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Executive Summary

This study estimates the net benefit that Ontario could realize by reforming the wholesale
electricity markets operated by the Independent Electricity System Operator (IESO). This
reformation will include significant changes to Ontario’s energy markets, a number of features
designed to improve the system’s operating flexibility, and the introduction of an incremental
capacity auction for maintaining resource adequacy. This coordinated set of market reforms has
been termed “Market Renewal” and represents the culmination of many years of analysis and
observation by the IESO, the Market Surveillance Panel (MSP), and Ontario electricity sector
stakeholders. The results of this study will be used as an input to help determine whether to
proceed with developing a market design for Market Renewal and to identify options for
maximizing benefits and mitigating risks of the effort.

Our key findings are that:

e The estimated province-wide efficiency and customer benefits of Market Renewal
significantly outweigh estimated implementation costs, with a ten-year present value of
net benefits ranging from $2,200 million to $5,200 million. These province-wide benefits
are shared by customers and suppliers.

¢ The benefits from Market Renewal are likely to grow over time as Ontario’s electricity
sector continues to decarbonize, as contracts expire, and as the sector becomes more
distributed in nature.

e Market Renewal will better prepare Ontario for the future by creating a competitive
framework for effectively incorporating new and emerging technologies.

¢ The IESO and stakeholders have substantial opportunities to enhance the benefit-cost
ratio of Market Renewal by learning from the experiences of other jurisdictions and
applying them to Ontario’s unique context.

The Need for Market Renewal

The contemplated Market Renewal would be the first significant overhaul to Ontario’s 15-year
old “two-schedule” wholesale electricity market, which uses two separate scheduling sequences
to first determine market prices and then physical dispatch instructions. The Market Design
Committee who originally recommended the two-schedule system recognized that it has
significant limitations. The current design was originally intended to persist for only 18 months,
as a transitional mechanism toward a single-schedule system with locational marginal pricing
(LMP) or “nodal pricing”. However, the two-schedule system has endured much longer than
anticipated. Over time many patches and temporary improvements have been layered onto the
foundational design, and it has become increasingly clear that the two-schedule system causes
significant inefficiencies. These inefficiencies have been extensively documented and analyzed
by the IESO, the MSP, and independent observers. The complexities associated with the two-
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schedule system have become a barrier to evolving the market to cost-effectively meet shifts in
market fundamentals and public-policy goals.

The market was originally designed to coordinate the operations of nuclear, hydro, and fossil-
fueled resources, with coal-fired generation providing about 25% of Ontario’s total energy needs
and providing the bulk of the system flexibility. In 2014, Ontario retired its last coal-fired
generating plant as part of a concerted effort by the province to decarbonize the electricity
sector.! Non-emitting resources (particularly nuclear, biomass, wind, and solar) and additional
natural gas generation have replaced most of the coal-fired generation. The changing supply mix
and loss of flexibility have amplified the challenges with the existing market design.

This study evaluates the potential benefits of the IESO’s proposed Market Renewal efforts; it is
not an evaluation of specific market design elements or implementation details. As this study
comes at the initial stage of the Market Renewal initiative, we do not analyze the specific details
of how the IESO’s market rules and operating procedures would change. Instead, we base our
analysis of Market Renewal benefits on the concepts and general features of market
enhancements that have already been identified by the IESO, MSP, and stakeholders for
operating Ontario’s electricity system more efficiently in the future. The general features of
Market Renewal as currently proposed fall into three workstreams:

1. Energy: Move to a single-schedule market, including locational marginal pricing for
suppliers, improved generation commitment and dispatch in real time, and a financially-
binding day-ahead market.

2. Operability: Increase system flexibility and improve utilization of interties with
neighboring systems to reduce the cost of surplus-generation conditions, variable
renewable generation uncertainty, and the need to curtail resources.

3. Capacity: Improve procurement of resources to meet the province’s resource adequacy
needs through an incremental capacity auction that stimulates competition from all
qualified supply resources in a technology-neutral manner.

These reforms would increase the extent to which Ontario relies on transparent, market-based
mechanisms to reliably supply electricity to customers. As evidenced in other jurisdictions
across North America that already incorporate these design elements to address challenges
similar to those in Ontario, markets have a role in providing efficient and low-cost outcomes in
the electricity sector.

