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Executive Summary: Electrification pathways to a low carbon future
Ontario’s deepening supply shortage & reliability crisis requires urgent procurement attention

A three-part series set out to explore Ontario’s long-term energy planning challenges in the face of Net Zero.

■ This first report assesses the demand for electricity that will arise as a result of Net Zero (NZ) ambitions, reviews the context of 

Ontario's existing supply challenges, characterizes energy transition pathways and timing, and lays out the basis for an urgent 

procurement paradigm shift to sustain Ontario’s system reliability and low-carbon future.

Key findings include:

■ Ontario’s resource adequacy planning has allowed the risk of a supply shortage to grow since 2013 with no procurement action

■ Growing public support for NZ ambitions will increase electricity demand by over 130% 

■ Optimizing the electricity system can be achieved through integrated planning for electricity, natural gas and the emerging hydrogen 

sector and benefit from accommodating demand side management technologies that can help shift demand away from peaks

⚫ As a result, the needed electricity capacity may only increase by 125% over the IESO’s 2040 projection

◆ That is 55 GW of incremental supply, with a baseload component equivalent to over 33 new nuclear plants of the size at the Bruce site

■ By optimizing integrated solutions, many technology solutions can be cost competitive

⚫ Potentially almost 20% less unit cost to ratepayers, or 25% less unit cost for nuclear based hybrid solutions.

■ Action to address the capacity gap must start now to both avoid a supply shortage in 2030 and mitigate the emission impacts from the 

electricity system

⚫ It can take a decade to site, develop, and commission new generation and transmission assets, of any kind. 

⚫ And Ontario needs all kinds → Ontario is at risk of losing its status as a clean grid

■ Ontario already has significant sustained needs for baseload (2 GW) and flexible supply (12 GW) that persist for the long term, and for 

which procurement for these needs should begin now

■ Paradigm shifts in procurement are required to best address risks, accelerate timelines to a solution, and optimize the benefits of 

energy solution innovations by procuring based on:

⚫ (1) Demand to be supplied; (2) Allowing integrated hybrid technology solutions; and, (3) Encouraging the private sector to optimize the 

use of existing assets in the transition to new assets

■ RFP-based procurement approaches to address these long-term needs are an optimal approach to also enable and accelerate the 

significant societal benefits (e.g. jobs, GDP, energy security, etc.) arising from hundreds of billions in energy transition investments

⚫ Nuclear solutions for Ontario best optimize these benefits and are an essential part of Ontario’s solution

Immediate action is required to enable the procurements required to mitigate electricity system reliability risks 

and achieve the societal benefits of the energy transition
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Introduction
MENDM has opened a consultation to refocus the long-term energy planning framework

On January 27, 2021, Ontario’s Ministry of Energy, Northern Development and Mines (MENDM) opened a consultation to:

■ “Refocus Ontario’s long-term energy planning framework to increase the effectiveness, transparency and accountability of energy 

decision-making in Ontario” 

■ Promote “transparency, accountability, and effectiveness of energy planning decision making” 

■ Increase investment certainty

■ Ensure the interests of ratepayers are protected. 

Ontario’s long-term energy planning (LTEP) process is set-out under Section 25.29 of the current Electricity Act, 1998 

■ Under the Act, an LTEP may include goals and objectives respecting: 1

⚫ The cost-effectiveness of energy supply and capacity, transmission and distribution;

⚫ The reliability of energy supply and capacity, transmission, and distribution, including resiliency to the effects of climate change;

⚫ The prioritization of measures related to the conservation of energy or the management of energy demand;

⚫ The use of cleaner energy sources and innovative and emerging technologies;

⚫ Air emissions from the energy sector, taking into account any projections respecting the emission of greenhouse gases developed with 

the assistance of the IESO;

⚫ Consultation with Aboriginal Peoples and their participation in the energy sector, and the engagement of interested persons, groups, 

and communities in the energy sector; and,

⚫ Any other matters the Minister sees fit to include

■ In 2017, the government passed O. Reg. 355/17, which established that LTEPs must be issued every three years 2

⚫ The last LTEP was released in 2017. Under those time frames, the next LTEP would be released in February 2021

⚫ However, in July 2020 the Ontario Government revoked O. Reg. 355/17, removing the 3-year timeline for releasing LTEPs 3

◆ In order to allow time to improve the effectiveness of the LTEP framework

This series of reports responds to the MENDM’s consultation, and suggests ways to promote transparency, 

accountability, and effectiveness in Ontario’s energy planning framework

Sources: 1. Electricity Act, 1998; 2. O. Reg. 355/17: Long-Term Energy Plans; 3. Ontario’s Regulatory Registry, Removing the timing requirements for releasing Ontario's next long-term 

energy plan by revoking Ontario Regulation 355/17, 2020; MENDM, The Ministry of Energy, Northern Development and Mines is reviewing Ontario’s long-term energy planning framework 

with a view to implementing a new, more transparent, predictable, and reliable planning process, 2021
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■ Rely more on the IESO and the OEB

■ Modify the mandates of the IESO and OEB

■ Change how government communicates policy

⚫ Eliminate political interference

Energy planning reform is a complex challenge
Three steps to informing a new, more transparent, predictable, and reliable planning framework

Government has opened a full 

review → Mandates of 

Government, IESO, and OEB

MENDM stated 

objectives

Three Investigations Inform Complexity and Urgency of Reform

1. Electrification Pathways

3. Reforming Energy Sector Planning 

Low-cost electrification pathways are available 

to give Ontario a competitive advantage 

Effective, transparent, accountable 

governance can be achieved and depoliticized

■ Informs demand for electricity that will arise

■ Characterizes energy transition pathways 

and timing

■ Lays out a demand-based procurement 

paradigm shift

■ Identify broad Policy Priorities as guidance 

to IESO as planners

■ Create OEB role to evaluate effectiveness 

of IESO plans in achieving Policy Priorities

2. Tools to Enable Energy Transition

Lowering the cost and increasing public 

acceptance by optimizing funding mechanisms

■ Carbon pricing tools, regulation, rates 
(across federal & provincial)

■ Emerging cross sector applications

■ Financing, risk, partnerships

To develop an effective solution, 

needs must be established, 

benefits must be clear, solution 

must be elegantly simple and 

robust

Many Challenges Face Policy Makers & Energy Decision Making 

Public Opinion 

is Driving

Energy Policy 

not Framed 

Implementation 

Fraught with 

Risk

■ Energy costs are high

■ Climate is Urgent

■ Competitiveness key to 

prosperity

■ Policies not clear

■ Implications uncertain

■ Pathways are complex

■ IESO plans w/o climate

■ Procurement unprepared

■ Governance has gaps

This Report
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Ontario has been neglecting procurement urgency and now 

faces a reliability crisis
• Ontario must urgently address its current supply crisis

Pathways to 2030 emission targets will exacerbate the supply 

challenge
• Acquiring capacity will take time to procure and pace emission reduction 

• Ontario is facing and energy shortfall before 2030 that warrants starting long 

term procurements now to sustain reliability

Approach to procuring low carbon energy infrastructure must 

be reformed
• Many criteria that are key to successful innovative and competitive economy 

impact public cost and benefit

• Need RFPs to acquire innovative integrated solutions, enable the energy 

transition, and optimize societal benefits

• Need to test the waters and start procurements in 2022

Ontario must rethink energy planning and resource 

acquisition to chart a course to NZ
A. B.Embracing NZ will be disruptive but can spur innovation 

for an affordable energy future

Achieving NZ emission reduction involves electrification of 

many building, transportation, and industry applications
• Ontario’s electricity demand will be significantly higher and different than being 

planned for

Innovations to help optimize how energy is provided will also 

increase the complexity of energy system planning
• Innovative solutions integrating electricity, natural gas, hydrogen and demand 

side technologies can enable the energy transition

Multiple available supply options are cost competitive when 

integrated
• Integrated energy system planning (electricity, natural gas, and hydrogen) can 

significantly reduce costs

Ontario’s electricity demand  growth from electrification to 

reduce emissions can result in lower unit costs of 

electricity if integrated solutions are pursued.

A new approach can procure affordable NZ-aligned 

integrated solutions that enrich Ontario

Structure and purpose of analysis
Informing demand for electricity, energy transition pathways and a procurement paradigm shift

MENDM reform is timely for critical climate/economic goals with general acceptance that combatting climate is an urgent public 

policy objective

■ As demand outstrips supply, a new approach to planning/procurement is required to maximize critical benefits during the transition
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Methodology
Recently published authoritative sources combined with Ontario specific scenario analysis

Each major analysis areas adopted specific sources and methodology

■ Electrification opportunity

⚫ Consulted Environment and Climate Change Canada (ECCC), Princeton, and Canadian Institute for Climate Choices for overall 

emissions trends and opportunities for electrification. Trends adapted to Ontario circumstances and backed up by additional research 

where warranted.

■ Demand shape analysis

⚫ Building on proprietary models of Strategic Policy Economics, Independent Electricity System Operator (IESO) Annual Planning 

Outlook (APO) demand profile forecasts were combined with research on daily and seasonal demand profiles for various innovations

in emission reduction.

■ Costing and scenarios

⚫ Latest estimates of future costing from National Renewable Energy Laboratory (NREL), Lazard and other sources for technology 

specific Levelized Cost of Energy (LCOE) were obtained. Costs were applied to Strategic Policy Economics proprietary models of 

Ontario's electricity system. Simulations were conducted with full hourly annual supply and demand profiles including the roles of 

storage, hydrogen electrolysis, hydro, renewables, natural gas and nuclear to establish the capacity factors of the asset use.

■ Supply gap assessment

⚫ The IESO has published perspectives on Ontario's supply gap which have been summarized to highlight certain areas.

■ Net Zero (NZ) resource acquisition challenge

⚫ The required capacities to meet not only Net Zero but the demand implications of the pathway through 2030 were estimated.  Informed 

by research into early adoption trends that may arise in Ontario.

■ Procurement implications

⚫ Leveraging prior Strategic Policy Economics work, the implications on Ontario’s procurement practices were derived.

The detailed methodology, assumptions, and relevant sources are provided in the appendices.
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A. Embracing NZ can spur innovation for an affordable energy future
Ontario’s electricity demand will be significantly higher and different than is being planned for

Innovations to help optimize how energy 

is provided will also increase the 

complexity of energy system planning

1. 2. 3.Achieving NZ emission reduction 

involves electrification of many building, 

transportation, and industry applications

Multiple available supply options are 

cost competitive when integrated

Broad acceptance of Net Zero emissions 

by 2050 is emerging
• Multiple emission reduction options exist, uncertainty 

over how each will progress

A Net-Zero target for Ontario increases the 

emissions challenge
• Ontario’s emission reduction challenge currently 

being deferred to the future

Most of Ontario’s emissions are from 

transportation, industry & buildings
• Emission reduction options in these main sectors are 

well understood

• Significant energy efficiency potential could reduce 

future emissions by 35%

Electrification of primary sectors requires at 

least 130% more electricity
• Relies on non-emitting electricity, full economy wide 

reductions could need 200% more

Electrification will change nature of demand
• Ontario will become winter peaking instead of 

summer peaking

• Daily peak load will occur later in the evening

• This emerging reality will have disruptive implications 

for energy planners, electricity markets, and 

incentivized rate designs

The demand will grow for four distinct types
• Growth for each type varies by season

The types of demand present four distinct 

supply challenges 
• IESO has identified needs for all supply categories; 

but more generation is required

Emerging technologies offer energy sector 

crossover opportunities
• Emerging energy transition is increasing the 

complexity of what “energy” is 

Emerging technologies can shape seasonal 

and daily demand
• Integrating electricity, natural gas, and hydrogen can 

reduce needs by 9 GW

• Demand side management opportunities mitigate 

magnitude, not when peaks occur

• Along with DSM, storage and hydrogen can moderate 

demand variability and peaks

Integration of innovations reduces needed 

new capacity by 15%
• Achieving NZ2050 requires substantially greater 

baseload

Cost of generation solutions depends on 

the nature of demand
• Solutions differ between Baseload, Variable 

daily/seasonal, and Peaking/reserve

Non-emitting renewables generation output 

not well-aligned with demand 
• Nuclear output can be managed

Costs of low-emitting generation options 

are expected to decline  
• Technology options include renewables, natural gas 

with CCS, nuclear and storage

Integrated low-emitting hybrid supply 

options are cost competitive
• Opportunity for all technologies to supply portions of 

the needed 45 GW of capacity

Hydrogen electrolyzers can provide 

demand response for peak needs
• A game changer on the cost of capacity for reserve

