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werview of

Orntario’s electricity market
was designed for a very
different time and fleet mix

Market renewal will:
Address inefficiencies with the
existing design, achieving
“Market Design 2.0” Benefits
Position the sector to operate
in a very different future with
“Market Design 3.07

This benefits case study

documents the gualitative and

guantitative benefits of market

renewal
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# Conducted focus groups with 1ESQ
internal and working groups to identify
the range of policy futures that the
sactor may face

# Clear takeaway is that concerns with
the current design will be magnified in
almaost all futures, driven by :

Policy goals for decarbonization and potential
for electrification

More intermittent resources and greatsr
Hexibility needs

Greater capital cost {lower variable cost system}
Distributed resources and customer choice
More interconnection and need to rely on
interties for efficiency and reliability {both
short-term and long-term)
# Key benefit of market renewal is to
enable cost-effective market evolution
under a range of possible futures

Electricity Sector "Futures” Identified
in Visioning Worlshops

Curvant
s
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@ roach to Evaluating Benefits and Costs

1. Review prior studies of Ontario’s system
« Determine the scope of benefits considered in the Ontario studies and the consistency with
expected benefits of the market renewal project
2. Supplement with studies of other RTOS design enhancements
+ Benefits « Consider the similarity and differences of the market characteristics and scope of design
changes to transiate benefits from other markets into the Ontario context
3. Compile evidence across studies to develop an sxpected benefits ranges

= Develop baseline estimates; understand drivers/risks and uncertainty range to assess whether
even lowest plausible bensfits exceed implementation costs

« For capacity, update IESO analysis with new supply outlook information

4. Account for the implications of contracts
» Determine the share of potential benefits likely captured prior to {vs. after) contracts expire
= (ategorize contracts based on asset owner incentives to respond to improved price signals

1. Review costs and lessons learned from other RTOs
= Examine cost reporting and implementation circumstances
o Interviews with others RTOs staff and vendors {Siemens, ABB, GE/alstom}
2. Bottom-up indicative sstimates based on IE50 systems and personns|
« Utilicast review of IESO personnel, IT systems, and upgrade costs and avoided costs

= Nat 1. Calcuiste present value of net benefits
Ef?mi%m‘ﬁg’ = Benefits over 10 vears 2021-30 {some capacity benefits earlier)

Benefits 41 brattle.com
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Pre

fficiency Benefits

Quantified efficiency benefits
putweigh implementation costs
by a large margin

Efficiency Benefits {shown here)

Baseline estimate; 52.1 billion NPV
{8235 million per year from 2021~
2030} in net benefits

14:1 henefit-cost ratio

 Additional benefits achievable if
contracted resources are responsive
to market incentives

Benefits will vary based on scope of
reforms and other factors, but
exceed costs by ratio of 6:1 even
with low-end benefits estimate

Customer Benefits

Bascline estimate: 51.4 billion NPV
{10:1 benefit-cost ratio, $154
million per year from 2021-2030} in
net benefits

Present Value of Bencfits and Costs {20218 miffions}

Present Value of Market Renewal EFficiency Benefits
{10 Years of Benefits 2021-30)

$3,600

Rory-
Guantified
Henalits

$2,500

52,000

Total Net
Hensfils

$1,500

$1,000

$500

0

nergy Qperability Capseity implementation Total Net
Costs Benefits
_ ) 51 brattle.com
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The proposed market renewsl efforts offers a number of significant benefits o
Ontaric {many of these are non-quantified or only partially guantified in the
benefits case}:

# (Optimized real-time unit commitment and dispatch, including look-ahead

= Optimized day-shead commitments, including intertie schedules

# Reduced gaming, improved mitigation, more competition, fewer uplift costs and
associated problems

¢+ Better invesiment signals and investment cost savings

: improved energy prices (advanced scarcity event and surplus baseload generation
pricing); better dispatch signals for hydro, storage, and DR

# Avoided curtaifments, enhanced flexdbility, and system reliability benefits at higher

renewable generation penetrations

¢+ Enhanced intertie scheduling and pricing, while avoiding uplifts
% insurance value of more flexible capacity procurement
= Support for innovation and technology advancement

# Provide a better platform for Market Design 3.0, pursuing policy objectives, and enabling
market evolution

&1 brattle.com
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enefits

Market Design 2.0

¢ Other markets have pursued
similar design enhancements
{MISO, ERCOT, SPP. California)
and demonstrated large benefits
{based on retrospective studies)

# Market conditions in Ontario
{high renewables, inflexibility,
contracts) create potential for
even higher benefits

Quantified Benefits
= Baseline estimate: 5555 million
NPY (70 million per year)

i 32% increase in benefits if
contracted resources are
responsive to market incentives

S800

$700

$600

$500

$400

3300

$200

Present Value of Benefits (20215 millions)

