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Executive Summary

Distributed Energy Resources (DERs) are a major driver of the rapidly evolving electricity landscape. As part
of the IESO’s DER integration efforts, the IESO commissioned a DER Potential Study to determine the types
and volumes of DERs that could emerge in Ontario over a 10-year timeframe (2023-2032) and the ability of
these DERSs to contribute to the province’s emerging system needs.

This landmark study - the first of its kind for Ontario — uncovers the substantial contributions
distributed energy resources can deliver to the province’s electricity system and provides key
insights and recommendations to harness these resources.

Approach

The study’s quantitative assessment aimed to address three key questions:

Technical

e Technical Potential: How much DER capacity theoretically exists in
Ontario? Economic

e Economic Potential: How much potential is cost-effective from a
system perspective?

Achievable

o Achievable: How much potential is likely to emerge when
incorporating real-world considerations?

To understand the projected contribution of DERs under a range of possible
futures, the study applied three scenarios reflecting different market, policy, and technology pathways.

o BAU: A business-as-usual projection reflecting existing market conditions, technological trends, and
the IESQO’s 2021 Annual Planning Outlook (APO) Reference Case for demand.

o BAU+: An expanded electrification and decarbonization trajectory in-line with the IESO DER Roadmap
and general policy, market, and technology advances.

o Accelerated: Accelerated efforts to achieve net-zero with a greater reliance on DERs to meet system
needs, coupled with increased efforts to integrate DERs.

A wide range of DER measures were assessed - consisting of Demand Response (DR), Behind-the-Meter
(BTM) and Front-of-the-Meter (FTM) solar and storage, small-scale waterpower, and vehicle-to-building/grid
(V2B/G). For each measure, costs and market sizes were determined, along with the full range of possible grid
benefits, including contributions to Seasonal Capacity, Energy, Transmission and Distribution (T&D) investment
deferrals, and Ancillary Services. Economic potential results were generated based on the grid benefits of
DERs relative to their costs, prioritizing the most cost-effective DER measures first. Achievable potential results
were determined by incorporating customer/participant-side economics (e.g. acceptable payback thresholds)
and market barriers, including the degree to which customers/participants could be remunerated for the grid
benefits their DERs could provide.
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Results

The economic potential results indicate there is ample cost-effective DER capacity to meet or
exceed all incremental system needs under all scenarios. The achievable potential results reveal
that, when factoring in real-world conditions, DERs are able to satisfy a material portion of the
province’s energy needs — from 1.3 to 4.3 GW of peak summer demand by 2032.

Table E-1 below provides an overview of the economic and achievable potentials, expressed in terms of
seasonal capacity contributions against the incremental system needs (relative to 2022).

The economic and achievable potentials were driven primarily by the capacity and energy benefits that DERs
offer, and these two value streams increased significantly under the BAU+ and Accelerated scenarios as
electricity demand and carbon prices increased. T&D benefits (primarily driven by transmission investment
deferrals) offer the third most important value stream. Collectively, the remaining ancillary services added a
further five percent of the system value DERSs provide - a value stream that may increase should the need for
additional system flexibility emerge.

Table E-1: System Incremental Seasonal Capacity Needs vs Economic and Achievable Potential Results

Seasonal

. Potential BAU BAU+ Accelerated
Capacity

Incremental System Needs 2.6 GW 5.6 GW 6.9 GW

Summer Economic Potential 4.1 GW 8.2GW 18.9 GW
2032 (15% of peak demand) (27% of peak demand) (61% of peak demand)

Achievable Potential 1.3GW 2.2 GW 4.3CW
(5% of peak demand) (7% of peak demand) (14% of peak demand)

Incremental System Needs 0.9 GW 6.4 GW 13.3 GW

Winter Economic Potential 2.8 GW 6.8 GW 15.0 GW
2032 (11% of peak demand) (22% of peak demand) (40% of peak demand)

1.0GW 1.8 GW 3.6 GW

Achievable Potential (4% of peak demand) (6% of peak demand) (9% of peak demand)

The gap between achievable and economic potentials relates to a range of factors, including DER adoption
and diffusion, market barriers, DR program participation limits and the limited financial attractiveness of some
DERs to specific customers. This gap can be narrowed through actions such as improving DER compensation
for services like capacity and T&D benefits, securing DERs more directly through programs or procurements,
and by enhancing opportunities for DERs to participate in wholesale markets.

Figure E-1 below illustrates the economic and achievable potential for each DER type, expressed in terms of
their seasonal capacity contributions. DR measures tend to dominate the economic and achievable potentials
in the BAU scenario, offering the most cost-effective and sizable option to meet peak demand. In the near-
term, high potential DR measures largely include Residential Thermostats, Commercial/Industrial Load
Flexibility, and Large Commercial Heating Ventilation, and Air Conditioning (HVAC) controls. In the longer-term,
further potential appears from Passenger Electric Vehicle (EV) measures, including smart charging and V2B/G
applications.
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In the BAU+ and Accelerated scenarios, BTM and FTM solar and storage as well as V2B/G make up
an increasingly large portion of both the economic and achievable potential relative to DR. Given that
the BAU scenario represents an extremely modest perspective on load growth and the associated energy and
carbon price trajectories, the BAU+ and Accelerated scenario results likely represent the most probable
depictions of future DER potentials. In the case of solar, increased potential is driven by a significant increase in
energy needs and carbon price exposure and is a phenomenon that occurs despite solar’s diminishing peak
capacity value. This finding reinforces the significant value solar generation can provide in helping to
avoid high-priced electricity that would otherwise be satisfied by gas generation. In the case of
storage and V2B/G, increased economic and achievable potential is the result of substantial capacity needs
from electrification, which itself creates more opportunities for V2B/G.

Figure E-1: Economic and Achievable Potential Capacity Contributions by Scenario and DER Type (2032)
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RECOMMENDATIONS

Based on results of the potential assessment, workshops with IESO staff, and input from external
stakeholders and communities, the following high-level recommendations are provided:

® ® @
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Target efforts on high-value high-potential DER measures: Though the study evaluated over
80 DER measures, a few key opportunities stand out. In the short term, these include residential
and commercial/industrial DR measures. In the longer term, focus should expand to BTM and
FTM solar and storage, as well as EV smart charging and V2B/G.

Continue with market enhancement efforts: The IESO should continue its efforts to facilitate
participation of DERs in Ontario’s wholesale markets. Such enhancements include enabling
diverse DER aggregations and reducing size thresholds for market participation. These changes
can play an important role in capturing the flexibility and reliability benefits of DERs.

Increase DER access to value-streams: Despite the system services DERs can provide, they
often do not receive commensurate compensation through existing rate structures or market
revenues. Increasing access to these value streams — in particular for capacity benefit and T&D
deferral - can result in a greater uptake and more optimal utilization of cost-effective DERSs.

Explore tailored DER procurements and programs: Programs and procurements should be
considered for the high-value high-potential DER measures identified in this study — particularly in
circumstances where existing and planned market pathways are currently unavailable or
insufficient. Examples of tailored initiatives include procurements for non-capacity energy-
generating resources like FTM solar (which face barriers in capacity-centric procurements), and
smart thermostat programs for small retail customers (which have struggled to participate in the
IESQO’s capacity auction).

