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New Technologies & Engaged Customers
Are Rapidly Overtaking Traditional Supply
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Data Source: Energy Velocity Suite (US and Canadian generation) and Brattle research (US-only distributed resource and storage).



Question:

How Do We Maintain Reliability &
Enable the Clean Energy Transition at
Reasonable Costs?
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Transition to a Cleaner Grid: Are We Headed
for Blackouts When the Sun Goes Down?

Myths

Intuition may give us a false sense
that the grid won’t stay reliable
unless we....

Save baseload plants from
retirement (or coal, or nuclear,
or gas)

Save a specific “favored” plant
Stop building renewables
Build a gas pipeline

Impose on-site fuel
requirements

Realities

It’s not all hype. It will be a big challenge
maintain reliability while going clean...

Customers & states want to go clean.
“Reliability card” will not stop them

Intermittent renewables do not
provide the same bundle of reliability
services as thermal plants

Grid services we used to get “for free”
will need to be defined and paid for

Grid operators must learn to rely on
non-traditional resources to provide
these grid services

Customers may prefer to save money
by allowing some outages
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Trump Administration & Some States’ Policies to
Support Failing Plants Could Cost Billions

Proposed policies illustrate several

common problems in reliability
discussions (usually played out on
a much smaller scale):
Reliability concern is not clearly
specified

Implicit assumption that a specific
resource or resource type is the
only solution

Lacking benefit-cost analysis

Lacking mechanisms for
competitors to identify cheaper
solutions to the problem

Sources: Celebi, et al.

, October 2017; and Celebi, et al.
, July 2018.

Evaluation of the DOE's Proposed
Grid Resiliency Pricing Rule
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https://info.aee.net/hubfs/Brattle_AEE_Final_Embargoed_7.19.18.pdf
https://info.aee.net/hubfs/Brattle_AEE_Final_Embargoed_7.19.18.pdf

Megawatts

To Clarify: Why Do We Need “Baseload”
Plants Again?

.....\We don’t. We can drop “baseload” from our vocabulary.

Traditional Planning Future Supply Mix
Concept: Baseload plants contributed to a Concept: Equation is flipped. Energy will be
cost-effective resource mix and provided “free” most of the time. Flexibility and other
many grid services “for free” as a byproduct of grid services have to be defined and paid for.

producing energy.

Demand

Intermediate Load

Demand = Charging

Utility Solar

Dist. Solar

Megawatts

Baseload

o 2 4 6 8 10 12 14 16 18 20 22 0 2 4 & 8 10 12 14 16 18 20 22

Hour of Day Hour of Day

Source: Chang, Geronimo-Aydin, Pfeifenberger, Spees, Pedtke. . June 2017. brattle.com | 6


http://files.brattle.com/files/7352_advancing_past_baseload_to_a_flexible_grid.pdf

Markets and Utility Planning/Procurement
Processes Need to Rethink Reliability Needs

How Do You Maintain Reliability at Low Cost

Easy (but wrong): First instinct in a Rapidly Decarbonizing Grid?

of RTOs & utilities may be to

continue relying on traditional Express Reliability Needs as Well-

thermal plants even as they Defined, Unbundled Products
become uneconomic S—

Determine the Efficient Quantity &

L.
Harder (but right!): Do the Willingness to Pay

hard work of fully specifying a
comprehensive suite of Enable All Resource Types to
unbundled grid services... Compete

before the problem becomes
an emergency requiring costly
interventions

Procure Needed Services in a
Co-Optimized, Competitive Fashion
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Properly Decomposing Reliability Needs

Saves Money & Enables Decarbonization

Non-traditional resources can provide all the grid services we
need, as long as the needs are defined in technology-neutral ways

Technology Types
RoR  Hydro w/ Battery
Coal €C  CT |Nuclear Hydro Storage Wind Solar Storage DR  EE  Imports
Day-Ahead Energy v v OoOl\vY v v v v O O 0O Vv
Real-Time Energy (5 Min) v v O]l]0O0 v v v v O O 0O O
4 |Regulation v v Olx v v O O v 0O x O
& [spinning Reserves v v v Ix O Vv X X v O x O
é Non-Spinning Reserves X v v x x v x X v O x O
% load following /Flexibiity O v v | O O v O O v O x O
P |capacty v v vl|v 0o v 0 0 0 v v v
Clean Attributes (RECs) X O Olv Vv v v v O 0O v VY
Reactive / Voltagesupport v/ v v | v v v O O v x x O
Black Start O v ¥Y|x v v X X O X x O

Technical Capability for Service

v Well Suited

@) Somewhat Capable

X Not / Poorly Suited

Even non-traditional, carbon-free supply can provide

essential grid services (If enabled to compete)
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lllustrative Experience:

Texas: Reliability in the Energy-Only
Market
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Texas: Estimating the “Optimal’” Level
of Bulk System Reliability

Brattle’s economic studies indicate that traditional 1-in-10
standards are higher that the economic optimum. Concept could
be applied in many other reliability contexts (but rarely is....)
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http://files.brattle.com/files/14683_10_13_2018_ercot_merm_report_final_draft.pdf

Texas: Energy-Only Market is Desighed to
Support the Cost-Effective Level of Reliability

Texas: Operating Reserve Demand Curve
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http://www.ercot.com/content/wcm/lists/114801/Estimating_the_Economically_Optimal_Reserve_Margin_in_ERCOT_Revised.pdf

Texas: Reliability May Drop Somewhat
with Increasing Renewable Penetration

Several regions (UK, Alberta) have abandoned their energy-only
markets based on reliability concerns with increasing renewables
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http://files.brattle.com/files/14683_10_13_2018_ercot_merm_report_final_draft.pdf

But Then... Are A Few More Bulk System
Outages Really a Big Concern?

