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Last yealNorth Americaexperienced a great deal of extreme weatlias clearthatthere
aregoingto be evenmore extreme weather everitsincreasingly so witlglobal climate
change That we are unpreparéslnot news Hurricane Ida put a million customers out

of power across eight states. Wildfires along the west coast have decimated whole towns
and imperiled the grid. A single cold snap in Texas cost hundreds of Wieat isnews

isthat weh a v e n 0 fpreparingtoet@eapard for 2022

Ours o c i apprgaéhgo preparing for climate changeve had one, could best be com-
pared toformerPr esi dent Tthrowghtlps§sonoumeemgntsn the looming
threat ofCovid-19 in the spring of 2020 This is harshi very harshi but our econom
ard possiblyour lives depend on understanding thectualrisks thatclimate changere-
sentsto our energy infrastructurand therpreparing taaddress them.

A little background is appropriaten how we plan for and regulate reliabilityradition-
ally, electric utilities were responsible for reliability in theiwvn service territoes The
establishment of largeimtegrated, electrigrids has eroded local responsibilior relia-
bility. On August 14, 2003, areas primarily under the administrati@m ahdependent
system operatonamedPJM experienced aidespreadlackout. While the power was
not out for long seven hours this was a wakeip call that the increasing interconnections
posed a risk to larger and larger areas. Congress respongadsinyg the Energy Policy
Act of 2005 on August 8, 2005. The Act assigned reliability issuthgetéederalEnergy
Reliability Commission (FERC)vho formally assigned them the North American Elec-
tric Reliability CorporationfIERC) a year later.
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The Energy Policy Act was a momentous chang
was basically an industry association. After 2006, NERC became a legally sponsored reg-

ulator. Over thdollowing fifteen yearshowever,NERC has gradually terned to its

industry association ois

Overall, NERCOs response to cl jandaheiglocc hange h
uments offer little recognition dhe scale of the challenge For exampl e, NERC
Summer Reliability Assessmentmentin s t he wor d fhandanlyinthene 0 bu't
context of pandemic risksThe summer assessment does a slightly better job on wildfires,

but misses the critical reason these cause reliability problems in the west coast. In summer,

the Californehdependent System Operator Al eanso on
Unfortunately, the transmission lines between California and Oregon pass through poten-

tial wildfire areasand must be denergized if a fire is nearty

The vol Relinbiitg 8tandafds for the Bulk Electric System of North Ame¥rica
issued this summer weighs in at 1,951 pages mestiiamicanesut four times,andonly

in the context of a list of unlikely eventswildfires only justify two entries, again in the
same contexof unforeseen events.

The2020 LongTerm Reliability Assessmeftom NERC does little better. Hurricanes are
mentioned twicé both in the context of regional cooperatiohis is surprising given
thatat least sixnajor storms made landfall on t@ailf Coast in 2020. Wildfires were not
mentioned at all. Cold weather was mentioned only in the context of New Efigland.

Understanding the changes that the global climate is undergoing clearly has not been on
NERCO s r a dlbastmadnth theFederal Energy Regulatory Commissimd the

North American Electric Reliability Corporation released their preliminary review of the
cold snap that caused major electricity, natural gas, and water interruptions to Texas in
February entitled February 2021Cold Weather Grid Operations: Preliminary Findings

and Recommendatiofs

12021 Summer Reliability AssessmeNbrth American ElectriReliability Corporation, May 2021,g05.
2 During the summer of 2021, this requiredateergization of one of the two major interconnections
luckily not on days when the California ISO faced capacity limitations.

3 Reliability Standards for the Bulk E#ic System of North Amerigd ERC, June 28, 2021.

42020 LongTerm Reliability Assessmeniilorth American Electric Reliability Corporation, December
2020, m. 46.

5 Hurricanes Hanna, Isaias, Laura, Sally, Delta, Zeta and Tropical Storm Eta

62020LongTerm Reliability Assessmenitlorth American Electric Reliability Corporation, December
2020, m. 36.

