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Where are we at?

eFuture Scenario
Brainstorming
s MO/DMO
Update
eMethodology
and Approach
Discussion with
MRWG
*Update Webinar
for broader SE «

o

o

o FLT Discussion
on November 18
(including
resource
discussion) =

¢ Present to
broader SE early
December

* MO Update
eBoard Update

i

_

eContinue
internal and
external
stakeholdering
in Q12017

eFinalize report
and start
seamless
transition to
launch SEs on
the three work
streams

IESO-N-0010874



Internal Considerations

e Resourcing, Resourcing and Resourcing
— ELT Presentation November 18

e Transition from Benefits Case to Market
Renewal Initiatives
e Market 3.0 Considerations

e Market Renewal vs Market Improvements
— MSP Reports
— RT-GCG, RT-GCG and RT-GCG
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Status of Work Streams
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IESO Market Renewal Project

input on Benefits Case Approach

ndependent Electricilty Systam Cperator
IESO Market Renewal Working Group

nes Pleifenbearger Peter Cahill
Kathleen Spees James Mashal
Judhy W John imon Pedke

Waiter Graf

October 31, 20146

IESO-N-0010874



# Overview

# Summary of Market Visioning Results

# Initial Thoughts on Benefits Framework
....... Energy Market Reforms

------- Operability Reforms

------- Capacity Market Reforms

------- Considerations for Existing Contracts

# Discussion
# Mext Steps

# Appendix: Details and Study Review
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Eo

verview

# {n today’s meeting we will continue the discussion from the last session, developing the
market renewal benefits case together with this working group

# We would like to discuss our initial thoughts on a framework for assessing the benefits of
the proposed market reform initiatives.

# Objectives for today:

'''' Recap Market Visioning Effort. Summarize findings and takeaways from the visioning
workshop, and discuss with working group the best way to incorporate the futures into the
benefits case and the ongoing Market Reneswal effort

- Review Prior Analysis in Ontario. For each major work stream {energy, flexibility, capacity),
review findings from prior studies of the Ontario market and discuss implications for the
benefits case

- Review Lessons Learned from Other Markets, Discuss findings from other markets, and
whether/how they apply to Ontario

- Obtain Your Input to Develop the Benefits Framework. Develop a common understanding of
the gualitative benefits case for the market renewal project and the framework and key
assumptions that will be applied to guantify benefit ranges

# If we can accomplish these objectives in today’s meeting, then we will present initial
findings on benefits in late November/fearly December

71 brattle.com
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Summary of Market Visioning Results
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®

ecap of the Visionin

orkshop Purpose

# The MRWG used scenario-based planning approach to assess how future
system needs may affect the features of market design, including:
- Discussing how to “stress test” the market design to make sure it is sufficiently
flexible to support a range of plausible futures
- ldentify potential blind spots and opportunities prior to starting the design effort

# The backdrop considered include:

------ The Province’s decarbonization goals, market forces, and policy preferences will
shape the future of the electric system in Ontario

- The IES0O wants and needs to consider and manage future changes by
considering the needed flexibility in the market design

- Use the Ontario Planning Cutlook as the starting point

# The MIRWG achieved the following:
- identified key future drivers and risks to Ontario’s wholesale market design
: Deveioped a set of diverse “futures” {scenarios) and describe the range of
functional requirements that may be needed to support these possible futures of
the Ontario wholesale electricity market

%1 brattle.com
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# Ene gy

- Single Schedule
- Day Ahead Settlement
# Operability

-------- Interties and Exchange with Neighbors
= Capacity and Resource Adequacy

- Internal

- Exports/imports

# Environmental Attributes
- Tracking
- Pricing and Effects on Dispatch

A5
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ajor

rivers Developed by the Workin

The MRWG identified key drivers that will affect each relevant future:

1. Future Electricity Usage and Load Growth
National and provincial economic growth
¢ Traditional electricity load growth
# The use of electronics
lectricity usage of data centers

w Blectrification of transporiation and heating

2. Demand-Side Resources
w o Eypive to decentralized supply resources and smart girds
Pace & magnitude of distributed generation deployment
Nead visibility to ansure reliability and rasiliency when
considering distributed generation
Nead to managa behind-the-meter activities
# Customers’ preferances may be diverse

vture (higger) roles of distributors {potentially including
Distribution System Cperator)

Potential for different flavers of retail access

3. Regulatory Framework for Electricity Sector

Risks associatad with tha direction of future regulation

Uncertain pace and magnitude of decarbonization
Regulatory uncertainties imit markat-based investmeants
Nead flexibility 1o react to future policias and raduce
advarse impact of uncertainties and associatad risks

Regulatad assets’ effacts on operstions and dispatch

4. Contracts and Market

Effects of market renewal on existing contracts,
axpirations, and new contracts {size and tarms}

Uncertainties around efficiency and flexibility to adapt

Desire to optimize market and contract resourcas
interactions

Extant of market vs. contracts resourcas

¢+ DEB process for {refinvastments in certain ganeration
rasource as regulaled aseets

5. Fuel and Resource Mix
Future of natural gas supply and pipeline infrastructure

Future of gas and electric market inferactions

# Cost and deployment of solar and wind resources
Future of existing nuclear
Reliability of supply if fess reliance on gas resources

¢+ “Capacity parformance” if less reliant on “firm”
resources

6. Other Drivers
= Risks to system resiliency such as outages

: Risks of stranded assets and costs, including gas
pipelines and others

Potential for a future East-West grid

111 brattle.com
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Potential Futures Faced by Ontario’s Electricity Market

1. Current Trends

The MRWOG also explored four futures useful for developing the
market renewal benefits case. They include:

*

Moderate changes relative to today’s system

The environmental policies, such as decarbonization, are pursued in the province, with a trajactory of some
additional renawable generation built, but not too ageressivaly

Slow eleciricity icad growth, soma elecirification ovar the long-tarm but not sufficient 1o significantly alter
the system’s needs

ncraasingrafisnce on market-based and less on cost-based mechanisms

°

Reduction of use of fossil fuels across various sectors, including: electricity, heating, transportation,
industry

Electricity Sector

2. Deep L s Much more GHG-free generation, particularly distributed resources
Decarbonization Storage hecomes more econamical and becomes a part of customers’ distributed resources
s Asignificant amount of customers able to sell back excess power from distributed generation
*  Greater emphasis on Locat Distribution Companies {LDCs} and role as load servers and enablers
3, Highly +  Customers as Prosumers, who consume and produce electricity; “Transactive” energy among customars
Distrilsuted and s Role for distributed service platforms to manage distributad resources
Decerntralized *  Significant roles for enargy managers it smart homes and communitias

“Bragging rights” for customers who decarbonize
Storage hecomes economical

4. integrated
Regional
Markets

Large weli-coordinated market outside of Ontario {single market, but does not have to be)
The Northeast market would include ONT, QUE, MISC, PIM, NYISC etc... (MECC)

Mew Transmission may be dasirable or needed to inferconnect with neighboring systems
May be desirable to consider more aggregated system coniral acress regions

121 brattle.com
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arket Componenis Consistent Across All Four Futures

Emission Reduction from Power Sector
# Policy trend is clearly toward less emissions — only pace and magnitudes are uncertain
Electricity Usage

