitted and directed SUDDiV resoun~:es,

vvhile addressing the irTlpact of the rapid pace of technological evolution and

the effect on demand gO'v'ernment climate change policies,

Looking ahead, the IESO has considered a range of potential

long-term electricity demands and options for addressing them.

Evolutions in policy, technology and markets along with rising

customer engagement are happening across the sector, including

in the areas of low-carbon technologies and distributed energy

resources. Expiring electricity resource contracts, nuclear

refurbishment off-ramps and transmission assets reaching

replacement age provide Ontario with flexibility to take advantage

of options as they arise. Positioning Ontario to take advantage of

future opportunities and mitigate future risks will require ongoing

efforts. Considerations in this regard include:

• t'v'laintaining situational awareness: Developments in technology

and policy need to be monitored as well as information about

drivers of risk for the sector, such as resource availability

uncertainty and demand uncertainty. Situational awareness

would be assisted by ongoing and proactive engagement with

sector participants, communities, customers and stakeholders.

• Assessing opportunities and risks in an integrated way:

It is important to consider individual opportunities within the

context of broader systems and to consider both benefits

and risks. Assessing options in an integrated way can deepen

our understanding of potential synergies, barriers and

implementation requirements.

22 I Independent Electl"icity System Operator

• Resolving barriers: Barriers may exist to the deployment or

procurement of new technologies or approaches. Regulatory

frameworks and procurement processes would need to continue

to evolve to address changing circumstances and technologies.

In the IESO's higher demand outlook, electrification of end-uses in

support of climate change actions could be met in a variety of ways.

While Ontario would require additional electricity resources to

meet the associated higher levels of demand growth, it has a variety

of options available, including distributed energy resources and

enhanced conservation. Higher demands could be served in ways

that sustain recent reductions in electricity sector emissions while

significantly reducing carbon emissions in the broader economy,

including through the greater substitution of electricity for fossil

fuels in residential and commercial space and water heating, light

duty vehicles, public transit and in some industrial applications.

Electrification-driven demand growth possibilities underscore

the challenge of scale and integration that could be brought by

significantly higher needs. For instance, the magnitude of growth

associated with Outlooks C and D would exceed the contribution

that any single electricity resource option could provide on its

own. Meeting this scale of electricity demand growth would require

the coordinated deployment of multiple low-carbon options.
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The development of low-carbon resources to address the higher

demand outlooks would also require significant investments

in Ontario's transmission system. Electrification and the growth

of distributed energy resources would also drive the need for

significant investments at the distribution level.

The scale, cost and practical challenges of implementing

options to address greater electrification further highlights the

importance of conservation as a method of moderating electricity

demand growth. Capturing those conservation opportunities

would be central to meeting high electrification options.

Transmission development activities should be considered

when making supply decisions. This could include activities to

incorporate resources in northern Ontario and to unlock resource

potential in the eastern and southwestern regions of the province.

along vv'ith m I'iai to diu

the I[SO's consideration of the

input reee!

wishes to thank the

While significant new investments would be required to address

the higher demands in Outlooks C and D, with the increase in

energy consumption, the average unit cost of electricity service

would remain within the range of the flat demand future.
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stakeholder and cornrnunity gmups
In brief, Ontario has access to options for meeting electrification­

driven demand growth in ways that result in significant economy­

wide carbon emission reductions. In addressing the associated

planning issues, the IESO is committed to supporting the

Ministry's consultations as the new LTEP is developed.

ir1'\/'ol in these discussions,
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Appendices

Appendix A: June 10, 2016 Letter from the Minister of Energy to the IESO re: Technical Report

Appendix B: Data Tables for the OPO Technical Report

Modules

The following modules can be found on the IESO website: ieso.ca

Module 1: State of the Electricity System: la-Year Review

Module 2: Demand Outlook

Module 3: Conservation Outlook

Module 4: Supply Outlook

Module 5: Market and System Operations & Transmission and Distribution Outlook

Module 6: Emissions Outlook

Module 7: Electricity System Cost Outlook

24 I Independent Electl'icity System Operator

IESO-N-0061647



IESO-N-0061647



I·~·/'" leso
Connecting Today.
Powering Tomorrow.

