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Recent Cold Event Experience

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATICON

e January 30-31, 2019 — Extreme Cold > S0
Across North Central U.S. ‘

e January 17, 2018 — Extreme Cold
Across South Central U.S.

= Note - There will be a webinar covering
the FERC/NERC report on October 10,
2019 from 2:00-3:00 p.m. Eastern.

The South Central

United States

Cold Weather Bulk
Electric System

Event of January 17. 2018
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——— Recent Cold Event Experience

RELIABILITY CORPORATICON

MISO North/Central region experienced extreme cold weather this January,
similar to the extreme cold weather in the MISO South region last year

LMP RANGES ($/Mwh) A

I $300-$1000 $20-$40
$100-$300 M $(10)-$20

$60-$100 I $(1000)-$(10)
$40-$60

January 17, 2018 - S January 30-31, 2019

South Region e North/Central Region

Minimum Temperature 13°F Minimum Temperature -26°F
System Peak Load 106 GW System Peak Load 101 GW
Unplanned Outages 13 GW Unplanned Outages 29 GW
Scheduled LMRs* 0.9 GW Scheduled LMRs* 2.5GW
Emergency Purchases 1.2 GW Emergency Purchases Not Needed
RDT** Flow & Direction 3.9 GW N-S RDT** Flow & Direction 2.2 GW S-N

*LMRs = Load Modifying Resources
*RDT = Regional Dispatch Transfer Maximum Unit Dispatch System
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NERC January 30-31, 2019 — Extreme Cold

RELIABILITY CORPORATION Across North Central U.S.

Minimum Temperature (°F)
24-Hour Period Ending the Morning of 1/31/2019
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————  \Wind Turbine Temperature Limitations

RELIABILITY CORPORATICON

SPP Wind Farms (2011)
Affected Area e Temperature at which SPP
Turbines Turn Off

= -40°C(-40°F) only 320MW are able to
run

= -30°C (-22°F) 10GW are able to run
= -20°C (-4°F) 17GW are able to run

= >-10°C (+14°F) All 21.6GW are able to
run

= @-10°C 1.6GW will shut down in SPP
South, Texas/Oklahoma
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NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATICON

Wind Turbine Temperature Limitations

e Some Wind Turbine temperature limits are based on greases
and other lubricants, but these are generally specified for the
expected temperature range the device should see in its
location.

e Most Wind Turbines have both installed heaters and low
temperature protective shutdown features.

e Below their shutdown temperature, Wind Turbines become
load.

e Thumb rule - Roughly 2MW load for 100MW capacity
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NERC Inverter Temperature Limitations —

NORTH AMERICAMN ELECTRIC H
RELIABILITY CORPORATION In an 0 ar

e Most of the more common inverters are able to operate down
to -25°C (-13°F).
e Most can be exposed to temperatures down to -40°C (-40°F).

Below that, damage will occur. The primary concern is the oil
within large electrolytic capacitors freezes below -40°C.

e This means active measures must be taken to keep the inverters
above -40°C to prevent damage, or above -25°C to
operate. These measures include enclosures designed with heat
and snow drift abatement for most of the U.S. and Canada.
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NERC UPS Temperature Limitations —

NORTH AMERICAMN ELECTRIC -
RELIABILITY CORPORATION In an 0 ar

e Typical uninterruptible power supplies (UPS) in support systems
for wind turbines or other outdoor installations have somewhat
more restrictive cold temperature limits than inverters do.

e They are generally limited by the battery technology used. Few
function below -10°C (+14°F) , some cannot handle <0°C (32°F),
and most are damaged below -25°C (-13°F).

e Cabinet heaters or other temperature controls are necessary
support across most of the U.S. and Canada.
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—  \Wind Generation Did Not Match Forecast

RELIABILITY CORPORATICON

An earlier than expected drop in wind output
increased insufficiency risk early on the morning of
January 30 for MISO

MISO Actual Wind Generation vs Day-Ahead Wind Forecast

January 29 January 30

MISO declares
14 Maximum Generation
Event for 05:00 EST

January 31 -0

Temperature (F°)

15 17 19 21 23 1 3 5 7
@ Actual Wind Generation
e Day-Ahead Wind Forecast
---- Real-Time Temperature (North Region)

9 11 13 15 17 19 21 23 1 3 5 7 9 1
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NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATICON

MISO End of January 2019 Unplanned
Generation Outages

MISO North/Central Region Unplanned* Outages (GW)

Coal Gas Wind Other Total
InszllEe 48.4 | 31.9 14.2 182 | 112.7
Capacity
Lanua 28 10.3 6.3 1.3 2.2 20.1
Y (21%) | (20%) | (9%) (12%) | (18%)
Lamuar 30 10.3 10.8 4.0 4.5 29.6
y 21%) | (34%) | (28%) | (25%) | (26%)
Januar 31 9.3 11.9 2.7 5.0 28.9
y (19%) | (37%) | (19%) | (28%) | (26%)

*Unplanned = Forced plus derates
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NERC January 17, 2018 — Extreme Cold
SRS Across South Central U.S.