7 https://iwww.ferc.gov/media/februa021-cold-weathergrid-operationspreliminaryfindings-andrec-
ommendationgull
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For over 220 days 50 experts labored over the preliminary report of 32 slagsroxi-

mately 344 maidays per slide.The resultsre tentative and understated. Following the
Category 4 Hurricane lda by less than a month, a sense of urgency might have been ex-
pected. However, urgency was not onéhekelementgpresent irthe reporteven as new

winter season approaches.

The PowerPoinand itsspeaker noteseleased on Septier 22, 202 lfocus narrowly on

cold weather and engineering, and comments very briefly on ERCOT policy issues such as
underfrequency generator outages and protection of critical IGdgspresentatiomakes

nine key recommendationglus fivemorefor further study. Implementation of their rec-
ommendations fcoul d @24, dutshould beycompleétedvas sodne r
as pof&sible.o

The PowerPoint also fails to consider the unique design of EREC@@rkets where in-
centives reward failure far more than incentives reward suctesgarch of this yearDr.

Carl Pechman and Elliott J. Netherdaiued a repodddressing four issues in the ERCOT
blackoutsi 1) i nher ent mar k eientregelaarygversifht, 3) market 2 )
manipulation, and 4) the distinction between reliability and resilience in designing and
managing the®electric market. o

The very preliminary review below provides some support for their analysis.

Elsewhere in North America, reliability is addressetside ofenergymarkets The stand-

ard for the past hundred and some years is to set a reserve margin for the capacity on the
system able to meeustomerequirements in the vast majority of casesefgyi the
actualkilowatt-hoursfrom thegenerators- is charged at cost. The cost of capacity is also
charged to customerseither at the cost of procurement or at market price.

ERCOT has eliminated the capacityarket Instead, the Texas PUC hast a pricel
$9,000/MWhi thatis approached as reserve levels decrease, and in the case of February,
wasadministratively imposed whenlling blackouts took placeThis is roughly 300 times

Rol

20

NY

‘N

the nor mal price of el ectre cfiary fiani |muorseed mnaaprp

unique in the industry.

Imagine that the same approach was implemented in air travel. Almost all of the time, the
passengers would purchase their ticket and enjoy their flight. When turbulence or equip-

ment failure occurredlth e dr eaded moment when the pil ot

8 February 2021 Cold Weather @i©Operations: Preliminary Findings and Recommendations,

FERC, NERC and Regional Entity Joint Staff Inquiry, September 22, 2628.p

9 Regulatory Questions Engendered by the Texas Energy Crisis of 2021, Dr. Carl Pechman and Elliott J.
Nethercutt, March 52021, g. 1.
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flight to the nearest ai r poirhé wouldalgdinfodho not pe
you, Athe cost of your flight ,aBndsohasumgdal-i ncr ea
ary. 0

Although fanciful, the example faithfulljummarizeshe situation in ERCOT on February
15, 2021.

The surcharge for failure model may affect incentives in two ways:

1. Cold weather emergenciésincluding those that have occurred several times in
recent yees1 are profitable for generators. In a traditional pricing model, failure
to generate is penalized. In ERCOT, weatherizdtasitraditionally beeoptional,
but the pain for a cold snap is mitigated by the automatic price increase paid to the
generatos when it occurs

2. When the $9,000/MWh price mandatedy ERCOT, there is an immediate incen-
tive for generators to manage the shortagbe last thing a successful generator
would want is the end of the emergency pricing. To avoid that, it mighiripei e
to remove generators from service in order to offset any rolling dleskhat had
been ordered.

In February of this year, ERCOT experienced a massive dislocation in electric and natural
gas supplies. Data from the period is still largely unab#l. Howeversomedata is
available on temperature in Texas, production of natural gas, generation outages, and roll-
ing blackoutg%1%1213

Causalityi the identification of causes and resitiltsften proves elusive. Obviously, a
root cause was cold weatliee r r oneously i dentified as a fApo
to the PowerPoin't!

The cold weather caused operating problems in the production and distribution of natural
gas. It also created operatipgblems for electric generators. In response decline in
frequency ERCOT issued rolling blackout instructions to its transmission providers. The

10 https://www.visualcrossing.com/

1 Winter Storm Uri- Natural Gas Analysis, BVERUS, Prepared for: Texas Oil and Gas Association
(TXOGA), April 2021, pg. 25.