# Future demand depend on degree and pace of electrification of transportation and heating
sactors {which in turn depend on public policies)

Distributed Resources

= Trend is increasing amounts of distributed resources, including small-scale renewable
Fes0UTCes

# Power can flow to and from customers
Future Technological Breakthroughs

¢ Significant cost reductions in storage, smart grid and control technologies should be
considerad

Customers’ Preferences
= Custorners will want price and cost transparency
= Customers will want more control over consumption pattern and energy sources
integration with External Markets
= Trend toward increased coordination and {potentially) integration among external markets
¢ Policies in external regions will create pressures on Ontario resources, system, and maqﬁg@t

31 brattle.com
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plications for

arket

Current Trends
Potential new markels needed:
o (apacity Market
o New ancilary service products (2.8, ramp, fast
rasponding reserve, regulation mileage}

Likely market features needed:
e Greater co-optimization among product markets

o Closer and deapar coordination with external markats

Distributed/ Decentralized System
Likely market features needed:
« Access to real time prices for customers
* More coordination between local distribution
companies and the £SO {including prices}
Locational prices (LPs)} to inform the value of
FESQUICEs
o Able to faciitate and ansble centraland ¢
resource participation
* Al rescurces must be visible to IESQ for efiicient
frarket dispatch
o Shupla sottlamante sven in roore complex svatem

°

Deep Decarbonization
Potential new markets needed:
* Flexibility products to ensure system reliability
Likaly market features needed:
* Visibility and ability to monitor changss in customers’
preferences and investments over time
o Able to faclitate interactions with distributors or other
distribution system manager
« Greater intertie capacity and capability to import and
export power inte and cut of the provinee during
pareds of excess and shortage of generation
o Transparsot and efficlent pricing to help customers
miake the most efficient invastment decision

integrated External Regional Market
Likely market features needed:

s hdore explicit coordination with other neighboring
regions {such as northeast coordinating councit} for
mora than just reliability

* Usamarkel to create incentives for resources needed
{with less government intervention}

o Clear redes for markets whife manage existing contracts

141 brattle.com
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implications for the Benefits Case and Market Renewal

# Focus on customer cost will continue and will likely intensify
Customer costs will in turn affect energy and environmental policies and
customers’ deployment of distributed resources
- Thus, the “business case” for market renewal needs to be robust from the
customaers perspective
= Market can be the center for creating and supporting dispatch and
investment efficiencies, but need a commitment from stakeholders and
government
# Future market must account of uncertainties with flexibility to adapt
# Benefits of an “adaptable” market will increase as changes take place
# Many desired features of the future market are the same, regardless of the
future that materializes
# This implies that a robust and flexible “Market Design 3.0” will yield the
greatest benefits for Ontario

151 brattle.com
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enco

# Initial Thoughts on Benefits Framework

168
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Proposed Benefits Case

yproach

# As discussed in prior meetings, we will qualitatively and guantitatively
evaluate the Market Renewal benefits based on prior analysis of Ontario’s
market, lessons learned from other markets, and bottom-up analyses

@ Existing contracts will have “two-way” interactions with market renewal:
1. Implications of contracts for benefits of market renewal
2. Impacts of market renewal on contracts

# We propose to address contract implications on MR benefits by:

------ First evaluating the potential benefits to the province in the long-term

------ Then estimating the achievable benefits considering the existing contracts
# We are looking for your input on:

Have we fully accounted for the full range of benefits and costs of market
renewal?

How to best apply the lessons learned from other markets to Ontario?

# The appendix contains a more detailed summary of findings from other
market studies and a bibliography of the referenced studies {also posted on
the working group web page)

171 brattle.com

IESO-N-0010874



18

plementation Costs: Approach

Benefits will be compared to IESO implementation costs, based on a botllom-
up estimate from Utilicast:

Inputs Results
; - . o . . Surmimarize vonge of
Analyze IESC estimotes on stoff and materiols requirements for notentiol costs o .g{ t‘;7
. . ) . ) : ntial costs over time,
Market Renewol Project; leverage prior work and experiences in i N ‘

and document primary

ather rarkels to benchmark and identify best proctices ) o
drivers of costs and eisks

181 brattle.com
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pproach ‘ﬁ“ﬁg Evaluating Energy Benefits

We request stakeholder input on our initial thoughts for the following
framework to evaluate the benefits of the proposed energy market
initiatives
Review prior studies of Ontarin’s system

» Focus on SE-114 and SE-21

« Determine the scope of benefits considered in the study and consistency with the
expected benefits of market renewal

Supplemeant with studies of other RTOS design enhancamants
» Consider the similarity and differences of the market characteristics and design changes

Compile evidence across studies to develop an expscisd bensfits range

Account for the implications of contracts {see later slides)

» Determine the share of potential benefits lkely captured prior to {vs. after) contracts
expire

« Categorize contracts based on whether the asset owners are incentivized to operate
basad on market price and so can be expected to engage in more efficient behavior with
muore efficient prices

2031 brattle.com
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rivers of m@rgy arket

enefils

Current Challenges in Ontario
#  Market surveillance panel and others have expressed
efficiency, incentives, and equity concerns with the two-
schedule system
#  Large out-of-market payments at $300+ miliion/year
associated with settlements against HOEP but physical output
based on constrained dispateh
Contract structures introduce additional chalienges, as cartain
resource types produce in all hours regardiess of mariet price
Benefits of Market Design 2.0
Market Design 2.0: Dov-aheod market, single-schedule, nodat pricing, 4/5 co-
cptimization, redi-time unit cornmitment, canstroined dispatch, three-part bigs
# frproved day-ahead and realtime commitment and dispatch
Bringing out-of-market payments into the price will improve
day-ahead and real-time commitment and dispatch and
incentives for non-dispatchabie resources
Avoid unintended incentives and gaming opportunities
# frnproved investment signals

Benefits of Market Design 3.0
Market Design 3.0: Scarcity pricing, SBG pricing, demand response and distributed
resource integration, optimized hydra/storage/finteries
Advanced commitrment/dispatch{ e.g. optimai hydro/storage,
co-optinization, accounting for commitment costs in multi-
interval costs in price-setting}
Chalignges will grow with decarbonization, greater flexibility
neads, more intermittent resources, and increasing SBG
avenis
Will need to maximize use of resource fleet, including non-
traditional resources and interties

Ontario Annual Uplift Payments
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g
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-}

2

@maram Huur&y E

Apr-t4
iay-1a

K]

B -
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ntario Anag
arkel Reform In

atives

# Benefits case for energy market reform initiatives for Ontario is supported

# Scope of these Ontario-specific studies was limited to examine only a

Notes:

Benefits translated to 2020 CADS assuming a 2% inflation rate {no other adiusiments).

by a significant body of work from prior stakeholder engagements, Market
Surveillance Panel studies, and other observer studies that will be included
as qualitative considerations

Quantitative estimates for Ontario are more limited, but two key studies
are:

- Energy Market Pricing System Review (5E-114, Market Reform 2015} Real-time LMP
would introduce $10 MM/year in efficiency benefits, $160 MM/year in customer
benefits before accounting for contracts {540 MM/year after contracts)