Integrated system solutions offer lower 

energy cost for Ontario
• Ontario’s unique mix of nuclear, hydrogen, and 

natural gas provide cost advantages

Innovative solutions integrating electricity, 

natural gas, hydrogen and demand side 

technologies can enable the energy transition

Ontario’s electricity demand will be 

significantly higher and different than 

being planned for

Integrated energy system planning 

(electricity, natural gas, and hydrogen) 

can significantly reduce costs
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Broad acceptance of Net Zero emissions by 2050 is emerging
Multiple emission reduction options exist, there is uncertainty over how each will progress

The Canadian Federal Government is setting increasingly 

ambitious targets for climate action

■ Canada’s 2030 target has recently been redefined1

⚫ Previous Paris target of 30% below 2005 by 2030 has been 

increased to 40 – 45% as of April 2021

■ 2050 target of net-zero emissions is garnering political 

consensus2

Several emission reduction options are being looked into3

■ Energy efficiency and industrial emissions reduction

■ Fuel switching, including electrification and hydrogen

■ Carbon Capture and storage (incl. direct air carbon capture)

■ Balance between carbon capture and electrification is 

unknown

Unfolding of Canada-wide options to meet Net Zero targets is 

uncertain and varies by geography3

■ Provinces have differing costs, policies, regulations, and 

technology development characteristics, and have local 

advantages and challenges

■ Western Canada has significant oil and gas resources

■ Quebec has largely electrified home heating

■ Hydrogen production technology options vary

⚫ Electrolytic vs steam methane reforming with carbon capture

■ Available carbon storage capacity is geologically regional 

Ontario’s climate challenges are different than other provinces

■ Large industrial base, non-emitting nuclear capacity, use of 

natural gas for home heating

Sources: 1. CBC, 2021; 2. Liberal Party of Canada, 2019; New Democratic Party of Canada, 2019; Conservative Party of Canada, 2021; 3. Navius 2021, Canadian Institute for Climate 

Choices, 2021; Strapolec Analysis; 4. Bill C-12

Definition of Canada Net-Zero by 2050

■ Net-zero emissions is defined by Bill C-124 (Net-Zero 

by 2050 Act) as the anthropogenic emissions of GHGs 

(i.e. GHGs caused by human activity) into the 

atmosphere balanced by the anthropogenic removal of 

GHGs from the atmosphere over a specified period of 

time. 

Range of Emissions Reduction Potential by Strategy

Note: Direct Air Capture is an emerging technology option still under development with unknown extent of role 

in NZ

Adapted from: Canadian Institute for Climate Choices, 2021

Carbon Capture & Storage

Reducing Industrial 

Process Emissions

Energy Efficiency

Hydrogen

Electrification Illustrative
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A Net-Zero target for Ontario increases the emissions challenge
Ontario’s emission reduction challenge is currently being deferred to the future

Ontario’s climate ambitions can be expected to increase along 

with federal momentum

■ Stakeholders claim Ontario is not on track to meet targets1

Meeting Ontario’s 2030 target has become harder since last 

set in 2018

■ Ontario’s 2018 environmental plan target for 2030 was an 18 

Mt reduction to 143 Mt2

■ The baseline for 2030 has increased since the release of that 

plan, and is now 11 Mt higher3

⚫ 7 Mt of this increase is due IESO’s more current projection 

of the use of natural gas in Ontario’s future electricity sector 

(12 Mt in IESO4 vs 5 Mt in ECCC3)

◆ Remaining 4 Mt increase is for anticipated 

transportation and building sector emissions, net of 

decreases for industry, oil & gas, and agriculture

■ A 29 Mt reduction would be now required to meet 2030 

target3,4,5

⚫ The previously planned 18 Mt drop from the new 2030 

projected baseline would correspond to 154 Mt

Net Zero for 2050 is more challenging than previous target for 

Ontario under the Paris accord framework 

■ Under a Paris framework, 2050 targets were notionally 80% 

below 2005 levels

⚫ 100 Mt had to be removed between 2030 and 2050

■ A higher 2030 baseline requires more aggressive reduction 

post-2030

⚫ 154 Mt must now be removed between 2030 and 2050, 

50% more challenging

Sources: 1. Pembina Institute, 2021; Environmental Defence, 2020; TAF, 2019; 2. Government of Ontario, 2018; 3. ECCC, Canada’s Greenhouse Gas Emissions Projections, 2021; 4. IESO, 

2020; 5. Strapolec Analysis

2005 – 2018 from ECCC 2021; 2019 – 2030 for non-electricity from ECCC 2021; 2031-2050 for non-electricity component based on 

CAGR by sector from 2023 to 2030; 2019 – 2040 for electricity from IESO Scenario 1 forecast from December 2020 APO; 2041 -

2050 for electricity from electricity emissions CAGR from 2030 to 2040; Strapolec Analysis

Recent emission trends suggest strategies for emissions 

reductions should be informed on a sector-by-sector basis

Sources: ECCC, Canada’s Greenhouse Gas Emissions Projections, 2021, IESO 2020, Strapolec analysis

Possible Emission Reduction Trajectories
(Mt)
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Ontario’s emissions primarily from transportation, industry & buildings
Emissions from industry and electricity system drive expected overall provincial increase

82% of the province’s 165 Mt of GHG emissions in 2018 came 

from three sectors:1

■ Buildings – 24% (40 Mt)

⚫ Slight majority from residential buildings with the remainder 

from commercial

■ Transportation – 35% (57 Mt)

⚫ Mostly from passenger vehicles

■ Industry – 23% (39 Mt) 

⚫ Mostly from heavy industry (e.g., steel, cement, chemicals)

Remaining 18% come from electricity, oil & gas, agriculture, 

and waste1

By 2050 electricity will grow to be a much larger share of 

Ontario’s 190 Mt of emission, though buildings, transportation, 

and industry will still make up 75% of emissions1,2,3

■ Building emissions shrink both in absolute terms (40 Mt to 31 

Mt) and as a portion of total emissions (24% to 16%)

⚫ Due to improved building standards and stock turnover of 

older less efficient buildings, despite population growth

■ Transportation, industry, and electricity emissions will all 

increase

⚫ Transportation emissions increase due to population and 

growth in freight, though this increase is slight due to fuel 

efficiency and modest vehicle electrification

⚫ Industry emissions increase due to economic growth

⚫ Electricity emissions increase due to planned increase in 

use of natural gas generation

Electrification, other fuel switching and enhanced energy 

efficiency in these main sectors are well understood

Sources: 1. ECCC, Canada’s Greenhouse Gas Emissions Projections, 2021; 2. IESO, APO, 2020; 3. Strapolec Analysis

Note: Totals may not add due to rounding

Source: ECCC, Canada’s Greenhouse Gas Emissions Projections, 2021; Strapolec Analysis

Ontario’s GHG emissions breakdown - 2018
(% of emissions by sector, 165 Mt total)

Ontario’s GHG Emissions – 2018 vs 2050
(Mt)

Sources: ECCC, Canada’s Greenhouse Gas Emissions Projections, 2021; IESO, 2020; Strapolec analysis

No change

9 Mt less

35 Mt more
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Economic factors drive status quo (SQ) emissions growth 

forecast for in 20501

■ Population growth, GDP, commercial floor space

Anticipated reductions assumed to reduce emissions by 21%1,2

■ Increased building efficiency and some vehicle electrification 

aligns with ECCC forecast assumptions

Additional Efficiency – 10% reduction from industrial efficiencies 

and other fuel switching 

■ e.g. from other fossil source to natural gas1,2

Modelled Electrification identifies 91 Mt of potential reduction1,2

■ Buildings – Primarily heat pumps and electric water heating for 

both residential and commercial buildings

■ Transportation – Primarily EVs for passenger vehicles and 

both EV and hydrogen options for land-based freight

■ Industry – Primarily electrification and use of hydrogen for 

process heating as well as electrification of process cooling, 

machine drives, and mobile equipment

⚫ Iron and Steel – Change in industrial process to use 

hydrogen instead of coal

Remaining emissions were not assessed for electrification

■ Select components of Buildings, Transportation, and Industry 

⚫ Such as refrigerants, transportation other than cars and 

trucks, and industrial process emissions

■ Other Sectors: Electricity, Agriculture, Oil & Gas, Waste

Sources: 1. ECCC, Canada’s Greenhouse Gas Emissions Projections, 2021; IESO, APO, 2020; 2. Princeton University, 2020; EIA, 2020; NRCan 2021; Strapolec Analysis

Electrification options known for buildings, transportation, industry 
Alternative fuels, enhanced energy efficiency assumed to reduce status quo emissions by 35%

These measures have implications on minimum expected electricity demand

Assumptions

Growth assumptions rely on ECCC and IESO projections

Aggressive assumptions for efficiency have been illustrated to help establish, for 

this study, the lowest expected need for electrification

⚫ Reductions assume a zero-emissions electricity supply and a high 

electrification energy conversion efficiency

Reducing remaining emissions may involve a range of measures such as 

⚫ Carbon capture and storage, Renewable Natural Gas (RNG), biofuels, or 

negative emissions technologies, or further electrification

NZ 2050 Emissions Reduction Potential for Identified Sectors
(Mt)

Sources: ECCC, Canada’s Greenhouse Gas Emissions Projections, 2021; IESO, APO, 2020; Princeton, 2020; EIA, 2020; 

NRCan 2021; Strapolec analysis 
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Electricity demand in 2050 would increase by at least 257 TWh 

as a result of measures analyzed1,2

■ Transportation accounts for 50% of expected new demand

⚫ Mostly as direct electrification for passenger EVs

⚫ Hydrogen modelled for heavier transport

■ Buildings reflect direct electricity primarily for heat pumps

■ Industry modelled as a split between direct electricity and 

hydrogen electrolysis

Hydrogen from electrolytic sources accounts for 40% of 

forecast electricity demand1,2

■ Represents a mostly baseload source of demand

Assumptions crafted to minimize new electricity required 

■ Still need 130% more than IESO forecast for 20402

■ Even after applying building energy efficiency benefits to 

existing electricity applications in IESO’s forecast

⚫ Reduced IESO’s forecast electricity demand from 174 TWh 

in 2040 to 148 TWh in 2050

With less aggressive efficiency and accounting for electricity 

potentially needed to address other sectors, electricity demand 

growth could be as much as 200% higher than expected2

Sources: 1. ECCC, Canada’s Greenhouse Gas Emissions Projections, 2021; Princeton University, 2020; EIA, 2020; NRCan 2021; 2. IESO, APO, 2020; Strapolec Analysis 

Electrification of primary sectors requires at least 130% more electricity
Relies on non-emitting electricity, full economy wide reductions could need 190% more

Ontario indisputably needs significantly 

more non-emitting energy

Required electricity by 2050 for identified sectors
(TWh, 2050)

Source: Strapolec Analysis

• Heat pumps assumed for 79% of homes (Princeton University, 2020). 

• EIA numbers for fleet efficiency of electric vehicles (EIA, AEO, 2020). 

• Electrolyser efficiency from IRENA, Green Hydrogen Cost Reduction, 2020. 

Forecast Electricity Demand by 2050
(TWh)

Source: Strapolec Analysis 

Base case is intended as a minimum estimate based on aggressive efficiency gains. The High Scenario has more 

moderate efficiency assumptions and estimates electrification for unassessed areas assuming significant carbon 

capture and direct air capture. Overall ratio of electricity required to achieve Net Zero is 1.5 TWh/Mt (360 TWh for 241 

Mt), significantly lower than average estimates of such ratios in literature of 1.66 TWh/Mt, but consistent with other 

sources that suggest a tripling of existing generation capacity
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Increases to demand as a result of electrification will 

significantly change the shape of demand in 2050

■ Building heating introduces a new dramatic seasonal effect1

⚫ Space heating needs in winter will drive seasonal demand

■ Higher EV charging load will present more demand in winter 

due to cold weather effects on batteries, and in summer when 

people tend to drive more2

■ New industrial electricity demand and hydrogen production 

could be baseload operations with flat 24x7 demand

Ontario’s winter peak electricity load could be 40% higher than 

summer

■ Winter peak demand will increase by 230% while summer peak 

demand will only increase by 135%1,3

Sources: 1. Strapolec, Emissions and the LTEP: Part 1, 2016; 2. Fleetcarma, Charge the North, 2019; 3. IESO, APO, 2020; Strapolec Analysis

New electricity demand will change seasonal profile to be supplied
Ontario will become winter peaking instead of summer peaking

Cumulative Energy Demand to Reach Net Zero
(GW by hour, NZ2050)

The emerging shift to winter peaking demand will have 

disruptive implications for energy planners

2050 Could Be Considerably More Dramatic
(GW by Hour, 2014 vs. NZ2050)

Source: Strapolec Analysis

Source: Strapolec Analysis; IESO, 2014
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New electricity required will have daily implications
Daily peak load will occur later in the evening

Consumer energy use for new electrified applications are evening 

and nighttime heavy

■ EV charging will be nighttime heavy, driven by commuting patterns

⚫ Majority of shift in peak is related to EV and truck charging

■ Home heating needs are driven by weather patterns and the 

availability of the sun to displace heating needs

■ Water heating peaks in the morning and evening with meal 

preparation etc.