RELIABILITY CORPORATICON
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NORTH AMERICAN ELECTRIC
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Widespread Generation Outages —

January 17, 2019
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Event Area Approximate
Installed Capacity

MISO South 41,800 MW
SeRC 24,400 MW
SPP 34,500 MW
TVARC 17,400 MW
TOTAL 118,100 MW
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NERC January 17, 2018 Extreme Cold

NORTH AMERICAN ELECTRIC Across South Central U.S.

e As temperatures
decreased, unplanned
outages increased

Constrained Transmission Conditions

e 44% of outages were
directly attributed to,
or likely related to,
extreme cold weather

e Gas supply issues
contributed to the
event

e Frozen moisture in
control air and
instrumentation lines

still occurs
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NERC January 17, 2018 Extreme Cold

NORTH AMERICAN ELECTRIC Across South Central U.S.

* One-third of Generator
Owner/Operators who had
outages/derates/failures
to start did not have
winterization procedures

e This should not be the case = | S W et
given the number of prior it i it
cold weather events that
have been analyzed,
lessons learned, and
preventive actions
reported to the industry.

July 2013
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NERC Annual Winter Webinars

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATICON

https://www.nerc.com/pa/rrm/Pages/\Webinars.aspx

NERC

Account Log-InfRegister | Contact Us

|
MORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

About NERC Governance Committees Program Areas & Departments Standards Initiatives Filings & Orders Newsroom
Event Analysis Home > Program Areas & Departments > Reliability Risk Management > Webinars/ Training and Outreach Videos

E& Program . . .

Webinars/Training and Outreach Videos

Major Event Analysis Reports

B | Webinars

Energy Emergency Alerts

Title/Summary Webinar Date

Bulk Power System Awareness

Ahaut Alerts #2019 Webinars (3)

Alerts #2018 Webinars (&)

Facility Rati Alert

adility ngs Al #2017 Webinars (5)

Transmission Loading Relief (TLR)
Procedure #2016 Webinars (3]

Reliability Coordinators #2015 Webinars (5)

TLR. Logs
2014 Webinars (5)
Human Performance
Committees #2013 Webinars (1)
Operating Committee (OC) #2012 Webinars (1)
Planning Committes (PC) (More Ttems...)
Conferences and Workshops

Webinars/Training and Outreach Videos Training and Outreach Videos
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NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATICON

NERC Cold Weather Reports

https://www.nerc.com/pa/rrm/ea/Pages/Major-Event-Reports.aspx

NERC

[
MORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

o
Account Log-InfRegister | Contact Us

About NERC Governance Committees Program Areas & Departments Standards Initiatives Filings & Orders Newsroom
Event Analysis Home > Program Areas & Departments > Reliability Risk Management > Event Analysis > Event Analysis > Major Event Analysis Reports
Event Analysis . .
Major Event Analysis Reports
EA Program
Major Event Analysis Reports
Major Event Analysis Reports
Lessons Learnead
January 2018 South Central Cold Weather Event
Energy Emergency Alerts
Bulk Power System Awareness April and May 2018 Fault Induced Solar Photovoltaic Resource Interruption Disturbances Report
About Alerts September 2017 Hurricane Irma Event Analysis Report
Alerts August 2017 Hurricane Harvey Event Analysis Report
Facility Ratings Alert

Transmission Loading Relief (TLR)
Procedure

Reliability Coordinators
TLR Logs
Human Performance
Committees
Operating Committes (OC)
Planning Committee (PC)
Conferences and Workshops
Webinars/Training and Outreach Videos

16

October 2017 Canyon 2 Fire Disturbance Report

August 2016 1200 MW Fault Induced Solar Photovoltaic Resources Interruption Disturbance Report
April 2015 Washington D.C. Area Low-Voltage Disturbance Event

Cold Weather Training Materials

January 2014 Polar Vortex Review

October 2012 Hurricane Sandy Event Analysis Report

October 2011 Northeast Snowstorm Event

September 2011 Southwest Blackout Event

February 2011 Southwest Cold Weather Event
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NERC

NERC Cold Weather Lessons Learne

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATICON

https://www.nerc.com/pal/rrm/ea/Paqges/Lessons-Learned.aspx
NERC

ORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Account Log-InfRegister | Contact Us

About NERC Governance Committees Program Areas & Departments Standards Initiatives Filings & Orders Newsroom
Event Analysis Home > Program Areas & Departments > Reliability Risk Management > Event Analysis > Event Analysis > Lessons Learned
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Energy Emergency Alerts as they may be amended from time to timeg Preparing Circuit Breakers for Operation in Cold Weatl e e
Bulk Power System Awareness requirements in NERC's Reliability Standardy
Lesson Learned
About Alerts = - L
. A S EET Winter Storm Inlet Air Duct Icing
Alerts For a brief summary of the lessons learne NERC
Pri [
Facility Ratings Alert Guide. P Lesson Learned | — ,
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NERC What is your Winterization Procedure

NORTH AMERICAN ELECTRIC Schedule Date?

