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Expected benefits of optimization

» Operational cost efficiency
» System flexibility
* Investment cost efficiency

But optimizing what? Based on what
Information?




Traditional monopoly optimization field
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Supply-side ISO/RTO optimization field
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Bottom-up 360° optimization field
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Summer week, 35% annual variable RES

DEMAND RESPONSE emana e

800

Power(GW)

Wind

Biomass

Gas

Coal

Nuclear

SUN MON TUES WED THURS FRI SAT
Daily Power Demand In A Week,

T WA By S G L ATGIG § A L A, S—— . W BN T Ay - "
P corvmcanars T e a8 pred Fat B e P R B b Sy TRt S B
e -y

Regulatory Assistance Project (RAP)® Source: McKinsey & Co., Imperial College London, ECF, Roadmap 2050: A practical guide to a
prosperous, low-carbon Europe (2010)
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“How much?” depends on “what kind?”
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Regulatory Assistance Project (RAP)®  Source: Adapted from The Power of Transformation (IEA, 2014)



Limits of operational optimization?

Average Annual Wholesale Prices (2015)
in Five U.S. ISO/RTO Markets
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Reliability Standard and Market Disconnect

Implied Average Value of Lost Load
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MISO Operating Reserve Demand Curve (scarcity pricing function)
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Source: Potomac Economics, Resilience and emerging issues in wholesale
electricity markets (2018)
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ORDC Comparisons
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Garbage in...a lot of garbage out

Reserve Margin (% firm capacity over peak)

PJM reserve margins since the inception of the capacity market
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The real costs in marginal cost pricing

System Resource
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“Capacity” blocks most valuable DR potential

Years Seasons Days AM/PM Hours Minutes Seconds
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Source: 2015 California Demand Response Potential Study, LBNL, November 2016
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Innovation: 39 party access is essential
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Conclusions:

» Centralized, top-down, operating-cost-based
optimization might have worked well in 1980

* As we move toward zero-carbon electricity,
distributed, bottom-up, price-based
optimization will be required

» Optimization without good energy price
formation creates false precision and the
Illusion of expected benefits
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About RAP

The Regulatory Assistance Project (RAP)® is an
Independent, non-partisan, non-governmental
organization dedicated to accelerating the transition
to a clean, reliable, and efficient energy future.

Learn more about our work at raponline.org

‘ ‘_" Michael Hogan Sunapee, New Hampshire mhogan@raponline.org

= Senior Advisor United States raponline.org
‘-v) The Regulatory Assistance Project (RAP)®


http://www.raponline.org/
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Source: DONG Energy/Orsted

Regulatory Assistance Project (RAP)® 18



Price duration curves with 70% RES
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Source: Hogan, W. & Pope, S. for FTI Consulting & ERCOT
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% Reserve Product ORDC Comparison
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Source: PIM, Proposed reserve market enhancements
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_é/m m Synchronized Reserve Demand Curve
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Source: PJM, Use of penalty factor for the ORDC (2019)
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