Independent Electricity System Operator

1600-120 Adelaide Street West

Toronto, O!~ i'v15H ITl

Phone: 905.403.6900

Toll··tree: 1.888.448.n77
Email: customer.relations@ieso.ca

~ @IESO_Tweets

In OntariolESO

1m iinkedin.com/company/ieso

ieso.ca

IESO-N-0061647



Appendix A

Ministry of Energy

Office of the Minister

4th Floor, Hearst Block
900 Bay Street
Toronto ON M7A 2E1
Tel.: 416-327-6758
Fax: 416-327-6754

Friday June 10, 2016

Ministere de l'Energie

Bureau du ministre

4e etage, edifice Hearst
900, rue Bay
Toronto ON M7A 2E1
Tel.: 416327-6758
TeIElc. : 416327-6754

_1
'lI_"
Ontario

Mr. Bruce Campbell
President and Chief Executive Officer
Independent Electricity System Operator
1600-Adelaide Street West
Toronto ON M5H 1T1

Dear Mr. Campbell,

RE: IESO Technical Report

The Government of Ontario plans to issue a new Long-Term Energy Plan (LTEP) that
will set out and balance Ontario's goals of cost-effectiveness; reliability; clean energy;
community and indigenous engagement; and emphasis on conservation and demand
management. As you know, Bill 135, the Energy Statute Law Amendment Act, 2016,
has received Royal Assent. To support the development of the LTEP, we anticipate that
the IESO will submit a technical report on the adequacy and reliability of Ontario's
electricity resources, pursuant to section 25.29(3) of the Electricity Act, 1998, as that
section will be amended (the "Act").

The technical report shall provide a ten-year review (2005-2015) and a twenty year
forecast (2016-2035) of the electricity system with respect to:

• Costs of the electricity system
• Conservation
• Demand
• Supply resources including electricity storage
• Capacity
• Reliability
• Market and System Operations
• Transmission and Distribution
• Air em issions from the electricity sector

The forecasts shall consider existing supply commitments and directions, as well as
other related government commitments, including, but not limited to, the recently
released Climate Change Action Plan, the Climate Change Mitigation and Low-Carbon
Economy Act, 2016, and the Vancouver Declaration.

... /cont'd
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The technical report will provide an objective baseline and help facilitate the formal
consultation process for the development of the LTEP. In accordance with the Act, the
technical report will be posted on a publicly-accessible Government of Ontario website.
Consistent with the Open Data Directive, datasets and key assumptions used to
develop the technical report will also be made available to the public. I encourage you to
work with my staff to ensure the technical report and underlying data meet Web Content
Accessibility Guidelines.

The Act will require the technical report to be posted publicly prior to the Ministry
undertaking any LTEP consultations. I therefore request that the report be submitted to
the Ministry no later than September 1, 2016.

If you should have any questions about this request or require further clarity, please do
not hesitate to contact me.

Sincerely,

Bob Chiarelli
Minister

c: Tim O'Neill, Chair, Independent Electricity System Operator
Serge Imbrogno, Deputy Minister, Ministry of Energy
Independent Electricity System Operator Board Members
Independent Electricity System Operator Stakeholder Advisory Committee
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Figure 1: Ontario Installed Supply
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Data for Figure 1: Ontario Installed Supply Mix in 2005 and 2015

MW 2005 2015

Nuclear 11,397 13,014

Natural Gas & Oil 4,976 9,852

Water 7,910 8,768

~olar/Wind/Bioenergy 134 7,068

Coal 6,434 0

Demand Response 0 690

..
leso
Cell,lecting kdey.
f--\Y,/Jer;ng "kirwxrcw,

IESO-N-0061647



Figure 2: Ontario Electricity Production in 2005 and 2015
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Data for Figure 2: Ontario Electricity Production in 2005 and 2015