- Day-Ahead Market Evolution {SE-21, IESC 2008): Day-shead market would save 524
MM /fvear in costs from over-commitment, DR dispatch, and gas procurement. A portion
of the benefits have already been achieved through the enhanced day-ahead
commitment process and three-part bidding

portion of the efficiency benefits of energy market renewal. Thus, the
majority of the expected efficiency benefits have not yet been quantified
specifically for Ontario {see details in Appendix)

221 brattle.com
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Experience to Ontario’s Uniaue Context

Stakeholders are keenly aware of the many differences between Ontario and
other power markets. As a result, experience from other markets cannot be
applied directly to Ontario.
in recognition of the unique Ontario context, we propose to apply
experience from other markets by considering the following factors:

Differences in the scope of market-design changes

------ Which design elements {e.g., nodal, zonal, day-ahead) were changed?
Differences in market size, fuel mix, and other market conditions
Market size {annual load served)

- The steepness of the supply curve {price duration curve}
- The amount of variable renewable generation

- intertie capacities and flows

Differences in the scope and guality of the benefits studies
- Retrospective vs. prospective analyses {realized benefits of retroactive studies tend to be
significantly larger than those estimated in prospective studies)
- Extent to which all benefits have been guantified {most studies do not guantify all
benefits)

231 brattle.com
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De-Pancaked
Transmission

Scheduling ! iiateral) Doy 1, Nodal)

Real-Time Market

Centralized Unit
Commitment

Finantialy Binding
Dav-ahdad Marker

Consolidated BA

Market-Based
Anciflary Services
o ophimizationnd
Erersy s
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Comparison of

arket Characteristics

Guestion: How should we compare system
characteristics between Untario and other
markets at the time of Market Design 2.0
enhancements?

Diversity in Marginal Cost

#  Energy market benefits depend on ability to adjust
production o lower-cost resources

=  Benefits driven by the range in marginal costs acrnss

hours, including opportunity costs of hydro/interties

Price duration curve “spread” is one indication
{potentially growing spread in a future where the
tradeofs are high-cost DR and noflow-cost non-
emitting plants)

Challenges: Ontario prices not always reflective of
marginal costs {e.g. if resources are responding to
contract incentives rather than market price)

Penctration of Intermittent Resources

Flexibility benefits dependent on degree of
intermitient resgurce penetration

dMany markets reformed with modest intermittent
penetration, but some studies compare benatits in
base and high intermittent scenarios

Ontario’s intermittent resources will continue to

$140
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W e
a o]
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n
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$66 526
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Customer Benefits

$3.0
We propose to use the previously-
discussed comparisons across markets

- and studies to translate these benefits
to the Ontario context and seek

~ stakeholder input on the approach

4
~
@0

P
~©
=

Design Changes: DA,
Nodal RT

Year: 2008, 2015
Intermittent %: 1.5%, 8%
90/10 Spread: $39

Savings (2020 CADS MMITWH)
w

a5
s
<

HLG

Nodal Real-

%s)
ew

{2015}, ERCOT: Zarnikau {2014}

Nodal RT {no GA)
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uantified Benefils: Energy Market Renewal

We also identified expected benefits from the energy market renewal
initiatives that we do not anticipate being able to quantify:

# Market Design 3.0 elements, such as incorporating multi-interval costs and
commitment costs into price-setting

# Reduce uplift payment need, costs, and potential for inefficient bidding

Reduce opportunities for gaming

# Advanced scarcity and SBG pricing

m ncrease efficiency of locational investment incentives for traditional resources
{including enhancements (o existing resources}

# increase efficiency of investment and dispatch signals for non-traditional resource
types such as storage and demand response

# Larger potential efficiency gains than other markets if current
commitment/dispatch is 3 less efficient starting point due to contract incentives

271 brattle.com
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Operability Reforms

28
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\pproach to Evaluating

We request stakeholder input on our initial thoughts for the following
framework to evaluate the benefits of the proposed operability initiatives

Review prior studies of Ontario’s system
« Energy/Ancifiary Service Market Enhancements: Benefits not yet studied in Ontario
o [ntertie Enhancements: Focus on SE-115 {15-minute intertie scheduling)

Supplement with studies of Other RTOs" design snhancements
« Consider the similarity of the market characteristics and design changes

Compile evidence across studies to develop an sxpactad benefits range

Account for the implications of contracts

251 brattle.com
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Drivers of C perability Benefits

# Ontario is increasingly facing challenges associated with system operability,
due 1o greater proportion of intermittent resources, must-run generation,
and high baseload generation conditions

# To decarbonize further, the visioning exercise anticipates that the market
will need to maximize the market’s capability to provide flexibility services,
options include:

- Harnessing the flexible resource potential of resources that have not historically provided
these services to maximum potential {hydro, intertie, demand response, distributed
rEsSoUrces}

- Introducing new operability products, such as ancillary/ramping services or flexible
resource requirements

Enhancing intertie exchange {reduce latency, increase scheduling interval, improve day-
ahead, coordinated scheduling)

- (ther operational enhancements

# Many aspects of Market Design 3.0 will need to be geared toward achieving
these operability benefits and enabling market evolution toward a
distributed resource future

3% brattle.com
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Prior Analysis of Ontario Operability Initiatives

# Several types of operability enhancements have not yet been studied for
IESO system, particularly from enhanced ancillary products and increasing
benefits at high intermittent resource levels

# (One study to evaluate enhancement from one type of intertie
enhancement has been conducted:
- An Examination of More Freguent intertie Scheduling (SE-115, IES0 2013):

Increasing to 15-minute and near real-time scheduling would achieve $11
MM /year in efficiency benefits

- Scope did not include the potentially larger benefits of improved intertie
scheduling day-ahead, scheduling basad on intertie LMP, coordinated
transaction scheduling, or depancaking

# in Ontario, the focus on operability has been driven by reliability needs and
the full effect of benefits has not vet been quantified

Nestes: 31! brattle.com
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Ancillary service innovations are being pursued o
meet future system flexibility needs, achieving
benefits from:
New products that better reflect the changing needs for
systems with high penetrations of intermittent resources
Pricing innowvations that incentives fast response exactly
when needed
Enabling qualification to provide these products from
new technologies that have different technical
characteristics
Benefits studies are not usually done given that each
change reflects modest costs, but two examples:
ERCOT Future of Ancillary Service study {2015) found
50.06 MM/TWh {CAD 20208} from redesigning ancillary
services 1o better match fast-ramping needs and enabling
new technology types
MISC ramp product study {2013} found $0.02 MM/TWh
benefits {20205} from improved dispatch, avoided CT
commitments, and avoided scarcity events
Both studies consider only a portion of benefits, for
example not considering investment cost effects

Product
Innovations

Pricing
innovations

Market-based mechanism for implementing
intermittent resource curtailments for balancing

MISC and California Ramp Products: Mew ancillary

service hoids hack resources based on outlook for
ramping needs in future dispateh intervals
L5, RT0O Regulation “Mileage” Payment:

Compensation for MWh up and down movement
zuove cleared reguiation
Becornposed Regulation Up and Repaiation Bown

Products
ERCOT Future of Ancillary Service Besign: Redefine

anciliary service products to facilitate more
efficient procurement based on resource
capahilities