Future peak daily demand is projected to occur later in the evening 

than today, between 7-9 pm

■ In 2020, the peak occurred in the late afternoon, between 4 and 5 pm

■ Average ratio between min to max average daily demand will reduce 

in the future, during winter from 33% in 2020 to 30% in NZ2050, and 

during summer from 50% in 2020 to 34% in NZ2050

⚫ In terms of magnitude, the swing during winter between min and 

max demand increases from 4.4 GW in 2020 to 12 GW in 

NZ2050, while summer increases from 6 GW to 9 GW in NZ2050

■ The magnitude of variability in average daily demand over the 

average day changes in NZ2050 to +/-20% in winter and +/-15% in 

summer from +/-20% and +/-30% respectively in 2020

⚫ There is little to no change in the variability of demand in winter, 

due primarily to load variability caused from heat needs

Increased needs in winter will drive resource adequacy 

requirements, both in magnitude of demand from heating, but also in 

the variation caused by weather

■ Need for greater summer peaking capacity in the mix is not 

anticipated

Average Daily Electricity Load Profile - Winter
(% of max daily demand, 2020 vs. NZ2050)

Average Daily Electricity Load Profile - Summer
(% of max daily demand, 2020 vs. NZ2050)

Shifting consumer behaviors will have disruptive implications 

for electricity markets, and incentivized rate designs (e.g. Time 

of Use (TOU))

Peak shifts 

to later

Peak shifts 

to later

Source: Strapolec Analysis; IESO, APO, 2020

Source: Strapolec Analysis; IESO, APO, 2020

Source: Strapolec Analysis
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A. Embracing NZ can spur innovation for an affordable energy future
Ontario’s electricity demand will be significantly higher and different than is being planned for

Innovations to help optimize how energy 

is provided will also increase the 

complexity of energy system planning

1. 2. 3.Achieving NZ emission reduction 

involves electrification of many building, 

transportation, and industry applications

Multiple available supply options are 

cost competitive when integrated

Broad acceptance of Net Zero emissions 

by 2050 is emerging
• Multiple emission reduction options exist, uncertainty 

over how each will progress

A Net-Zero target for Ontario increases the 

emissions challenge
• Ontario’s emission reduction challenge currently 

being deferred to the future

Most of Ontario’s emissions are from 

transportation, industry & buildings
• Emission reduction options in these main sectors are 

well understood

• Significant energy efficiency potential could reduce 

future emissions by 35%

Electrification of primary sectors requires at 

least 130% more electricity
• Relies on non-emitting electricity, full economy wide 

reductions could need 200% more

Electrification will change nature of demand
• Ontario will become winter peaking instead of 

summer peaking

• Daily peak load will occur later in the evening

• This emerging reality will have disruptive implications 

for energy planners, electricity markets, and 

incentivized rate designs

The demand will grow for four distinct types
• Growth for each type varies by season

The types of demand present four distinct 

supply challenges 
• IESO has identified needs for all supply categories; 

but more generation is required

Emerging technologies offer energy sector 

crossover opportunities
• Emerging energy transition is increasing the 

complexity of what “energy” is 

Emerging technologies can shape seasonal 

and daily demand
• Integrating electricity, natural gas, and hydrogen can 

reduce needs by 9 GW

• Demand side management opportunities mitigate 

magnitude, not when peaks occur

• Along with DSM, storage and hydrogen can moderate 

demand variability and peaks

Integration of innovations reduces needed 

new capacity by 15%
• Achieving NZ2050 requires substantially greater 

baseload

Cost of generation solutions depends on 

the nature of demand
• Solutions differ between Baseload, Variable 

daily/seasonal, and Peaking/reserve

Non-emitting renewables generation output 

not well-aligned with demand 
• Nuclear output can be managed

Costs of low-emitting generation options 

are expected to decline  
• Technology options include renewables, natural gas 

with CCS, nuclear and storage

Integrated low-emitting hybrid supply 

options are cost competitive
• Opportunity for all technologies to supply portions of 

the needed 45 GW of capacity

Hydrogen electrolyzers can provide 

demand response for peak needs
• A game changer on the cost of capacity for reserve

Integrated system solutions offer lower 

energy cost for Ontario
• Ontario’s unique mix of nuclear, hydrogen, and 

natural gas provide cost advantages

Innovative solutions integrating electricity, 

natural gas, hydrogen and demand side 

technologies can enable the energy transition

Ontario’s electricity demand will be 

significantly higher and different than 

being planned for

Integrated energy system planning 

(electricity, natural gas, and hydrogen) 

can significantly reduce costs
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The demand will grow according to four distinct demand profile types
Growth for each type to vary by season

Demand can be characterized by four distinct profile types:

■ Baseload must be present 24 hours a day, 365 days a year

⚫ Defined as level demand falls below less than 2% of time

■ Daily variable demand swings throughout the day, every day

⚫ Calculated as the running difference between daily min 

and max demand over a 1-week period

■ Seasonal variable demand only required during peak seasons

⚫ Variation in demand driven by seasonal needs for 

electricity most notable in winter & summer, defined as the 

gap between baseload and daily variable needs

■ Peak & Reserve demand occurs less than 2% of the time.

⚫ Reserve capacity shown as 14% of peak annual demand

In 2020:

■ Daily and peak/reserve capacity needs are dictated by 

summer peaking needs (7 GW)

■ Baseload needs are similar in winter and summer, where 

seasonal variations push needed baseload to 14 GW

For a NZ2050 future

■ Demand across all ranges increases, with the notable 

contribute from seasonal demand peaking in winter

■ Summer daily variable demand is projected to be similar to 

today, but winter daily variable demand is expected to 

increase

■ Winter peaking could be 20 GW higher than summer peaks

⚫ In 2020 summer was higher than winter by 4 GW

Sources: IESO, Ontario and Market Demand, 2020; Strapolec Analysis

Projected Electricity Demand with Profile Type
(GW by hour, NZ2050)

Electricity Demand with Profile Types
(GW by hour, 2020)

The emerging nature of demand equates to different 

needs for the types of supply required

Source: Strapolec Analysis

Source: Strapolec Analysis

14 GW
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The types of demand present four distinct supply challenges 
IESO has already identified the need to procure all supply categories; but more is required

The need for new generation capacity can be categorized according to the type of demand it is intended to supply

Future capacity required for each type of demand will evolve differently from IESO’s current forecast

■ Ontario’s existing secured assets (blue), IESO identified procurement needs (light blue), and new demand arising for NZ2050 (teal) 

can be identified for each demand type

Need for baseload with greater than 98% Capacity Factors (CF) is forecast to grow by 140% 

■ Need for seasonal supply with less than 50% CF is forecast to grow by 300%

Source: Strapolec Analysis; IESO, APO, 2020

Note: Total of all categories does not reflect peak resource requirement, as max needs by resource type are not all coincident with peak Committed baseload 

and daily variable supply are nuclear and hydro.  Committed peak supply is Lennox. IESO identified procurement needs mostly natural gas

Incremental New Supply Required by Demand Type
(GW, IESO 2040 vs. NZ2050)

The nature of energy demand drives the need for significant new capacity of all types,

24 GW of which will likely have very low capacity factors for seasonal and peaking needs

Sources: Strapolec Analysis



. 20 .
© Strapolec, Inc. 2021 – Advancing Ontario’s Energy Transition Part 1: Electrification Pathways

Emerging technologies offer energy sector crossover opportunities
The emerging energy transition is increasing the complexity of what “energy” is 

The emerging forms of energy production and consumption create a potential interplay of infrastructure that can optimize an 

affordable energy transition to a decarbonized economy

Energy transition involves the interplay of three key sectors:

■ Electricity which must provide the emission-free energy 

source of the future

■ Natural gas for building heating, industrial heat, and 

electricity generation

■ Hydrogen which will see increasing use by industry and 

hydrogen-powered vehicles

Emerging technologies can help optimize the cost of energy 

in two ways:

■ Seasonal demand mitigation

⚫ Hybrid heating devices are dual-fueled by both natural 

gas and electricity

⚫ Hydrogen production with Power to Gas (P2G)

■ Daily peak demand mitigation

⚫ Energy management systems can optimize building & 

water heating and EV charging

⚫ Storage can be located near demand loads, smooth 

variable demand, and be aggregated into virtual power 

plants (VPPs)

⚫ EVs can provide mobile storage capabilities

⚫ Hydrogen is a very flexible load that can offer demand 

response (DR) and other ancillary services

Emerging technologies offer integration opportunities 

to reduce the need for low emitting bulk electricity 

system infrastructure Sources: Strapolec, Emissions and the LTEP Part 1, 2016; Strapolec Analysis; Canadian 

Institute for Climate Choices, 2021 

Opportunities are already being explored. Enbridge is currently running a pilot with support of the OEB 

and the IESO that combines the functions of the natural gas system, hydrogen production and electricity 

system ancillary services. Source: Enbridge, 2020; Strapolec Analysis
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Integrating the operations of the electricity system (wires), natural 

gas distribution system (pipes), and emerging hydrogen economy 

can mitigate seasonal demand implications for electricity in two 

ways:

1. Hybrid heating device solutions 

■ Currently available hybrid heating devices can operate using either 

electricity or natural gas

⚫ Operations are programmable depending on owner preferences 

(e.g., cost by time of day)

■ Natural gas infrastructure can be used to reduce electricity 

infrastructure for peak winter heating needs

■ Integration of wires & pipes to reduce peak winter heating needs 

can reduce winter peak by 7 GW

⚫ E.g., use natural gas for top 10% of heating load

⚫ Combination of hydrogen blending, RNG, and direct air capture 

could offset natural gas emissions

2. Electrolytic hydrogen is an emerging electricity system tool to 

smooth seasonal demand variations

■ Hydrogen production could be geared towards spring/fall

⚫ Seasonal shifting of 20% of hydrogen production could reduce 

winter peak capacity needs by as much as 2 GW, and demand 

in spring & fall by 1 GW

■ Seasonal hydrogen storage via P2G in the natural gas system 

could enable this shift

⚫ Capacity factor of hydrogen production would be 76%

Source: Goodman AC & Heating, Dual Fuel Technology: Precise Heating, n.d.; Strapolec Analysis

Emerging technologies can shape seasonal demand
Integrating electricity, natural gas, and hydrogen can reduce capacity needs by 9 GW

Annual Electricity Load Profile
(GW by Hour, NZ2050)

Electricity system optimizations can reduce seasonal 

peak capacity needs by over 9 GW

Seasonal Capacity Drivers

(GW by Season, NZ2050, Pre vs. Post Optimization)

Source: Strapolec Analysis

Remaining 2 GW reduction in peak comes from reduction in required reserve capacity 

and smart demand side management

Source: Strapolec Analysis
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Emerging innovations can reshape daily demand
Demand side management opportunities mitigate magnitude but not when peaks occur

Demand-side management (DSM) technologies are available to shift 

how and when electricity load is presented to the electricity system

■ Daytime demand is driven by consumer preferences and behaviors

■ Energy management systems can optimize building & water heating 

and EV charging, mitigating peaks for the Dx and Tx systems

⚫ DMS technologies include smart controllers, pricing incentives, and 

other strategies targeted at shifting how consumer behavior impacts 

demand

DSM options can spread high demand across more hours, but daily 

peak is still projected to occur in late evening

■ Demand peak in both summer & winter projected to continue to occur 

around 8 pm, 2-3 hours later than in 2020

■ DSM reduces the variability of demand load at average daily peak

⚫ Magnitude of average daily high demand will reduce from winter 

unoptimized scenario

⚫ DSM smooths average daily demand in the 2 hours preceding & 

following daily high

Hydrogen facilities and storage (including VPPs) can further shave 

demand peaks and generally smooth daily load curves

■ Smoothing is to best match the generation capability available

⚫ Storage to smooth daily demand is optimally located near loads

◆ Could also be aggregated into virtual power plants (VPPs) or 

provided by EVs as mobile storage capabilities.