TWh 2005 2015

Nuclear 79.0 92.3

Natural Gas & Oil 12.9 15.9

Water 34.0 37.3

~olar/Wind/Bioenergy 0.3 14.2

Coal 30.0 0.0
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Figure 3: Historical Ontario Energy Demand
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Gross Demand is the total demand for electricity services in Ontario prior to the impact of conservation
programs
Net Demand is Ontario Gross Demand minus the impact of conservation programs
Grid Demand is Ontario Net Demand minus the demand met by embedded generation. It is equal to the
energy supplied by the bulk system to wholesale customers and local distribution companies
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Data for Figure 3: Historical Ontario Energy Demand

irWh 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Gross Demand 158.8 154.4 157.3 154.7 146.0 149.9 151.0 152.3 153.8 156.2 155.8

Conservation 0.0 1.6 3.5 4.0 4.9 5.4 6.7 7.9 8.9 11.3 12.8

Net Demand 158.8 152.8 153.8 150.6 141.1 144.5 144.3 144.5 144.8 144.9 143.0

Embedded Generation 1.8 1.7 1.6 2.0 2.0 2.3 2.8 3.2 4.1 5.1 6.0

Grid Demand 157.0 151.1 152.2 148.7 139.2 142.2 141.5 141.3 140.7 139.8 137.0

..
leso
Cell,lecting kdey.
f--\Y,/Jer;ng "kirwxrcw,

IESO-N-0061647



Figure 4: Conservation Savings in 2015
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Figure 5: Demand Response Capacity in 2015
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Data for Figure 5: Demand Response Capacity in 2015

Category MW

TOU 59

ICI 1,000

Peaksaver PLUS 164

CBDR 526
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Figure 6: Electricity Sector GHG Emissions
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Data for Figure 6: Electricity Sector GHG Emissions

MTC02e 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Electricity Sector GHG
34.5 29.9 32.9 27.4 14.9 19.8 14.2 14.2 10.9 7.1 7.1

Emissions
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Figure 8: Ontario Net Energy Demand across Demand Outlooks
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Data for Figure 8: Ontario Net Energy Demand across Demand
Outlooks

Energy (TWh) 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Outlook A 142.5 143.0 141.9 140.6 138.9 137.7 136.1 135.0 134.1 133.5 132.5

Outlook B 142.5 143.4 142.9 142.7 142.2 142.2 141.7 141.6 141.5 141.7 141.5

Outlook C 142.5 143.5 143.2 143.7 144.2 145.1 145.6 146.6 147.7 149.3 150.4

Outlook D 142.5 143.5 143.2 144.3 145.3 146.9 148.1 149.9 151.9 154.4 156.5

Energy (TWh) 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Outlook A 131.7 131.2 131.0 130.8 130.7 130.7 131.0 131.5 132.3 133.4

Outlook B 141.2 141.5 142.1 142.4 142.8 143.3 144.0 145.0 146.3 147.8

Outlook C 151.7 153.5 155.9 158.0 160.5 163.1 166.2 169.4 173.1 177.1

Outlook D 158.8 161.7 165.3 168.6 172.4 176.3 181.0 185.6 191.0 196.7
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Figure 9: Ontario Net Summer Peak Demand across Demand Outlooks
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Data for Figure 9: Ontario Net Summer Peak Demand across Demand
Outlooks

Summer Peak
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Demand (MW)

Outlook A 23,965 23,971 23,900 23,705 23,465 23,216 23,029 22,879 22,777 22,628 22,568

Outlook B 23,965 24,046 24,083 24,041 23,993 23,916 23,889 23,881 23,890 23,868 23,918

Outlook C 23,965 24,048 24,088 24,108 24,124 24,112 24,152 24,216 24,298 24,353 24,486

Outlook D 23,965 24,048 24,088 24,166 24,242 24,291 24,393 24,520 24,667 24,788 24,987

Summer Peak
2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Demand (MW)