Real-time co-aptimization of energy and anc
service

Look-abead security constrained economic
dispatch

Operating reserve penalty factors

ERCOT Operating Reserve Demand Curve

Addressing
Qualification
Barriers

Enahling storage was one driver of ERCOT FAS and
FERC regulation mileage, recognizing increased
value of fast-responding resources

T caps on the proportion of demand

ical requirements o aceommadate
non-traditional resource types

32 brattle.com
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insi iHent Resource Studies

Benefits of all kinds of flexibility enhancements grow substantially as
more intermittent resources enter the system

Parn-Canadian Wind Integration Study {2016} Low Carbon Grid Study: Analysis of a3 50%
Emission Reduction in California {2016}

$3.5 Flexibility enbancemant studiad: Improve hydro Flexibility enhancements studied: Enhanced utilization of
dispatch based on real-time net load {rather import capacity, no local generation requiraments, 3.7 GW

R than just day-ahead) new storage, ess strict limits on hydro and pumped

LR ;

storage providing AS

Ry
™
n

Dy Inwrsass in
Flaxibility Bensfits

Ly
v
[

i
-
in

Savings {2020 CADS MM/ TWhH)

Ox Incraase in Flexibilivy

Bonefits
Jar

¢ from R

LS When e

6.6 : e B ey
Flexibility Benefits, 5% Flaxibility Benafits, 20% Flexibility Benefits, 35% Flevibility Benefits, 56%
Intermittent Resources intermittent Resources intermittent Resources Intermittent Resources
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rivers of Intertie-Relate

perability Benefits

Root causes of economic inefficiencies: Benefits of Full Intertie Optimization
Transaction Costs: Transmission charges and other fees 100 From Patton (2010} .
reduce or eliminate market participants’ incentives to
flow power when it is otherwise economic 80 -

Latency: Time delay between scheduling and power flow,
during which system conditions may change

Benefits per KW

Fraguency: Intra-hour differences in economics tright]

~
Q

Non-economic Clearing: Limited coordination between - 40

markets causes uneconomic schedules to proceed

fad
f=]

= Various attempts to maxirmize economic use of
existing interties
Coordinated Transaction Scheduling: Increases
information sharing and coordination between
neighboring markets, with the objective of clearing tie
schedule requests more economically {see Appendix)

- 30

Ny
Q

Benefits {SMM/yvear 2020 CAD}
w o
Q [

[
<

10

Benefits per Line Rating {$/kW-year 2020 CAD}

furopean Market Coupling: Resources are dispatched
across markets, subject to intertie capacity; however,
coupling is only day-ahead {intraday starting 43 2017)

10 -

0 - 0
Westerr? Us Ea‘?ergy Emba!an.ce tdarket: Realtime q\}& & & J\\%O 3@9
economic re-dispatch of available resources across \(,)0\ Q\\‘a \¢§:\\ cﬁk &

. . . . N ) N
multiple markets at nodal level, automatically adjusting < §9 & &%‘ o
. . w (e}
intertie schedules as needed
ts from Patten {2010} and transiated to 2020 CADS assuming a 2% infiation rate.
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Design Changes:

Revised AS Products Other Flexibility Interties :
Enhancements optimization

Scope: Prospective

benefits to both

“35 $58
— 9AS
_ =)
L0 S
S T p—
<
~N
£ 58 g s
g >
S 2
= & s
s $3.6 fesign Changes: ©
R r & I
% ? $25  Design O
2 Design Changes: & 15-mirute Design Changes:
& si5 tntroduction « 2 s29 scheduling, P Coordinated Transaction .-
.‘.} Design Changes: P § 4 Scheduling
f‘q‘ AS Reform Scape: Prospective f s16 forecast error Scope: Retrospective
R ogggy cope intermitient: 9% 2 T Scope: benefits to both m
WY prospective 8 Prospective
Intermittent: E $10
16% g
508 S5
SO : : E .
1ESC 15-minute NYISO/Pitv CTS NYISGASO-NE CTS Optimized interties

intestie Study {2012)  {NYISO SOM 2015} {NYiSOQuarterly  Study {Patton 2011)
Update Q1 and Q2
2016}
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fits:

We also identified other expected benefits from operability initiatives
that we do not anticipate being able to quantify:

# Ancillary Services:
Other types of A/S products

‘‘‘‘‘ Benefits at higher wind penetration
----- Investment savings effects
Avoided curtaiiment {reducing CO, and/or additional investment}
Enabling non-traditional resources
# Flexible Hydeo:
Additional types of flexibility needs outside of wind
Benefits of exposing hydro to market price incentives
# Enhanced Intertie Scheduling:
Benefits with non-market regions
Avoided CMSC and 106G payments, associsted gaming and inefficiencies
# (ther Operability Benefits
More flexible nuclear, storage, demand response, and distributed resources
Flexible resource reguiremeants
Improved investment signals by resource type and location
Additional benefits from exposing resources to market rather than contract prices

36! brattle.com

IESO-N-0010874



37

Capacity Market Reforms
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roach to Evaluat
enefits

We request stakeholder input on our initial thoughts for the following
framework evaluate the benefits of the proposed capacity market initiatives

Review prior studies and experience in Ontario
= Focus on 1ESD staff’s capacity market benefits study
s Examine outcome of transitioning DR auction from contracting to auction

Supplament with studies and superience in other RTOs
= Evaluate guantity of incremental low-cost supply attracted or retained
s Evaluate evidence of differences between contract and market prices
» Cornsider the similarity of the market characteristics and regulatory context

Update IESO staff estimate of Capacity auction bensfits
» Update basad on 2016 Ontario Planning Outlook assumptions and results
= Make explicit assumptions regarding low-cost incremental supply sources
» Separately estimate societal and customer benefits

= Develop a range of potential outcomes

3% brattle.com
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rivers of Capacity Auction Benefits

# Ontario is proposing to introduce capacity auctions as an additional tool for
investment decisions

# A capacity auction would aliow Ontario to achieve efficiency benefits,
similar to those identified in other capacity markets, including:
------ Market competition attracting low-cost and non-traditional resources such as demand
response, uprates, imports, and new generation
- Achieve cost savings by enabling competition among resource types, and betwsaen
new/existing supply
------ Capacity exchange will allow for increased revenue from exporting excess supply {(option
o import lower-cost supply when nesded)
- Ability to mitigate the guantity of over-procurement through short-term procurements
and exports
- Re-align risk allocation to the party that is best able to manage risks

# There are outstanding questions on how a capacity auction would interact
with government policy and support future market evolution

3% brattle.com
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Prior Analysis of Ontario’s Capacity Auction

2014 IESO Study of Benefits Estimated Cost Savings from Capacity Auction
# Compared the NYISO and PIM $550

capacity market outcomes to the

2013 LTEP assumptions and 3500

estimated $50-500 MM/year in .. $450

efficiency benefits § $400

# Customer benefits not estimated §$350

# Driven by lower expected N $300

procurement prices in a capacity gszso
market &

S S200

# Assumed a §52/kW-year resource =
cost under capacity auction (based  § $150
on NYISO and PIM market prices ) © s100

versus $130/kW-vear for ¢50

additional capacity {based on the &

2013 LTEP) DO NN OO O
SSSS8S8SRSR828R

Source and Notes: http/jwww.ieso.ca/Documents/consult/capacity - 20 140918 - Assessment_of_Expected_Renefits.pdf o
: - 431 brattle.com
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Experience from IESC

The first demand response auction cleared at a lower price than the
last standard offer program
# Under the DR3 program the last standard offer price contract available
made a capacity payment of approximately $104/kW-year

# Under the auction, IESO was able to procure more capacity than the target
replacement guantity, at a lower price of 593/kW-year

# The DR auction also attracted more competition, increasing from 6
registered providers to 7 providers clearing in the DR auction.
- 22 DR providers are now eligible to submit offers in the upcoming
December 2016 auction

m Results of the next DR auction will be available in time to inform this
henefits study

Notes: DR3 offer price was $65/MWh x 1,600 hrs/year of availability, or $104/kW year. The DR Auction are converted from §/MW-day after
multipiying by the number of business days of required avaiiability.