⚫ Demand response is typically associated with mitigating peak 

demand, but with technology options could moderate daily variations 

and improve the capacity factors of the bulk system

◆ Operational / economic results assessed by simulation later

■ Operationally, hydrogen production is a flexible load and can also be 

managed to smooth weekend to weekday demand variations by shifting 

production to increase during weekends.

Peak Demand Range After DSM
(Variable demand, % of winter unoptimized average daily high, 

6-10pm NZ2050)

Along with DSM, storage and hydrogen can further 

moderate demand variability and peaks

After DSM, peak continues to occur at 8 PM
Source: Strapolec Analysis

Source: Strapolec Analysis
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Integration of innovations could reduce new capacity need by 15%
Achieving NZ2050 requires substantially greater baseload

Integrated solutions reduce seasonal and daily peak demand:

■ Seasonal peaks are flattened with hybrid heating and 

optimizing hydrogen production away from winter

■ DSM for EV charging and building & water heating help flatten 

daily demand

Reduction in peak demand can be as much as 11 GW, or 15%

■ Reducing seasonal swing in peak demand from 20 GW to 12 

GW will improve effectiveness of generating assets

■ Total capacity reduction of 11 GW could reduce system costs 

by $2.0B/year1

■ New capacity needs of the integrated system still represent a 

125% increase over projected 2040 peak resource requirement

Innovations could increase need for baseload supply and reduce 

need for variable generators

■ Optimizations reduce variable demand by 8 GW and peak & 

reserve demand by 5 GW, and increase baseload demand by 2 

GW

■ Despite optimization, the total new resource needs are still 

substantially higher than IESO’s current plan to 2040

⚫ 160% more baseload and 80% more variable supply than IESO 

plan

Future bulk system generation requirements dominated by 

baseload supply characteristics

■ Most demand growth will manifest as either 24x7 baseload or 

seasonal supply for winter heating

Seasonal Capacity Needs
(GW by Season, NZ2050, Pre vs. Post Optimization)

Future bulk system generation requirements 

dominated by baseload supply characteristics

Incremental New Supply Required by Demand Type
(GW, IESO 2040 vs. NZ2050)

Note: 1. Cost savings based on new electricity generation capacity costs of $180K/MW per 

year, based on the LCOE of a CCGT with CCS, operating at a 55% capacity factor (NREL, 

2020); Sources: Strapolec Analysis

11 GW

Source: Strapolec Analysis

Source: Strapolec Analysis; IESO, APO, 2020
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A. Embracing NZ can spur innovation for an affordable energy future
Ontario’s electricity demand will be significantly higher and different than is being planned for

Innovations to help optimize how energy 

is provided will also increase the 

complexity of energy system planning

1. 2. 3.Achieving NZ emission reduction 

involves electrification of many building, 

transportation, and industry applications

Multiple available supply options are 

cost competitive when integrated

Broad acceptance of Net Zero emissions 

by 2050 is emerging
• Multiple emission reduction options exist, uncertainty 

over how each will progress

A Net-Zero target for Ontario increases the 

emissions challenge
• Ontario’s emission reduction challenge currently 

being deferred to the future

Most of Ontario’s emissions are from 

transportation, industry & buildings
• Emission reduction options in these main sectors are 

well understood

• Significant energy efficiency potential could reduce 

future emissions by 35%

Electrification of primary sectors requires at 

least 130% more electricity
• Relies on non-emitting electricity, full economy wide 

reductions could need 200% more

Electrification will change nature of demand
• Ontario will become winter peaking instead of 

summer peaking

• Daily peak load will occur later in the evening

• This emerging reality will have disruptive implications 

for energy planners, electricity markets, and 

incentivized rate designs

The demand will grow for four distinct types
• Growth for each type varies by season

The types of demand present four distinct 

supply challenges 
• IESO has identified needs for all supply categories; 

but more generation is required

Emerging technologies offer energy sector 

crossover opportunities
• Emerging energy transition is increasing the 

complexity of what “energy” is 

Emerging technologies can shape seasonal 

and daily demand
• Integrating electricity, natural gas, and hydrogen can 

reduce needs by 9 GW

• Demand side management opportunities mitigate 

magnitude, not when peaks occur

• Along with DSM, storage and hydrogen can moderate 

demand variability and peaks

Integration of innovations reduces needed 

new capacity by 15%
• Achieving NZ2050 requires substantially greater 

baseload

Cost of generation solutions depends on 

the nature of demand
• Solutions differ between Baseload, Variable 

daily/seasonal, and Peaking/reserve

Non-emitting renewables generation output 

not well-aligned with demand 
• Nuclear output can be managed

Costs of low-emitting generation options 

are expected to decline  
• Technology options include renewables, natural gas 

with CCS, nuclear and storage

Integrated low-emitting hybrid supply 

options are cost competitive
• Opportunity for all technologies to supply portions of 

the needed 45 GW of capacity

Hydrogen electrolyzers can provide 

demand response for peak needs
• A game changer on the cost of capacity for reserve

Integrated system solutions offer lower 

energy cost for Ontario
• Ontario’s unique mix of nuclear, hydrogen, and 

natural gas provide cost advantages

Innovative solutions integrating electricity, 

natural gas, hydrogen and demand side 

technologies can enable the energy transition

Ontario’s electricity demand will be 

significantly higher and different than 

being planned for

Integrated energy system planning 

(electricity, natural gas, and hydrogen) 

can significantly reduce costs
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Viable generation solutions depend on the nature of demand
Solutions differ between Baseload, Variable daily/seasonal, and Peaking/reserve

Baseload demand

■ Future baseload supply must accommodate the behavior of 

Ontario’s existing nuclear and hydro capacities

■ New nuclear is ideally suited to flat baseload supply, for which 

Ontario will have significant need

■ Natural gas generation or renewables coupled with long-duration 

storage can also be options for baseload needs

Variable daily plus seasonal demand

■ Variable demand requires flexible supply that minimizes the cost of 

the inherent low-capacity usage 

■ Flexible supply has typically been natural gas fired generation, 

which may remain a viable option if equipped with carbon capture

⚫ Ontario has flexible hydro that has typically supplied mid day 

demand, but whose profile can be adapted to conditions

■ New variable demand, post-DSM, may swing over 7 GW daily

⚫ Far in excess of existing hydro capability to compensate

■ Variable demand could be met by hybrid solutions, such as 

integrating the operation of local energy storage and hydrogen 

technologies with bulk system nuclear, renewables, and Tx assets.

Peaking & Reserve demand

■ Peaking supply has been typically best served by natural gas fired 

generation

⚫ Emerging demand response options such as hydrogen 

electrolyzers can replace the need for gas-fired generators

Source: IESO, APO, 2020; Strapolec Analysis

Baseload & Seasonal Capacity Needs
(GW by hour, NZ2050, smoothed 7-day average, post optimization)

Average Daily Variable Demand
(GW by hour, NZ2050, post-DSM)

Electricity supply options must be evaluated against 

the new baseload and variable demand requirements

Source: Strapolec Analysis

Source: Strapolec Analysis
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Seasonal demand typically not well matched by renewable generation
Renewables generally not aligned with mother nature; Nuclear output can be managed

Sources: UN World Water Assessment Program: Water and Climate Change in Quebec, 2009; IESO, Power Data, Generator Output and Ontario Demand, 2018-2020; Strapolec Analysis 

Solar output is seasonally asynchronous to new demand profile
(% of annual max, NZ2050 Demand vs. 2016 Solar Production, 7-day running avg.)

Ontario wind energy may track winter demand, but is volatile
(% of max, NZ2050 Demand vs. 2016 Wind Production, 7-day running avg.)

Nuclear can be managed to mirror seasonal demand
(% of winter max, Ontario 2020 Demand vs. 3-year avg. nuclear fleet 

generation 2014-2016, 7-day running avg.)

Quebec currently ramps down exports to Ontario in winter
(% of annual max, Projected Quebec Hydrograph, 2020 Quebec Exports to 

Ontario, NZ2050 Demand 7-day running avg.)

Renewables must be paired with other supply resources, Nuclear is a manageable asset for seasonal tracking

Demand 

high, 

output low

Demand 

high, 

output low
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Costs of low-emitting generation options are expected to decline 
Technology options include renewables, natural gas with CCS, nuclear and storage

Solar and wind1,2

■ LCOE is expected to fall significantly between 2020 and 2035 

for both solar (42%) and wind (27%)

Natural gas generation with CCS1

■ Cost expected to increase between 2020 and 2035 by 5% due 

to expected increase in fuel prices

Nuclear1

■ Costs to decline by 5% due to reduction in capital cost

■ Cost of nuclear estimated by the NREL have dropped 

dramatically since 2015

⚫ Mostly due to changes in expected cost of capital due to 

low interest rates predicted to be stable for some time

Storage

■ Community li-ion storage costs2,4 expected to decline by nearly 

half  (47%) between 2020 and 2035 while Compressed Air 

Energy Storage3 (CAES) declines only slightly

■ Community li-ion cost reflect 2 hours of storage fully charged 

and discharged once a day, 250 days a year

⚫ 500 MWh of storage capability per year for 1 MW battery

■ CAES cost reflects 4 hours of storage, 250 days a year

⚫ 1000 MWh of storage capability per year for 1 MW facility

Supporting carbon capture technologies

■ Carbon sequestration costs CAD$25/tonne5

■ Direct air capture costs CAD$260/tonne per Navius6

Sources: 1. NREL, 2020; 2. Lazard, LCOE, 2020; 3. Strapolec, 2018; 4. Lazard, LCOS, 2020; 5. Princeton, 2020; 6. Navius, 2021; Strapolec Analysis

Levelized Cost of Energy for Reference Technologies – 2020 vs 2035
(2018$/MWh US)

Levelized Cost of Storage for Reference Technologies – 2020 vs 2035
(2018$/MWh US)

Sources: NREL, 2020; Lazard, 2020; Strapolec analysis

Sources: NREL, 2020; Lazard, 2020; Strapolec, 2018; Strapolec analysis
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Integrated low-emitting hybrid supply options are cost competitive
Opportunity exists for all technologies to supply portions of the new capacity

Supplying baseload

■ Nuclear is ideally suited to baseload supply and is the lowest cost

⚫ Nuclear options present competitive costs across the entire 

spectrum of supply needs

■ Gas-fired generation with carbon capture (CCGT w/ CCS)

⚫ More expensive due to need for air capture and sequestration

Variable daytime/seasonal demand could be economically 

supported by several technologies

■ Flexible supply has typically been natural gas fired generation, 

which may remain a viable option if equipped with carbon capture

■ Variable demand can also be met by less costly hybrid solutions:

⚫ Nuclear coupled with distributed li-ion storage and natural gas 

to supply variable demand

⚫ Renewables (predominantly wind) coupled with natural gas 

and both li-ion and CAES storage

Supply mixes with gas require direct air capture & sequestration

■ Direct air capture will be required to eliminate emissions missed 

by CCS

■ Sequestration needed for safe long-term captured carbon disposal 

Nuclear variable options may have lower costs for: 

■ Peaking and reserve options due to synergies with electrolytic 

hydrogen

■ Distribution and transmission delivery infrastructure due to higher 

capacity factors enabled by distributed storage and improved 

asset utilization of the Dx/Tx system

With a variety of cost competitive options, regional advantages 

may favor different approaches across the province

Note: costs shown after conversion to Canadian context and include full life cycle costs include waste and decommissioning 

Source: Strapolec analysis. 