Qur Approach fo Estimating Net Benefils

We rely on stakeholder input to develop a framework for estimating the benefits of each of the
three Market Renewal workstreams. We leverage studies of the Ontario market as well as

I See Ontario Ministry of Energy (2015).
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experience from similar market redesign efforts in other North American power markets over
the last decade to estimate the benefits of Market Renewal. Our estimates account for the
reduction of benefits due to pre-existing long-term power contracts. Finally, we partnered with
Utilicast to estimate the IESO’s costs for implementing Market Renewal.

Participants in the stakeholder process have emphasized the importance of recognizing Ontario’s
unique characteristics when evaluating the benefits of Market Renewal. We account for
Ontario’s distinctive characteristics by first relying on prior Ontario-specific analyses. We also
rely on the experience in other regions where relevant aspects of market design enhancements,
resource characteristics, and policy drivers are similar to Ontario. Combining Ontario-focused
analyses with the real-world experiences from other markets provides a more complete picture
of the potential benefits and risks associated with Market Renewal.

Primary Drivers of Benefifs from Market Renewal

We find that the primary benefits of Market Renewal will be associated with:

+ Fuel, Emissions, and Operations and Maintenance (O&M) Cost Savings. The current
market does not fully account for all costs and system constraints in price-setting,
commitment, and dispatch. This can result in higher-cost resources being used when
lower-cost resources are available. Market Renewal will improve the system’s ability to
identify and utilize the lowest-cost resources to meet demand, including wind, solar,
nuclear, hydro, storage, demand response, and interties. This will reduce the fuel costs,
emissions, and O&M costs associated with operating the system.

¢ Reduced Curtailment/Spilling of Non-Emitting Resources. The current market does not
fully utilize the existing resources or incentivize innovative solutions to meet system
flexibility needs. This causes unnecessary loss of non-emitting resources by curtailing
wind, solar, and nuclear, and spilling hydro generation.

¢ Incressed Export Revenues and Reduced Import Costs. A reformed energy market and
better optimized interties will lower the frictions to efficient trading of power with
neighboring jurisdictions. This will allow for increased imports of lower-cost generation
from neighboring markets and enable Ontario suppliers to export more power when
export revenues exceed Ontario’s generation costs.

¢ Investment Cost Savings. Transitioning to a more market-based capacity procurement
process, combined with enhanced energy and ancillary market incentives, will increase
competition to meet system needs at lower investment cost. A technology-neutral
approach will level the playing field for existing resources and new technologies that
have traditionally been left out of the capacity procurement process.

o Reduced Gaming Opportunities, Administrative Complexity, and Unwarranted Transfer
Payments. The current two-schedule system does not always align generation dispatch
with market prices, introducing the need for uplift payments to address these
inconsistencies. These uplifts amplify the inefficiencies and administrative burden of
operations for both the IESO and participants and create incentives for all market
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participants (suppliers, consumers, and traders) to profit from exploiting the design flaws.
A more competitive market design can potentially eliminate these inefficiencies and
gaming opportunities.

+ Supporting Competition and Innovation. Prices that more accurately reflect market
conditions will support competition among a broader set of traditional and non-
traditional resources to minimize system costs and encourage innovation.

o Alignment with Provincial Policy Goals. Market Renewal will create an improved
platform for enabling market evolution in support of Ontario’s policy objectives and
changing market fundamentals.

GQuantified and Non-Quaniified Benefifs

Figure ES-1 summarizes our estimated benefits and costs of Market Renewal. The figure shows
the 2021-2030 present value of quantified benefits from the proposed energy market reforms,
operability improvements, and capacity auction workstream. These benefits will continue
beyond 2030. As shown, we estimate that Market Renewal will produce benefits with a present
value of approximately $510 million from energy market reforms, $580 million from operability
reforms, and $2,530 million from capacity auction reforms. Realized benefits will likely be
greater if the existing contracted resources are more responsive to market prices than assumed in
our analysis and considering that the value of many benefits has not been quantified. As shown,
the estimated benefits are offset by $200 million in estimated IESO implementation costs.?
Additional costs will likely be incurred by stakeholders. We qualitatively discuss but do not
estimate these additional stakeholder costs, which can vary significantly among different classes
of market participants as we describe qualitatively in this report.