W
-
<
<

Energy Market

Energy Market Benefits

Mon-Guantified Benefits

Benefits

Guantified Energy Market Benelits
o Nodal Pricing for Generation

s Financially Binding Day-Ahead Market
*mproved Bay-Ahead Unit Commitmant

71 brattle.com
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Energy Market Benefits Range

Energy market reform benefits could vary from baseline estimates due to:

# Specific Reforms Pursued: Different scope and implementation guality {devistions
from best-practice)

# Flexibility of Existing Generation Fleet: A more inflexible system presents a greater
opportunity to create benefits through market-driven dispaich

# Renewable Penetration: High levels of variable generation constrain the system,
creating the opportunity for higher benefits
Possible PV range of quantified benefits: 5210 million to 51.2 billion
# Eyen the low end of this range, combined with the low end of plausible benefits
from the other two work streams exceeds implementation costs by a ratio of 6:1
Additional {non-guantified) benefits include:
 Incremental benefits of Market Design 3.0
Optimized real-time unit commitment and dispatch, including lock-ahead
# Reduced gaming, improved mitigation, more competition
# Better investment signals and increased efficiency of investment

#= Improved energy prices {advanced scarcity event and SBG pricing); better dispatch
signals for storage and DR

= Support for innovation and technology advancement g
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rability

# increasing intermitiency and

refatively inflexible fleet are a
growing concern as Ontario
decarbonizes

= Market Design 3.0 will need to

Gua

harness flexibility potential from
existing fleet {especially hydro},
interties, DR, storage, and new
technologies

ntified Benefits

# Raseline estimate: 5610 million

NPV benefits {575 million per
year}, half from interties

# 17% increase in benefits if

contracted resources can be made
more responsive

Present Value of Benefits {20218 millions)

Operability Benefits
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lity Benefits |

@perahsisty reform benefits could vary due to:
# Specific Reforms Pursued: Different scope and implementation guality will drive size
of achievable benefits
w Extent of Intertie Optimization
Flexibility of Existing Fleet: Existing flexibility that may not be fully utilized,
¢ Proportion of Intermittent and Inflexibie Generation: High leveis of intermittent and
inflexible generation constrain the system, increasing value of flexibility
Possible PV range of quantified benefits: $285 million to $1.1 billion
w Even the low end of this range, combined with the low end of plausible benefits
from the other two work streams exceeds implementation costs by a ratio of 6:1

Additional {non-quantified) benefits include:

w Other ancillary service types
# Avoided curtailments and benefits at higher wind penetrations

Investment cost savings

intertie benafits with neighboring {non-market) provinces
# Reduced gaming

# Innovation from new technologies

151 brattle.com

IESO-N-0043790



11

Capacity Auction Benefils

Capacity Auction

# Other regions’ capacity markets have a
successful track record of attracting low-
cost and non-traditional resources such as
demand response, uprates, imports, and
new generation

# PIM customers benefitted from deferring
new investment for a decade

# Capacity exchange will allow for increased
revenue from exporting excess supply
{option to import lower-cost supply when
needed)

# Re-align risk allocation 1o the party that is
best able to manage risks

QOuantified Benefits

# Baseline estimate: More than $1.1 billion
NPV in benefits (5115 million per year
over 2020-38) estimated for Ontario
{higher with more load growth)

Benefits from Imports, Exports, and Capacity Market
{Exports Starting 2017, plus Auction 2020-30 }

$1,200

$1,000

oo
[]
<

$400
Capacity
Auctior

$200

Present Value of Benefits {20215 millions}
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Capacity Market Benefits

- Nor-Quantified Benefits

v Benefis

Cuantified Capachty
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Capuacity Auclion Benefits Range

Capamty procurement reforms could vary due to:

= Load Growth: Higher load growth allows new capacity to be brought online at a lower price {less
nesd for capacity results in less opporiunity for benefits)

w o Existing Generators’ Costs: The more expensive it is for generators to stay onling, the larger the
savings from new low cost capacity

+ Imports/Exports: ncreased importfexport capability, and greater price differences with external
markets, the greater the benefits

* Low-Cost Resources: The cheaper and more abundant that low cost resources are {such as
uprates and DR), the greater the benefits

Possible PV range of quantified benefits: $480 million to $2.3 billion

¢ Even at the low end, when combined with the low end of plausible benefits from the other two
work streams, total benefits exceed implementation costs by a ratio of 611

Additional (Non-Quantified) Benefits include:
# New low-cost technologies {such as energy storage}

¢+ Seasonal capacity market could allow for additional imports or exports if the surrounding regions
peak in a different season, and enable different resource types

= Flexible resource requirements, if needsd, could be procured in a competitive fashion through
capacity auctions, including from new technologles

¢+ Locational Capacity Value would allow the procurement of capacity where it is most valuable

