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Disclaimer

Material includes unpublished preliminary data and analysis that is subject to change

* Purpose of Presentation

— To obtain external technical review on methods and analysis and
promote robust technical discussion within ESIG community

— Not to convey findings or conclusions to take away or inform activities
— Not posted in presentation repository for the meeting
e State of Content Presented

— Data, results, conclusions, and interpretations presented have received
limited review by technical experts outside NREL

— Does not constitute a comprehensive treatment of the issues discussed
or specific advice to inform decisions

* Request to Audience
— Provide review feedback during or after the session
— Not for public use - do not distribute, quote, or cite
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Event Summary

News-Worthy

Cold Wave: 2011 February1-4

Heat Wave: 2011 July 19 -24

Heat Wave: 2012 June 29 —July 7

Hurricane Irene: 2011 August 25 - 30

Hurricane Gustav: 2008 September 1 -6

Winter Storms Cleon, Dion, and Electra: 2013 December 4 — 12
Challenges to Planning

Mild Cold Wave with High Net-Load: 2008 February 20 — 23
Moderate-High Load & Large Swing in VG Resource: 2009 December 6 — 11
Mild Cold Wave with High Net-Load: 2010 February 2 -5
Moderate Heat Wave with High Net-Load: 2010 August 8 - 11
Continental Low Net-Load: 2011 April 17

Wind Drought: 2010 October 1 -24

Material includes unpublished preliminary data and analysis that is subject to change - not for distribution,
quotation, or citation
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Event Summary with PCM Analysis

News-Worthy
1. Cold Wave: 2011 February 1 -4 (2024, 2036, 2050 infrastructure scenarios)
2. Heat Wave: 2011 July 19-24 (2024, 2036, 2050)

6. Winter Storms Cleon, Dion, and Electra: 2013 December 4 — 12 (2050 sensitivities)

Challenges to Planning
1. Mild Cold Wave with High Net-Load: 2008 February 20— 23 (2024, 2036, 2050)

3. Mild Cold Wave with High Net-Load: 2010 February 2 — 5 (2050 sensitivities)
4. Moderate Heat Wave with High Net-Load: 2010 August 8 — 11 (2024, 2036, 2050)
5. Continental Low Net-Load: 2011 April 17 (2050 sensitivities)

Material includes unpublished preliminary data and analysis that is subject to change - not for distribution,
quotation, or citation
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Figure Explanation

Heot Wave (July 19th - 24th, 2011) Western Interconnection
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Available rescurce or Load (GW)

Variable generation tends to be available

during “News-worthy” events of today

Winter Storms December 2013 — Western Interconnection Cold Wave February 2011 — ERCOT
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Avadable resource or Load IGW)

Benign weather can produce

periods of low wind and solar

Mild Cold Wave February 2008 — Eastern Interconnection Mild Cold Wave February 2010 — Western Interconnection
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Evolution of operations during cold

waves driven by wind dynamics
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Cold waves (especially in the Eastern and Texas Interconnections) come with high wind resource
as cold pushes down the Front Range of the Rocky Mountains.
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Evolution of operations during cold

waves driven by wind dynamics

Extreme Cold Wave February 2011 Mild Cold Wave February 2008
February 1, 2011 February 2, 2011 February 20, 2008 February 21, 2008
N 4 ¢ PRE o 0 - s T 3 g

.
o

.
o

The challenge for operators and planners are the days that follow. As the cold stays, the wind dies
down. How much is uncertain, but our 2007 — 2013 dataset suggests milder cold waves lead to
lower W|nd resource in the days foIIowmg the cold wave.
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Evolution of operations during cold

waves driven by wind dynamics

Eastern Interconnection
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Generation (MW)

2050

Evolution of operations during cold

waves driven by wind dynamics
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Available resowrce of Load {GW)
" ..

Operations in heat waves change due to PV,

but adequacy concerns driven by wind

Heat Wave 1 qug.")tn 24th, 2011} Eastern Interconnection
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Availntie resowrce or Lood (GW)

Highest El load days in dataset are mitigated
by average wind and PV resource.

Material includes unpublished preliminary data and

High, but not extreme high, El load become
extreme high net-load days with below
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Available resowce or Load {GW)

Operations in heat waves change due to PV,

but adequacy concerns driven by wind
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Highest El load days in dataset are mitigated
by average wind and PV resource.
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Generstuan (GW)

Flexible infrastructure can enable

planning for geographic diversity
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SPP wind as low 5% fleetwide capacity factor midday on August 11 but recovers to 22% by peak
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Hydro availability and flexibility can

mitigate weather event impact
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Inflexible Hydro leads to a 17% (April 2011) and 5% (Winter Storms 2013) increase in production
cost
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Key Finding Summary

1. Variable generation tends to be available during “News-worthy” events of
today

2. Benign weather can produce periods of low wind and solar
3. Evolution of operations during cold waves driven by wind dynamics

4. Operations in heat waves change due to PV, but adequacy concerns driven
by wind

5. Flexible infrastructure can enable planning for geographic diversity

6. Hydro availability and flexibility can mitigate weather event impact

Material includes unpublished preliminary data and analysis that is subject to change - not for distribution,
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The purpose of this slide deck is for technical review; all results are preliminary and not to be distributed. This work
was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy, LLC, for the
U.S. Department of Energy (DOE) under Contract No. DE-AC36-08G028308. Funding provided by DOE. The views
expressed in the article do not necessarily represent the views of the study funders or the U.S. Government. The U.S.
Government retains and the publisher, by accepting the article for publication, acknowledges that the U.S.
Government retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published
form of this work, or allow others to do so, for U.S. Government purposes.
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