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All plots are:

Hourly time series

Unscheduled events only
CONUS generators only
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Temperature dependence in PJM thermal/hydro

generators

o CC (16% of capacity) 2 CT (8% of capacity) 2 DS (<1% of capacity)
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Murphy, S., Sowell, F., Apt J. “A time-dependent model of generator Unit type kev:
failures and recoveries captures correlated events and quantifies . . . :
temperature dependence.” Applied Energy. November CC: combined cycle gas HD: hyd roelectric
2019. https://doi.org/10.1016/j.apenergy.2019.113513 CT: s|mp|e cycle gas NU: nuclear
DS: diesel ST: steam turbine (coal) NREL | 3
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Evolution of

operations during
cold waves driven
by wind dynamics
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Eastern Interconnection
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Evolution of

operations during
cold waves driven
by wind dynamics

In both cold waves, wind and
solar generation provide >80%
of generation in the El even as
load increases as the cold front
moves across the continent.
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Eastern Interconnection

February 2011 Cold Wave February 2008 Cold Wave
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~50% of load after front moves

through and load is elevated.
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generation. Offline thermal — —

reserves drop in MISO and SPP. Front moves on, but cold persists




MISO Net-Interchange

February 2011 Cold Wave February 2008 Cold Wave
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Evolution of

operations during
cold waves driven
by wind dynamics

Transmission enables usage of
geographic diverse wind and
solar resources.

Flow to zone indicated in legend (GW)

2024
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MISO Net-Interchange

February 2011 Cold Wave

Date (EST)

Flow to zone indicated in legend (MW)

Swing in MISO exports to
PJM used to serve SERC
and NYISO

February 2008 Cold Wave

Date (EST)
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Evolution of

operations during
cold waves driven
by wind dynamics

Transmission enables usage of
geographic diverse wind and
solar resources.

Transmission also enables
geographic diverse thermal
fleet.

Flow to zone indicated in legend (GW)
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MISO Net-Interchange

February 2011 Cold Wave

Date (EST)

Flow to zone indicated in legend (MW)

Swing in MISO exports to
PJM used to serve SERC
and NYISO

February 2008 Cold Wave

Thermal, wind, and PV less
impacted in Atlantic states
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Energy Infrastructure Cold Wave Report 2/3/2022

NAERM Cold Wave Report

Severe cold weather risks in Texas and other central states

Very cold weather is expected to move south through the central U.S. and into Texas, leading to
higher outage rates at thermal generators in many states and higher electricity demand

« Temperatures expected to be 10-15 degrees warmer in Texas for this period compared to the Feb
2021 cold wave, but similar to the cold wave in February 2011.

= Impacts likely to be spread over 3 days, but February 4 may be the worst in Texas. This is much

sho:::rthanthe 10- aysoflbel:w-freezingtemperat:resin2021. . S The North American Energy ReSi“ence
* In addition to Texas, several ot ers.tatest aar:se;(tptec;fm;os::e:?igpr:?‘}::%s; c?nt:i‘:y eaas.to igl . .

e i Model (NAERM) is a multi-lab effort to
Regional daily average temperature forecast for February 3 and 4, 2022 . . . .

ST, U e, s I identify resilience risks across the energy
‘ 2 e - sector. NAERM is developing a beta
. version of a cold wave report to provide

February 3-5 shows high electric sector risk (combination of generation loss and peak load)

in the central U.S. This combined risk reaches a severe level in parts of Texas for all three Syste m O pe rators awareness Of fo reca Sted

days before subsiding with warmer temperatures
i S 3

BT s cold weather and winter storms and the
| | g associated power system risks.
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DATA

National Transmission Plan and NAERM
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thermal

power
system

transportation
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SCENARIO CREATION MODELS

CAPACITY
EXPANSION
MODEL

What gets built
and where?

Transmission and
generation buildout

DISTRIBUTED
GENERATION
ADOPTION
MODEL

Where is rooftop
PV adopted?
SCENARIOS

Behind-the-meter
buildout

LOAD
FORECASTING

Which end-uses
are electrified?

Electrification
and end-use

decarbonization

DETAILED SCENARIO ANALYSIS TOOLS

OPERATIONAL (PRODUCTION) MODEL

Operational analysis: unit commitment
and dispatch

RELIABILITY MODEL

Probabilistic resource adequacy analysis
Power flow analysis
Resilience analysis

IMPLEMENTATION ANALYSIS

Transmission siting
Sequencing of buildout
Least-regrets identification

How does the
grid balance?

How is
transmission
operated?

Is it reliable?

What about
different
weather?

Which builds
are robust across
scenarios?

Where do we
start?
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Key Takeaways

e Corelated Modeling

* Planning

e QOperational Forecasts vs. Resource Adequacy

* Transmission Flexibility

e Longer Duration Storage (day long or multi-day storage)
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