Integrated Low-emitting Variable Supply Solutions are competitive 

with natural gas options
($/MWh 2018CAD, NZ2050)

Sources: Strapolec Analysis

A nuclear-based supply system may be the 

lowest cost and flexible options to manage 

baseload and variable needs
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Hydrogen electrolyzers can provide a flexible demand load
Acting as demand response can be a game changer on the cost of capacity for reserve needs

Electrolytic hydrogen production provides a highly flexible, ancillary 

service capability 

■ Electrolyzers can rapidly change production and associated electricity 

demand

■ Can act as large-scale demand response, providing operating reserve 

capacity and eliminating the need for backup generating capacity

Hydrogen could offer approximately 3 GW of continuously active 

demand response 

■ Including 2.5 GW of additional reserve capacity or traditional demand 

response

■ Continuous demand response behavior could replicate peaking gas 

supply plants, act as an alternative to storage, and reduce need for 

seasonal only capacity

Hydrogen facilities provide risk mitigation to capacity forecasting

■ Using hydrogen as distributed reserve capacity allows for the reduction of 

Tx and Dx capacity

Hydrogen offers significantly lower cost than traditional demand 

response/reserve capacity choices

■ At low usage factors, hydrogen demand response is less costly than 

peaking gas plants

■ Coupled with storage, these low-cost options could undermine capacity 

auction viability for other resources

Source: IRENA, 2020; IESO, 2020; EIA, 2021; NREL, 2020; Strapolec Analysis

Hydrogen Cost of Providing Flexibility
($/hour used, 1 MW)

Hydrogen Production Levels and Demand Response
(GW by hour, NZ2050 peak demand simulation)

Hydrogen flexible load management and demand response can 

offer an alternative to traditional peak + reserve supply needs

Hydrogen  

cost reduction 

potential 

Source: Strapolec Analysis

Sources: IRENA, 2020; Strapolec Analysis
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Integrated system solutions offer lower energy cost for Ontario
Ontario’s unique mix of nuclear, hydrogen, and natural gas integration provide cost advantages

On a commodity cost basis, an integrated nuclear-based solution 

could cost up to 25% less than Ontario’s existing system 

■ And up to 10% less than a gas and renewables-based alternative

■ The low cost of a future integrated system is driven by:

⚫ Extensive use of nuclear baseload and the integration with 

natural gas infrastructure and hydrogen

⚫ System savings from use of DSM and hydrogen flexible load 

management and demand response compensate for use of 

storage

⚫ More efficient use of Tx and Dx assets

■ The $166/MWh of Ontario’s current system has significant costs 

associated with renewables and gas-fired generation

⚫ Hydro/nuclear cost = $80/MWh, rest of generation costs 

$180/MWh1

⚫ Today’s electricity price of $166/MWh includes generation, Tx 

and Dx, and grid operating costs2

To best take advantage of emerging hybrid solutions, plans for 

procurement could be framed to focus on how well solutions can 

meet specified regional/bulk demand profiles.

■ Including integrated generation, distributed storage, and Tx/Dx 

assets

■ Recognizing that individual solutions may be more or less 

advantageous for different regions across the province

Energy costs of future integrated system solutions could be less than today

An integrated energy system (electricity, natural gas, and hydrogen) can significantly reduce costs

Sources: 1. OEB, RPP, April 2021; 2. IESO, Technical Planning Conference, 2018; 3. Government of Ontario, Ontario’s Action Plan, 2020; Strapolec Analysis

Need the apples 

and identify the 

30%

Remove Dx/Tx from baseload & 

variable, add Tx/Dx separate

Add the 2020 bar that gives the $166 

(generation, Dx/Tx)

Add grid management fees to new 

2050, add to peak

Source: Strapolec Analysis 

Costs reflect blended average cost of baseload and variable supply systems including benefits of hydrogen as a 

DR/reserve capacity in the nuclear scenario

Projected future costs are substantially less than today because of increased baseload and more efficient use of Dx/Tx 

assets,.

Today cost of $166/MWh reference is prior to shifting contract cost of non-hydro renewables to the tax base. Post this 

change, generation costs would decrease by $20/MWh.3 (Government of Ontario, Ontario’s Action Plan, 2020).

Electricity Costs in Ontario: Nuclear based solution & 

Renewables-based alternative
($/MWh 2018CAD, NZ2050)
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B. Ontario must rethink energy planning and resource acquisition
A new approach can procure affordable NZ-aligned integrated solutions that enrich Ontario

Pathways to 2030 emission targets will 

exacerbate the supply challenge
1. 2. 3.Ontario has been neglecting 

procurement urgency and now faces 

reliability crisis

Approach to procuring low carbon 

energy infrastructure must be reformed

Over 50% of Ontario’s capacity needs must 

be procured before 2040
• Ontario must renew or replace 40% of its generation 

infrastructure in 10 years

The capacity gap has been known for over 

8 years and is growing
• Plans have continued to rely on unavailable existing 

resources like imports from Quebec

Selecting procurement mechanisms 

involves managing risks
• Procurement decisions must balance risks of 

planners and investors to minimize costs

IESO had adopted short-term markets 

approach to address capacity risk
• Approach failed because it is ill-suited to Ontario’s 

needs

IESO has new three-pronged strategy for 

future resource adequacy
• Does not address gap; remains structurally biased 

towards emitting resources

Emission growth from renewed assets puts 

Ontario’s clean grid at risk
• To meet climate objectives, procurement approach 

required to secure clean baseload not gas-fired 

generation

New capacity needed in less than 5 years 

along with existing resources
• Planning risk of under procurement are materializing 

rapidly, need long term solution

Supplying NZ2050 involves a runway that 

includes meeting 2030 targets 
• Pace of electrification to 2030 will be determined by 

public and industry

• EVs, Home heating rollout ,and hydrogen

• Tripling the existing 3 GW supply gap 

Ontario will have insufficient energy in the 

winter before 2030

Electrification for achieving NZ significantly 

challenges procurement planning
• Procurement to triple today’s capacity in only 30 

years is unprecedented

• Low emitting solutions will be difficult to acquire

• Existing assets should also be competed

Procurement delays will create even higher 

emissions 
• Gas will be turned to despite civil protests

Pace to NZ is pushed to last decade amidst 

costs of committed & sunk assets
• Pushing new federal 2030 targets out of reach

A paradigm shift in procurement approaches 

is required across five dimensions
• Supply shortfall is a pressing reality to be addressed 

as soon as possible

Not all capacity is the same, they differ in 

the energy they provide
• How energy demand characterizes capacity is 

understood and 2030 needs are known

Demand is not as uncertain and risky as 

assumed by planners
• Focusing on what is known allows for optimization of 

procurement strategies

Procurement should seek integrated 

solutions to demand challenges
• Focusing on needs not specific supply technology can 

encourage innovation

• Demand based, hybrid solutions that 

address the capacity gap transition

Ontario’s energy transition should optimize 

societal benefits
• With appropriate procurement, societal benefits can 

be significant

Need RFPs not electricity markets to 

maximize benefits
• Procurements should explicitly include criteria to 

optimize benefits

• Reliability, energy security, climate, costs, economic 

impact, innovation

• Market/investor interest should be explored

Ontario must urgently address its 

current supply crisis

Need RFPs to acquire innovative 

integrated solutions, enable the energy 

transition, and optimize societal benefits

Ontario is facing and energy shortfall before 

2030 that warrants starting long term 

procurements now to sustain reliability
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Sources: IESO, APO, 2020; Strapolec Analysis

Over 50% of Ontario’s capacity needs must be procured before 2040
This even without considering new NZ electrification-induced demand requirements

To ensure a reliable electricity system in 2040, IESO forecasts 

that resource requirement needs will grow by 4 GW from today

IESO has identified the need to acquire 10.6 GW of new or 

renewed capacity by 2030 to meet their forecast needs 

■ Including a 3.6 GW capacity gap in summer for which there is 

currently no known replacement

⚫ The retirement of the Pickering generating station in 2026 

represents a loss of 3 GW of firm baseload capacity that 

must be replaced with new assets

■ The capacity gap is sustained and forecast to increase up to 

4.2 GW by 2040

11.4 GW of existing assets (summer effective capacity, 

consisting of gas, renewables, DR, and biomass) expire by 2040

■ The committed supply in 2040 reflects 15.5 GW, primarily 

consisting of hydro & nuclear baseload resources

IESO’s planning assumptions to assure Ontario’s system 

reliability rely on renewing contracts for existing generation

■ 8.5 GW of firm capacity from existing resources are from GHG-

emitting natural gas-fired generation

■ The remaining assets are renewables, hydro, DR, and biomass 

that may provide up to 3.2 GW of firm demand (27% of expiring 

contracts)

How the gap between existing resources and the additional 4 

GW of anticipated demand will be addressed is less clear

■ It is not established that all of these existing assets can be 

economically reprocured creating risk of a larger gap

Source: IESO, APO, 2020; Strapolec Analysis

1 – Total resource requirements includes peak demand and reserve margin.

Lennox is part of existing resources with expiring contracts, as it had not yet been renewed by IESO when they produced 

the 2020 APO.

Ontario’s Summer Peak Supply and Demand Outlook
(GW, 2022-2040)

Ontario must renew or replace almost 40% of its 

generation infrastructure as existing assets age and 

contracts expire in the next 10 years
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The capacity gap has been known for over 8 years and is growing
Plans have continued to rely on unavailable existing resources like imports from Quebec

The capacity gap has been known since the 2013 LTEP

■ The 2013 LTEP identified approximately 1.5 to up to 4.0 GW of 

“planned flexibility” over the planning horizon to meet the 

capacity gap anticipated from Pickering retirement

⚫ Planned flexibility relied on imports and exports of electricity, 

particularly from Quebec

◆ Analyses have shown this is not viable1

■ No resources have been procured to address the gap

Subsequent plans have shown the 2030 capacity gap to be 

growing

■ 2017 LTEP and 2020 APO show this gap

■ Unsurprising, since no supply had been contracted to meet it

■ NZ ambitions will increase the gap further, possibly doubling it

IESO has continually prioritized short-term contracting 

mechanisms throughout the planning process 

■ Emphasis on Capacity Auctions and near-term contractual 

renewal of aged assets, deferring long-term procurement 

decisions

■ The deferral allows the IESO to reduce risk of surplus baseload 

while improving certainty on demand forecast by using short-

term contracts3

⚫ Surplus baseload generation since 2013 has been indicative 

of over procurement leading to high costs 

⚫ This has reflected poorly on prior planning efficacy2

Sources: 1. Strapolec, Renewables and Ontario/Quebec Transmission System Interties, 2016; 2. Strapolec, Advancing Ontario’s Energy Transition Part 3: Reforming Energy Planning, 2021; 3. 

Strapolec, Electricity Markets in Ontario, 2020; CCRE, Rethinking Ontario’s Long-Term Energy Plan, 2014; MoE, Achieving Balance: Ontario’s Long-Term Energy Plan, 2013; MoE, 2017 Long-

Term Energy Plan: Delivering Fairness and Choice, 2017; IESO, APO, 2020; IESO, Resource Adequacy Stakeholder Engagement Webinars, Sept. 2020 – April 2021; Strapolec Analysis

Source: MoE, Achieving Balance: Ontario’s Long-Term Energy Plan, 2013

Trend in IESO Forecasts of 2030 Capacity Gap
(GW by Source)

Sources: MoE, Achieving Balance: Ontario’s Long-Term Energy Plan, 2013; MoE, 2017 Long Term Energy Plan: 

Delivering Fairness and Choice, 2017; IESO, APO, 2020; Strapolec Analysis. Note: Capacity shown is difference 

between resource requirement and firm supply available in 2030

Strategies are only now being developed to address 

the gap
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Selecting procurement mechanisms involves managing risks
Planning and implementations risks impact Planners and Investors differently

Electricity supply planning optimizes two efficiency risks:

1. Long-run efficiency for adequate capacity

⚫ Incentivizes new generation for long-term electricity needs

2. Short-run efficiency in obtaining energy in real time

⚫ Optimizes price and establishes supply-demand equilibrium

Electricity market approach in Ontario attempts to optimize 

these efficiencies

■ Values capacity availability in support of long run efficiency

■ Coordinates real-time physical dispatch of generation based 

on economic principles to achieve short run efficiency

Long-run efficiency is the primary driver of major cost risks

■ Recent experience with over-procurement has led to high 

ratepayer costs and desire to minimize planning risk exposure1

■ But Ontario is now facing under-procurement risks

Cost risks present two aspects to planners that impact on 

procurements

■ Planning risks: Associated with decisions made to select 

options in the face of an uncertain future

■ Implementation risks: Associated with uncertainties in 

delivering on selected options

These risks impact differently on planners and investors

Sources: 1. Strapolec, Advancing Ontario’s Energy Transition Part 3: Reforming Energy Planning, 2021; FAO, Refurbishment Assessment, 2017; Strapolec, Electricity Markets in Ontario, 

2020; Strapolec Analysis

Procurement 

Risks

System Planner 

Considerations

Investor 

Considerations

Driving 

Considerations

Reliable forecasting by 

system planner is integral 

to system reliability

Higher investor risks 

requires higher returns, 

leading to higher costs

P
la

n
n

in
g

 R
is

k

Demand 

Risk
(higher or lower 

than planned)

• Lower demand 

exposes risk of 

stranded asset costs

• Higher demand 

exposes risk of supply 

shortfalls

• Lower demand could 

reduce anticipated 

returns

Opportunity 

Risk
(precluding future 

options)

• Future non-competitive 

costs by reducing 

innovation opportunity

• Mitigate exposure to 

possible future 

competition

Im
p

le
m
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n

ta
ti
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n

 