12| brattle.com
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Marke:
Renewal: Design Incentives
Elements toreact to
s market
conditio
impact on L.
Generators Existing
contract
under
. . will affec
Existing «
Contracts marke

a0 2080

Potential Long-Term Benefits

to Ontario

Contract
immediately Expiration
Realizable
Societal and
Customer
Benefits
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iplementation Cosls

Bottom-up estimates of potential IESQ
implementation costs developed by
Utilicast $40

et Implementation Cost

Baseline net cost estimate: $147 million $35
{including 15% assumed contingency}

Net of avoided costs from: {1) _é 730 Net briplementation Costs
investments that would need to be £ i ) e
made regardless and (2) reduced long- ?SN Annualized Losts (2621-30)
term staff requirements § 415

# {osts likely lower than in some other % $10
markets that implemented nodal and g Rt ,
day-ahead markets due to more g 5 poplemeniation
advanced starting point in [ESO E «w Avorded fosie
compared to other markets ) ¢

Tapacity At Enargy and Oparability

e.g., IESO already has full network model Stasts Befores “Go Live”

i . . -$10
and centralized unit commitment 00 T et N D 0 Oy O
g e b NN NN N O N NN
Lessons from other markets can be SRIEKRIRKBEIERA
Used o rﬂitigate cost riSkS Notes: Costlevelization sssumes 5% ATWACKE, annualized over 10 years,
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Range of implementation Costs

Cost are only indicative at this point due to the early stage of the project, and will depend on:

Scope of design changes 1E30 ultimately pursues

What design scope the selected vendor can implement mostly “off the shelf” vs. on & customized

basis {the base estimate assumes a moderate level of customization)

Level of system integration required across systems {2.g. between two vendors)

Timeline of implementation {e.g. avoided IT costs may not be avoided if the project is delayed)
Utilicast developed an illustrative higher-cost scenario at $261 million. This scenario assumes
544 million in higher technology costs, 539 million in additional personnel and consulting costs
associated with a longer timeline, $16 million if no costs can be avoided, and a $10 million additional
contingency cost

Lessons Learned from other RTOs

Focus on Benefit-Cost Ratio: Do not think about this as an exerdise in minimizing costs, the market
renewal is about maximizing benefits, The large benefit-cost ratio for a better system is worth the
cost given the scale of benefits that can be achieved
Do it right the first time: Short cuts can cost more in the long term {both in implementation costs and
system costs). For example, CAISC incremental steps on I-hour and 15-minute intertie scheduling
resuited in high costs compared 10 going right to S-minute scheduling
Avoid changing direction mid-stream during implementation {mitigate scope creep and change-
orders through better up-front design work). This better controls vendor costs and internal staff costs
from reworking, avoids non-productive idle periods, delay implementation, longer perinds with
duplicate systems and staffing needs, and distracting from the main purpose of the design upgrades

151 brattle.com
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Customer Benefits
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ext Steps

# Finalize preliminary results in

December 2016

- Draft results reported here are solely
based on our own initial assessment

- Wil need to be refined based on
additional input on methodology from
IESQ staff, working group, and
stakeholders

# Draft report to be issued in early Q1

2017

# Final report in late Q1 2017

Stakeholder Milestones

= November 23: Update to Full
Stakeholder Group

December: Preliminary Results

{31 2017: Draft and Final Benefits Case

IESO-N-0043790
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uthor Contact Information

JOHANNES PFEIFENBERGER
Principal | Cambridge, MA
Hannes.Plfeifenberger@brattie.com
+31.617.234.5624

KATHLEEN SPEES

Principal | Cambridge, MA
Kathleen.Spees@brattle.com
+1.617.224.5783

JUDY CHANG

Principal and Director | Cambridge, MA
Judy. Chang@brattle.com
+1.617.234.5630

rressntation ars sivictly thoss of the preserter{s} and do not necessarily state or reflest the
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The Bratile Group provides consulting and expert testimony in economics, finance,
and regulation to corporations, law firms, and governmental agencies worldwide.

We combine in-depth industry experience and rigorous analyses to help clients
answer complex economic and financial questions in litigation and regulation, develop
strategies for changing markets, and make critical business decisions.

Qur services to the eleciric power industry include:

Climate Change Policy and Planning #  Rate Design and Cost Allocation

Cost of Capital #  Regulatory Strategy and Litigation Support
Demand Forecasting Methodology #  Renswables

Demand Response and Energy Efficiency # Resource Planning

Electricity Market Modeling # Retail Access and Restructuring

Energy Asset Valuation #  Risk Management

Energy Contract litigation # Market-Based Rates

Environmental Compliance = Market Design and Competitive Analysis

Fuel and Power Procurement Mergers and Acouisitions

incentive Regulation % Transmussion
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