411 brattle.com
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Experience from PJM: Lower-Cost Resources

Pind Capacity Prices and Net CONE

I,

Many new resources have been added
since the inception of the capacity
market

32 GW of new gas capacity {in addition to
uprates and demand response} have
cleared at prices well below the
administrative Net CONE

15% of the resource requirement

o,

Price {2020 CADS/MW.-day}

RTQ Price

2018/20 capacity came from lower-cost € ¢ 2 g % % § ¥ 8 3 8 3 8
non-traditional supply {excludes new £ ¥ 3OS ST ST YT LSRRG OGS
uniis} &8 ® 8 R B R R R R R R & B
0.2-0.8% per year in lower-cost uprates Incremental Capacity Additions and Reductions

to existing fleet are added each year
0.75% average annual increase in
demand response and energy efficiency
capacity

DR reductions in 2016/17 and 2017/13
were driven in part by changes to the
procurement rules which decreased the

Fuerbiod Reticowment
N tosads

Cupmiative Additions {H{AP GW)

10 §
& ¥
procurement of “summer-only” demand o

L o pe)

response 28 3

T &

8 R

S & @
Sowree und Notes: o R &
PIM 2019/20 Base Residual Auction Results. Prices assume a constant 2% infiation rate and the monthly exchange rate as g ad by the Bank of

Canada for the month in which the auction results were published.
Netimports includes reductions in exports from the 2007/2008 auction.

472 ¢ brattle.com
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. New Generalion ol Lower
ely-Procured Contracts

New Jersey Contract Prices and PIM Market Prices

in 2011 New lJersey policy makers 4500 o
directed state utilities to sign long- 8450 B e
: 445 £ e
term contracts with generamrs
# Contracts were selected througha 5400 s wrn
competitive solicitation (all contracts § sasq Administrative o 3
35p ey g
were later canceled, but reflected the = Mot Cone y,x\% e
expectation of binding commitment 2 $300 < &
at the time} § . H
-, o SE50
# Large quantities of market-based g T
new generation entered (not under 'g $700 .
contract) over the same timeframe at £ s iy
prices only 59% to 87% of the % $150
cantract prices {comparisonon a & 5100 Market
levelized NPV basis} . BiRg B0 " Prices
# Cancelling the contracts and relying 550 '
ofn capacity market entry resulfted in &
total savings of US563 million per e @ e o~ Gy e ot o I~ Oy
B O D et 3 e e w3 v N N e
year for the 2,126 MW of capacity 282 8 2 228 8 8 2 8 g 83
Source and Notes: PIM. Contracts were for delivery into PS- North zone. 431 brattle.com
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nefits: Capacity

We have also identified other expected benefits from the market
renewal that we do not anticipate being able to guantify:
# Seasonal capacity products for imports/exports if IESO becomes winter peaking

# Locational capacity value
# Flexible resource requirements

44 brattle.com
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Considerations for Existing Contracts

451
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o
o EE

pproach to Assessing

Based on feedback from the last meeting we would like to account more
explicitly for the impacts of supply contracts in both the near term and the
long term. We request stakeholder input on our initial thoughts on how do
SO

pact of Contracts

Evaluating potential long-term benefits to the provinge

Categorizing existing contracts and regulated supply into high-level typss ,
and evaluating for each type of contracts by asking:

» What impacts will market renewal have on the existing contracts?

= What impacts will the existing contracts have on the achievable benefits?

Consider the timeframe over which contracts will expire and understand
the impacts on potential benefits:

= immediately achievable benefits independent of contractual arrangements

« Total potential benefits that can be achieved as contracts expirg

46! brattle.com
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Market
Renewsal: Design
Elements

bmpact on Exicti
Generators XISHNg
contracts
yunder -

. will affect
Existing ‘ot
Contracts marxe

outcomes

Incentives
to react to
market

conditions

2020

Potential Long-Term Benefits
to Ontario

Immediately
Realizable
Societal and
Customer
Benefits
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iscussion: arketl Renewal Affect

Contracts?

# The current non-merchant resources can be broadly grouped into three
categories
Fixed Price Contracts
“Deemed Dispatch” Contracts
Regulated Resources

# We are currently reviewing each major category of contract and would
benefit from stakeholder input on the following questions:
What is the impact of the market renewal on contracts?

What is the impact of contracts on market renewal benefits? Will suppliers
have the incentive 1o adopt more efficient and flexible behavior in response
to improved market pricing?

48 brattle.com
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e
2

wad;
2

R

osed to E

Neguiremant

Capacity Contribution {GW)

© New reso

> Uprates

15
10
5
0

i o o o~ ot o) 0 <

ot ot o™ o o o o™~ o

o ) o o @ I o @

b (o] (o o] N o~N L] 4

Source gnd Notes » These data are complied from several different sources and are st
from the 2018 Onterio Planning Outiook.  Deta from 2016 Ontario Planning Cutlo
Progress Report on Contracted Electricity Supoly.

; Cutlook Cand Q2

LR

Gas
° Lennox
° CES
* CH#

Renewables
IESO/ HY

~ RES {LiL b}
OFA o RESGP

Rostly Mo

Hydro
o HG
o HESA

Crther

fosthy No

Bosthy No
Rastly No

OEFC

RMostly Mo

Hydro
OPG
Nuclear

fosthy No

Rastly No
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chievable Benef
Transactions Expose

epend on the Portion of
to Marketl Incentives

# Energy and operability benefits

Ppot

achievable likely are proportional to .
the fraction of resources with dispatch
exposed to market prices

""" 65% of resources on the margin {on an
hour-ahead basis) are operationally
exposed to market prices

o

be realized even in the absence of
contract expiration of modifications

{

Upper Charts Source: Moritoring Report on the IESC-Administerad Markets for the geriod from Noverber 2014 - August 2515

Lower Chorts Source ond Notes: 2016 Ontario Plenning Sutlook. Includes embpedded generation and exports .

il 2 3 &

{recormmended mestric} L #

44444 27% of installed capacity is operationally 2015 IESO Capacity an
exposed to market price 45 180

13%-27% of energy produced or e ppy, B 16

exchanged is operationally exposed to Egjr’ v Exposed : —“
market price §;° i‘;ﬁi‘”‘“m :2?:)
# Based on these data, 65% of the total fﬂ;za £ a0
potential benefits from energy market %1 & e
and operability initiatives would likely £ % 4
: &

Gne Hour Ahesad Marginal Resource

Generation

501

“&5%
Exposed
To Marked
Prics

~33%

" Prpossd
Toy Blarket
Pricg

ag..
~14%
} - Blarkst
= Prpewts
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# Discussion