Pursue complementary activities: Additional actions are essential to realizing the potential
revealed through this study. These includes coordination between regulatory bodies and utilities
on a DER framework, adapting and enhancing data and information collection from DERs, testing
DER capabilities through pilots and demonstration projects, and integrating DERs via advanced
planning and management systems.
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Glossary

Acronym Definition

AAR Annual Acquisition Report
AC Air Conditioning

APO Annual Planning Outlook
APS Achievable Potential Study
ASHP Air Source Heat Pump
BAU Business-As-Usual

BTM Behind-the-Meter

BYOD Bring Your Own Device
c&l Commercial and Industrial
CAES gtc:)r?a;;r:ssed Air Energy
CEUS Commercial End-Use Survey
CHP Combined Heat and Power
CF Coincidence Factor

CONE Cost of New Entry

CPP Critical Peak Pricing

DER Distributed Energy Resources
DG Distributed Generation
DMSHP E;c;rlpess Mini-split Heat
DR Demand Response

DSM Demand Side Management
EE Energy Efficiency

EUL Effective Useful Life

FR Frequency Regulation

FTM Front-of-the-Meter

GA Global Adjustment

GSHP Ground Source Heat Pump
HDR Hourly Demand Response
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ISO Independent System Operator

LDC Local Distribution Company
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LTR Limited Time Rating
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NEM Net Energy Metering

NWA Non-Wires Alternative

O&M Operations and Maintenance

OEB Ontario Energy Board

OPG Ontario Power Generation

OR Operating Reserve

RC Regulation Capacity

REUS Residential End-Use Survey

RFP Request For Proposal

RNG Renewable Natural Gas

SBG Surplus Baseload Generation

SGCT Simple Cycle Gas Turbine

SMR Small Modular Reactors

T&D Transmission and Distribution

TOU Time-of-Use

TRC Total Resource Cost Test

V2B/G Vehicle-to-Building/Grid

VDER Value of Distributed Energy
Resources

ZEV Zero Emissions Vehicle



1.Infroduction

Distributed Energy Resources (DERs) have become a hallmark electricity system transformation, creating
exciting opportunities at the micro and macro level. In Ontario and globally, electricity customers, grid
operators and service providers are increasingly turning to DERs to meet on-site electricity demand, fulfill local
electricity needs (i.e., non-wires solutions) and provide wholesale market services (i.e., capacity, energy and
ancillary services). The opportunities associated with DERs are of particular interest to Ontario’s Independent
Electricity System Operator (IESO), which functions as a market and system operator as well as a planner
responsible for securing the province’s resource adequacy needs. With DERs already deployed extensively in
Ontario, and with continued growth in the coming decade, DERs can play an important role in meeting
Ontario’s emerging system needs.

Distributed Energy Resources refers to energy resources that are directly connected to the electricity
distribution system, or indirectly connected to the distribution system behind a customer’s meter; and
generates energy, stores energy, or controls load.

Through a series of engagements with stakeholders, the IESO has developed a DER Roadmap that sets out a
series of initiatives to support DER integration, with the goal of maximizing the value DERs can provide to
Ontario’s electricity system. Specifically, the DER Roadmap highlights three focus areas:

¢ Expanding wholesale market participation models for DERs;
e Implementing transmission-distribution coordination protocols to enable DER participation; and
o Developing pathways for DERs to serve as Non-Wires Alternatives (NWAs).

To help inform these efforts, the IESO commissioned Dunsky Energy + Climate Advisors, supported by Power
Advisory, to develop Ontario’s first DER Potential Study. The intent of the study is to determine the types and
volumes of DERs likely to emerge in Ontario over a 10-year timeframe and their ability to contribute to
emerging system needs in the province. More specifically, the study had three key objectives:

¢ |dentify the DER technologies most relevant to the Ontario context;

e Assess the technical, economic, and achievable potential for the above DERs over the next 10 years; and

o Develop recommendations to the IESO on focus areas, priorities, and key considerations for DER
integration efforts in Ontario.

REPORTING STRUCTURE

The final report for the DER Potential Study is broken into two volumes:

e Volume | - Results & Recommendations: Key results, outcomes and insights from the study, as
well as recommendations to inform the IESO’s DER integration efforts

e Volume Il - Methodology & Assumptions: Appendices with detailed descriptions of the
methodology used to assess the technical, economic, and achievable potential of DERs. This volume
also includes the supporting data files: Appendix F — Measure Screening and Approach, and
Appendix G — Detailed Results and Inputs.

Odunsky | buildings * mobility « industry « energy 1



2.Study Approach

2.1 Study Overview

The study was broken down into three key phases, as illustrated in the figure below:

Study Planning: The project team developed a preliminary study plan that set out the project’s
workplan, scope, methodology and key parameters. A key part of that process was conducting a DER
Pre-Assessment to vet the various DER technologies available for applicability in the Ontario market
and inform the selection of the DERs to be assessed in the study. Stakeholder feedback was sought on
the preliminary plan as well as the pre-assessment results, which then informed the development of the
detailed study plan and final measure list. The detailed plan was then presented to stakeholders in a
second session and then finalized with the IESO project team.

Potential Assessment: The central element of the project is the detailed modeling of the technical,
economic, and achievable potential for DERs in Ontario. Building on the methodology outlined in the
Detailed Study Plan, the project team leveraged Dunsky’s Distributed Resources Optimization Model
(DROP) and Ontario-specific market data to arrive at an estimate of the DER potential over the next
decade under multiple scenarios. The initial results were reviewed by the IESO project team and
recalibrated and regenerated to reflect feedback.

Insights and Recommendations: The project team distilled down key findings and insights from the
potential assessment to inform the development of recommendations for the IESO’s consideration. A
series of workshops with cross-divisional senior IESO members were held, aiming to identifying barriers
and challenges impeding the DER potential found in the study, as well as potential solutions.
Incorporating the responses from the workshops, the project team developed the recommendations for
the IESO’s consideration. The recommendations represent the view of the project team and are
provided for the IESQO’s consideration as part of ongoing efforts for DER integration identified in the DER
Roadmap.

Figure 2-1: Overview of Study Process

Study Planning P Potential Assessment |n5|ghts & Recommendations

Preliminary DER Pre- Technical Economic
Study Plan Assessment Potential Potential

Achievable
Potential

Session 1 Session 2

2.2 Methodology Overview

The DER Potential Study is intended to answer three key questions, which represent the key methodological
steps involved in the study:
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Technical e Technical Potential: How much DER capacity theoretically exists in

Ontario?
Economic e  Economic Potential: How much of that DER potential is cost-
effective considering the benefits they bring to the system and the costs of
Achievable procuring them?

e Achievable Potential: How much of that potential is likely to
emerge over the next decade considering market barriers and dynamics?

. — Achievable potential is not necessarily an exclusive subset of the economic
Note: Achievable potential is not , . .
exclusively a subset of economic potential. Specifically, some uptake of DERs may be driven by regulatory
potential —some uptake of DERs may  constructs (e.g. net-metering) or broader customer benefits (e.g. bill
be driven primarily by electricity o .
customer benefits, regardless of their management, resiliency) regardless of the cost-effectiveness of these

ability to deliver benefits to the system. resources from a system perspective.

The following sub-sections provide a summary of the approach used to quantify the technical, economic, and
achievable potential. Detailed methodology is described in Volume Il of the report.

2.2.1 Technical Potential

The technical potential quantifies the theoretical maximum level of grid services that could be provided by
DERs in Ontario over the study period, regardless of cost-effectiveness or customer adoption. The technical
potential is largely used to establish the maximum market size for each DER measure, acting as a ceiling which
factors into the determination of economic and achievable potentials. It is calculated by combining the market
size for each measure with a measure’s unit impact, considering technical and operational constraints.
Specifically, the assessment of the technical potential included three key steps:

o Market Characterization: Defining the technical market size for each measure over the study period.
For DR measures, the maximum market size is defined as the full participation of the applicable
equipment stock (e.g. the number of air conditioning units) in all services they can contribute to. For
BTM and FTM DG and storage measures, market size was defined as the technology-specific physical,
technical and/or market constraints that would limit potential opportunities for a given measure across
Ontario (e.g. BTM solar is based on the number of buildings with a rooftop suitable for solar
deployment).

e Measure Characterization (Technical Parameters): Defining key technical and operational
characteristics for each measure to quantify its impact. These include the measure size (kW), the
baseline load profile for each measure in the absence of any DR event or the assumed generation
profile for generating DERSs, its capability to contribute to different grid services, and any measure-
specific parameters and constraints associated with the service provision (e.g. maximum number of
activations per year).