Climatological Date of Earliest First 32°F Freeze Il Aug 100r Earier Ml sep1-10 [N Oct 1-10 [N Nov 1 - 10

For the years from 1980-81 to 2009-10 B ~ug11-20 B sep 11-20 [ Oct 11-20 [ Nov 11-20

Earliest freeze within the 30-year POR B Aug 21-31 [ sep21-30 [ ] Oct 21-31 [ ] Nov 21 or Later
[ No Recent Frz

_ViP

Vegetation Impact Program
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NERC When Can You De-Winterize?

NORTH AMERICAN ELECTRIC

RELI ABILITY CORPORATION (Begin "Summerization” Procedure)

Day of the Last Spring Freeze

from the 1981-2010 U.S. Climate Normals

DEC 16-31 JAN 1-15 JAN16-31 FEB 1-15 FEB 16-28 MAR 1-15 MAR 16-31 APR 1-15 APR 16-30 MAY 1-15 MAY 16-31 JUN 1-15 JUN 16-30
[ Too Cold to Compute
@ Too Warm to Compute
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NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

NERC Winter Reliability

Assessment \

Mark Olson, Senior Engineer Reliability Assessments
Winter Readiness Webinar
September 5, 2019
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About the Report

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATICON

e NERC’s Winter Reliability Assessment
(WRA) examines potential regional
resource deficiencies and operating
reliability concerns

= Describes industry preparations to manage
seasonal risks

e Developed with the Reliability
Assessment Subcommittee (RAS) and
reviewed by the NERC technical
committees

e Published annually
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ERC
N —— NERC Assessment Areas

RELIABILITY CORPORATICON

NPCC NPCC
Ontario Quebec

WECC
NWPP-US

SERC
MNorth

SERC
Southesst

MRO — Mid Relizbility Organizats RF — ReliabilityFirst Texas RE — Texas Reliability Entity
u MISO PIM Texzs RE-ERCOT
B MRO-Manitoba Hydro
MRO-SazkPower SERC — SERC Reliability Corporation WECC
B SERC-East B WECC-CA/MX
NPCC — Northeast Power Coordinating Coundil B SERC-North B WECC-NWPP-2AB
» NPCC-Maritimes W SERC-Southeast W WECC-NWPP-BC
B NPCC-New England W SERC-Florida Peninsula B WECC-NWPP-US
B NPCC-New York B WECC-RMRG
B NPCC-Ontario SPP —Southwest Power Pool B WECC-SRSG
B NPCC-Quebec W SPP
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——— Key Findings from 2018-2019 WRA

RELIABILITY CORPORATICON

Released December 12, 2018

e All assessment areas had adequate resources for December
2018-19 winter season

e |[ncentives for generator performance in market areas are aimed
at mitigating winter reliability risks
= PJM Capacity Performance Initiative
= |SO-NE Pay for Performance

e Entities are implementing processes and strategies to reduce
risks of generator fuel supply issues

e Continuing natural gas storage and transportation limitations
associated with Aliso Canyon could impact Southern California
generators
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NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATICON

2019-20 Winter Reserve Margins

71%|72% | |74%|74% 59%|59% 54 %|54%| |88 %|89%
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| AnticipatedéReserve Margin B Prospective Reserve Margin  — Reference Margin Level

Preliminary Data Shows Capacity Resources are Adequate for Winter
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NERC Preliminary Reserve Margin Year-on-

L Year Comparison
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NERC WRA Will Examine Extreme Weather

NORTH AMERICAMN ELECTRIC -
RELIABILITY CORPORATION Event RISkS

e Each assessment area is providing data for operational risk
scenario

e Scenarios provide additional insight into winter reliability risks
= Consider extreme winter peak loads

= Account for resource derates and outages due to extreme winter
conditions

= Compare resources with expected operating reserve requirements provided
by NERC assessment areas

e Data can be used for an operational risk waterfall chart
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NORTH AMERICAN ELECTRIC Example Area RiSk Scenario

RELIABILITY CORPORATICON

80
Expected Operating
Reserves = 2.3 GW
78
I . |
)
o 74 +1.2 GW
Z ——- - -
: [
8 72
©
© -2.7 GW
70
68
66
Anticipated Typical Typical Resource  Operational Winter Net Extreme
Resources Maintenance Forced Derates for Mitigations Internal Winter Peak
Outages Outages Extreme Demand Load
Conditions
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NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATICON
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