511

brattle.com

IESO-N-0010874



52

Discussion

We would like to get your thoughts and suggestions on our initial
thoughts on how to estimate benefits of the proposed market reform
initiatives

# Dopes the proposed benefit framework make sense and address the right
issues?

------- Energy market

------- Operability {including intertie scheduling)

- Capacity auction {including capacity exports/imports)
- {mplications of existing contracts

# What are your thoughts on the proposed approach for translating
experience from other markets to the Ontario context?

# (Jther considerations and feedback?

52 brattle.co

m
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enco

# Next Steps

53
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xt Steps

# Based on progress toward objectives and input received today, pursue next
step of developing draft benefits case report

# {nitial findings to be shared in stakeholder engagement meeting in late
November/early December

= Draft benefits case to be published in Q1, 2017

# {f group members wish to discuss any elements of this presentation in

greater detail or provide feedback to be considered in the benefits case
they are welcome to contact Brattle

-------- Contact information on next slide

54 brattle.com
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wuthor Contact Iinformation

JOHANNES PFEIFENBERGER
Principal | Cambridge, MA
Hannes.Pfeifenberger@brattle.com
+1.617.234.5624

JUDY CHANG

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

g, Ino.

sressntation ars alvictly thoss of the presender{s} and do not necawsarily state or reflest the

KATHLEEN SPEES

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

WALTER GRAF

Associate | Cambridge, MA
Nalter.Graf@brattle.com
1.617.234.5749
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Details and Study Review

# BMarket Futures
= Study Review Detail

pendix:

# Bibliography
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Load Growth

s Modest Net growth

* Load Shifting {flatter peaks over

B
<
%
&
b
[
[«
@
&
%
>
<

.

aat effectiven
enviranmen

vandiputentialatranded costs will
ations for palicy mak

‘
=
£
o
g1
%
92

s increas demend reggonse

« Smart Grid systems are further deploved
across the provinge

Fuet and Resource {ix

Nuclear refurbishment will take place as
planned

ng z2ers Mmarg cast resources

< Increasing firm imports

s increasing frequency when gas generation is
oo the margin

°

B

>

Story

Decarponizetion continues in the grovin

e,

aggr ty

Slow electricity load growth

easingly goai to increase refiance on market-
s on cost-Based mechanisms

7 mplications for Ontario Market Design

Capacity Market will likely be needed

New ancillary products {ramp, reguletion  reactive

pawer, &i¢.} may be needad

Greater co-optimzation between Ontario markets

tay need o consider doser and deeper
coordination with external markets

e, but not

Contracts and Markets

Expiring long-term contracts for e
capacity, and clean energy resourc

The combing
sef up to recover the

ed costs for
* Existing resources

o MNew gonasation buildout

Resillency and Flexibility

ion of contracts and market is

Increasing need for Inad following rescurces

Othar

o New technologies |
o be considered wi
and/or cost effective
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Load Growth
* Load growth {peak and shape) could be
significant as pert of heating and
transportation sectors

RegulatoryEnvironmental Policy

< Change in utility fcustomer relationship

+ May nieed 1o consider changes to the way that
load serving entities are compensated for
complying with envirenmental polici

Distributed [ Demand Resources

« More customers will have on-site generation

© Micro -grids may become more
ubiguitous
° “Smart” load could seli power back to the

systen

Fuel and Resource Mix

* Sigaificant increas solar PV generation
{both utility stale and distributed) and possibly
distributed storage

fuch less natural gas and other fossil
generation
* ERE ety

.

.

-

3

.

o

Story
Redurtion of use o els across various sectors,
incluging:
o Electr

« Heating

» Transportation

Much more distriputed generation, particularly
distributed renewable genaration

Storage becomes mo
gart of customers’ dis

Asignificant amauntiof customers sble o seltback
excess power ircin distripioted peneration

Design

Block Chain:
new techno
customers’

some customers may decide to take on
gias, thus need to monitor char
references and investm

nis over 2,

Transactive Energy (at Inc wy mean that
a significant effort may need 1o be placed on

interactions with distributors or some other
distribution system manager

Need for flax products to ensure system rel
Need greater intertie capacity and cepahility to
import and export power inte and out of the
province during periods of excess and shortege of
generation

Price informetionawill besome moredmporiant,.
particularlythosethat couls belpoustoner msketne
most efficient oy

Contracts and Markets
2 custorner on net metering and &
rograms

s to transnussion and distribution
weded and allowed

stormn
i

rerat contracts between o
be moe.pre

Resiliency and Flexibility

v Loss of diversity and therefore resiliency,
particularly if a large part of the economy
moves off natural gas and the use of
infrastructure end onto electricity system

Solely reliant on electr
mare risky

ity could become
There could be an Increass in “ local”
resiliar the custamers. own systems.and

the digtribution svatem are woll managed

Other ; Transmission/Distribution

duced wire investments,
pution systems

May result in «
B larly on the di

» There would be limits on how much more
ransm 2 built, particuiarly 3o the
Toronto aree {limitations inciude social and
grogtaphy]
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ture 3: Distribut

Resiliency / Flexibility
Big Climate Change Disruption that o
more interest in decentralized energy
TESOURCRS

°

o

o

Economins

Focus on cost increases (Cost curve N

» Yhe price of wholesale electnicity increase (D}

New technologies become more affordable
which allows customers to use maor
disteibuted generation

Customers become more sensitive to price
Customers rethice relisnte on the gnig

Deep Decarbonization
Mave away from natural gas fueled pﬁaki‘r“.‘é
olants

Swit:
elec

heating from natural gas to clean
Ly
Switeh gasoline to electric vehicles

Morecarst : andautonomous cars

fess interest in centralized generation
iess inte

thru

intrans
ds”

ustry (Driven by

Story

« Locai Distripution Companies (LDCs) as load servers
© fustomers rosumers, who consume and produce
elect

» Load Servin
service platf
power or i

Entities {{5Es} a
115 that manage
istribution

1 up 3s distributed
he exchange of

.

Transactive energy in poth directions R among
customers

* Cu smart horme

ner as energy

nagers in

< Communities as energy managers

B

“Bragging rights” for customers who decarbonize
Risk of stranded utility assets

Integration with grid reguire additional
investrments and complex operations, which may
lead 1o huge hidden cost

Einally gir induatry will bave inventary through the
use ol storsge

.

Repulatory difemmia = Arbitrags possibilities

o

Customers will want to acness and see real time prices

» Much more need to coordinate betweer iocal
distribution companies and the [ESQ {including pr
coordination)

o Need to simplif

systern

©

ttiements, even in more complex

eavy relians

* Market must facilitate and enable DERs

+ Software will be needed to enable central and

£ for efficient

Implications for Ontario Market Design

chnologies)

Technology

More customers desire greener solutions

055

Disruptive technologies may evolye

Smaller and cheaper technologies will aliow
customers to control their energy
cansumpiion betterand provide more chaces

e of groduct

o

Fusl / Resource Mix

Fuel swi
we

Heating fuel switch from natural gas to

electricity {clean}

Move the power industry from Big Generation
1 smaller digtiiouted recoeircas

Customer Empowerment {Load Growthy

Custormer prefer to have real time

nmers erphast

monitoring and contro

Customers are also producers (Prosumers)

Customers can transact among them

{Transactive Energy}

Customers increase their ownership of

srgtgy
BV FuE

velaten assets

I Switching

e desire for conserva

Contracts / Markets

Use of cap and trade money wi

resalved

s remain in the

hort-term as oridge to
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Drivers
the .S
o more aitractive for exgort

nydro and stors

Eeonomic efficiency of coordination across the

hhoring regions

.