Outlook A 22,453 22,372 22,295 22,292 22,258 22,231 22,198 22,317 22,436 22,586

Outlook B 23,882 23,918 23,940 24,030 24,082 24,133 24,171 24,369 24,568 24,792

Outlook C 24,549 24,680 24,804 25,049 25,550 26,022 26,199 26,551 26,902 27,276

Outlook D 25,446 25,921 26,124 26,410 26,667 26,937 27,197 27,633 28,071 28,532
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Figure 10: Ontario Net Winter Peak Demand across Demand Outlooks
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Data for Figure 10: Ontario Net Winter Peak Demand across Demand
Outlooks

Winter Peak
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Demand (MW)

Outlook A 22,159 22,093 22,020 21,825 21,574 21,338 21,143 20,976 20,864 20,694 20,602

Outlook B 22,159 22,140 22,143 22,072 21,985 21,898 21,841 21,799 21,778 21,718 21,718

Outlook C 22,159 22,190 22,251 22,315 22,395 22,501 22,661 22,863 23,105 23,326 23,626

Outlook D 22,159 22,190 22,251 22,385 22,560 22,783 23,083 23,442 23,862 24,273 24,779

Winter Peak
2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Demand (MW)

Outlook A 20,483 20,394 20,315 20,316 20,295 20,282 20,260 20,375 20,488 20,622

Outlook B 21,659 21,668 21,672 21,746 21,794 21,844 21,875 22,052 22,229 22,422

Outlook C 23,911 24,265 24,633 24,513 25,085 25,695 26,330 27,185 28,144 29,167

Outlook D 24,742 25,492 26,277 27,226 28,296 29,451 30,683 32,158 33,716 35,379
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Table 1: Assumptions across Demand Outlooks
Sector Outlook A Outlook B Outlook C OutlookD

Oil heating switches to heat
Oil heating switches to heat pumps,

pumps, electric space and water
Residential

48 TWh in 2035 51 TWh in 2035 heating gain 25% of gas market
electric space and water heating gain

(52 TWh in 2015)
share

50% of gas market share

(58 TWh in 2035)*
(64TWh in 2035)

Oil heating switches to heat
Oil heating switches to heat pumps,

pumps, electric space and water
Commercial

49 TWh in 2035 54 TWh in 2035 heating gain 25% of gas market
electric space and water heating gain

(51 TWh in 2015)
share

50% of gas market share

(63 TWh in 2035)
(69 TWh in 2035)

Industrial
5% of 2012 fossil energy switches 10% of 2012 fossil energy switches to

(35 TWh in 2015)
29 TWh in 2035 35 TWh in 2035 to electric equivalent electric equivalent

(43 TWh in 2035) (51 TWh in 2035)

Electric Vehicles
2.4 million electric vehicles (EVs)

2.4 million EVs by 2035
2 TWh in 2035 3 TWhin 2035 by 2035

(<1 TWh in 2015)
(8 TWh in 2035)

(8 TWh in 2035)

Transit
1 TWh in 2035 1 TWh in 2035

Planned projects, 2017-2035 Planned projects, 2017-2035
(<1 T\'\Th in 2015) (1 TWh in 2035) (1 TWh in 2035)

Other** 5TWh 5TWh 5TWh 5TWh

Total***
133 TWh in 2035 148 TWh in 2035 177 TWh in 2035 197 TWh in 2035

(143 TWh in 2015)

Note: Outlooks C and D assume the same economic drivers as Outlook B.
* By 2035, of the number of natural gas fuelled space and water heating equipment being sold 1Il Outlook B (due to existing equipment reaching end of life and
new additions driven by growth in the residential and commercial sectors), 25 percent of this stock in Outlook C and 50 percent in Outlook D is replaced with
air-source heat purnps.
** Others = Agriculture, Remote Communities, Generator Demand, lEI and Street Lighting
*** Total may not add up due to rounding
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Figure 11: Conservation Achievement and Outlook to Meet the 2013
LTEP Target
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Data for Figure 11: Conservation Achievement and Outlook to Meet
the 2013 LTEP Target

Savings (TWh) 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Codes and Standards (Implemented by 2015) - 0.1 0.2 0.3 0.5 1.0 1.6 1.8 3.1 4.2