12 http://www.ercot.com/news/february2021

13 http://www.ercot.com/con-
tent/wem/lists/226521/51878 _ERCOT _Letter_re_Preliminary_Report_on_Outage_Causes.pdf

14 February 2021 Cold Weather Grid Operations: Preliminary Findings and Recommendatitns
Presentationpg 4.
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rolling blackouts contributed to outages in both the natural gas system and electric gener-
ators.

A simple diagram of theausal sequence in tkebruary crisiss below:

99%

Temperature Natural Gas Outages Blackouts

99%

* Blackouts caused some Natural Gas Generation Outages

The standard statistical technique for determining causality was pioneered by Professor

Clive Granger in his pivotal Econometrica article in 1$6%horn of the mathematics,

thisapp oach asks the straightforwar dorgagesti on 7
rain cause umbrellas to open?o A careful r
first 7 rain or umbrellas. And, the researcher would conclude that wihainstwe open

our umbrellas.It is not our opening of umbrellas that caused the rain

We have hourly data for temperature, natural gas production, generator outages, and rolling
blackouts The chart above reports the statistical significance arfieshour causal ela-
tionship between the four major variables. In this case,e n 098%b indlicates thdit

we are 99% confident ithe significance of aGranger causaklationship:®

Professor Granger 6s technique clearly i ndi
C a u s aredoction in natural gas production and plant outages. When it comes to the
relationship between rolling blackouts and natural gas production, it appears koaitdac

i Gr a nag e eadd in natural gas production.

However, it also appears that the rolling blackoudy haveh Gr anger CausedoO an
in generator outageshere the plants are fueled by natural.gas

15 Investigating causal relatioty econometric models and cresgectral methodsC.W. GrangerEcono-
metrica 37, 42438.

16 All regressionseferenced abowvesedthe first difference of the underlying data to address autocorrela-
tion.
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While the Granger Causality statistics provides guidance on the sequence of events in

ERCOT, it doesndt a dreatienshipsarevgaridularlgeriticak We s peci
very simple way of gauging the importance of the relationships is to repdrf théhe
proportion of the variation in the dependent
able.

The R values for the relationshémlescribed above are:

Temperaturem NaturalGas Outages Blackouts

*Blackout caused some Natural Gas Generation Outages

These Rvalues suggest that tirapact oflow temperaturgon natural gas production was
notvery strong. The relationship between falling temperatures and generation outages was
even less powerful. However,the onset ofolling blackoutsdid seem tohave a strong
impact onboth naturalgasproductionandnatural gas fuelegeneratoroutages.

Much has been reported on ERCOT andThe x as Rai | r o aimhbiligdommi s si on
cooperate effectively and protect critical infrastructfioen load shedduring the emer-

gency!’ And as mentined earlier, $900MWh provided an incentive for blackouts to be

met withadditionaloutagesn orderto extend the crisis.

Ourresult§ particul arly blackoutds ability to expl
declines in natural gas productiorsuggest thabr. Carl Pechman and Elliott J. Nether-
cub s concerns about ERCOTO6s mar ket structure

As we learned twenty years ago in California, bad policy can create the incentives for re-
duced reliability. The depth and severity of Trexas events in February 2021 makes this
a concern to be investigated.

However,those entities most responsible for oversifiERCandNERGCH pint staffi i n -
guiry teamo,oindestdaeERECPT d s tit dieosyncratic mar ki

17 hitps://www.texastribune.org/2021/02/16/nattgas powerstorm/
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structure. Insteadtheyfocusdthe majority of their attention on weatherization standards
and a lack of interconnection to adjacent grids.

The inquiry teambs report begins by detaild]
event 0s ,andgfers atfessdnenary slides on the role of cold weather and natural

gas production declines in precipitating the crisis. They@seectlyidentified extreme

cold weather as a persistent problem for energy reliabgitg, generation outages as the

primary cause afhe February emergencies.