Together, we estimate a 2021-2030 net present value of approximately $3,400 million in
efficiency benefits to Ontario from Market Renewal net of implementation costs, with a baseline
benefit-cost ratio of 18:1. Considering the uncertainties in the nature of reforms and the
magnitude of benefits from each workstream, these net benefits could range from $2,200 million
to $5,200 million, with a benefit-cost ratio ranging from 12:1 to 27:1.> We conclude that the
benefits from Market Renewal will greatly outweigh implementation costs, even considering the
significant uncertainty range.

2 This $200 million is the net present value of the costs in 2021 using a 5% discount rate. The simple
sum of nominal implementation costs is $189 million.

3 This range compares our high and low benefits estimate to our baseline estimate of costs.
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Results represent province-wide benefits from efficiency gains net of IESO implementation costs; they exclude any
transfers payments among market participants. Does not include benefits that could be realized if all contracted
resources become responsive to market prices.

In addition to these quantified benefits, we expect Market Renewal to produce other benefits
that we have not been able to quantify. The investment and variable cost savings that we report
are limited to only those materializing from the reforms that have been explicitly studied in
Ontario or other markets; but the benefits of some market design advancements such as better
integration of diverse and emerging resource types were not estimated in the studies on which
we relied. We have also not captured the potential benefits from a simplified market design that
reduces gaming opportunities and administrative burden for both the IESO and market
participants. Finally, the studies we rely on typically do not account for the longer-term savings
from enabling innovation through an open, competitive marketplace.

Distribution of Benefifs

Ontario’s customers are likely to realize a significant share of the market-wide efficiency gains,
with baseline estimates of customers’ annual net benefits ranging from $160 million per year in
2021, increasing to a range of $170 million and $670 million in subsequent years. We do not
explicitly estimate the benefits and costs to other market participants, but discuss how these
benefits would likely be distributed across market participants. For example, the most
competitive suppliers will share in the estimated benefits through increased opportunities to sell
flexibility services, by generating energy where and when it is most valuable, and through
improved opportunities to export energy and capacity. New entrants and technologies will
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similarly benefit from opportunities created by the reforms across all three workstreams.
Suppliers owning resources that are inflexible, that have high going-forward costs, or that are
currently benefitting from above-market compensation are likely to see a reduction in total
revenues under Market Renewal relative to today as they are exposed to greater competition.

Recommendalions

Based on the significant net benefits to the province, we recommend that the IESO and
stakeholders proceed into the design stage of Market Renewal. To maximize the benefits and
mitigate the risks of Market Renewal, we recommend that the IESO and stakeholders carefully
examine the available design choices, taking advantage of experiences of other markets, before
selecting those that are most beneficial and consistent with Ontario’s unique fundamentals and
policy environment. We provide more specific recommendations for each workstream in the
Findings and Recommendations section of this report.
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i, Introduction

Ontario’s electricity market, like all energy markets, has a foundational objective of maintaining
reliability at least cost. However, there is a long-understood and growing concern that several
aspects of Ontario’s wholesale market and supply-contracting approaches are no longer cost-
effectively achieving this objective. The Independent Electricity System Operator (IESO)
recognizes that a fundamental reform of the market design is needed to address the many
challenges faced by the industry today. The IESO has therefore begun to lay the groundwork for
a “Market Renewal” initiative that will increase the efficiency of its energy and ancillary service
markets and develop an auction-based mechanism to maintain resource adequacy. Market
Renewal will help create a more dynamic and competitive marketplace that will more cost-
effectively operate in Ontario’s changing market and public-policy environment.

A, THE NEED FOR MARKET RENEWAL

Ontario’s current electricity market design, which has been in place for 15 years, relies on a
“two-schedule” energy market for determining and settling operational decisions, and a system of
administrative supply contracting for determining investment decisions. Market Renewal will
fundamentally reform both of these approaches to address a number of well-documented
problems in order to mitigate and contain system-wide cost increases.