Codes and Standards (Implemented 2016 and beyond) - - - - - - - - - -

Historical program persistence (2006-2015) 1.6 3.4 3.9 4.6 5.0 5.7 6.3 7.1 8.1 8.6
Forecast savings from planned programs (2016-2020) - - - - - - - - - -

Planned savings from future programs & Codes and
~tandards

- - - - - - - - - -

Savings (TWh) 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Codes and Standards (Implemented by 2015) 5.2 6.3 6.9 7.3 7.4 7.4 7.4 7.5 7.5 7.5
Codes and Standards (Implemented 2016 and beyond) 0.0 0.0 0.2 0.3 0.4 0.6 0.9 1.4 1.8 2.2
Historical program persistence (2006-2015) 7.5 6.4 5.7 5.5 4.9 4.4 3.6 3.1 2.1 1.9

Forecast savings from planned programs (2016-2020) 1.6 3.3 5.0 6.4 7.9 8.0 7.8 7.7 7.3 6.8
Planned savings from future programs & Codes and

0.6 1.3 1.8 3.0 3.9
~tandards

- - - - -

Savings (TWh) 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Codes and Standards (Implemented by 2015) 7.5 7.6 7.6 7.7 7.8 7.8 7.8 7.8 7.9 7.9
Codes and Standards (Implemented 2016 and beyond) 2.6 3.0 3.4 4.1 4.8 5.4 6.0 6.4 6.7 7.0
Historical program persistence (2006-2015) 1.4 0.9 0.4 0.3 0.1 0.1 0.1 0.0 0.0 0.0

Forecast savings from planned programs (2016-2020) 6.6 6.4 6.2 5.7 4.8 4.3 4.0 3.7 3.4 3.0
Planned savings from future programs & Codes and

5.5 6.7 8.1 9.1 10.5 11.5 12.4 12.4 12.6 12.8
~tandards
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Figure 12: Outlook for Installed Capacity to 2035
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Data for Figure 12: Outlook for Installed Capacity to 2035

Installed Capacity (MW) 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Existing Supply 38A17 37,868 37,510 37,056 35,307 34A25 34,288 29A05 28,620 25,756

Committed, Not Yet
1,078 1,678 2,655 2,811 3,194 3,194 3,230 3,229 3,244 3,244

Online

Directed Procurements 0 125 433 683 683 963 1,563 2,047 2,287 2,767

Expired Contracts 32 581 939 lA92 1,548 1,548 1,684 3,875 4,661 4,689

Refurbished Nuclear 0 0 0 0 881 881 881 1,762 3A65 4,346

Installed Capacity (MW) 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Existing Supply 23,903 23,789 21A40 17,599 15,155 14,254 13A71 12A43 10AOl 9,345

Committed, Not Yet
3,244 3,244 3,244 3,239 3,238 3,021 3,021 2,991 2,696 2,517

Online

Directed Procurements 2,855 2,855 3,033 3,033 3,033 3,033 3,033 3,033 3,033 3,033

Expired Contracts 5,719 5,832 7,376 11,221 12,843 13,961 14,744 15,803 18,140 19,375

Refurbished Nuclear 5,127 5,127 5,900 6,722 6,722 7,544 7,544 8,366 8,366 8,366
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Figure 13a: Available Supply at the Time of Peak Demand Relative to
Total Resource Requirements (Summer)
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Data for Figure 13a: Available Supply at the Time of Peak Demand
Relative to Total Resource Requirements (Summer)

~apacity Contribution at Summer Peak (MW) 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Existing Supply 30,122 28,724 28,477 28,198 26,336 25,456 25,337 20,497 19,793 16,951
Refurbished Nuclear ° ° ° ° 878 878 878 1,756 3,453 3,453
~ommitted, Not Yet Online 183 899 1,305 2,147 2,360 2,427 2,451 2,451 2,452 2,452
Directed Procurements ° 17 199 318 136 255 315 559 752 993
Expired Contracts 31 477 725 1,087 1,252 1,263 1,381 3,560 4,265 4,276