However,by overestimating wind and solar outagdsendescribing the generation fail-

ures by fuel type the inquiry staffcommits the same errasERCOT n its Preliminary

Report on Outage Causegleased April 6, 202%. To theircredit, an April 28, afterwe

questioneE RCOTO0s nmaenepf at e c api@@ected/productiatah er t hat
correction oftheir initial reportwas issued®

18 http://www.ercot.com/con-

tent/wem/lists/226521/51878_ERCOT _Letter_re_Preliminary_Report_on_Outage_Causes.pdf

®The question was fAWas there any sort of adjustment

|l ar produce, seeing as they are considered an "inter
April 6 preliminary report made no adjustment fog thtermittent nature of solar and wind resourcBsat

report used only the installed capacity as a measure of the MW unavailable due to reported outages and de-

rates.I n ERCOTO6s April 27 wupdate to the preliminary repc
outage and derate MW values based on expected MW that would have been available from solar and wind

but for the outages. 0
http://www.ercot.com/content/wcnigts/226521/ERCOT_Responses_to_Preliminary_Outage

Report_Questions.pdf
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Fuel Type of Generating Units That Experienced
Unplanned Outages and Derates (by MW of
Nameplate Capacity), Total Event Area

Solar, 2,868, 1% Nuclear, 4,479, 2%

Coal, 34,012, 18%

Other, 3,350,2% ~ [ _ Gas, 106,568,
55%

Wind, 41,541, _
22%

unreasonablgxaggerates theontributionof renewable generatich

The inquiry staffalsomadesome errors in identifying the causegeheration outagesn
their comments opage 4theyat t r i but ed gener ati én f ai

Aln January 2014, a polar vortex affected Texas, central and edsg&rn

This 2014 event also triofgered many

This may seem innocuous, but shedivat NERC has naeviewed the meteorology of the
February evenin sufficient detail The fipolar vortexo is not a storm.As the National
Oceanic and Atmospheric Administrati@ummarizes,i A r cpblar gortexe® are a

20February 2021 Cold Weather Grid Operations: Preliminary Findings and Recommendations,
FERC, NERC and Regional Entity Joint Staff Inquiry, September 22, 2623, p

21 https:/lwww.texatribune.org/2021/02/17/abbettpublicansyreenenergy/

22 February 2021 Cold Weather Grid Operations: Preliminary Findings and Recommendgtithns
Presentatiomwith commentarypg 4.

232021 Summer Reliability AssessmeNbrth American Electric Relidlity Corporation, May 2021, g
4.

20

The inquiy staff should have reported their outages on the basis of exgerterhtioras
opposed to nameplate capadiycausentermittent renewablesarely generateat name-
plate capacity Given thepublic controversysurroundinghe role of renewablas a reli-
able gridthei n g u i r yepott shauhd diaaszemphasized thatsing nameplate capacity

ur e t

gener
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Astrong band oofs pvhierrdesdo iwh itchhe rsetsrtatai n c ol
poles?*

stable disrupted
polar vortex polar vortex
C,; 10-30 mi X
T -~ above -
Q‘-\\ i surface /_7 \_,
o

5-9 mi

- above —
surface
farther north 4
vest-to-east flow
farth uth

25

The Arcticpolarvortex creates thpolar jet stream, and sets it in motion around the north
pole. A strongervortex pulk the jet stream north and kegjit stable. When thevortex
weakensas ithas in recent yearthejet stream is allowed to travel farther south, bringing
cold dry air to interact with the warm wet equatorial dinese are not small polar vioes.
These are loops and undulations inj#tstreanthat can cause hurricanes, cold snaps, and
adverse weather events around the globe.

I n NE R C amlerstandingithese finer detafsneteorologynay not seem important.
But asthe institution that addressesafety and reliability standards famuch of Noth
Americad s e n e r ,dtis criical that thay understand the challenges the future holds

For their part, the inquiry team did identify temperature and natural gas supply chain issues
as playing central roles in precipitating the crisisd furthe identified the interdependen-
cies between the electric and natural gas systems

24 https://cpo.noaa.gov/Megte-Divisions/CommunicatiofEducationand Engagement/ CEE
News/ArtMID/8293/ArticlelD/2369/Researdhinks-ExtremeCold-Weatherin-the-United Statesto-Arc-
tic-Warming

25 https://www.climate.gov/nes-features/understandirdimate/understandingrctic-polarvortex

Rol
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February

Number of Unplanned Generator Outages,
Derates, and Start-Up Failures by Cause,
Total Event Area