R
is

k

Project Risk
(Capital cost 

higher)

• Certainty in lowest 

capital cost 

commitments

• Mitigate risk of project 

overruns

Operating/ 

Performance 

Risk
(cost per unit 

higher)

• Certainty in on-going 

generation costs to 

mitigate price exposure 

to ratepayers

• Security that operating 

costs will be recovered

Procurement decisions are about balancing the risks between planners 

and investors to minimize costs

Long-Run Efficiency Risks in Procuring for Reliable Supply
For Planners and Investors Review

Source: Strapolec Analysis
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IESO adopted a short-term markets approach to address capacity risk
The capacity markets approach has failed because it is ill-suited to Ontario’s needs

To meet emerging capacity gap, IESO has been developing 

short-term market mechanisms based on other jurisdictions

■ Began work on the ICA in 2017 

■ Goal was to avoid locking-in long-term contracts in order to:

⚫ Shift risk from IESO to investors

⚫ Reduce risk of over-procuring capacity

■ Works in other jurisdictions due to prevalence of fossil plants1

ICA was terminated in 2019 due to stakeholder pushback

■ Investors did not have appetite for risk of short-term 

mechanisms

⚫ Stakeholders noted new resources needed longer-term 

contracts

■ IESO acknowledged ICA won’t procure assets at lower prices2

■ IESO shifted to expand DR auction to simulate a limited 

Capacity Auction (CA)

⚫ The only available competitive procurement mechanism

◆ Currently DR and existing gas resources are eligible

⚫ New resources and renewables not eligible

◆ IESO had plans to enable these in Dec. 2020 

auction, but plans were scrapped due to other 

procurement mechanisms being developed3,4

No mechanism exists to procure new non-emitting resources 

■ Cost structure of desired resources not well suited to electricity 

markets

Risk has shifted back to IESO as planners to mitigate the 

approaching resource inadequacy facing the province

Sources: 1. PWU, Submission on IESO Incremental Capacity Auction High Level Design Document, 2019; 2. IESO, MRP Update Meetings – MRP Business Case, May 2019; 3. IESO, 

Capacity Auction Draft June 2020 Design Document Webinar, October 25, 2019; 4. IESO, Introduction to Capacity Auction Workbook, 2021; Strapolec, Electricity Markets in Ontario, 2020; 

Strapolec Analysis

Contract 

Factors

Short Duration 

Contracting 

Mechanisms
(e.g. Electricity Markets) 

Long Duration 

Contracting 

Mechanisms
(e.g. negotiated RFP 

outcomes)

Contract duration 

characterizes 

risks

• Lowers risk of planner 

over-procurement

• Increases risk to cost 

recovery for investors

• Long-term contracts 

provide significant 

Investor security at 

expense of Planner’s 

long-term commitments

Contract type 

shifts risks

• Pricing mechanism 

typically puts long-term 

risk on investors

• Negotiation allows for 

significant flexibility to 

reduce and balance 

investor/planner risks

Cost implications 

and unmitigated 

risks

• Significant risk premiums 

for new investment

• Assumes sufficient 

supply available to 

sustain a market

• Cost and performance 

sharing options could be 

negotiated to minimize 

risk premiums

Asset suitability 

is a factor of cost 

structure

Existing low capital cost, 

high variable cost assets 

(e.g. natural gas plants)

New or high capital cost, low 

variable cost assets

(e.g. all non-emitting supply 

options)

Long-term contracting approach is more 

suited to the non-emitting supplies needed

Risk Implications of Contraction Mechanisms
Short vs Long Duration Approaches

Source: Strapolec Analysis
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IESO has new three-pronged strategy for future resource adequacy
But does not address the gap, and remains structurally biased towards emitting resources

IESO’s three channels have separated the acquisition of near-

term supplies from procurement of long-term needs

■ Capacity Auctions for near-term peak/reserve needs

⚫ Demand response (DR), energy efficiency, imports, etc.

⚫ CAs are being solely relied upon in near term

■ Mid-term mechanisms to renew existing resources

⚫ Primarily gas supplies previously used for peaking & reserve

⚫ Criteria are unclear; Lennox , a much-needed resource, was 

recently renewed indefinitely in a non-transparent manner

■ Long-term competitive mechanisms for new resources 

⚫ Not expected to begin until 2024/5 to procure for 2028 and 

beyond, underscoring a critical time 

Approach presents three issues:

■ Foreseeably available existing resources will be natural gas

■ New resources are needed in 2026, specifically a sustained need 

for new baseload

⚫ With no mechanism identified, leaves 2026 gap unresolved

⚫ Delaying procurements for new sustained needs that emerge 

in 2028 to 2024/5 has questionable viability

◆ Creates a “Critical Time” for addressing Ontario’s long 

term system reliability

■ New gas capacity in late 2020s will represent 20-years of sunk 

cost commitments to emitting options

⚫ No climate-related economic criteria like the federal OBPS / 

EPS currently apply

⚫ Carbon capture retrofitting may or may not be feasible and has 

unknown economics

Sources: IESO, Resource Adequacy Webinar, September 2020; Strapolec Analysis

Ontario is committing to a natural gas future

Ontario Procurement Approach Absent Electrification
(GW by Year)

Source: IESO, APO, 2020

Required Additions to Capacity Absent Electrification
(GW, 2025-2035)

Source: Strapolec Analysis, IESO, APO, 2020
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Emission growth from renewed assets puts Ontario’s clean grid at risk
IESO is forecasting a 5-fold increase in emissions, may be 10x if less renewables renewed

The IESO has projected emissions based on renewing all 

existing assets and using natural gas fired generation to replace 

the lost baseload supply from Pickering

■ Forecast assumes renewables are renewed using IESO 

procurement mechanisms competing with the cost of gas

⚫ Studies show that this may be unlikely5

⚫ Intermittent renewables provide little capacity value

⚫ Ontario carbon price policies exempt gas-fired generation

■ By 2040, IESO projects emissions to rise by a factor of 5x from 

2017 (the year after the start of nuclear refurbishment)

⚫ Results from using previous variable / peaking gas supplies 

to replace the lost baseload generation from Pickering

■ If renewables are not successfully renewed, this could be a 10-

fold increase in electricity sector emissions

These implications are counter to achieving climate objectives

■ Ontario already can’t achieve its emissions target by 20301

⚫ Public opposition to this outcome is already playing out 

among municipalities and warranting consultation2

■ Ontario is at risk of losing its clean electricity system status

■ Canada’s 2030 target of 511 Mt (30% below 2005 levels) is a 

reduction of 163 Mt from ECCC BAU emissions (674 Mt)3

⚫ IESO’s projected emissions for Ontario’s electricity sector in 

2030 would add 10 Mt to the reduction required (6% more)

⚫ Ontario electricity sector emissions on the net zero trajectory 

would add 24 Mt to the required reduction (15% more)

Sources: 1. Pembina Institute, 2021; Environmental Defence, 2020; TAF, 2019; 2. IESO, Gas Phase-Out Impact Assessment, 2021; 3. ECCC, Canada’s Greenhouse Gas Emissions 

Projections, 2021; 4. IESO, Resource Adequacy, Nov 2020; 5. Strapolec, Electricity Markets in Ontario, 2020; IESO, APO, 2020; Government of Canada, SOR/2019-266, 2019; ECCC, 

Pricing carbon pollution from industry, 2021; Strapolec Analysis

Potential emissions if 

renewables not 

renewed

10x increase erases 

66% of benefit from 

closing coal plants in 

Ontario

Ontario Electricity System Emission Forecast
(Mt by Year)

A review of the procurement approach is warranted in light 

of climate objectives to secure low-carbon generation

Source: IESO, APO, 2020

Ontario 2030 Electricity System Emission Forecasts by Source
(Mt by Year)

Sources: Ontario, 2017; ECCC, Canada’s Greenhouse Gas Emissions Projections, 2021; IESO, APO, 2020; Strapolec Analysis

24 Mt more

10 Mt more
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New capacity needed in less than 5 years along with existing resources
It is becoming clearer that no procurement mechanism exists to do so

IESO examination of the procurement challenges identifies the 

required pace for renewing existing and obtaining new capacity

■ The gap widens and remains sustained after Pickering 

retirement in 2025 and 2026

■ The gap is almost entirely a need for new baseload and 

widens further after 2030

IESO is seeking to enhance capacity value of existing 

resources by enabling participation in market mechanisms

■ Includes optimizing renewables and storage to find up to 500 

MW of capacity contributions, to peak by 20262

⚫ Only a potential 125 MW are currently being prioritized

Additional IESO options to address the remaining gap 

■ Expansion of transmission, and growing use of distributed 

energy resources (DERs) and storage

■ Contracting firm imports with other jurisdictions, however:

⚫ This reduces Ontario’s energy security

⚫ Reversing Ontario’s exports may put supply pressure on 

other jurisdictions, and it is uncertain if this capacity even 

exists2, 3

◆ Will require Hydro Quebec to redirect its supply away 

from the U.S. 

Initiating long-term procurements is required to confirm asset 

availability

Sources: 1. Strapolec, Electricity Markets in Ontario, 2020; IESO, Enabling Resources April Engagement, 2021; 2. Utility Dive, NERC identifies 4 regions facing potential summer energy 

shortages, 2021; 3. Strapolec, Renewables and Ontario/Quebec Transmission System Interties, 2016; 4. CCRE, Renewables-based Distributed Energy Resources in Ontario: A Three-Part 

Series of Unfortunate Truths Part 2: Ratepayer Cost Implications, 2019; Strapolec Analysis

Need to Renew Existing Resources Capacity and the Capacity Gap
(Effective MW)

2-3 GW new 

capacity needed

2,900-4,200 

MW of new 

capacity 

needed in 2040

Planning risks leading to under procurement are materializing rapidly, so solutions for long term are needed

Source: IESO, APO, 2020; Strapolec Analysis. Note: Winter capacity gap is 1,500 MW in 2030/31, and 1,700 MW in 2039/2040
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B. Ontario must rethink energy planning and resource acquisition
A new approach can procure affordable NZ-aligned integrated solutions that enrich Ontario

Pathways to 2030 emission targets will 

exacerbate the supply challenge
1. 2. 3.Ontario has been neglecting 

procurement urgency and now faces 

reliability crisis

Approach to procuring low carbon 

energy infrastructure must be reformed

Over 50% of Ontario’s capacity needs must 

be procured before 2040
• Ontario must renew or replace 40% of its generation 

infrastructure in 10 years

The capacity gap has been known for over 

8 years and is growing
• Plans have continued to rely on unavailable existing 

resources like imports from Quebec

Selecting procurement mechanisms 

involves managing risks
• Procurement decisions must balance risks of 

planners and investors to minimize costs

IESO had adopted short-term markets 

approach to address capacity risk
• Approach failed because it is ill-suited to Ontario’s 

needs

IESO has new three-pronged strategy for 

future resource adequacy
• Does not address gap; remains structurally biased 

towards emitting resources

Emission growth from renewed assets puts 

Ontario’s clean grid at risk
• To meet climate objectives, procurement approach 

required to secure clean baseload not gas-fired 

generation

New capacity needed in less than 5 years 

along with existing resources
• Planning risk of under procurement are materializing 

rapidly, need long term solution

Supplying NZ2050 involves a runway that 

includes meeting 2030 targets 
• Pace of electrification to 2030 will be determined by 

public and industry

• EVs, Home heating rollout ,and hydrogen

• Tripling the existing 3 GW supply gap 

Ontario will have insufficient energy in the 

winter before 2030

Electrification for achieving NZ significantly 

challenges procurement planning
• Procurement to triple today’s capacity in only 30 

years is unprecedented

• Low emitting solutions will be difficult to acquire

• Existing assets should also be competed

Procurement delays will create even higher 

emissions 
• Gas will be turned to despite civil protests

Pace to NZ is pushed to last decade amidst 

costs of committed & sunk assets
• Pushing new federal 2030 targets out of reach

A paradigm shift in procurement approaches 

is required across five dimensions
• Supply shortfall is a pressing reality to be addressed 

as soon as possible

Not all capacity is the same, they differ in 

the energy they provide
• How energy demand characterizes capacity is 

understood and 2030 needs are known

Demand is not as uncertain and risky as 

assumed by planners
• Focusing on what is known allows for optimization of 

procurement strategies

Procurement should seek integrated 

solutions to demand challenges
• Focusing on needs not specific supply technology can 

encourage innovation

• Demand based, hybrid solutions that 

address the capacity gap transition

Ontario’s energy transition should optimize 

societal benefits
• With appropriate procurement, societal benefits can 

be significant

Need RFPs not electricity markets to 

maximize benefits
• Procurements should explicitly include criteria to 

optimize benefits

• Reliability, energy security, climate, costs, economic 

impact, innovation

• Market/investor interest should be explored

Ontario must urgently address its 

current supply crisis

Need RFPs to acquire innovative 

integrated solutions, enable the energy 

transition, and optimize societal benefits

Ontario is facing and energy shortfall before 

2030 that warrants starting long term 

procurements now to sustain reliability
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2030 capacity needs may be 6 GW higher than IESO’s forecast