On May 1, 2002 the IESO implemented the current two-schedule system as a transitional
mechanism to a single-schedule, locational energy market. The Market Design Committee who
originally recommended this two-schedule system recognized its limitations from the outset and
recommended it only be used for 18 months.* However, the system has endured much longer
than anticipated and remains essentially unchanged today. Over the years, a range of concerns
over operational complexity and economic inefficiency have emerged. These problems have
been documented and analyzed extensively by the IESO, the Ontario Energy Board (OEB)
Market Surveillance Panel (MSP), and independent industry observers.> The IESO has addressed
some problems through modifications of specific market rules within the existing market
framework, but other more fundamental flaws cannot be addressed without moving away from
the existing two-schedule design.

One of the core problems with the two-schedule system is the disconnect between actual system
operations and final price signals. The five-minute dispatch of generating resources is
determined by a constrained optimization algorithm. This algorithm represents system
constraints including transmission line limits, transmission losses, ramping constraints, and other
generator characteristics in a realistic way. However, generation and load settlements use the

*  Market Design Committee (1999), pp 1-9, 3-7, and 3-8.
> For example see Ontario Energy Board (2012), pp 87-88; also Drake (2016).
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prices based on an unconstrained transmission system. The unconstrained transmission pricing
algorithm uses a simplified representation of the Ontario grid, resulting in a uniform system-
wide price that does not reflect locational constraints or physical feasibility. The IESO and its
stakeholders have recognized that this two-schedule system creates many pricing and operational
inconsistencies, which result in inefficient dispatch and unnecessarily high system-wide costs.

To manage the two-schedule system, the IESO pays additional out-of-market “uplift” payments
to compensate suppliers for actual or potential costs that are not reflected in the unconstrained
schedule. Total system-wide uplift payments have been between $300 and $600 million in each
of the past nine years.® Some of these uplift payments, such as congestion management
settlement credits, compensate suppliers for price and quantity discrepancies between the
unconstrained and constrained schedules. Other uplift payments, such as most of those for losses
and constrained-on congestion management settlement credits, are critical missing pieces in
setting prices that are reflective of actual system costs.

Another class of uplift payments are associated with a need to issue day-ahead unit commitment
instructions without a financially-binding day-ahead market and to rely on intra-day unit
commitment decisions based on incremental energy offers without considering start-up costs.
Market prices should reflect the costs associated with having to dispatch higher-cost resources
when facing a binding system constraint, but the Hourly Ontario Energy Price (HOEP) does not
send these price signals. Out-of-market payments are a workaround solution, but they are
applied in piecemeal fashion and do not address the poor underlying incentives.

The IESO and its stakeholders have studied possible day-ahead market designs since 2003, but
have thus far found the explored options to be infeasible despite recognizing the significant
efficiency benefits to be obtained. In 2004 they found that the two-schedule system would make
day-ahead market settlements excessively complex. Instead the IESO introduced a partial
solution through the non-market day-ahead commitment process in 2006 (as updated in 2011).”
This process provides a day-ahead schedule and cost guarantee to gas generators and importers,
but does not provide similar commitments or settlement opportunities to other resources.
Without a financially-binding day-ahead market, the current process does not provide efficient
incentives to ensure that all generation resources commit to providing the energy and ancillary
services ahead of the operating time frame. Most suppliers are not able to obtain a financially-
binding day-ahead schedule, which means some potentially valuable assets such as pumped
hydro plants go under-utilized. Exporters similarly face excess risk from participating in day-
ahead scheduling and so are not fully accounted for when setting day-ahead unit commitments
and schedules. Demand-side resources and other suppliers face more scheduling and price risks
than they would under a day-ahead market and therefore are less likely to procure fuel
efficiently or provide energy at the lowest costs.

¢ Ontario Energy Board (2016c).

-
7

See IESO (2008) for a detailed discussion of this partial solution.
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In contrast, experience from other wholesale electricity markets shows that the introduction of a
day-ahead market can produce significant quantifiable efficiency gains. This is consistent with
the Market Design Committee’s recommendation from the outset of the current design that
Ontario should adopt a voluntary, financially-binding day-ahead forward market.?