Transmission System

Other, 77, 2%
Issues, 61, 2%

Mechanical/ “

Electrical Issues,
870,21%

Freezing Issues,
1823,44%

Fuel Issues,
1293,31%

26

Thar reportidentified 44% of unplanned outages, derates, and startup failures as being

Rol

caused by freezing. They f u%ofbuages, detates ended
cal /

or failures to start caused by O6Mechani
related to the cold temperatui@$ The report alssuggested that almost a third of outages

were due to fuel issuég.
However these figures areffectivelyme ani ngl ess becau

occurrencesThis is many times the number of generating unifeeéras a

se they
ber of Unplanned Generator Outages, Derates, andStart Fai | ur e s o,

nd st

and

a
t

represent those generators that did not suffer an outage. This is because one generator unit
can come on and offline multiple times, and each one is recorded as an outage.

Thisemphasis on the role of freezing temperatures in precipitating the emergeneginmay

be exaggeratedFirst, our earlier analysis indicated that the strength of the relationship

26February 2021 Cold Weather Grid Operations: Preliminary Findings and Recommendations,

FERC, NERC and Regional Entity Joint Staff Inquiry, September 22, 2623, p

27 February 2021 Cold \ather Grid Operations: Preliminary Findings and RecommendafBR,

NERC and Regional Entity Joint Staff Inquiry, September 22, 202B.p

28 Note that this slide depicts aggregated totals for all three balancing authorit®sasMISO, ERCOT,

and SPP

re
ot
d o e
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between temperatures and generation outages was lower than any othershafatice
considered.Secondlythe inquiry staff isusing questionable data for statistical analysis
Thirdly, the inquiry staff did not consider the possibility of voluntary shutdowns.

As mentioned earlier, the $9008Wh electricity price provides an ncentive to prolong

crises, as higher rates of generation failure promise larger returns for those resource entities
with multiple generating unitsTo be sure, in a competitive markety price above ex-

pected costwould provide anncentiveto generag, andthe prospect of large profitgould

ensure that thgeneratorsvere prepared fazold weather

However, in an oligopolistic markegenerators may receive larger profits by colluding to
manufacture and prolong crises, as was done in California&8 wgo. Given the real
risk of such practiceshe inquiry staff would have done well to scrutinize the-ssghiorting

of generators.

A similar | ack of <critical i nvestigation wa
natural gas curtailmentsCold weather was obviously a factor determining declines in

natural gas production, and we confirmed that temperature Greaugged a reduction in

natural gas productiorBut thee may be more to the story.

What Went Wrong - Preliminary Key Findings
3. Natural Gas and Electric Reliability Interdependency

= Natural gas production facility loss
of power was primarily due to
weather-related power line

Firm Load Shed

outages and firm load shed. (2/15-2/13)
Total Individual Generating Units 213 258

* 60% of natural gas-fired ERCOT BA Footprint 111 134
generating units affected by fuel SPP Footprint 91 103
supply issues had outages, MISO South Footprint 11 21
derates, or failures to start by
February 14, and 32% had fuel
supply issues before and after
February 14.

I AN N s 29

Our review of causal structure presented alfouad theimpact oftemperaturen natural
gas production declines to be relativelyaieMoreover, blackouts were determined to be

2%February 2021 Cold Weather Grid Operations: Preliminary Findings and Recommendations,
FERC, NERC and Regional Entity Joint Staff Inquiry, September 22, 2023, pg
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Granger causal of natural gas production declines, as well as naturahgeegtiga out-
ages That temperature is such a pa@terminanbf natural gas productiosuggestshat
the issue of voluntary curtailment of natural gas produdimuldbe investigated.

Also, the ability of blackouts to explain variation in naturas ggneration and production
suggests that failures to adequately manage the dependency of the two systems may be

more consequential thamnoted in the inquiry stad report.

Our review of causal structure presented above identified a mismatch beteeeisis at
the start of February 15, 2021 and the period immediately following. Natural gas produc-
tion decreased before the rolling blackouts and the rolling blackouts were ordered before

the increase in plant outages.