■ IESO’s APO excludes climate factors

■ Achieving the existing 2030 emissions targets will require 40% 

more generation capacity than available from existing resources

⚫ 3 GW supply gap in 2030 will be tripled under new electrification

Demand may simply emerge organically for EVs, hydrogen, and 

electric home heating, even without targets

■ Driven by end-user priorities and emerging economics 

■ Influenced by global trends coupled with federal policy actions

EV penetration is accelerating

■ Ontario’s 2018 environmental plan assumed higher EV growth to 

2030 than IESO’s forecast1,2

■ GM, Ford, Daimler, and Hyundai all pledging to go 100% EVs by 

2040 or earlier3

⚫ As are the governments of Canada and BC (2040) and the 

province of Quebec (2035)4

Hydrogen economy has several significant enablers:  

■ Ontario government is initiating pursuit of the hydrogen economy  

■ Pricing options established to blend down natural gas via P2G

■ Industrial pricing and federal CFS for hydrogen trucks

Early adopters will seize incentives for switching to heat pumps 

■ Particularly for large commercial buildings due to industrial pricing

⚫ Hospitals, malls, casinos, large offices

Source: 1. Government of Ontario, 2018; 2. IESO, APO, 2020; 3. Automaker websites/media reports; 4. NRCan, 2021; Reuters, 2020; 

Supplying NZ2050 involves a runway that includes meeting 2030 targets 
Pace of electrification to 2030 will be determined by public and industry behaviour

Electrification will accelerate even without any further policy 

changes creating a need for more supply

Runway of Required New Capacity
(GW, 2025-2050)

Passenger Vehicle Stock Forecast
(Millions of vehicles, 2020-2050)

Sources: Princeton University, 2020; Deloitte, 2020; BNEF, 2020; Strapolec Analysis

Source: Strapolec Analysis; IESO, APO, 2020
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Sources: 1. IESO, E-mail from Peter Gregg “MRP Update” Cancelling development of ICA, 2019; 2. IESO, APO, 2019; IESO, APO, 2020; Strapolec Analysis

Ontario will have insufficient energy in the winter before 2030
Potential energy output of existing resources will not be able to meet demand

IESO has consistently claimed that Ontario has sufficient energy 

to 20301,2

■ IESO suggests the pressing issue is supplying peak and reserve 

capacity to meet reliability needs

However, NZ-induced 2030 demand may exceed the  generation 

capacity of Ontario’s existing resources

■ Need for an additional 6 GW of primarily baseload generation 

exceeds the rated capacity of Ontario’s gas fleet in the winter

■ Ontario could have a supply shortfall for up to 4 months of the 

year

Demand projections exceed gas capacity by 2.5 GW 

■ Electricity system can only accommodate 60% of average 

projected 2030 electrification demand with existing resources

■ Only 40% of peak needs can be accommodated, a 5 GW shortfall

Addressing future system reliability is becoming urgent 

The process for acquisition of new generation resources 

including baseload must start now to avoid brown outs 

between 2026 and 2030

Source: Strapolec Analysis

Note: Gas capacity based on 85% of nameplate capacity. Demand above existing baseload includes replacement 

for Pickering generating station, otherwise shortfall will be more dire.

Gas Generation Capacity vs Demand forecast

(GW by hour, 7-day running average)

Peak Demand Will be a Problem

(GW, Highest peak demand mid Jan to mid Feb)

Source: Strapolec Analysis
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Ontario Procurement Needs With Electrification
(GW by Year)

Ontario has a 55 GW low-emitting supply procurement challenge
Undertaking procurement to more than double electricity capacity in only 30 years is aggressive

Electrification of the economy to achieve emission reductions 

by 2050 will require the procurement of over 55 GW of new 

generation capacity

■ Ontario should be planning for 50% more capacity acquisitions 

in the “Critical Time” for planning

There is risk that new supply may not be available before 2035

■ Bulk sources for low-emitting firm generation of this scale, 

along with transmission, take many years to develop 

⚫ Nuclear projects can take 11 to 14 years to develop, hydro 

10-20

■ All options: wind, hydro, natural gas with carbon capture and 

storage, as well as nuclear, will face siting challenges 

⚫ Public opposition and NiMBYism of one form or another 

exists for all known technologies

⚫ Challenges include technology development, land use, and 

locating criteria that impact on transmission needs

System planning should account for energy project 

development duration and cadence to 2050

■ Project development realities dictate that even if started now, 

new generation would primarily become available in the last 

decade (2040 to 2050)

■ As procurements are delayed, the more challenging and larger 

scale the infrastructure development for 2050 becomes

⚫ Accelerating elements where possible is recommended

Sources: IESO, APO, 2020; Strapolec analysis; Hatch, 2013; BlueWave, 2020; Lawrence Berkeley National Laboratory, n.d.; IAEA, 2012; GE, 2015

Source: IESO, APO, 2020; Strapolec Analysis

Ontario must urgently develop an approach for securing the 

requisite low emitting supplies, fully leveraging available 

existing assets where cost effective

Timeline of Procurement of New Capacity
(Years)

Sources: Hatch, 2013; BlueWave, 2020; Lawrence Berkeley National Laboratory, n.d.; IAEA, 2012; GE, 2015; 

Strapolec Analysis
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Ontario is facing an unavoidable extended period of high emissions 
Ontario won’t have low-emissions electricity for 15 years without a change in plan

Successful electrification requires a low-emitting grid

■ Delaying the start of long-term asset procurement until 2026, as 

per the IESO plan, could result in greater emissions in 2040 

than when coal plants operated

⚫ Even sooner if IESO’s assumed re-procurement of 

renewables is not 100% successful

■ Even an accelerated procurement timeline that starts today may 

not see new low-emitting generation operating in Ontario before 

2035

⚫ Implying a high-emission transition period for Ontario

■ Aforenoted lack of procurement action on Pickering retirement 

has put Ontario at risk of losing its status as a clean energy 

jurisdiction

Clean electricity infrastructure build out correlates with economy 

wide emission reduction

■ With a hypothetical 100% clean grid, over 60% of economy 

wide emission reductions would occur after 2040

⚫ This is not practically possible for Ontario

■ However, even with an accelerated procurement timeline (the 

‘best case’) over 85% of reductions are deferred to after 2035

■ If new non-emitting resources are not available, Ontario will be 

unable to meet its emission targets

⚫ Lack of clean electricity supply could result in 120 Mt of 

emissions from the electricity sector

◆ Or only a 25% reduction from today, economy wide

Emissions Implications Under Emitting and Clean Electricity Options
(Mt, 2005-2050)

Race between non emitting generation and net zero 

emissions dictates the need for a change in plan

Long term procurement planning for non-emitting energy 

should start now

Note: Includes grid and embedded per IESO APO 2020. Assumes carbon capture/sinks address 40% of emissions.. Navius

2021 emission projection scaled to Ontario and scaled to reach 0 Mt emissions in 2050. *2019 IESO emissions used in place 

of 2020, to remove impact of COVID-19 pandemic

Sources: IESO APO, 2020; Navius, 2021; Strapolec Analysis

Ontario's Electrification and Provincial Emissions Reduction Profile
(TWh & Mt)

Sources: IESO, APO, 2020; Strapolec Analysis
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B. Ontario must rethink energy planning and resource acquisition
A new approach can procure affordable NZ-aligned integrated solutions that enrich Ontario

Pathways to 2030 emission targets will 

exacerbate the supply challenge
1. 2. 3.Ontario has been neglecting 

procurement urgency and now faces 

reliability crisis

Approach to procuring low carbon 

energy infrastructure must be reformed

Over 50% of Ontario’s capacity needs must 

be procured before 2040
• Ontario must renew or replace 40% of its generation 

infrastructure in 10 years

The capacity gap has been known for over 

8 years and is growing
• Plans have continued to rely on unavailable existing 

resources like imports from Quebec

Selecting procurement mechanisms 

involves managing risks
• Procurement decisions must balance risks of 

planners and investors to minimize costs

IESO had adopted short-term markets 

approach to address capacity risk
• Approach failed because it is ill-suited to Ontario’s 

needs

IESO has new three-pronged strategy for 

future resource adequacy
• Does not address gap; remains structurally biased 

towards emitting resources

Emission growth from renewed assets puts 

Ontario’s clean grid at risk
• To meet climate objectives, procurement approach 

required to secure clean baseload not gas-fired 

generation

New capacity needed in less than 5 years 

along with existing resources
• Planning risk of under procurement are materializing 

rapidly, need long term solution

Supplying NZ2050 involves a runway that 

includes meeting 2030 targets 
• Pace of electrification to 2030 will be determined by 

public and industry

• EVs, Home heating rollout ,and hydrogen

• Tripling the existing 3 GW supply gap 

Ontario will have insufficient energy in the 

winter before 2030

Electrification for achieving NZ significantly 

challenges procurement planning
• Procurement to triple today’s capacity in only 30 

years is unprecedented

• Low emitting solutions will be difficult to acquire

• Existing assets should also be competed

Procurement delays will create even higher 

emissions 
• Gas will be turned to despite civil protests

Pace to NZ is pushed to last decade amidst 

costs of committed & sunk assets
• Pushing new federal 2030 targets out of reach

A paradigm shift in procurement approaches 

is required across five dimensions
• Supply shortfall is a pressing reality to be addressed 

as soon as possible

Not all capacity is the same, they differ in 

the energy they provide
• How energy demand characterizes capacity is 

understood and 2030 needs are known

Demand is not as uncertain and risky as 

assumed by planners
• Focusing on what is known allows for optimization of 

procurement strategies

Procurement should seek integrated 

solutions to demand challenges
• Focusing on needs not specific supply technology can 

encourage innovation

• Demand based, hybrid solutions that 

address the capacity gap transition

Ontario’s energy transition should optimize 

societal benefits
• With appropriate procurement, societal benefits can 

be significant

Need RFPs not electricity markets to 

maximize benefits
• Procurements should explicitly include criteria to 

optimize benefits

• Reliability, energy security, climate, costs, economic 

impact, innovation

• Market/investor interest should be explored

Ontario must urgently address its 

current supply crisis

Need RFPs to acquire innovative 

integrated solutions, enable the energy 

transition, and optimize societal benefits

Ontario is facing and energy shortfall before 

2030 that warrants starting long term 

procurements now to sustain reliability
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A paradigm shift in how Ontario approaches its procurement is required
Supply shortfall is a pressing reality to be addressed as soon as possible

Recap: System reliability risk

■ The existing approach has led to increasing risk, with no clear plan to resolve it

■ Demand is growing, putting energy reliability and security at risk

■ The problem has been the approach to procurement

The solution

■ Direct procurements through traditional RFPs 

⚫ Procuring non-emitting supplies requires this approach1

Context of the future

■ Innovations are available to reduce the cost of addressing demand

■ Emerging technology options for demand side management and energy storage will increase the complexity of energy supply. 

⚫ Integrating these technologies with bulk system solutions will change electricity procurement needs to become on the basis of the type 

of demand that needs to be served, and not based on the technology solution to serve it.  