Regulatory / Environmental Poticy

Governance of the energy sector needs 1o
more clarity{?)

The development of polic
shouid have a clearer path

and regulations

Alignment across policies will be needed(?}
Meed more clarity around disouts
tiond

4

>

Distributed / Demand Resources

Load growth will be uncertain given the policy
uncertainties

Can cap

ire load diversity

Enerpy giready integrated

B

Fuel and Resource Mix

e capabilivy wili be shared by ait

Stor

Reliability at the local level may decrease (7}
May increase the opportunity to decarbo

at lower costs

Sire 10 0| ize nuciear fleat

3

[SiEatiatiny

Lo Wi

poskhvdra

Regions

Story

v

Large well-coordinated market outside of Gntario
{(single market, but does not have to be}

» The Northeast market would include ONT, QUE,
MISO, PIM, NYISO ete... {NECT)

New Transmission may be desirable or needed to
neighboring systems

v

.

May be desiraple to consider more efated
system control across regions {control room? Smart
grid enabled?}

implications for Omtario Market
Design

By price, energy

B

icit coordination cornmittes

with other neighboring regions {such
that it would not only be for rel

o

Aome stakehe

Meed to evaiuate options o manage the existing
contracts

Contracts / Markets

Likely to have more energy exchan
future when the external mar
coordinated

@ well-

other
cts and

Should evaluste Best Fractice:
jurisdictions for managing contl
rnarkets simuitanesusiy

fay need m

inthe

won language / market
rudes with neighboriog markets [Brsimpiicity

Resitiency/ Flexdibility

eod improved system flexibility

eed the system to be a3l
her leveis of renewables {wit
deployment)

eater

Other {Barrers)

to integrate

« Need northeast regional carbon market
{NECC Carbon}

Having & common carbon regime would
simplify and improve coordination and

s Other factors may include:

dependence”

» lurisdictional oversi
F

o Yaxatipn T et whisre hoew?

RC?
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Appendix: |

Study Review Detail

Review
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Prior

nalysis of

ntario’s Energy Market Initiatives

Reform, 2015}

Day-Ahead
Rarket
Evolution
SE-21 (iES0,
2008}

Notes:

settled at LMPs, foad settied
at zonal LMPY

14% intermittent rasources by
early 2020s

-

-

Costs and benefits of
improved Day-Abead
Commitment Process

»

Three redasign scenarics
considered, we focus on
Option 2 {24-hour optimized
unit commitment, 3-part
bids/offers, refined cost
guarantees and an Energy
Forward Market {EFRE})

= “1.5% intermitient

®

Efficiency Benefits: Not calculated in
most scenarios, estimated at 510
MM/year in one scenaric. Benefits
driven by the twenty highest CMSC
earning gas powered generators
reducing their offer costs by 5% so as to
increase their chance of baing
schaduled

5

Efficiancy Benefits: $5.5 M/ vear for
reduced over-commitment, $16

M /year for reduction in natural gas
fuel procurament costs. Additional 82
Midfvear from DR dus 1o improved
day-ahead price forecast

Al benefits translated to 2020 CADS assuming a 2% inflation rate (no other adjustments).

Study Scope Beneofits & Drivers Benefits Not Quantified
Energy * Cost and benefits of single- » Customer Benefits: 5160 MM/year s Improved efficiency from in-market signals
farket schadule real-time pricing custormer banefits hefore accounting {rather than uplift) for lossas, ramping,
Pricing * Considers three design change for contracts, driven by a reductionin anciliary co-optimization, transmission
System seenarios, we focus on the payments to supphers for energy and constraints, and interties
Review “LMP Zonal” design CMSC. Benefits drop to $40 MM/year  « ayoided gaming and adverse
?51;1; {constrained DA & RT dispatch when considering contracts commitment/dispaich incantives induced by

uplift approaches (other than a modest
adjustment for CM3C)
Improved real-tima commitment/ dispatch

»

°

improved integration of new rascurce types

*

Improved investinent incentives by location
and resource type

*

Owerall: Fxchudes most efficiency benefits

»

Improved day-ahead signaling and hedging
for embedded and distributed resources

%

Irnproved intertie scheduling, and
conseguential improvemant to in-province
day-ahead dispatch

°

Increasing benefits at high intermittent
resource lavels

°

Gther non-guantifiad banefits similar 1o
above
» Overall: Excludes maost efficiency benefits

§2 ¢ brattle.com
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1SO's 2005 Nodal

Prior design was purely bilateral

MISO region moved to an integrated
marketplace in two stages:
First stage was to introduced de-pancaked “day-one”
market {no central dispateh)
‘‘‘‘‘ Second stage was a day-ahead market
Ancillary services remained cost-based
provided by each balancing authority {BA),
not co-optimized with energy until 2009

Retrospective study {Reitzes 2009) finds
50.41 MM/TWh (2020 CADS) reduction in
production costs due to 2005 design
enhancements

2005 SOM also reported additional benefits
such as reduced need to rely on
transmission line loading relief {TLR)
curtailments of wholesale transactions,
which decreased by 75% from 2004 to 2005

S100/MWh price
2% intermittent renewabies
2005 peakicad: 112 GW

Hign progortion of coal and natural gas

Biversity of load and resources acrass
large geographic footprint

Depancaked transmission o Lecational marginal pricing
charges *  Financielly-binding day-ahead
Single transmission operator market

Cost-based ancillary services » Seminute dispatch

dispatch

srket v Centralized dispats

Cost-based ancillary services,
ne oo-optimization or central

Ontario
Characteristics

B not Simitar

Retrospective

$0.53 MM/ TWh (2020 CADS) total
S6.21 MM/ TWh {2020 CADS) from depancaked “day-one” market

Pius 50.41 MM/ TWh (2020 CADS) from implementing the day- &
ahead market

53 brattle.com
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USO’s 2009 Nodal

Prior market design created inefficiencies
with intra-zonal congestion management

Units were self-committed on DA basis but then
needed to be DEC-ad at high costs {with concerns
about incentives for inefficient DEC bids)

""" Cther units needed to be INC-ed at high costs
Design enhancements made intra-zonal
congestion management much more
effective through optimal day-ahead unit
commitment and settlement

Retrospective study {Wolak 2011) finds
50.55 MM/TWh (2020 CADS) reduction in
production costs per TWh of load served
due to design enhancemenis

2009 CAISC Annual Report showed AS
procurement {i.e. customer} costs fell from
1.4% of wholesale energy costs
{S0.74/MWh) in 2008 {prior design) to 1%
{50.39/MWh) in 2009 {design enhancement)