¢ Technical Potential Calculation: Based on the market and measure characterization, key metrics
highlighting the technical potential for each measure - in terms of nameplate capacity, summer and
winter capacity contributions and energy generated — are computed. Where appropriate, competition
between measures with overlapping market was considered to arrive at the total market-wide technical
potential.
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2.2.2 Economic Potential

Economic potential quantifies the potential for cost-effective contributions from DERs towards system needs
over the study period. The economic potential is used to understand the subset of technical potential that is
cost-effective from an electricity system perspective, but does not account for customer economics or
expected DER adoption. Specifically, the assessment of the economic potential included three key steps:

Odunsky | buildings * mobility « industry « energy

Measure Characterization (Economic Parameters): Defining key measure-specific economic inputs
used in the study, including the measure’s upfront costs, operations and maintenance (O&M) costs and
effective useful life (EUL). Where applicable, the study captured the expected cost declines for DERs
over the study period.

Benefit-Cost Framework: The study applied a modified Total Resource Cost (TRC) test to assess the
cost-effectiveness of DERs, consistent with the framework used by the IESO in its Energy Efficiency
Achievable Potential Study (APS), but further valuing the dynamic capabilities of DERSs to respond to
system conditions. The analysis considered system benefits from all services that DERs can reasonably
contribute to without applying participation constraints. The benefits are defined as the costs
associated with avoiding the corresponding grid services and quantified using hourly modeling and
market proxies where relevant. Additionally, key costs associated with securing DER capacity are
considered.

Benefits Considered in the Study Costs
Avoided energy costs (carbon costs o Measure upfront costs
embedded) e O&M costs
Avoided surplus baseload generation (SBG) e Program, aggregation and/or transaction

Avoided generation capacity costs costs
Avoided operating reserves (OR)

Avoided regulation capacity (RC)

Avoided / deferred transmission capacity

costs

Avoided / deferred distribution capacity costs

Avoided transmission and distribution line

losses

ADDITIONAL DER BENEFITS NOT CONSIDERED

Beyond the benefit streams captured in the study, DERs can contribute additional benefits to the system

and host customers / communities, including resilience and added reliability. The value of such benefits is
typically difficult to quantify and therefore have been excluded from the benefit-cost framework, however,
these may improve the cost-effectiveness of some DERs if considered.

Economic Potential Assessment: Two levels of economic potential are calculated in the study:



e The measure-level economic potential provides insight into a measure’s cost-effectiveness and
potential when considered in isolation. Measures with a TRC above 1.0 are considered cost-
effective.

o The market-wide economic potential reflects the combined economic potential of all cost-effective
measures when they are considered and applied in concert towards meeting the identified system
needs. To arrive at the market-wide economic potential, the pool of cost-effective DERs identified in
measure-level economic potential are applied to meeting system needs, starting with the most cost-
effective individual DER measures, until system needs are met, or no more cost-effective DER
potential exists.

2.2.3 Achievable Potential

The achievable potential represents the expected contribution of DERs to Ontario’s system needs over the next
decade, considering customer preferences and market dynamics. It is calculated through three key steps:

DER Adoption: Forecast of the uptake of a given DER technology as determined by the economic
attractiveness of the measure to a participant and considering market barriers. These market barriers
determined the customers’ or developers’ willingness-to-pay for a given DER under various rates of
financial return, which is impacted by site and technology specific factors such as technical complexity
of the installation, building code or permitting complexities, DER diffusion and customer awareness.
The approach used to assess the market adoption varied based on the type of DER, and whether or not
the DER was assumed to be predominantly adopted for market/program participation. For DERs
predominantly driven by financial benefits of market/program participation (e.g. FTM and BTM solar and
storage), the study team used Dunsky’s solar and storage adoption models to forecast the uptake of the
respective technologies. The detailed approach is further described in Volume 1.

DER Participation: Estimate the portion of adopted DERs willing to participate in markets / programs
to provide grid services. Participation levels are calculated based on bill savings, participation /
performance incentives and/or market revenue available to the customers/participants, program
marketing efforts and the barriers associated with participation for each measure. To assess the portion
of DERs likely to participate in the market or DR programs, the team applied propensity curves that
capture the portion of DERs likely to participate based on incremental revenues and market barriers.

System Impacts: Applying the assessed DER adoption and participation, DER measures are stacked
considering their assumed dispatch characteristics, profile and constraints (as identified under
Technical and Economic Potential). Through an optimization process, the combined inter-measure
impacts are captured to arrive at an assessment of the total achievable potential for DERs and their
corresponding contributions to different system needs.

2.3 Scenarios

The study assessed the potential for DERs in Ontario under three scenarios that reflect varying policy,
regulatory and market conditions. The scenarios were designed to provide insight into the role DERs can play
under different system outlooks as well as the impact of various market interventions designed to alleviate
market barriers. Five key levers were identified as likely to have a large influence on the technical, economic,
and achievable potential:
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o Electrification growth rates: The pace of transportation, building and industry electrification in
Ontario over the next decade;

e Carbon pricing: Future carbon price forecasts and allowance benchmarks;

o Market participation and compensation: Increased market participation and compensation for
DERs through expanding service eligibility, access to procurements, and barrier reductions;

o Technology Costs: Cost reductions for key DERs stimulated by technology improvements and/or
monetary support to offset incremental costs (e.g. federal grants for solar PV); and

o Electricity supply resource mix: Assumed additional resources deployed over the study period to
meet emerging system needs.

The levers impact the technical, economic, and achievable potential as summarized in the table below.

Table 2-1: Levers and Impact of DER Potential

Impact of DER Potential
Factor Technical Potential = Economic Potential A;:ti:x:::e
Electrification v v v
Carbon Pricing v v
Market Participation / Compensation v
Technology Costs v v
Supply Resource Mix v v

Three scenarios were developed to represent the combined impact of variations of the five factors described
above:

o BAU: Business-as-usual projection reflects the existing market conditions, technological trends, and
the IESO’s APO Reference Case for demand.

o BAU+: Expanded electrification and decarbonization trajectory in-line with the IESO DER Roadmap and
general policy, market, and technology advances.

o Accelerated: Accelerated efforts to support the transition to net-zero coupled with increased efforts to
integrate DERs.

The following sub-sections provide further insight into each scenario input parameter, while the detailed
scenarios assumptions are provided in Volume Il — Appendix E of the report.

2.3.1 Electrification

Increased electrification of key end-uses is seen as an important enabler of a net-zero economy, and has a
tremendous impact on the electricity system; primarily through increasing electricity demand, changing load
patterns, and accelerating system needs. The study considered the electrification of three key sectors:

¢ Transportation: The electrification of passenger and commercial fleet light-, medium-, and heavy-duty
vehicles and buses.
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o Buildings: The increased prevalence of heat pumps (HPs) for space and water heating across the
residential and commercial sectors.

¢ Industry: Fuel-switching of key industrial end-uses to electricity.

Detailed assumptions for each sector are highlighted in Volume Il — Appendix E, however broadly the three
levels of electrification modeled in the study reflect the following:

o BAU: The 2021 APO Reference Case is used as reflective of the forecasted load growth to be
observed from electrification.

e BAU+: The scenario assumes higher levels of electrification across all three sectors. The forecasted
electrification of light-duty vehicles (LDVs) is in-line with the APO High Scenario and the Federal
Government’s Zero Emission Vehicle (ZEV) targets of 100% of new sales by 2035. Forecasts for other
vehicle segments as well as the transportation and buildings sectors were based on projections from
other jurisdictions, recent federal announcements, and directionally align with the light-duty vehicle ZEV
targets.

o Accelerated: The scenario assumes higher level of electrification across all three sectors in-line with
accelerating efforts to reach net-zero. For LDVs, the accelerated scenario aligns with Electric Mobility
Canada’s 2030 Vision, and other vehicle class forecasts are aligned with electrification progressions in
other jurisdictions and directionally align with LDV forecasts. The forecasted electrification for buildings
and industry is benchmarked against EPRI's Canadian National Electrification Assessment report, with
adjustments.

Increased electrification has multiple impacts on system outlook and DER potential. Electrification impacts the
technical potential for DERs directly by creating new opportunities for controllable loads. Electrified
transportation, and space and water heating represent very large customer loads highly amendable to demand
response. Furthermore, the forecasted rates of electrification have a significant impact on system outlook as
highlighted below in Figure 2-2. Most prominently, under both the BAU+ and Accelerated scenario, an increase
in both summer and winter peaks is observed; with Ontario facing a significant transition towards a winter
peaking regime over the next decade. This change in system outlook and demand patterns also impacts
wholesale energy prices observed across the scenarios.