The complexity of the current system that relies on uplift charges and administrative
workarounds creates incentives for gaming and introduces unwarranted transfer payments from
consumers to other market participants. One example of gaming identified by the MSP results in
excessive congestion management settlement credit payments during negative pricing periods or
when a resource ramps up or down.® Both the MSP and the IESO have found that identifying
and addressing the many types of gaming behavior and unwarranted transfer payments is
difficult and time-consuming.'

Market Renewal, through the energy market workstream, will provide an opportunity to
eliminate this entire set of inefficiencies and incentive challenges. A single-schedule, locational
energy market will produce more accurate price signals and settlement incentives that align with
operations. A state-of-the-art real-time unit commitment mechanism will minimize the
combination of commitment and variable costs. The day-ahead market will achieve more cost-
effective unit commitments and natural gas schedules. Together, these energy market reforms
will reduce total system costs to serve load, eliminate inefficient incentives and gaming
opportunities, and significantly reduce (if not eliminate) many classes of uplift payments.

The existing approach of capacity planning and long-term supply contracts has similarly
demonstrated a range of problems and growing costs. Under the current system, the IESO (and
formerly the Ontario Power Authority) has signed a large number of long-term supply contracts
procured on a technology-specific basis that were often driven by government directives. This
approach has met the province’s resource adequacy needs and enabled rapid decarbonization, but
has contributed to excess capacity and associated costs. The IESO has recognized the challenges
of the current approach and has implemented a demand response auction as a first step toward a
more competitive and transparent approach to capacity procurement. The IESO is also making
efforts to enable capacity exports that will generate revenue to the province and is planning to
enable cost-effective capacity imports in the future. The next step, as outlined by the Minister of
Energy, is “moving to [a] technology-agnostic [incremental capacity auction that] will provide
new opportunities for innovation and modernization...[and] ensure that ratepayers receive the
best prices possible.” By more effectively harnessing competition among different resource types
and between new and existing technologies, the capacity auction workstream of Market Renewal
will reduce the cost of meeting resource adequacy needs.

8 Market Design Committee (1999), p. 1-8.
®  For example, see Ontario Energy Board (2016c), (2015a), and (2014b).
10 See Drake (2016).
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There is significant strategic value to remedying the current system, given how public policies
and market fundamentals have shifted over the past decade. In 2013, the Ontario Ministry of
Energy reiterated its commitment to building and maintaining a clean, reliable, and affordable
electricity system in its Long-Term Energy Plan.! Ontario met its goal of reducing province-
wide greenhouse gas emissions by 6% below 1990 levels by 2014, partly by achieving 80%
electricity sector decarbonization over the past decade.’? The province has made large
investments in transmission, distribution, and clean energy to help achieve that goal, and retired
its last coal-fired generating plant in 2014."* The Government of Ontario’s five-year Climate
Change Action Plan conveys the province’s strong commitment to fighting climate change and
reducing greenhouse gas emissions across all sectors in the years to come.™

Going forward, the government’s Climate Change Action Plan outlines measures to reduce
economy-wide greenhouse gas emissions by 15% by 2020, 37% by 2030, and 80% by 2050 (all
compared to 1990 emissions levels). Most of Ontario’s greenhouse gas emissions come from the
transportation industry and buildings sectors now that the electricity system is largely
decarbonized. To continue on this path, the electricity sector may need to support growing
electrification of other industries and maintain or replace existing clean energy resources.

The limitations of Ontario’s market design are amplified by the fact that the current energy
market and resource-contracting system were created based on the then-existing fleet of
traditionally controllable generating resources. In 2003, coal-fired generation provided about
25% of Ontario’s total energy needs, as shown in Figure 1.7

Today, a very different mix of intermittent, distributed, and non-emitting resources has emerged
with significant further changes on the horizon. Today, without coal-fired generation, about
90% of Ontario’s electricity production is from non-emitting resources. As Figure 1 shows, by
2015, non-emitting resources, particularly nuclear, biomass, wind, and solar, had replaced most
of the coal-fired generation. However, because the new resource mix is less flexible and contains
more intermittent generation, this development has left the existing system less able to meet
reliability requirements in a cost-effective manner. Natural gas-fired generation is able to
provide the needed flexibility services in many hours, but those flexibility services oftentimes are
dispatched and remunerated through inefficient out-of-market mechanisms. In addition, the
system increasingly faces surplus baseload generation challenges when non-emitting resources
must be spilled or curtailed. While Ontario currently has a significant quantity of flexible
resources including interties, hydro generation (including pumped hydro), and distributed
resources, the current market design is unable to fully utilize these resources. The operability

I Ontario Ministry of Energy (2013).