Bulk system outages account for a tiny fraction of all customer
outages. Storms and distribution system failures cause many
more outages
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lllustrative Experience:

Reliability in the Capacity Markets



Energy Transition is Outpacing Capacity
Markets’ Definition of Reliabllity

Capacity markets were always Emerging Reliability Needs
{4 H »
a blumi mStrL!m(?r)t for * Winter reliability (mis-named as
expressing reliability needs “fuel security”)
Often, the best place to start  Reliability events outside of
fixing the problem is in well- traditional annual peak hours (i.e.
defined energy and ancillary shift in the hours with net peak load;
service markets (shifts more events in shoulder months with
incentives toward true many planned outages)
operating needs & more * Reliability events driven by flexibility
flexible supply) needs and operational “surprises”

e (Capacity value awarded to supply
resources not aligned with true
reliability value (may differ with
resource penetration levels)

Capacity market incentives can
also become much better
(progress is happening, but
slowly)
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PJM and New England “Capacity Repricing”

Debates

PJM and New England are
concerned that increasing policy-
supported resources are
undercutting investment
incentives. Their “solution” is:
Increase capacity prices to the

higher level that would exist
absent any state policies

Introduce two-stage auctions with
side payments to resources that
don’t clear even though they
offered below the clearing price

But these “solutions” do not
address the real underlying
problem

Source: PIM Filing before the FERC, Proposing the
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https://www2.pjm.com/-/media/documents/ferc/filings/2018/20181002-capacity-reform-filing-w0172181x8DF47.ashx

The Real Problem: Market Forces Working at
Cross-Purposes with Carbon Goals

Current ISO Market Design Objective: But Many States & Customers Want:
Reliable & Low-Cost Reliable, Low-Cost &
Electricity Carbon-Free Electricity

Storage

Markets

designed for DR

this purpose Hydro

will attract

and retain.... Solar
Nuclear

Market forces may drive Market drives 80% carbon

carbon emissions up or down reductions at least cost brattie.com | 17



Total Size of Markets & Payments ($)

Where is the Current Path Leading?

The disconnect between what customers want and what
the markets deliver will continue to grow...

Current
Markets

Out-of-market payments
will dominate the
customer bill. Costs are
exacerbated when policy
& market signals work at
Cross-purposes

S—

J1

REC Markets
Capacity Market Markets will have a

Ancillary Services = diminishing relevance.
Energy Market Customers will lose
most of the benefits

—

80% Clean Energy offered by competitive
Resources Procured markets

Outside of Markets
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Total Size of Markets & Payments ($)

But There’s a Better Path to Align

Wholesale Markets with Policy

Clean energy attribute markets are the primary “missing
link” needed to better align markets with customer and
state demand for a cleaner grid

Current
Markets

| Regional Clean
° | Attribute Markets

Capacity Market

Ancillary Services

Energy Market
Possibly with enhanced
carbon pricing

80% Clean Energy
Achieved via Market

Mechanisms

—

—
—

Competitive clean attribute
markets can harness

™ competition and innovation
to decarbonize faster and
cheaper

__ Suite of unbundled
markets work together

to meet both reliability
and policy needs at the
lowest combined cost
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Takeaway: Cost-Effectively Meeting Both
Reliability & Policy Goals is a Big Challenge...

...But one that can be addressed through:

Rigorous analysis of true reliability needs & the cost-
effective level of reliability we should aim for

Unbundling grid services that were traditionally provided
“free” as a byproduct of thermal generation

Defining grid services in a technology-neutral fashion

Eliminating participation barriers that currently prevent
non-traditional resources from providing these grid services

Transitioning to market-based and market-compatible
carbon and clean attribute mechanisms to achieve state &
customer carbon goals

brattle.com | 20



Appendix:

Clean Attribute Markets



What Should the Clean Energy
Markets Look Like?