Figure 2-2: Seasonal System Peak Load Projections for each DER Study Scenario
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Table 2-2: Forecasted Peak Demand by Scenario and Season

BAU BAU+ Accelerated
30 GW 31 GW
Summer 27 GW (+3 GW) (+ 4 GW)
. 31 GW 38 GW
Winter 25 GW (+ 6 GW) (+13 GW)

2.3.2 Carbon Pricing

Given the uncertainty around future carbon pricing, the study modeled three potential scenarios to assess their
impact on DER Potential. Carbon pricing for the BAU scenario was defined based on current Federal
Government policy, with the BAU+ and Accelerated scenarios applying higher carbon prices. The carbon
prices for each scenario are further detailed below:

e BAU: Carbon pricing is increased steadily to $170/tonne by 2030 as per the Government of Canada’s
Pan-Canadian Approach to Pricing Carbon Pollution." The performance standard is assumed to be
maintained at the current carbon-intensity benchmark of 370 tCO2/GWh, with generation facilities
having to pay the carbon price on the emissions in excess of this limit.

e BAU+: Carbon pricing is maintained at $170/tonne by 2030, with the carbon-intensity allowance
benchmark dropping to 0 tCO2/GWh by 2030.

e Accelerated: Carbon pricing reaches $170/tonne by 2030 and is escalated further at $15/year,
reaching $350/tonne by 2042. The allowance benchmark drops to 0 tCO2/GWh by 2030.

The carbon pricing scenarios have a direct implication on wholesale energy prices and thus impact both the
economic and achievable potential for DERs.

2.3.3 Market Compensation and Participation

To assess the financial benefits each DER can deliver to the DER provider (aggregator, developer, electricity
customer), market compensation assumptions were developed for each scenario, accounting for increased
levels of compensation (compared to current market prices typically observed) and increased market eligibility
(in terms of the ability of the provider to access compensation for system services). The assumptions were
developed to allow for greater DER participation and uptake in response to increased system needs with each
successive scenario. Three key aspects of IESO market compensation and participation for DERs were
considered in the scenarios:

e Service Eligibility: Expanded DER access to compensation for system services; modeled in the study
through providing DERs with access to compensation for services they can technically and practically
contribute to;

o Capacity Procurements: Expanded ability for DERs to participate in non-market procurements (e.g.
competitive Requests for Proposals etc.) modeled as an increase in the capacity payments available to
DERs; and

' Reference (accessed May 19, 2022): https://www.canada.ca/en/environment-climate-change/services/climate-change/pricing-
pollution-how-it-will-work/carbon-pollution-pricing-federal-benchmark-information/federal-benchmark-2023-2030.html
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e Barrier Reductions: A proxy for addressing barriers that constrain DER participation (e.g. aggregation
limits, metering requirements, etc.); these were modeled as a qualitative step reduction in the barrier
levels applied to assess DERS’ propensity to participate in the market, as well as an increase in the
share of revenues passed through from aggregators to contributors.

The table below summarizes the assumptions for each of the levers under the three scenarios modeled in the
study. Detailed assumptions are highlighted in Volume Il — Appendix E.

Table 2-3: Lever Assumptions by Scenario

BAU

BAU+

Accelerated

Service Eligibility

Capacity
Procurement

Barrier Reduction

Current market rules

DERs compensated through
capacity auction

Current barriers remain in place

Typical customer pass-through
from aggregators (35-75%
depending on segment)

2.3.4 Technology Costs

Changes being explored by
IESO

+ NWA Framework for T&D
compensation

DERs can partially participate in
non-market procurements and
receive up to 70% of capacity
value.?

Step reduction in market
barriers

Higher customer pass-through
from aggregators (50-80%
depending on segment)

Expanded market participation
eligibility

+ NWA Framework for T&D
compensation

DERs can participate in non-
market procurements and
receive up to full capacity value

Step reduction in market
barriers

Higher customer pass-through
from aggregators (75-90%
depending on segment)

Cost reductions that reduce the upfront costs of DER measures can increase the economic and achievable

potential of DERs in Ontario. Successive scenarios reflect the impact of declining costs for key DER categories
where such cost declines are anticipated over the study time horizon (e.g. solar PV, battery storage, V2B/G).
The modeled cost reductions can be considered as a proxy for technology cost improvements and/or
monetary support to offset incremental costs (e.g. federal grants for solar PV).® Cost declines applied to each
scenario are as follows:

o BAU: 2 - 3 % annual average decline in upfront costs.
o BAU+: 3 - 5% annual average decline in upfront costs.

o Accelerated: 5 - 7% annual average decline in upfront costs.

2 The Capacity Value refers to the assessed avoided cost of capacity, as determined through each modeled electricity demand
scenario. The BAU+ scenario assumes that the procurement capacity cost would be somewhat lower than the assessed avoided
cost, while the Accelerated scenario assumes that the full value of the avoided capacity costs would be offered in capacity
procurements. Currently the capacity auction (as applied under the BAU scenario) typically offers about 35% of the assessed
capacity avoided costs.

3 Note that monetary support (i.e. incentives) should not normally be considered to improve the cost-effectiveness (i.e. TRC) scores
of DER measures, however they can be interpreted as favorably influencing customer adoption in achievable potential.
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2.3.5 Supply Resource Mix

The addition of other supply-side resources will impact system outlook, needs and wholesale costs, and
therefore influence the DER potential in Ontario. Thus the modeled scenarios necessitate assumptions on how
Ontario’s supply mix may evolve over the study period. The supply resource mix assumptions were developed
based on a combination of planning criteria (e.g., resource adequacy objectives), possible policy direction
(e.g., lower carbon intensity of electricity supply over the next decade) and comparative project economics
(i.e., renewable generation generally is the lowest cost energy resource for new supply). The supply mix was
developed with input from the IESO and reflects the unique nature of the Ontario electricity sector (e.g., hybrid
market design). The BAU and BAU+ scenarios reflect reasonable procurement of transmission connected
resources by the IESO to meet resource adequacy needs and other planning criteria. Under the Accelerated
scenario, the resource supply mix only assumes committed and planned resources; an objective of the
Accelerated scenario is to assess the capability of DERs under a scenario of constrained transmission-
connected resource development. The table below summarises the key assumed resource buildouts over the
study period. Detailed assumptions are highlighted in Volume Il — Appendix E.
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Table 2-4: Supply Resource Mix Assumptions

BAU

BAU+

Accelerated

Nuclear

Gas

Hydro-
electric

Non-Hydro
Renewables
(wind/solar)

Storage

Imports

Odunsky | buildings * mobility « industry « energy

Bruce/Darlington
refurbishment on
schedule

New nuclear (SMRs) 300
MW by 2030 plus
additional to meet
baseload demand

All gas-fired generation
remains in service through
re-contracting

No new gas-fired
generation

Low-carbon fuel adoption
(e.g., Renewable Natural
Gas (RNG))

Remains constant over
forecast horizon

Consistent addition of
renewables

1,250 MW by 2030
(Oneida and Meaford),
more storage in the 2030s

Potential short-term firm
import agreements,
limited by intertie capacity

Bruce/Darlington
refurbishment on schedule
New nuclear (SMRs) — 300
MW by 2030

Advanced nuclear
deployment in 2030s

Gas remains for reliability
purpose, low energy output in
most hours, some conversion
and usage of lower carbon
intensive fuels (e.g., RNG,
green hydrogen)

Remains constant over
forecast horizon

Expanding growth of
renewables, moderate pace
of new project development

Multiple large-scale (i.e., 8-
hour) storage resources;
Oneida, Marmora and
Meaford constructed by 2030,
consistent growth in 2030s,
moderate growth rate and
new project development

Potential short-term firm
import agreements, limited by
intertie capacity

Darlington and Bruce
refurbishment on schedule
New nuclear (SMRs) 300 MW
by 2030

Practically all gas-fired
generation remains in service
over the forecast horizon

No new gas-fired generation

Remains consistent over the
forecast horizon

Existing renewables operate
over the forecast horizon
New renewables + storage
procured to meet 1,000 MW
UCAP target for 2021 AAR

New renewables + storage
procured to meet 1,000 MW
UCAP target for 2021 AAR
Oneida Energy Storage (250
MW) in service by 2026

Hydro Quebec capacity trade
in 2026

Lake Erie in service by 2026
(no firm capacity, just
expanded intertie capacity)
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2.3.6 Summary of Scenario Assumptions

The table below summarizes the key parameters for each modeled scenario. Detailed assumptions are
presented in Volume Il — Appendix E.