12 JESO (20164d) p. 4.

13 See Ontario Ministry of Energy (2015).

4 Ontario Ministry of the Environment and Climate Change (2016).
5 TESO (2016c).
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workstream will aim to modernize the market design to more fully and more cost-effectively
utilize the flexible resource potential of the existing system and improve the incentive to develop
more flexibility going forward.

Figure 1
Ontario’s Energy Supply in 2003 and 2015
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Sources:
2003 and 2015 values from Ontario Ministry of Energy (2010} and (2016).

It has become clear to the IESO and its stakeholders that the current market design established in
2002 is not able to efficiently utilize the unique operating characteristics of the province’s
current, and mostly emissions-free, generation mix. Oversupply conditions during low-demand
and high-baseload-generation hours have forced the IESO to curtail substantial amounts of solar,
nuclear, wind, and hydroelectric generation to maintain a reliable system and balance supply and
demand. Expensive generation is deployed inefficiently due to the two-schedule system that
contributes to uneconomic commitment and dispatch of higher-cost resources. Trade with
neighbors over interties, which could lower costs for Ontario customers, is underutilized. And
the Ontario’s current capacity procurement framework has resulted in excess supply conditions
and does not ensure that the lowest cost resources are procured.

Market Renewal is a coordinated series of reforms that aim to more cost-effectively support
reliable operations and planning under Ontario’s expected policy context and market
fundamentals. Market Renewal presents a unique opportunity to learn from the experience in
other markets to build a more cost-effective Ontario electricity market. Other North American
system operators who engaged in similar market redesign efforts over the last decade have
realized the benefits of markets that better accommodate, and in some cases internalize, public-
policy goals to reduce emissions and develop clean energy resources. Many U.S. markets are also
modifying their energy and ancillary service market designs to more effectively support
flexibility needs. California, New York, and New England’s markets are currently taking
proactive steps to recognize and incentivize low- or non-emitting resources through market
mechanisms.
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Ontario’s Market Renewal effort is an opportunity to incorporate the most cost-effective market
design approaches that have a proven track record in other markets, and lay the foundation for a
new market design that can leapfrog the challenges recently encountered by other markets. An
advanced “made-in-Ontario” market design can create a more robust platform to reliably and
cost-effectively meet future system needs and policy objectives.

Are the U.S. Markels “Broken”?

The recent rapid growth of intermittent, zero-marginal-cost resources in Canada, the U.S., and many other
international jurisdictions has introduced a number of reliability, economic, and policy challenges that
need to be addressed. This shift in resource mix is requiring both regulated and market-based systems to
enhance their traditional approaches to maintaining reliability, operating the fleet, incentivizing
investment, and planning transmission. The U.S. nodal day-ahead and real-time markets continue to
perform relatively well even under these significant changes, but have needed to supplement traditional
approaches with more advanced ancillary services, scarcity pricing, surplus baseload pricing, and other
flexibility reforms. These energy and ancillary market advancements are generally keeping pace with
intermittent resource penetration but continue to require ongoing enhancements. To date, capacity
markets have fared well in maintaining resource adequacy standards by attracting new technologies and
investment needs at competitive costs, requiring only modest reforms to adequately account for clean
energy resources’ capacity value.

One area where the U.S markets are beginning to face more pressing challenges is that some states’
significant decarbonization objectives are not yet fully reflected in the market design. California has
already modified its market design to account for carbon pricing and carbon emissions (including for both
unit-specific and generic imports). However, New England and New York’s markets are just beginning to
address these concerns by considering market-based approaches to reflecting policy objectives, such as COz2
pricing and market-based clean energy procurements.

Overall, these markets are far from “broken.” The markets are fulfilling their design objectives of
maintaining reliability cost effectively, and are now taking the evolutionary steps necessary to address
changing technologies, resource mix, and policy objectives. How some markets should be modified to
address decarbonization policies as an additional design objective is an important question that is only
beginning to emerge.