⚫ In this manner, the risks/benefits of integrating technologies and the innovations required can be shifted to the private sector, reducing 

the planning risk for the system operator and government

Conclusions Addressed in section

■ The emerging NZ2050 imperative identifies several dimensions where procurement paradigm shifts are warranted

A. Not all capacity is the same. How energy demand characterizes capacity is understood and 2030 needs are known

B. Perceived risks and uncertainty are not as uncertain as suggested by IESO’s procurement approach1

C. Procurement should seek integrated solutions to demand challenges, not specific forms of supply technology

D. Due to its scale, procuring energy infrastructure should maximize societal benefits, not just seek the lowest cost supply

E. RFP-based procurement mechanisms, not electricity markets, should be used to explicitly include criteria to maximize benefits

Sources: 1. Strapolec, Electricity Markets in Ontario, 2020; Strapolec Analysis
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A. Not all capacity is the same, they differ in the energy they provide
How energy demand characterizes capacity is well understood and 2030 needs are known

Three main categories of capacity can provide optimized 

costs and benefits if matched to intended demand

■ Baseload capacity is intended to be always-on, reliably, to 

serve the demand that is always present

⚫ Can be met by Nuclear, CCGT with CCS, and potentially with 

wind/solar/storage

■ Flexible supply capacity is needed to respond quickly to 

demand fluctuations in order to address both daily and 

seasonal demand fluctuations

⚫ Ontario's existing hydro will continue to serve much future 

need 

⚫ Natural gas-fired generation performance make them ideal

⚫ Storage and demand side options are becoming competitive 

on performance

■ Peak/reserve capacity is what can be viewed as a 

straightforward need for capacity

⚫ It is rarely called upon to operate

⚫ Low-cost gas-fired capacity are well suited

⚫ Storage and hydrogen may be disruptors

The existing need for each capacity type is well known1

■ Ontario already needs 2 GW of baseload

⚫ Potentially an additional 6 GW by 2030 due to electrification

■ Ontario needs 4 GW of variable supply by 2030

⚫ Potentially an additional 3 GW more by 2030 for pathway to 

net zero

■ Ontario needs an additional 2-3 GW of peak supply

Source: 1. IESO, APO, 2020; Strapolec Analysis

Incremental New Supply Required by Demand Type
(GW, IESO 2030 vs. NZ2030)

Procuring for the required baseload can close the capacity gap

■ Allows existing gas / DR resources to provide variable, peak & 

reserve

⚫ Options for which they are ideally suited 

■ Reduces planning risks as the mid-term and capacity auction 

mechanisms for existing resources can hedge over-procurement 

risks

Source: Strapolec analysis
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B. Demand is not as uncertain and risky as assumed by planners
Focusing on what is known allows for optimization of procurement strategies

Forecasting demand typically involves a range of forecasts that 

reflect uncertainty

■ The IESO has produced reference and low case forecasts

⚫ IESO’s low case is based on a slow recovery from Covid1

◆ Low case can be assumed to represent demand that is 

reasonably certain to materialize 

⚫ Uncertainty is where the reference case exceeds the low case

■ Overall demand uncertainty between cases is modest at 4%

⚫ The portion of incremental demand suitable to baseload is 40% 

uncertain due to large portion of baseload already committed

■ Prospect of electrification suggests little planning uncertainty in the 

IESO reference case, and much certainty above that as well

⚫ At least 1.1 GW of baseload is certain to be needed by 2030 

◆ Low case incremental baseload = 60% of projected 

reference case baseload

⚫ At least 4.4 additional GW of baseload supply capacity is also 

needed for the long term (5.5 GW in total)

◆ Potentially a total additional need of up to 2.1 GW

Knowledge of uncertainty informs procurement strategies

■ Shorter-term contracts or capacity auctions are well suited where 

demand is uncertain

■ Long-term procurements should be deployed for certain demand

■ Knowing which elements of the unsupplied demand forecast are 

certain allows process to start with confidence

⚫ Incremental needs could be subsequently staged as uncertainty 

resolves

Source: 1. IESO, APO 2020; 2. Strapolec, Electricity Markets in Ontario, 2020; Strapolec Analysis

Ontario should initiate procurements for known sustained 

long term needs

Baseload Requirement in Varying Demand Scenarios, 2030
(GW by Source)

Uncertainty in IESO Reference Forecast above committed supplies2

(GW, 2030)

Source: IESO APO, 2020; Strapolec Analysis

Capacity needed without electrification represents IESO forecast baseload needs that are certain (Low), and baseload 

needs that have less certainty (High). “With electrification” represents need identified earlier in report and is 

incremental to “IESO Case”

Source: Strapolec Analysis
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C. Procurement should seek integrated solutions to demand challenges
Focusing on needs not specific supply technology can encourage innovation

Definition

■ Four demand types could be strategically 

procured

⚫ Always-on baseload 

⚫ Flexible solutions for variable daily 

demand 

⚫ Seasonal solutions where assets 

operate less than half the year

◆ May be costliest to provide

⚫ Peak/reserve that is rarely needed

Benefits

■ Optimal cost solutions can be obtained for 

each type, whereas this is not true for markets 

solutions

■ Parallel procurements may allow bidders to 

optimize the benefits to the system by 

leveraging baseload, flexible daily and 

seasonal profile solutions

■ Optimizing long term vs short term capacity 

auctions reduces planning risk for required 

peaking/reserve supplies by better procuring 

against known needs

Definition

■ Hybrids include multiple energy resources 

integrated by the bidder 

⚫ e.g. combinations of renewables, storage, 

gas, nuclear, demand side management, 

hydrogen, Tx/Dx

■ Reduces complexity to be managed by IESO, 

leverage aggregator models being developed

Benefits

■ Inherently provide flexibility to accommodate 

demand variance due to presence of storage

⚫ Hybrid solutions will capture asset 

efficiencies and reduce risk

■ Can be integrated for specific regional needs 

with options for bids on single areas or on 

multiple areas at one time 

⚫ This could maximize scale benefits of any 

bulk system components that may be 

considered

⚫ E.g., hybrid solutions could be full scope mix 

of Tx and Dx assets as well as non-wires 

alternatives

■ If the demand can be broadly specified with 

desired flexibility of response, innovators will 

respond

Definition

■ Filling capacity gap in a timely manner with 

new low emitting assets while minimizing 

stranded asset costs of existing resources

Benefits

■ Allowing innovators to combine both new and 

existing aging assets in proposed solutions 

may optimize the schedule to achieving low 

emissions with best cost structure, provincially 

and regionally

⚫ Sustaining the life of an existing gas plant 

and/or wind farm/solar assets could be 

incorporated in other bids

⚫ May maximize the economic value of those 

plants before early retirement and mitigate 

the risk of new infrastructure delays

⚫ New and existing assets become the 

manageable accountability of bidders, who 

can control the parameters, shifting the risk 

away from IESO.

■ Could benefit acquisition of new large-scale 

infrastructure such as carbon storage, nuclear 

facilities, and hydrogen

⚫ Schedule, capacity, resources for each 

pathway will be different

⚫ Existing assets may include land, existing 

generation, biomass facilities, ICI resources, 

natural gas infrastructure, under-utilized 

Tx/Dx assets

Procure by Demand Type
Each should be procured separately as 

they entail different solutions

Procure for Hybrid Energy 

Resources
Increments of capacity/region to reduce 

emissions and risk

Leverage Existing Assets to 

Achieve the Transition
Address Ontario’s emission transition 

gap and evolving demand

Seeking demand based, hybrid solutions that address the capacity gap transition can mitigate planning and implementation risks

Source: Strapolec Analysis

Reforming procurement away from relying solely on markets-

based solutions may reduce planning & implementation cost risks 

Innovators may be able to optimize the risk equation better than 

the IESO
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D. Ontario’s energy transition should optimize societal benefits
Significant infrastructure investments impact on more than the cost of electricity

Developing energy infrastructure involves significant capital spend that can be leveraged across many societal goals

■ Procurement mechanisms that rely on electricity markets solutions use only cost as a criteria

■ However, the energy transition involves far more policy objectives and criteria to be balanced than only the lowest cost

⚫ Lowest cost applies when all else is equal

Resource acquisition planning clearly must address critical electricity system characteristics

■ Direct electricity system parameters are essential procurement criteria, but are also complex

⚫ Reliable supply for the planning horizon

⚫ Low total billed energy cost to rate payers $/MWh to capture the total system implications of solutions, including delivery costs (e.g. Tx)

⚫ Low emission content of the integrated solution over the planning horizon

Source: Strapolec, Electricity Markets in Ontario, 2020; Strapolec, Emissions and the LTEP, Part 2, 2016; Strapolec Analysis

Goals, Constraints, and Societal Needs of an Electricity System

Long-run Efficiency Short-run efficiency

Ancillary 

Services

Energy 

security

Transmission 

Capacity

Reliability at 

lowest 

possible cost

Emissions
Economic 

Impact

Innovations

Societal 

Needs

System 

Constraints

Industrial 

Policy

Goals

Typically considered in electricity 

system planning process
Typically not considered in 

electricity system planning process

Procurements must also balance and optimize 

achievement of system goals, constraints, and 

societal needs

■ Planning and Procurement Goals

⚫ Achieve short-run (moment to moment demand) 

and long-run (adequate capacity) efficiency

■ Constraints

⚫ Manage transmission capacity, ancillary services, 

and fuel security to ensure reliability

■ Societal needs

⚫ Minimize emissions, maximize economic impact, 

support industrial policy, and enable innovation

To maximize the benefits to Ontario of 

significant infrastructure investments, 

societal needs must form part of the 

resource acquisition planning strategy

Source: Strapolec analysis
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D. With appropriate procurement, societal benefits can be significant
Energy transition is an economic development opportunity and benefit to government

■ Assures energy security against foreign events 

(U.S. Gas supply)

■ Improves trade balance by retaining energy 

spend in Ontario

■ Leverage policy tools on carbon pricing to 

accelerate climate action

■ Leverage investment policy tools to create direct 

GDP, domestic content/jobs, government taxes

■ Leverage policy tools to nurture business models 

to improve competitiveness of business, attract 

investment, create jobs

⚫ Emerging sectors include EV 

manufacturing, hydrogen technologies, and 

nuclear

■ Managing industrial rates and low-cost electricity 

to enable competitive advantage in 

manufacturing trade with U.S.

■ Nurture domestic science, technology, & 

innovation ecosystems around strategic 

technologies in the energy transition

Sources: Strapolec, Ontario’s Emissions and the Long-Term Energy Plan, Part 2, 2016; Strapolec, Distributed Energy Resources in Ontario: A Cost and Implications Assessment, 2018; 

Strapolec, Advancing Ontario’s Energy Transition Part 2: Leveraging Policy Tools, 2021; Strapolec Analysis

Economic Impacts of Infrastructure Choices

(For development and construction plus 20-year operations)

Societal Benefit Economics of Nuclear Rollout by Year

($B, Direct GDP Impact)

Note: Illustrative impact of 17 projects of 2000 MW/project.

Source: Strapolec Analysis 

Business models exist to develop the energy 

infrastructure with no fiscal impact to government

Secure domestic 

energy supply 

Rapid 

decarbonisation

Enhance economic 

growth with 

infrastructure spend

Industrial policy to 

nurture business 

opportunity

Innovation for the 

energy transition

Illustrative

Note: Values compared on an equivalent electricity cost basis of $114/MWh

Source: Strapolec analysis

Societal Benefits

L
o

w
e
r 

c
o

s
ts

 

a
re

 b
e

tt
e
r

H
ig

h
e

r 
b

e
n

e
fi

ts
 

a
re

 b
e

tt
e
r



. 52 .
© Strapolec, Inc. 2021 – Advancing Ontario’s Energy Transition Part 1: Electrification Pathways

E. Procurements should explicitly include criteria to optimize benefits
Including reliability, energy security, climate, costs, economic impact, and innovation

Procurement criteria in a traditional RFP process can capture the expectations and benefits of integrated solutions

■ Procurement mechanisms that rely on electricity markets solutions only use cost as a criteria

Source: Strapolec, Advancing Ontario’s Energy Transition Part 3: Reforming Energy Planning, 2021

Priority Area Policy Objective Sample Procurement Criteria

Electricity 

Supply 

Reliability

Technical standards for the reliability of the energy system, 

including provisions for energy security.
Reliability, NERC, IESO, and technical requirements

Energy Security Reduce reliance on and exposure to foreign supply risks Domestic content in procured solution

Pressure to 

Address Climate

Alignment of energy policy with environmental goals, and the 

implications on the energy system.

Emissions intensity of energy system

Pace of decarbonization

Economics of emissions

Lower Cost to 

Ratepayers

Explicit recognition of the cost to ratepayers (and taxpayers) 

of procurement choices.
Minimize system cost by asking for system solutions

Economic 

impact
Maximize societal benefits of energy spend

Domestic content & jobs

Direct GDP benefit

Government Financing

Innovation for 

the Energy 

Transition

Embrace need to integrate diverse technologies in solutions 

to the demand problem
Integration of fossil, electricity, and hydrogen solutions

Procurement priorities for maximum societal benefit

The significance of the societal benefits warrants an acceleration of the procurement process to achieve these benefits 

sooner

■ Procuring for the future should start now, instead of waiting until FY2026

Process can be accelerated by engaging in a public consultation leading to preparing an RFEOI this year in 2021 

■ This will determine the level of private sector interest in the paradigm shifts recommended for a new procurement approach

■ RFPs should be targeted for 2022
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