~apacityContribution at Summer Peak (MW) 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Existing Supply 15,558 15,510 14,666 11,601 9,596 8,682 8,128 7,904 7,503 7,145
Refurbished Nuclear 5,084 5,084 5,851 5,851 6,670 6,670 7,488 7,488 8,307 8,307
tommitted, Not Yet Online 1,952 1,952 1,952 1,950 1,949 1,823 1,752 1,746 1,726 1,701
Directed Procurements 1,056 1,056 1,176 1,176 1,176 1,176 1,176 1,176 1,176 1,176
Expired Contracts 4,850 4,898 4,940 8,009 9,195 10,235 10,861 11,091 11,511 11,894

Resource Requirement at Summer Peak
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

MW)
butlook A 28,070 28,130 27,711 27,383 28,186 27,944 27,769 27,649 27,475 26,953
butlook B 28,157 28,345 28,104 28,000 29,006 28,950 28,941 28,951 28,925 28,505
butlook C 28,137 28,183 28,207 28,225 29,212 29,258 29,332 29,429 29,493 29,648
butlook D 28,137 28,183 28,275 28,363 29,421 29,540 29,689 29,861 30,002 30,235

Resource Requirement at Summer Peak
2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

MW)
butlook A 26,821 26,728 26,639 26,636 26,597 26,565 26,527 26,664 25,802 25,973
butlook B 28,465 28,505 28,531 28,635 28,694 28,753 28,796 29,024 28,253 28,510
butlook C 29,723 29,876 30,021 30,307 30,894 31,445 31,653 32,065 31,476 31,912
butlook D 30,772 31,327 31,566 31,900 32,200 32,517 32,821 33,331 32,843 33,383
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Figure 13b: Available Supply at the Time of Peak Demand Relative to
Total Resource Requirements (Winter)
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Data for Figure 13b: Available Supply at the Time of Peak Demand
Relative to Total Resource Requirements ( inter)

~apacityContribution at Winter Peak (MW) 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Existing Supply 29,268 28,448 28,239 27,981 26,020 25,980 24,983 20,696 20,649 17,057
Refurbished Nuclear 0 0 0 0 0 878 878 878 1,756 3,453
tommitted, Not Yet Online 0 0 314 349 1,279 1,587 1,587 1,614 1,613 1,617
Directed Procurements 0 0 2 99 157 8 49 200 367 573
Expired Contracts 31 151 512 769 1,100 1,149 1,267 3,408 3,456 4,216

~apacityContribution at Winter Peak (MW) 2,026 2,027 2,028 2,029 2,030 2,031 2,032 2,033 2,034 2,035

Existing Supply 16,459 15,525 15,471 13,385 10,337 8,366 8,128 7,633 7,384 6,814
Refurbished Nuclear 3,453 5,084 5,084 5,851 6,670 6,670 7,488 7,488 8,307 8,307
Committed, Not Yet Online 2,117 2,117 2,117 2,114 2,113 2,113 1,906 1,902 1,895 1,790
Directed Procurements 741 807 791 936 936 936 936 936 936 936
Expired Contracts 4,815 4,929 5,000 6,271 9,320 10,472 10,917 11,416 11,672 12,347

Resource Requirement at Winter Peak (MW) 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Outlook A 25,870 25,917 25,514 25,176 25,987 25,737 25,542 25,411 25,212 24,693
Outlook B 25,926 26,063 25,802 25,657 26,643 26,554 26,505 26,480 26,411 25,975
butlook C 25,962 26,033 26,108 26,202 27,326 27,514 27,749 28,033 28,292 28,643
Outlook D 25,962 26,033 26,191 26,395 27,656 28,007 28,428 28,918 29,399 29,992