B. SCOPE AND OBIJECTIVES OF MARKET RENEWAL

In many respects, Ontario’s market design is a decade behind the more efficient approaches
adopted in U.S. markets even though the challenges Ontario faces are much more acute. Ontario
has already achieved an 80% decarbonization of the electricity sector, a reduction target that

¢ | orotfle.com

IESO-N-0015979



DEAFT

many U.S. jurisdictions will not achieve until 2050 or later.’® As a consequence, Ontario faces
greater reliability and economic challenges from more ambitious environmental goals and
flexibility needs. At the same time, its market design offers less robust energy, operability, and
investment incentives for addressing these challenges.

The IESO’s Market Renewal has the following objective: “[to] deliver a more efficient, stable
marketplace with competitive and transparent mechanisms that meets system and participant
needs at lowest cost.” To achieve this objective, the IESO has proposed the following three
workstreams:

1. Energy: Move to a single-schedule market with locational marginal pricing, improve
generation commitment and dispatch in real time, and adopt a financially-binding day-
ahead market.

2. Operability: Increase system flexibility, including better utilization of interties with
neighboring systems, and reduce the cost of surplus-generation conditions, variable
renewable generation uncertainty, and the need to curtail resources.

3. Capacity: Improve procurement of resources to meet the province’s resource adequacy
needs through an incremental capacity auction that stimulates competition from all
resources and that enables capacity trade.

The IESO has long been aware of the need for market reform and has taken the first steps to
address the challenges related to the evolving supply mix. Introducing the day-ahead
commitment process, implementing operational systems that acknowledge the nodal nature of
the market, and introducing a demand response auction have all been important, though only
partial, steps in this direction. In addition, on January 1, 2015 the Ontario Power Authority
merged with the IESO, combining supply contracting and market operations in one organization.
This merger provides an opportunity to integrate the expertise of both prior organizations and
address the challenges on a coordinated basis in full recognition of the interactions between the
energy market and contracted capacity. Market Renewal presents an opportunity to address
changes necessitated by system operability requirements, global-warming-related public policies,
increasingly decentralized electricity production, and other industry trends.

C. APPROACH TO THIS BENEFITS-CASE ANALYSIS

The scope of this benefits case analysis is to estimate the quantitative and qualitative benefits of
Market Renewal to Ontario and compare these benefits to the expected costs of implementation.
Expected benefits include province-wide efficiency savings due to a lower-cost commitment and
dispatch of generating resources, improved balancing of the intermittency of wind and solar

16 For example, California has some of the most aggressive goals and only reduced electricity sector
emissions (including imports) by about 20% between 2005 and 2014. See California Air Resource
Board (2016).
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output with other system resources, attracting or retaining the most cost-effective resources to
ensure resource adequacy, and more effectively trading with neighboring systems. These
efficiency savings mean that the Ontario power system will serve load and maintain reliability at
a lower overall cost. The efficiency savings we measure and present are a metric that provide the
most holistic view of the impacts of Market Renewal and represent true efficiency gains to the
province as a whole, regardless of which individual entities capture most of the benefits.

Though our primary focus is on province-wide efficiency gains, it is important to understand
how Market Renewal will affect customer and other market participants. While it is beyond the
scope of our analysis to estimate impacts for individual market participants, we estimate
customer impacts and consider impacts on a variety of other market participants.

To estimate the potential efficiency benefits of Market Renewal, we rely on a combination of
Ontario-specific analysis, benefit estimates from other markets that have undertaken similar
design changes, and bottom up cost analyses as summarized in Figure 2. To evaluate the drivers
and estimate efficiency benefits, we first review prior studies of the Ontario market including
those from the MSP and those conducted in prior IESO stakeholder engagements. Second, we
review and analyze numerous studies of market redesign benefits in other North American
power markets, with the primary focus on understanding how these other markets have
transformed themselves and the efficiencies they were able to realize. We supplement this effort
with interviews with system operators in other regions. Third, we evaluate how the experiences
in those other markets can help estimate potentially achievable long-term benefits in the Ontario
context, with explicit consideration of the differences between Ontario and these other markets.
Finally, we assess how existing contracts and regulatory arrangements affect the ability for
Ontario to immediately achieve the magnitude of the estimated potential benefits.

