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Introduction: What is the question?

Low-carbon transition:

Reliability is essential; ensuring
reliability at least cost will be the
fascinating but typically

pivotal issue
ignores a more fundamental
/ question...

Is the market driving the right
investments to ensure a reliable
low-carbon transition at least

The “EOM vs. CRM” debate is

cost?
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Resource adequacy at least cost:
generation
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Experience with various “capacity mechanisms”
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“How much?” depends on “what kind?”
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PJM: a decade of lessons learned
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PJM Capacity Market 2007

Supply Demand
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Capacity — single product
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PJM Capacity Market 2011
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Capacity — single product
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PJM Capacity Market 2014 (proposed)
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PJM Capacity Market 2016

aaaaa

...we need to get out of the “capacity
market” box




Cheap (and effective) alternatives to
generator flexibility
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Flexibility cost

Generation: just one piece of the puzzle

Existing hydro, pumped hydro
and natural gas storage

Electricity
Matural gas generation storage
and coal cycling

Heating and transportation
lce and heat

Improving pricing and demand response

Demand-side
flexibility

Supply-side
flexibility

Penetration of VRE

Source: IEA Energy Technology Perspectives 2014
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Complementary sources of flexibility
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Complementary sources of flexibility
‘
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Complementary sources of flexibility
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omplementary sources of flexibility
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Market operations, market geography,
and grids
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“Bigger,” “faster” markets
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Source: National Renewable Energy Laboratory (U.S.), 2013
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Regional independent market governance
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Markets that reduce grid congestion
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Tapping the untapped flexibility of
demand
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3 pillars of an effective energy market

Competition/market
monitoring

Enable demand

: Better shortage
response/aggregatio

pricing
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Demand-side flexibility
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Demand-side flexibility
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Demand-side flexibility

Cost per Unit of Performance
for Various System Flexibility Options
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4 keys to effective demand participation
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Energy pricing that exposes the value
of investment in flexibility
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Full range of marginal costs

Generation capacity (“firm” or “de-rated”) 20-250

Imports 20-1000

Secondary (operating) reserves 250-5000
Emergency generation 500

Primary (regulation) reserves 500-9000
30-minute responsive back-up 1400
30-minute controllable demand response 2400
10-minute controllable demand response 2600
10-minute responsive back-up 3700
Emergency load-shedding 9000

_ Source: Adapted from Brattle Group & Astrape Consulting (2014
Energy solutions report to Public Utilities Commission of Texas & 2013 report to the 54
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Federal Energy Regulatory Commission)




20000

Price (€/MWh)
S
S

1500

33
L8

T
L8

)]
i

Energy price formation: legacy

Average VolL

Price cap

Capped supply curve

P]_:B'D

1

mm—

Quantity (MW) "Energy-only” demand curve

Energy solutions Source: Adapted from W. Hogan, “An ‘Energy Only’ Market

forachangingworld - Design for Resource Adequacy” (23 Dec 2005)



Energy price formation: corrected
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Energy price formation: evolved
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Better locational price formation
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Administrative shortage pricing
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Energy solutions Source: ERCOT
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Administrative shortage pricing
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Evolution away from binary model

Market driven, time varying

<€

Rudimentary
‘EOM’

Ancillary svcs
market reforms

Administrative, fixed

owll

Energy market
improvements

Fixed single-
product CMs

Ltd. segmentation
(e.g., DR)

Reserve shortage
pricing intervention

Single-product with
major ‘scarcity
event’ risk/reward

Growing consumer
empowerment

Phase out capacity
market
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Continued deployment of renewables
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What’s the end-game for RES support? How do we get there?

Time .
RES
\ RES Conventional gen
Conventional - (incl RES)
generation : +
Conventional DSR (incl RES)
generation
Demand-side + DSR /
resources / ~

But how’s this going to work?

-

Innovation & better regulation handle this
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Saturation, new investment & retirement
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Support for deployment of “commercial” RES

203?: Full RES convergence w/market? What market?

[ “System-friendly” production support
- but needs “RES-friendly” system

Auctions + “Capacity”-based revenue support
[2030 + - varied based on performance?
targets] Economic curtailment of RES

Beginnings of x-border harmonization

—

Binding targets + deployment support
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Discussion / Q&A




Key take-aways

Delivering clean, reliable electricity at the lowest
reasonable cost through organized markets:

* “How much?” depends on “what kind?”

 Critical energy market design choices can make
all the difference

» Net growth in zero-carbon investment will not
be market-driven for the foreseeable future
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About RAP

The Regulatory Assistance Project (RAP) is a global, non-profit team of experts that
focuses on the long-term economic and environmental sustainability of the power
sector. RAP has deep expertise in regulatory and market policies that:

= Promote economic efficiency

= Protect the environment

= Ensure system reliability

= Allocate system benefits fairly among all consumers

Learn more about RAP at www.raponline.org

Michael Hogan
mhogan@raponline.org +1(603) 738 8652 (mobile)

The Regulatory Assistance Project (RAP)®
Beijing, China e Berlin, Germany e Brussels, Belgium « Montpelier, Vermont USA « New Delhi, India
50 State Street, Suite 3 « Montpelier, VT 05602 ¢ phone: +1 802-223-8199 e fax: +1 802-223-8172
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