Table 2-5: DER Study Scenario Settings

Lever

BAU

BAU+

Accelerated

Carbon Pricing

Electrification

Market Participation /
Compensation

Technology Costs

Supply Resource Mix

$170/tonne by 2030 with 370
tCO2e/GWh benchmark*

APO Reference Case

Current market rules

+ Capacity procurement
through auction

+ Moderate Customer pass-
through from aggregators®
(35-75%)

Base cost assumptions
(2 - 3% annual decline)

APO Forecasts

$170/tonne by 2030 with 0
tCO2e/GWh benchmark

APO +

(In-line with APO High
scenario for EVs and current
policy direction)

Changes being explored by
IESO

+ NWA Framework

+ Non-market procurement of
DERs (70% of capacity value)®

+ Market barrier reduction
+ Higher pass-through from
aggregators (50-80%)
Moderate cost decline/
financial support

(3 - 5% annual decline)

APO Forecasts

+ Additional non-emitting
resources / storage to partially
address growing supply gap

$170/tonne by 2030 with 0
tCO2e/GWh benchmark +
$15/year escalation

APO ++

(In-line with aggressive policy
push for electrification of
transportation, buildings and
industry)

Expanded market participation

+ NWA Framework

+ Non-market procurement of
DERs (100% of capacity value)
+ Market barrier reduction

+ Highest pass-through from
aggregators

(75-90%)

High-cost decline/ financial
support

(5 - 7% annual decline)

APO Forecasts

+ Further additional non-
emitting resources / storage
as per planned long-term RFP
procurement (i.e., 1,000 MW
of effective capacity)

2.4 Services and System Needs

The potential study was primarily focused on identifying the potential for DERs to contribute to different grid
services and address emerging system needs in Ontario. Specifically, the study was focused on seven key
grid needs:

o Generation Capacity: The ability for DERs to contribute to meeting the four-hour summer and winter
peak demand event windows currently defined by the IESO.

4 The benchmark indicates the electricity generation carbon intensity above which the generator would be subject to carbon
pricing.

5 Pass through from Aggregators, refers to the portion of the market capacity price that DER aggregators offer to DER owners to
enroll them in their DER pool or program.

6 Refers to offering DERs 70% of the assessed avoided cost of capacity, as determined through each modeled electricity demand
scenario.
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o Energy: Contribution to the system’s hourly energy needs, including embedded carbon costs as well as
applicable transmission and distribution (T&D) line losses.

e Surplus Baseload Generation (SBG): Avoiding curtailment during SBG events by consuming energy
that would otherwise be spilled.

e Operating Reserves (OR): Contribution to 10-minute spinning (10S), 10-minute non-spinning (10NS),
and 30-minute reserve (30R) needed to maintain system reliability.

¢ Regulation Capacity (RC): Contribution to variations in electricity demand and supply resource output
by adjusting their output to maintain frequency and stability.

e Transmission Capacity: Avoiding or deferring investments in transmission capacity that are primarily
triggered by thermal capacity overload.

¢ Distribution Capacity: Avoiding or deferring investments in distribution capacity that are primarily
triggered by thermal capacity needs and/or outage management requirements.

IMPACT OF CHANGING PEAK LOAD PATTERNS

DERs’ capacity contributions are calculated based on the IESO’s 4-hour definition of capacity products.
However, increasingly flatter load patterns could impact the contribution of DERs to system capacity. For
example, a 4-hour battery storage system will have a reduced output if it has to contribute to a longer
peak event. Similarly, DR measures that have a pre-charge or rebound event (e.g. HVAC controls) could
end up contributing to an overall increase in system peak by creating new peak events outside of the
IESQO’s typical peak window.

Future DER dispatch may therefore need to become more sophisticated by strategically staggering more
participants to meet flatter and longer peak events.

For each service, projected system needs were assessed for each year in the study period. These system
needs represent the maximum potential contributions for each service type, after which the value of
incremental contributions is equal to zero. The projected system needs for BAU+ and Accelerated are based
on adjustments to current system needs to reflect the impacts of the forecasted load growth from electrification
assumed under these two scenarios. The table below highlights the projected system needs that DERs can
contribute up to for each scenario by 2032. The approach used to estimate the system needs as well as the
detailed annual values are outlined in Volume Il — Appendix C.
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Table 2-6: DER market opportunity for each grid service, based on projected system needs by scenario

Total Market Opportunity in 2032

Service / Value Stream BAU BAU+ Accelerated
System Capacity (MW) 3,400 MW (Summer) 4,600 MW (Summer) 9,300 MW (Summer)
i :

v — 1,300 MW (Winter) 6,200 MW (Winter) 14,600 MW (Winter)
Energy (TWh) 32 TWh 39 TWh 88 TWh
Surplus Baseload Generation 5 GWh (down from 110 GWh 0 GWh (down from 61 0 GWh (down from 61

P in 2022) GWh in 2022) GWh in 2022)

200 MW (10-min spinning), 620 MW (10-min non-spinning)

Operating Reserves .
410 MW (30-minute)

Regulation Capacity 150 MW

UL GBI a1 2,400 MW 2,740 MW 4,140 MW
Deferral

Distribution Capacity Deferral 290 MW 620 MW 960 MW

TRANSMISSION AND DISTRIBUTION (T&D) DEFERRAL VALUE

DERs have been demonstrated to serve as a cost-effective solution for avoiding or deferring investment
needs in the T&D system in many jurisdictions across North America. However, it is important to
consider that DERs can only feasibly contribute to certain T&D deferral opportunities. For example, DERs
can generally contribute to transmission capacities where they are expected to exceed capacity ratings,
however end-of-life and system stability needs to be examined on case-by-case basis to determine the
applicability of a DER-based non-wire alternative (NWA) solution. Furthermore, T&D benefits are very
location specific. Unlike generation capacity, only DERs that are appropriately sited within the need area
can contribute to addressing it.

To capture these considerations, we estimate T&D system needs as emerging needs that can technically
be addressed through DERs. Additional contributions beyond those identified needs are valued at O.
Additionally, given the province-wide scope of this study, we make the simplifying assumptions that DERs
that receive the T&D benefits are targeted in the specific regions where the T&D needs emerge.
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3.Pre-Assessment

The study team conducted a pre-assessment to develop a comprehensive list of available DER measures and
vet them for applicability in the Ontario market.” The goal of the pre-assessment was to identify and focus the
study on DER measures that were either expected to be cost-effective (economic) or expected to be adopted
regardless of cost-effectiveness in Ontario over the study period. The team identified the DER study measure

list using a three-step approach, as outlined in the diagram below and described in the sections that follow.

Comprehnsive List of DER

Measure Screening Measure Selection
Measures

3.1 Comprehensive List of DER Measures

First, the team developed a comprehensive list of DER measures. Given differences in energy use, market
characteristics, and applicable technologies in each sector, they compiled separate residential and non-
residential lists. This process drew on Dunsky’s existing library of measures, which includes technologies
commonly applied in programs across North America as well as emerging opportunities in energy storage,
connected devices, and EV load management. A jurisdictional scan complemented the library by identifying
other emerging technologies thought to be relevant to the Ontario market as well as load flexibility opportunities
for key end-uses and sectors across the province. The team considered various permutations of each measure
—including different control strategies, and application in different market segments — and included them in the
long list where applicable.

For each measure, the team captured information on key technical, market and use characteristics. These
included operational parameters, grid services offered by the measure, and other technology-specific
considerations, including expected trends in cost and performance.

The full long list of measures — including a summary of key characteristics for each measure — is included in
Volume Il - Appendix A Long List of Measures.