Resource Requirement at Winter Peak (MW) 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

butlook A 24,555 24,453 24,363 24,364 24,339 24,325 24,299 24,431 23,561 23,715
Outlook B 25,908 25,919 25,922 26,008 26,063 26,120 26,156 26,359 25,563 25,785
Outlook C 28,976 29,390 29,820 29,680 30,349 31,063 31,806 32,806 32,928 34,125
butlook D 29,948 30,826 31,745 32,854 34,106 35,457 36,899 38,625 39,448 41,393
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Figure 14: Installed Capacity of Future Contract Expirations
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Data for Figure 14: Installed Capacity of Future Contract Expirations

(MW) 2016 - 2020 2021- 2029 2030 - 2035

Expiring Contracts - Natural Gas 449 7,106 2,161

Expiring Contracts - Renewables 238 2,550 5,993

TOTAL 687 9;656 8;154
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Figure 15: Electricity Supply Requirements in Outlooks C and D
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Data for Figure 15: Electricity Supply Requirements in Outlooks
C and D

2015 2035, Outlook C 2035, Outlook D

~nnual Energy (TWh) 142.5 177.1 196.7

irotal Resource Requirement (MW) 28}157 34}125 41}393

..
leso
Cell,lecting kdey. :3 '1
f--\Y,/Jer;ng "kirwxrcw,

IESO-N-0061647



Table 2: Current Technology Characteristics

Capacity Energy
Operating load Frequency Capacity Contribution to Contribution to lUEC ($/
Reserve Following Regulation Factor Winter Peak Summer Peak MWh)

Conservation Yes Yes No No No
Depends on Depends on Depends on

$30-50
Measure Measure Measure

Demand Response Yes No Yes Yes Limited N/A 60-70% 80-85% N/A

Solar PV Limited Yes No Limited No 15% 3-5% 20-35% $140-290

Wind Limited Yes No Limited No 30-40% 20-30% 11% $65-210

Bioenergy Yes Yes Yes Limited No 40-80% 85-90% 85-90% $160-260

Depends on Depends on Depends on Depends on
Storage Yes No Yes Yes Yes technology/ technology/ technology/ technology/

application application application application

Waterpower Yes Yes Yes Yes Yes 30-70% 67-75% 63-71% $120-240

Nuclear Yes Yes No Limited No 70-95% 90-95% 95-99% $120-290

Natural Gas Yes Yes Yes Yes Yes up to 65% 95% 89% $80-310
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Figure 16: Installed Solar PV Cost Projections in Ontario
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Data for Figure 16: Installed Solar PV Cost Projections in Ontario

Installed Cost ($/kW) 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Residential Rooftop Solar PV

2,828 2,670 2,521 2,380 2,246 2,211 2,176 2,142 2,109 2,075
(3-10 kW)
~ommercial Rooftop Solar PV

2,592 2,447 2,310 2,181 2,059 2,026 1,995 1,963 1,932 1,902
(100 kW)
~ommercial Rooftop Solar PV

2,502 2,362 2,230 2,105 1,987 1,956 1,926 1,895 1,866 1,836
(500 kW)
ISmail-Scale Ground-Mounted

2,689 2,560 2,437 2,320 2,209 2,140 2,092 2,046 2,000 1,956
~olar PV (500 kW)
Utility-Scale Ground-

1,800 1,714 1,631 1,553 1,478 1,432 1,400 1,369 1,339 1,309
Mounted Solar PV (> 5 MW)

Installed Cost ($/kW) 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
Residential Rooftop Solar PV

2,056 2,037 2,018 1,999 1,981 1,981 1,981 1,981 1,981 1,981
(3-10 kW)
~ommercial Rooftop Solar PV

1,884 1,867 1,850 1,832 1,815 1,815 1,815 1,815 1,815 1,815
(100 kW)
~ommercial Rooftop Solar PV

1,819 1,802 1,785 1,769 1,752 1,752 1,752 1,752 1,752 1,752
(500 kW)
ISmail-Scale Ground-Mounted

1,914 1,872 1,832 1,792 1,753 1,753 1,753 1,753 1,753 1,753
~olar PV (500 kW)
Utility-Scale Ground-

1,281 1,253 1,226 1,199 1,173 1,173 1,173 1,173 1,173 1,173
Mounted Solar PV (> 5 MW)
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Figure 17: Existing Interconnections
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Table 3: Status and Drivers of Transmission Projects in Outlook B