Best practices are the same, whether the leadership to
develop clean energy markets comes from state
policymakers, market operators, or others:

Product Definition that e Technology-neutral qualification
matches the underlying and payments

objective (carbon abatement) - Broad regional competition

Unbundled Attributes that
maximize competition across
markets and technologies

 Mechanisms to mitigate
regulatory risk and ensure
financeability at competitive costs
States and Customers Choose
their own demand quantities
and willingness to pay (no costs
shifted to non-participants)

e (Care to ensure alignment with
energy, ancillary, and capacity
markets
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Ensuring Financeabillity in Clean
Energy Attribute Markets

Three-year forward markets for clean attributes can be designed to
ensure financeability, building on the lessons from capacity markets
(which have attracted new resource investment). This may require
offering multi-year commitments and other mechanisms for
appropriately allocating & mitigating investment risks

Allocate Riskls to Customers Allocate Riskls to Sellers
[ T \

Regulatory Risks Market Fundamentals Asset-Specific Risks

e Unanticipated changesto * Resource mix e Construction delays
state policy * Load growth e Unanticipated asset
e Unpredictable changesto < Fuel prices costs

Transmission development ¢ Asset performance
Energy, capacity, and
ancillary service prices

state demand bids
e Rule changes
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Better Product Definition: Achieves Faster
Decarbonization at a Lower Cost

Our proposal for a “Dynamic” Clean Energy Market in New
England would align payments with marginal carbon abatement

lllustrative Traditional REC lllustrative “Dynamic” Clean
Payments - 2,000 Payments - 2,000

$20 - $20 -
g Marginal CO, = § Margm?I co, _
S Emissions - 1,500 2 s Emissions L 1,500 =
& 815 - g & $15 g
g 8 £ 2
3 - 1,000 é € - 1,000 é
a $10 - 2 & $10 Z
& £ & 5
:”:u 65 | 500 & "g ¢ 500 &
3 2 3 s

$O 1'2'3'4'5'6'7'8'9'10'11'12'13'14'15'16'17'18'19'20'21'22'23'24 o $o 1'2'3'4'5'6'7'8'9'10'11'12'13'14'15'16'17'18'19'20'21'22'23'24 0

Flat payments over every hour Payments scale in proportion to marginal

Incentive to offer at negative energy CO, emissions (by time and location)

prices during excess energy hours Incentive to produce clean energy when
and where it avoids the most CO, emissions

No incentive to offer at negative prices

Sources and Notes: brattle.com | 24
See the full design proposal here:


http://www.nepool.com/uploads/IMAPP_20170517_LT_Straw_Dynam_Clean_Energy_Market.pdf

Enabling Competition: Lets Innovative
Players Identify Creative Solutions

Dynamic payments incentivize clean energy at the right times to
displace the most CO, emissions, enabling storage to compete with

other technologies

Storage Participation for Dynamic Clean Payments
Discharging

Charging

| Market Energy
Price

1 2 3 4 5 6 /7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Energy + Clean Price (S/MWHh)

Pay Energy + Earn Energy +
Dynamic Clean Dynamic Clean
Price When Price When

brattle.com | 25
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KATHLEEN SPEES
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Dr. Kathleen Spees is a principal at The Brattle Group with expertise in wholesale
electricity markets design and environmental policy analysis.

Dr. Kathleen Spees is a Principal at The Brattle Group with expertise in designing and analyzing wholesale
electric markets and carbon policies. Dr. Spees has worked with market operators, transmission system
operators, and regulators in more than a dozen jurisdictions globally to improve their market designs for
capacity investments, scarcity and surplus event pricing, ancillary services, wind integration, and market
seams. She has worked with U.S. and international regulators to design and evaluate policy alternatives for
achieving resource adequacy, storage integration, carbon reduction, and other policy goals. For private clients,
Dr. Spees provides strategic guidance, expert testimony, and analytical support in the context of regulatory
proceedings, business decisions, investment due diligence, and litigation. Her work spans matters of carbon
policy, environmental regulations, demand response, virtual trading, transmission rights, ancillary services,
plant retirements, merchant transmission, renewables integration, hedging, and storage.

Dr. Spees earned her PhD in Engineering and Public Policy within the Carnegie Mellon Electricity Industry
Center and her MS in Electrical and Computer Engineering from Carnegie Mellon University. She earned her BS
in Physics and Mechanical Engineering from lowa State University.

The views expressed in this presentation are strictly those of the presenter(s) and do not necessarily state or reflect the views of

The Brattle Group, Inc. or its clients.
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Our Practices and Industries

ENERGY & UTILITIES

Competition & Market
Manipulation

Distributed Energy
Resources

Electric Transmission

Electricity Market Modeling
& Resource Planning

Electrification & Growth
Opportunities

Energy Litigation

Energy Storage

Environmental Policy, Planning
and Compliance

Finance and Ratemaking

Gas/Electric Coordination

Market Design

Natural Gas & Petroleum

Nuclear

Renewable & Alternative
Energy

LITIGATION

Accounting
Analysis of Market
Manipulation
Antitrust/Competition
Bankruptcy & Restructuring
Big Data & Document Analytics
Commercial Damages
Environmental Litigation
& Regulation
Intellectual Property
International Arbitration
International Trade
Labor & Employment
Mergers & Acquisitions
Litigation
Product Liability
Securities & Finance

Tax Controversy
& Transfer Pricing
Valuation
White Collar Investigations
& Litigation

INDUSTRIES

Electric Power

Financial Institutions
Infrastructure

Natural Gas & Petroleum

Pharmaceuticals
& Medical Devices

Telecommunications,
Internet, and Media

Transportation
Water
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