2z

°

°

« S47/Wh price s
o 2% intermittent renawables
+ 2008 peak
o High propor

pas {little
o Fewor
+ Substantiai uplift charges from intra-
al conge:

f imgoorts, nydro, and

3 riin ganeration concerns

Ontaric

+  Day-shead self-scheduling
Zonal mar

Bilateral day-ahead

scneduling

+  Real-time imbalance market
o {ntrazonal cong ¥
Managarmen: process

« Cao-optim

Financialiy binding day-ahead

market

« Hour-anead scheduling
+  B-minute dispatch

services

o R
o 5055 MM/TWhH {2020 CADS)
s Production cost savings {fuel + VOM + start-up costs) for natural

B2s units

CAISO

»  Natural gas units represent largest source of energy internai to

54 brattle.com
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k3

ERCOT's 2010 Nodal

arket Implementation

Prior market design included depancaked
transmission and footprint-wide network service

issues with intra-zonal congestion management

- Zonal congestion management instructions were bid-
based, because all generators located within in a zone
were assumed to have the same ability to affect the flows
across a zonal constraint {led to inefficiency and
uncertainty}

- Al other constraints were managed by paying generators
to either increase or decrease their output

- Because congestion payments to generators were
collected from Ioads, generators had no incentive to
consider the state of the transmission system when
scheduling

2011 market monitor report notes several aspects of
nadal market design enhancement improve economic
and reliable utilization of scarce transmission
FesouUrees

- Unit-specific offers and shift factors
Simultaneous resolution of all transmission congestion
Settlement of actual output instead of schedule-based
dispatch
S-minute instead of 15-minute dispatch

« S4AC/NWh price spread
o 8% intermittent renawables
+ 2010 peakiocad: 66 GW

sugply mix

¢ ties

o High proportion coai and natural pas in

o Elactrical island connected with a few

Ontaric

Characteristics

B not Simitar

+ Zonai market {4-5 zones)

o Bilateral day-ahead
scheduling

o Real-time imbalance market

+ drarazonal congestion
management process

+ A5 minute dispatch

tocational marg
{4,000 nodes)

inal pricing

Financially binding day-ahead

market

5 minute dispaich

Ca~optimi
services (DA only)

tion of ancillary

o Retrospective
e 50,95 MM/TWh {2020 CADS)
s {ustomer benefits {reduction in wholesale power prices}
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SPP’s 2014 Nodal

arket |

plementation

#  SPP implemented nodal market in two

stages:
Energy Imbalance Service (EIS) was implemented
in 2007, including real-time nodal imbalance
service with depancaking

""" Integrated Marketplace was implementad in 2014,
including fully integrated day-ahead and day-of
and {central dispatch in only real-time after
bilateral markets close markets}

2014 state of the market report describes
benefits derived from:

Large reduction in the quantity of online
generating capacity {10% reduction), due to
coordinated day-ahead commitment

Co-optimization of energy and ancillary services
MNon-quantified benefits from improved locational
investment/retirement incentives

$39/0iWh price spre

o 12% intermittent renewakles

+ 2014 peakiocad: 45 GW

o High proportion of coal and natural pas %
iresupply mix (historical net exporier)

o Diversity of load and resources over
|3rge geographic area

market
s S-minute dispatch

Ontario

Characteristics

Depancaked transmission + Lons g areas
charges * Financially binding day-ahead
¢ Day-zhead self-scheduie and market
commitment + Co-optimization of ancillary
e Self-schedule AS services
»  Nodal reai-time imbalance +  Day-ahead unit commitment

+  Retrosgpective

o S2.55 MM/TWn {2020 CADS)

e 5101 MM/TWh {2020 CADS) f
regionai nodal rket

+ SLI4AMM/TW
inciuding conscli
DA, KT, and AS markets

°  Non-guantified benefiis fro

and improved investment incentives

1 costs, optimization featu

ot Ei, including a de-pancaked

{2020 CADS) from integrated marketplace,
ating balancing areas, and implementing nodal

25,
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Prior

ntario Operability Initiatives

-

s

Dioes not quantify
henefits of updating
scheduling algorithm data
inputs more freguently or
of increasing flows of
efficiant intertie
fransactions

simplified method of
accounting using
reference bus price
instead of nodal price at
intertia as replacamant
cost of electricity

potential banefits of reducing forecast
arror inefficiency by scheduling at or
close to real-time

* Cusiomer Benafits: Not estimated

s

®

« Owerall: Excludes most potential benefits

Full intertie optimization

Raducing transmission charges

Studly Scope Benefits & Drivers Benefits Not Quantified

An Examination  © Benefits of reducing s Efficiency Benefits: 51.5-53.8 = Using nodal pricing {rather than HOEP}
i of More inafficient intertia MM year in benefits of reducing pricing incentive at intertie
| Frequent transactions by inafficient transacticns, drivan by * Avoided gaming and efficiency effects from
| intertie determining intertie increased opportunity to terminate uplifts {CMSC and 106G}, and avoided

Scheduling schedules every 15 ureconomic transactions before end- custamar cosis

SE-115 (IEST, inutes instaad o ; of-hour $3.9-57.1 MM/ vear additions . . -

:"/'3; { {ni?ﬁutc i t'dd’if hourly of-hourn $3.9-57.1 MM/year additional | Coordinated transaction scheduling

o in 2012 and 2013

Nores:

Al penefits transiated te 2020 CADS assuming a 2% inflaticn rate {no cther agjustments).
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YISO Coordinated Transaction Schedulin

NYISO implemented 75 with PIM in November
2014 and with 150-NE in December 2015

CTS designed to maximize efficient intertie use by:

Making forecasted prices more transparent
improving coordination of intertie scheduling between
neighboring market areas

Allowing market participants to schedule flows based
on projected price differences

Realized benefits show significant disparity
between PIM and ISC-NE

In CTS with BIM, relatively low benefits realized,
primarily due to low use of CTS bids, as transmission
service charges and uplift fees were not eliminated

Much higher quantity of low-price bids in CTS with
ISO-NE, as fees were eliminated, incentivizing market
participants to arbitrage even small price differences;
significantly larger benefits realized as a proportion of
possible benefits under optimal intertie scheduling
Remaining unrealized benefils due to latency delay-
related forecast errors, real-time curtaiiment, interface
ramping, and price curve approximation {NY/NE only,
where supply curve is approximated by step function
in CTS process}

18 -

% -

4 -

i2

Benefits per Intertie Rating (S/kW-year 2020 CAD)

Soure

{2016}

10 -

NYISO/PIM NYISO/ISO-NE

Benefits Comparison for NYIS0O €TS8

< Potential henefits of optimal scheduling

{2018}, NYI50 SCA
0 2026 CADS

0 Quartery Reports 681 brattle.com
atinn rate.
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The Brattle Group provides consulting and expert testimony in economics, finance,
and regulation to corporations, law firms, and governmental agencies worldwide.

We combine in-depth indusiry 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 electric power industry include:

# Climate Change Policy and Planning #  Rate Design and Cost Allocation
# Cost of Capital #  Regulatory Strategy and Litigation Support

Demand Forecasting Methodology Renewables

Demand Response and Energy Efficiency Resource Planning

Electricity Market Modeling # Retail Access and Restructuring

Energy Asset Yaluation @ Risk Management

Energy Contract Litigation #  Market-Based Rates

Ervironmental Compliance # PMarket Design and Competitive Analysis

Fueland Power Procurement Mergers and Acquisitions

incentive Regulation # Transmission
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