3.2 Measure Screening

Next, to determine which DER technologies should be modeled in the study, the team assessed each measure
in the DER long list against screening criteria (Table 3-1). The screening criteria provided insight into which
DERs were likely to contribute meaningfully to Ontario’s electricity system over the study period, while also
capturing other relevant Ontario-specific and global factors that should be considered in measure selection.
For each of the criteria, each measure was qualitatively rated as low, mid, or high. Definitions for what
constituted a low, mid, or high rating for each of the criteria and the screening results by measure are included
in Volume Il - Appendix A.

" For the purpose of this study, a measure is defined as a specific technology.
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Table 3-1: Measure Screening Criteria

Screening Criteria Definition

e ot SRebH ILVARINISCHOVEL S Ability to provide grid services to meet electrical system needs

Needs

Expected Opportunity Size Size of the current and potential future market over the study period
Potential to Deliver Emissions Reductions Ability to reduce GHG emissions associated with the electricity system
Expected Cost-Effectiveness Achievement of cost-effectiveness over the study period

Current and forecasted technology availability and degree of

o AERElITEES demonstrated use to-date

Alignment with Customer Goals / DERs that are likely to emerge as they have the ability to meet customer
Preferences needs and preferences (e.g. bill reductions, ease of use, resilience, etc.)

3.3 Estimated Baseline in Ontario

Leveraging data from the IESO’s DER inventory estimates,® Residential and Commercial End-use Surveys,
market data from the Ontario Energy Board (OEB), other resources, and professional judgement, the project
team estimated the existing level of penetration of different DERs in Ontario. Our estimates suggest that 10,170
MW of DER capacity is currently deployed in Ontario. Out of this potential, 9,240 MW is within the study
scope.® The largest share of this installed capacity — 63% — is within the DR resource type (Figure 3-1). The
next largest group is FTM resources, at 25%, followed by BTM resources at 3%, and all other out-of-scope
resources accounting for 9% of the current nameplate capacity.

Figure 3-1: Estimated Installed DER Capacity in Ontario by Resource Type
Demand Response |, 6373 VW
FTM Resources | ENENENGNGNENGEGEGEGEGEGEGE 2527 VW

Other Out of Scope Resources | °35 vww

BTM Resources [} 338 Mw

- 1,000 2,000 3,000 4,000 5,000 6,000 7,000

Estimated Capacity in Ontario

Across all currently installed DERs in Ontario, ten measures are estimated to represent nearly 77% of the
deployed capacity.

8 https://www.ieso.ca/en/Learn/Ontario-Power-System/A-Smarter-Grid/Distributed-Energy-Resources

9 Out of scope resources account for 935 MW. This capacity includes approximately 600 MW of wind and 170 MW of CHP
alongside other distributed energy resources contracted with the IESO or distribution connected market participants.
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Table 3-2: Estimated Nameplate Capacity (MW) of Top 10 Largest DER Measures Installed in Ontario

Estimated Installed Nameplate

Study Resource Type Measure Capacity (MW)™
Front-of-the-Meter FTM Solar 2,170
Demand Response Lighting Controls 1,740
Demand Response AC Thermostat 1,080
Demand Response Electric Resistance Water Heaters Smart Switch 730
Demand Response Small Commercial Hot Water 660
Demand Response Smart Clothes Dryer 370
Demand Response Large Commercial HVAC Control 310
Front-of-the-Meter FTM Small-scale Hydro 310
Demand Response Electric Baseboard with Smart Thermostat 300
Behind-the-Meter Res. BTM Solar with Smart Inverters 250
acRER el NG Remaining measures 2,255

out of scope resources

The capacity contribution of these resources is difficult to estimate given the limited data on the individual
contributions of aggregated DR portfolios that do participate in IAMs. However, based on the data from Virtual
Hourly Demand Response (HDR) capacity auction results, as well as insights provided by the IESO, the team
estimates that distribution-connected DR represent 525 MW of summer peak reductions, and 600 MW of
winter peak reductions today.

The estimated baselines were used to set market sizes for measures for the first year of the study and calibrate
the model to the expected contribution of resources where data was available.

3.4 Measure Selection

Based on the measure screening exercise, the team made a recommendation for each of the 81 measures in
the long list, noting whether they should be included or excluded in the study. These recommendations, along
with their associated rationale, are provided in Appendix A.3 Measure Selection. The team presented the
pre-assessment, including the long-list, screening process and recommended measures, to stakeholders as
part of the first stakeholder engagement session (September 2021) to solicit feedback on the appropriateness
of the screening criteria and the measure recommendations.

With consideration of the comments received from stakeholders, the study DER measure list was finalized. The
52 measures selected for inclusion are grouped into three resource types - DR, BTM Resources, and FTM
Resources — and are displayed in tables 3-3 to 3-5 below.

0 The nameplate capacity refers to the rated power draw or maximum power output capability for each DER. The actual ability for
a given DER to reduce system peak loads would typically be less than this, based on the estimated loads or contributions that are
coincident with the system peak.
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Table 3-3: DR Measures Included in the Study

Measure Group

Measure

Residential Measures

HVAC

Other load flexibility
Passenger EV charging

Pools and spas

Smart appliances

Thermal storage

Water heating

Non-Residential Measures

Back-up Generation

EV Fleet Charging

HVAC

Lighting controls

Other load flexibility

Thermal storage

Water heating

* Added at a later point in the study after identifying a potential shift to a winter peak in the BAU+ and Accelerated scenarios.

AC smart thermostat

Dual-fuel space heating with smart switch or thermostat
ASHP/DMSHP smart thermostat

Electric Furnace smart thermostat*®

Electric baseboards smart thermostat*®

Other behavioural-based flexibility

Smart EV chargers

Passenger EV telematics

Residential pool pumps

Smart clothes dryer

Thermal storage for cooling

Thermal storage for heating

Thermal storage and HP

HP water heater with smart switch
Electric-resistance water heater with smart switch
Smart HP water heater

Smart electric-resistance water heater

Back-up Generation (propane/gas/diesel)

LDV fleet EV telematics

LDV fleet EV smart chargers
MDYV fleet EV smart chargers
HDV fleet EV smart chargers
Buses EV smart chargers

Large C&l HVAC control
Small C&l HVAC smart thermostat
Small C&lI ASHP/DMSHP smart thermostat

Lighting controls

District cooling/heating flexibility
Industrial flexibility

Irrigation pump controls
Refrigeration controls
Greenhouse grow lights controls
Other commercial flexibility

Commercial HVAC thermal storage
Thermal storage for refrigeration applications
Large C&l dual-fuel water heater

Large C&l electric water heater
Small C&l electric water heater
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Table 3-4: BTM Resource Measures Included in the Study

Measure Group Measure

Residential BTM solar
Distributed generation Commercial BTM solar
Industrial BTM solar

Residential BTM battery storage
Storage Commercial BTM battery storage
Industrial BTM battery storage

Passenger LDV V2B/G

LDV fleet V2B/G
Vehicle-to-Building/Grid MDV fleet V2B/G

HDV V2B/G

Buses V2B/G

Table 3-5: FTM Resource Measures Included in the Study

Measure Group Measure

FTM solar
FTM small-scale hydro

Distributed Generation

Storage FTM battery storage

MEASURE CONTROL STRATEGIES AND MEASURE BLENDING

e Other DERs: Measures not assessed in the study should not be interpreted as technologies that will
not exist in Ontario, but rather ones likely to play a limited role over the study period given their
expected market size, cost-effectiveness and/or technology maturity.

e Control Strategies: While some DER measures may be accessible through either direct control or
scheduled variations (e.g. EV charging under TOU rates), the focus of the study is on direct control of
DERs. Direct control refers to measures that are equipped with telemetry and controls such that they
can be dispatched by the system operator or an aggregator (such as a local distribution utility (LDC))
when required to meet system needs. Direct control offers the greatest certainty of grid service
impacts from measures, and consequently can highlight the maximum potential impact and
contributions of the DERs being modeled. However, some DER technologies and customer segments
may be best addressed through or combined with other strategies (e.g. price signals that nudge
behavioural change). Additional considerations regarding DER control strategies and procurement
pathways will be addressed in the study recommendations.

e Blended Measures: Some measures were characterized as “blended” measures that represent
multiple technologies with similar characteristics. For example, a smart thermostat paired with a
central air-source heat pump or ductless mini-split heat pump was characterized as a single
measure. Blended measures were developed in cases where multiple approaches of measures could
be applied to the same end-use or equipment, exhibit similar grid service impacts, and incur similar
costs. This allows the study to be conducted at an appropriate level of granularity for a market-wide
study, while ensuring it comprehensively captures all DER potential.