To estimate the incremental cost of Market Renewal, we collaborated with Utilicast to develop a
bottom-up estimate of going-forward IESO implementation and system maintenance costs. This
estimate is based on a combination of Utilicast’s direct experience with other implementation
efforts, public data from other jurisdictions, and the IESO’s estimates of its own personnel needs
and cost parameters. It includes estimated information technology and other business costs that
would be incurred by the IESO. Based on our assessment of the IESO’s existing information
technology systems and experiences of other markets, we provide a discussion of the most
important implementation risks that the IESO should proactively manage in order to prevent
cost over-runs and project delays. We also provide a qualitative evaluation of stakeholders’
potential business costs, and a discussion of how transition costs could vary depend on the class
of market participant and based on key design decisions.
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Figure 2
Framework for Estimating Benefits and Costs

1. Review grior studies of Ontario’s system
« Determine the scope of benefits considared in the Ontario studies and the consistency with
sxpected benefits of the market renswal project

2. Supplement with studies of other electricity markets” design enhancements
+ Benefits » Consider the similarity and differances of the market characteristios and scope of design
Enargy changes to translate benefits from other markets imto the Oriario context
' 3. Compile evidence across studies to develop an expected benefits range
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Our estimate of implementation costs is compared to estimated benefits realized over a ten-year
period from 2021 through 2030.7 This ten-year period represents a typical timeframe over
which many of the software and technology systems associated with the energy and operability
workstreams are recovered. The benefits of Market Renewal will persist, however, beyond 2030.
The costs of Market Renewal will mostly be incurred during the lead up to operationalization of
the project, as the planning and implementation of new systems and markets take place. The
majority of these costs will be capitalized, however, and will not be recouped from consumers
until the project is implemented and its benefits are starting to be realized. Where necessary, we
use a reasonable proxy for the timing of Market Renewal activities and design change
implementation, and for specific features of design changes. Specifically, to convert the annual
benefits to a net present value, we assume that capacity exports are able to begin in 2017 (as they
have), an incremental capacity auction is implemented in 2020, and the energy market
enhancements (including a financially-binding day-ahead market and expanded ancillary
services) start in 2021.

More precisely, we estimate costs that are primarily incurred through 2021 when Market Renewal is
assumed to be fully implemented. We compare these costs to the benefits achieved through 2030—
with capacity exports starting in 2017, the incremental capacity auction starting in 2020, and
energy/operability reforms implemented in 2021. We then compare these annual benefits and costs
on a net present value basis in 2021 dollars, using a 5% discount rate.
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At the time of this report, some aspects of Market Renewal are more well-defined than others.
For example, the IESO presently has a more complete high-level description of the intended
energy and capacity auction reforms than the intended operability reforms. However, even in
these more well-defined energy and capacity auction workstreams there are many design
decisions and implementation details that have not yet been determined. Some stakeholders
recommended that a detailed modeling analysis of Ontario’s proposed Market Renewal effort
should be used to estimate the benefits of this effort. We agree that Ontario-specific studies can
provide significant insights and have therefore relied on existing Ontario-specific analyses of
various aspects of Market Renewal that were conducted prior to this Stakeholder Engagement.
Undertaking new Ontario-specific analyses would be premature given that the process of
developing detailed market design specifications has not yet begun. Later in the process, as
specific design elements are developed and finalized, it may well be warranted to conduct
targeted analyses of these design options.

Note that only a subset of all benefits from Market Renewal is fully quantified in this study. For
the most part, the Ontario-specific and other markets’ studies we review focus only on
quantifying production cost savings realized by the contemplated design changes. Some studies
quantify additional benefits through sensitivity or scenario analysis. Most of these studies also
have qualitative descriptions of additional benefits that could be expected beyond those
quantified. For example, most studies of energy and operability reforms report only production
cost savings without quantifying the potential efficiency gains from investment cost savings or
enabling innovation. Reviewing these studies allowed us to gather an understanding of the
fundamental drivers of the quantifi