East-West Tie Expansion

Line to Pickle Lake

Remote Community Connection

Plan

Northwest Bulk Transmi ssion

Line

Supply to Essex County

Transmission Reinforcement

WestGTA
Bulk reinforcement

Guelph Area Transmission

Refurbishment

Remedial Action Scheme (RAS) in

Bruce and Northwest

Clarington 500/230kV

transformers

Ottawa Area Transmission

Reinforcement

Ri chview to Manby Transmission

Reinforcement

Expected to be in service in 2020

Plan is complete; Expected to be in service in

early 2020.

Draft technical report released; development

work underway for connection of 16
communities; engagement with communities is

ongoing.

Hydro One is carrying out early development

work to maintain the viability of the option.

Expected In-service d ate of 2018

Plan is being finalized.

Expected to be in service in 2016

Under development. Northwest RAS targeted

for late 2016 in-service; Bruce RAS early 2017

Expected to be in service in 2018

Project has been initiated; expected to be in

service 2020.

Expected to be in service in 2020

Maintaining Bulk

System Reliability

x

x

x

x

x

Addressing Regional

Reliability and

Adequacy Needs

x

x

x

x

x

x

Achieving 2013 Long­

Term Energy Plan
(LTEP) Policy

ObOectives

x

x

x

x

with Neighbouring

urisdictions

x
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Figure 18: Electricity Sector GHG Emissions in Outlook B
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Data for Figure 18: Electricity Sector GHG Emissions in Outlook B

MTC02e 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Electricity Sector GHG

34.5 29.9 32.9 27.4 14.9 19.8 14.2 14.2 10.9 7.1 7.1
Emissions

MTC02e 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Forecast GHG Emissions (Outlook B) 4.6 3.8 3.5 3.1 3.4 3.6 3.7 4.2 3.4 4.7

MTC02e 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
Forecast GHG Emissions (Outlook B) 3.8 3.9 3.7 3.9 3.8 4.5 4.0 4.2 4.6 5.3
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Figure 19: Total Cost of Electricity Service in Outlook B
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Data for Figure 19: Total Cost of Electricity Service in Outlook B

rrotal Cost of Electricity Service
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

(2016$ Billions)

Outlook B 20.7 21.3 21.2 20.5 21.5 20.8 20.9 21.0 20.9 21.5

rrotal Cost of Electricity Service
2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

(2016$ Billions)

Outlook B 20.4 21.2 20.9 20.4 20.2 20.2 20.1 19.9 19.9 19.4

..
leso
Cell,lecting kdey.
f--\Y,/Jer;ng "kirwxrcw,

IESO-N-0061647



Figure 20: Average Unit Cost of Electricity Service in Outlook B
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Data for Figure 20: Average Unit Cost of Electricity Service in
Outlook B

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Demand Outlook - B (TWh) 143.5 143.0 142.8 142.4 142.4 141.9 141.7 141.6 141.9 141.7

Average Unit Cost - B (2016$/MWh) 144.3 149.2 148.6 144.1 150.9 146.4 147.2 148.0 147.0 151.7

2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Demand Outlook - B (TWh) 141.4 141.6 142.2 142.5 143.0 143.4 144.2 145.1 146.5 148.0

Average Unit Cost - B (2016$/MWh) 144.6 149.5 146.8 143.3 141.4 140.8 139.5 137.4 135.9 131.0
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Figure 21: Cost of Electricity Service across Demand Outlooks
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Data for Figure 21: Cost of Electricity Service across Demand Outlooks

Outlook A Outlook B Outlook C Outlook D
Minimum System Cost

17.8 19.4 23.1 27.1
(2016$ Billions)

Maximum System Cost
18.2 19.4 23.3 27.9

(2016$ Billions)

Minimum Unit Cost
134 131 130 137

(2016$/MWh)

Maximum Unit Cost
136 131 132 142

(2016$/MWh)

Energy Demand in 2035 (TWh) 133 148 177 197
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