Odunsky | buildings * mobility « industry « energy 19



4. Technical Potential

Technical potential quantifies the theoretical maximum potential for DERs in Ontario to provide different grid
services over the study period, regardless of cost-effectiveness or customer adoption, and represents the
projected maximum pool of potential DER opportunities from which the Economic and Achievable potentials
are calculated.

The Technical Potential is calculated by combining the market size for each measure, including forecasted
market growth over the study period, with the per measure impact,'" considering technical and operational
constraints. The detailed approach used to derive the technical potential is included in Appendix C.
Technical Potential Methodology.

The technical potential for DERs was assessed for each of the three study scenarios to reflect how variations in
policy, technology, and market conditions, will impact the potential pool of technically feasible DER
opportunities, as described earlier in section 2.3 of the report. The key factor influencing the technical potential
across scenarios is the forecasted rate of electrification of transportation, buildings, and industry.

The technical potential results presented in this section are largely focused on the potential
contribution of DERs to meeting summer and winter capacity needs by 2032, calculated considering
the peak load reduction or — in the case of generation technologies —capacity addition of each DER measure
and its corresponding coincidence with the IESO seasonal peak. Where appropriate, other metrics such as
nameplate capacity (MW) or energy production (GWh) are highlighted. The results are broken down by three
key resource types: DR, BTM, and FTM Resources. These resource types are distinct groupings of
opportunities that face unique challenges and barriers from a market and policy perspective. Interpretation of
the technical potential results should consider the caveats highlighted in the call-out box below.

TECHNICAL POTENTIAL KEY CONSIDERATIONS

e The primary value of the technical potential assessment is to establish the maximum potential
market size for each DER measure.

e Technical potential does not account for economic, market acceptance, or other non-
technical constraints.

e The assessment highlights the capability of measures to provide grid services based on technical
characteristics, rather than the actual provision of services.

e While technical potential results are presented by resource type (e.g. DR, BTM, FTM), the technical
potential is not directly additive and should be interpreted carefully. Specifically, the technical
potential is illustrative of the size of the opportunity, but does not consider interactive effects within
and among resource groups (e.g. changes to load patterns caused by some measures impacting the
potential for other measures), which impact the real-world potential that can be achieved.

" Here, impact refers to the type and magnitude of grid services that a measure can provide.

12 Although some measures provide other grid services, summer peak capacity potential is selected as the basis of reporting as it is
expected to represent the highest value service to the Ontario electricity system under the IESO’s APO 2021 reference case,
which guides the IESO’s planning and procurement activities. Additionally, the year 2032 was selected to capture the market
growth expected for each measure over the study period. Detailed results, including annual potential results and other key
measure metrics (e.g. nameplate capacity), are included in the Appendix G — Detailed Results workbook.
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4.1 Summary

Figure 4-1 below summarizes the maximum technical potential for DERs to contribute to summer capacity by
scenario and resource type.

The technical potential for DR was found to be between 9.2 GW and 11.4 GW of summer peak reduction
potential across scenarios. The potential represents roughly 34-37% of Ontario’s forecasted summer peak of
27-31 GW during the same timeframe. The potential grows by scenario as a function of forecasted increases in
electrification.

The technical potential for BTM Resources, which consists of BTM solar PV, battery storage and V2B/G, is
approximately 28.8-70.8 GW of summer capacity additions. The potential for solar is defined by the theoretical
limit for solar PV deployment on all suitable rooftops in the province and does not vary by scenario. The notable
growth in potential across scenarios is a result of the forecasted load growth from electrification, which drives
more opportunities for V2B/G from increased EV penetration, and larger unit sizes for battery storage
installations, given that they are assumed to be sized as a function of customer loads.

The technical potential for FTM resources is approximately 21 GW of summer capacity additions, and 11 GW
of winter capacity additions. The drop from summer to winter is attributed to solar PV’s reduced winter peak
coincidence, as compared to summer. However, small-scale hydro somewhat offsets the FTM resource
summer-to-winter drop, due to its higher winter capacities. As there is no natural constraint on the technical
potential for FTM solar PV installations, the maximum potential of these resources in this study was artificially
set to be equivalent to the current capacity of the marginal generating resource in Ontario (natural gas) and
remains unchanged for all scenarios over the study period. We calculated the potential by sizing each FTM
measure to fully displace 10 GW of natural gas while accounting for any measure-specific physical constraints,
which resulted in a technical potential of 35.6 GW of nameplate FTM solar PV (based on the IESO’s assumed
peak coincidence factor or 28% for solar PV in Ontario). As such, the technical potential for FTM resources is
unaffected by the modeled scenario levers.

Across all three resource types, the DERs investigated in this study are expected to have significantly lower
winter potentials as shown in the figure below.

8 For BTM solar, the technical potential was sized to the total available potential for rooftop solar PV arrays on Ontario's homes and
businesses. However, for FTM solar, there is no similar natural physical constraint to define the technical potential.
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Figure 4-1: Technical Potential for Seasonal Capacity Reduction by Scenario and Resource Type 2032
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While Ontario’s primary emerging system need is system peak capacity, the DERs modeled for the study have
the potential to contribute to other grid services,™ including energy, operating reserves (OR), and regulation
capacity (RC). In addition, the 2021 APO identifies growing energy needs, which increase dramatically under
the BAU+ and Accelerated scenarios, and provides greater opportunities for DERs to help meet Ontario’s
projected system needs.

Figure 4-2 below summarizes the portion of the DER technical potential nameplate capacity capable of
providing each grid service (Capacity, Energy, Regulation Capacity, Operating Reserves) under each scenario.
While most of the DER measures considered in this study are capable of energy shifting, less than half are
generating resources (e.g. BTM Solar) capable of contributing to energy needs in Ontario. Even so, the DERs
considered in the study could theoretically contribute to up to 140 TWh under all scenarios. Fewer measures
are capable of providing OR and RC - those that can include measures capable of ramping loads up or down
on short notice, such as battery storage and water heaters. Specifically, 34%-60% of the technical potential
for DERs was identified as OR-capable (up to 174 GW of nameplate capacity in the Accelerated scenario) and
23%-55% was identified as RC-capable (up to 161 GW of nameplate capacity in the Accelerated scenario).
Moreover, the vast majority (90%) of DER potential was found to be capable of participating in the 5-minute
dispatchable energy market.

4 Given the province-wide nature of the study, transmission and distribution peaks are assumed to be coincident with Ontario’s
system-wide summer peak events. Therefore, estimated capacity reductions refer to the theoretical potential for displacing
generation, transmission and distribution capacities in Ontario.
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Figure 4-2: Percentage of Technical Potential Nameplate Capacity Capable of Providing Grid Services
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The following sub-sections explore the estimated technical potential for each of the three resource types
(DR, BTM, FTM) in further detail, with a focus on summer peak reduction potential. Additional metrics are
highlighted in the appendices and supporting data files.

4.2 Demand Response

The potential for DR in a jurisdiction typically depends on the coincidence of sectoral and end-use loads
with the system peak. By 2032, Ontario’s system peak is forecasted to reach 27 GW." During a typical
peak event (hot summer day, between 1pm and 5pm), the residential sector represents 38% of load, the
commercial sector represents 37%, and the industrial sector and other'® loads represent 25% (Figure
4-3).77

5 1ESO, 2021 Annual Planning Outlook.

"8For this study, DER potential is limited to distribution-connected industrial customers (as opposed to both distribution and
transmission-connected), which represent approximately 50% of industrial capacity in Ontario. The loads that were not included in
this study, namely transmission-connected and other loads, are represented in gray.

"Contribution to peak load was calculated as the average load for each sector coincident with the system peak during a four-hour
peak window (summer: 16:00 — 19:59; winter: 17:00 — 20:59).
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Figure 4-3: Forecasted 2032 Contribution to Summer Peak Day Load by Sector — APO Reference
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Figure 4-4 below highlights the technical potential for summer peak load reductions from DR by sector. The
majority of the technical potential identified for DR in Ontario is found in the residential sector — approximately
half under both the BAU and BAU+ scenarios, and more than 60% under the Accelerated scenario —
attributable to the significant load flexibility opportunities found in the residential sector.

Significant DR technical potential also exists in the commercial sector, with up to 4,705 MW of summer peak
load reductions. This potential primarily consists of thermal storage, HVAC and lighting measures. Technical
potential for the industrial sector is more limited, with 631-896 MW of potential summer load reductions
identified. The industrial DR potential is this study is limited as it includes only distribution-connected
customers, and is also limited by the relatively flat load patterns observed in the sector, which reduce
opportunities for load flexibility. Growth in the DR technical potential under the BAU+ and Accelerated
scenarios, as compared to the BAU scenario, is driven by the increased rates of electrification for
transportation, buildings, and industry.
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Figure 4-4: Summer Capacity Reduction for DR Measures by Scenario and Sector in 2032
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4.2.1 Residential DR

Within the residential sector, the HVAC end-use represents more than 40% of the load during peak events
(Figure 4-5). This is followed by plug-loads, which represent nearly 30%. Smaller loads are associated with
the remaining end-uses (hot water, lighting, etc.).®

Figure 4-5: Forecasted 2032 Residential Contribution to Summer Peak Day Load by End-Use — APO 2021
Reference
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'8 Plug-loads includes clothes washers/dryers, kitchen appliances, consumer electronics, etc., while other loads include pool &
spas, MURBs elevators, misc. loads, etc.
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As shown in Figure 4-6, HVAC represents the largest opportunity within residential DR capacity (which is
in-line with peak load contribution patterns) with between 3,212 MW and 3,546 MW of potential summer
peak load reduction. This potential is primarily associated with smart thermostats connected to air
conditioners (ACs) and heat pumps (HPs), and thermal storage. Interestingly, the technical potential for
residential HYAC DR drops slightly under the BAU+ and Accelerated scenarios, as the growth in heat
pump uptake associated with the assumed building electrification scenarios offsets less efficient air
conditioning systems and reduces peak demand, thus reducing opportunities for summer peak reduction
from residential HVAC DR.

Beyond HVAC, water heating and smart appliances also represent large areas of potential, with smart
appliances offering a technical potential of 481 MW. Water heating controls offer an increasing potential, as
the adoption of HP water heaters increases under the BAU+ and Accelerated scenarios, rising from 314
MW under BAU to 494 MW under the Accelerated scenario.

Finally, the increasing penetration of passenger EVs leads to expanding DER potential in the residential
sector, with 201 MW of potential associated with managed home EV charging under the BAU scenario,
ramping up to 653 MW in the BAU+ scenario, and reaching 1,406 MW under the Accelerated scenario.

Figure 4-6: Residential DR Summer Capacity Reduction by Scenario, Resource Type, and End-Use in 2032
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4.2.2 Commercial DR

Within the commercial sector, space cooling represents more than 50% of the commercial loads during
system peak (

Figure 4-7). Water heating makes up a very small portion of overall load given the prevalence of gas water
heating in the commercial sector. The remaining load is roughly evenly split among plug-loads, HVAC
pumps and fans, lighting and other segment-specific end-uses (e.g. refrigeration).

Figure 4-7: Forecasted 2032 Commercial Contribution to Peak Day Load by End-Use — APO 2021 Reference
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As with the residential sector, HVAC DR represents the largest technical potential for DR in the commercial
sector (

Figure 4-8). Key measures include thermal storage, smart thermostats for small commercial customers,
and other HVAC load controls for larger commercial customers. The second largest opportunity area under
the BAU scenario is associated with “load flexibility” which is applied to end-uses that are unique to the
commercial sector,' offering 562 MW of potential. Considerable potential is also identified for lighting
controls, which represent 328 MW of potential peak reduction.

The increased adoption of EVs within commercial fleets represents a significant area of DR potential; this
potential is particularly pronounced under the BAU+ and Accelerated scenarios, offering 632 MW and
1,183 MW of potential summer capacity reductions respectively. Similarly, growing opportunities are
observed for HYAC measures due to increased adoption of heat pumps in the commercial sector.

19 The ‘other load flexibility’ end-use includes of a number of measures with controllable loads but limited market sizes such as
refrigeration controls, district heating/cooling flexibility, pump controls, and more.
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Figure 4-8: Commercial DR Summer Capacity Reduction by Scenario, Resource Type, and End-Use in 2032
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4.2.3 Industrial DR

While data on the hourly breakdown of industrial end-uses is not available, peak consumption in the sector is
expected to be dominated by segment-specific end-uses (e.g. machinery, process heating) as well as HVAC.
Given limited data availability (wherein only the total contributions to peak load data were available for the
industrial sector) the team applied a higher-level approach to modeling (described in detail in Appendix C.
Technical Potential Methodology). Specifically, we modeled a single industrial load flexibility measure and
assumed that for each industrial segment, 25% of the load was curtailable’®. The model then applied the
industrial sector propensity curve to determine what portion of the curtailable load would likely participate as
DR in each segment and in each year of the study period. As indicated previously, the DR potential explored in
this study is limited to distribution-connected industrial customers, which is assumed to comprise half of the
overall industrial load in Ontario.?!

Generally, given the flatter load patterns typically observed in the industrial sector as well as the operational
characteristics of the facilities, roughly a quarter of loads in the industry sector are assumed to be curtailable.
This curtailable portion was determined through assumptions employed by Dunsky in other studies as well as
cross-referencing of multiple demand response studies conducted in other jurisdictions. As highlighted in

20 Estimation based a jurisdictional scan of industrial curtailment programs.
21 An estimate of the portion of Ontario’s Industrial loads that are distribution-connected was provided by the IESO.
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Figure 4-9, the technical potential for industrial distribution-connected DR ranges from 631 to 896 MW. The
increase in potential across scenarios is a result of increased electrification of industrial end-uses under the
BAU+ and Accelerated scenarios, which create new opportunities for load control.

Figure 4-9: Industrial DR Summer Capacity Reduction by Scenario, Resource Type, and End-Use in 2032
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4.3 BTM Resources

The technical potential for BTM resources is limited by key technical and physical considerations. For solar PV,
the potential is based on the number of buildings suitable for solar deployment and the corresponding rooftop
area available for a solar PV installation, which is unchanged across scenarios. For storage measures, the
potential is based on the number of buildings with suitable space for storage deployment and systems that are
sized according to customers’ load patterns. Despite the increased electrification loads modeled under the
scenarios, increases in the technical potential for energy storage is minimal across scenarios and only modest
growth can be seen in both measures over time as a result of population segment growth.?? Given that, we
focus the results in this section on the technical potential in 2032 under the BAU+ scenario.

The technical potential for BTM resources in Ontario by 2032 is estimated to be 89 GW (nameplate capacity).
As shown in Figure 4-10, distributed generation accounts for the majority of the identified potential (50.9 GW).
The solar PV potential is roughly equally distributed among the residential, commercial, and industrial sectors,
whereas energy storage and V2B/G potential is concentrated in the residential and commercial sectors. The
measure characterization approach assumes that energy storage systems are sized to the difference between
a customer’s peak load and average daily load, limiting overall potential.?® This is particularly notable for the
industrial sector, where a significantly smaller technical potential for industrial energy storage results from
relatively flat load curves at industrial facilities. Moreover, it was assumed that industrial fleets would not
participate in V2B/G programs as this could disrupt their use for industrial practices.

22 The results highlight that load patterns of only a handful of commercial segments will change as a result of electrification; allowing
for slightly larger storage deployments by customers in those segments and therefore higher technical potential.
23 Further detail highlighted in Appendix C. Technical Potential Methodology.
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Figure 4-10: Technical Potential (Nameplate Capacity) of BTM Measures by Sector and Measure Type, 2032
(BAU+ Scenario)
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