Daily Dry Natural Gas Production (January - February 2021)

billion cubic feet per day

50

30

20

10

]
lan01l jan05 Jan00 Jan i3 Jen i) 2l Jan2S Jan29 Feb02 FfebOS feb 10 Feb 14 Feb 18 Feb22 Feb26

s LOUI STANG Oklahoma Texas Rest of US Lower 48
Saurce: IHS

3%February 2021 Cold Weather Grid Operations: Preliminary Findingg®Ranommendations,
FERC, NERC and Regional Entity Joint Staff Inquiry, September 22, 2§24, p

30

Rol
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This is significant becaus&nergy Transfer Partners and Kinder Morgan collectively
reaped over $3.4 billion in additional profttaring the course of the emergeriéy? Basic
economic theory tells us that a market as concentrated as that of natural gas is susceptible
to the use of voluntary curtailment as a means of increasing profit mahgyitis.two of
Texaso | ar ge st racaiting enarmougirafalls fpom thel avents thpes-

sibility of market manipulatioshould be investigated

The Texas Railroad Commission has recently faced criticism over their regulation of nat-
ural gas®® Unfortunately, the inquiry staff did not identify marlsttuctureas one othe
potential factors influencing declines in productioor did theycarefully review the im-
pacts of natural gas transportation in February.

A very significant part of their presentation focused on issues with Under Frequency Load
Shedding (UFLS) Both generating stations and customtasilities aredesigned to oper-

ate at a specific range of frequencies. Operating at frequefffezentthan design can

cause significant damage. For that reason, equipment is designed to cease operating when
the frequency falls below a specific value.

Theimagebelowis slide 13 in theNERC presentation. Ilescribehow, due tothe UFLS

designations of certain circujtsystem operators were constrained iw hioey could allo-

cateavailable load shedding, a major ¢ | in the syst eaddresgimgr at or s o
frequency deviations.

31 https://www.wsj.com/articles/energyansferreaps2-4-billion-windfall-from-texasfreeze
11620340520#:~:text=Energy%20Trans-
fer%20ET%203.38%25%20LP,stemm#g0from%20the%20February%20storm.

32 https://www.bloomberg.com/news/articles/2624:21/kindermorganpostsblowoutearningson-gains
from-texasfreeze#:~:text=Kinder%20Morgan%20Inc.,call%20with%20investors%200n%20Wednesday.

33 Especially when the chair dfié Rail Road Commission, who is charged with regulating the natural gas
industry, has been identified as having significant equity in the natural gas sector but has not recused her-
self from cases where this has been determined to be a conflict of ifiétest/commissionshift.org/wp
content/uploads/2021/09/Commissi6hift-Captive AgencyPartl.pdf).
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What Went Wrong - Preliminary Key Findings
5. Manual and Automatic Load Shed Coordination

* From February 15 through 16, 2021, manual firm load shed varied from 10,000-20,000
MW, 14%-28% of ERCOT's peak load.

* ERCOT’s manual load shed spanned nearly three days in order to maintain bulk-power
system reliability.

lo7®0 C b

The highlighted passage on slide 13 aaggestghat the transmission authorities were
having to useheir last line of defense (the underfrequency circuits) to manage frequency
during the emergency.

The limited information currently available makes it unclear whether the underfrequency

load shedding took placeorndthe t esti mony byretbeNexasSeiaee CEO be
Committee on Business & Commeror February 26, 202indicated that the customer

side of automatic frequency load shedding might have been invoRathen referring to

the need for instantaneous automatic triggering UFLS, Nye haddtatiit he si tuati o
that dire, and it dido, i mplying the aut omat
odd because he also stated that the grid hovered just two thousandths of a Hz above the

~

automatic trigger point of 59.3Hz, nearly enactimgeti r Al ast safety bl ank:

The University of Texas study of the February event indicates that the use of automatic
UFLS was minimal and, perhaps, accidertal certainly could happen above an observed
59.302Hz in one part of a vast ainterconnected sysm

"Confidential responses of TDSPs to ERCOT requests for information note
UFLS relay tolerances of -H).01 Hz, and some TDSPs recorded frequen-

34February 2021 Cold Weather Grid Operations: Preliminary Findings and Recommendations,
FERC, NERC and Regional Entity Joint Staff Inquiry, September 221,29. 7.
35 https://ticsenate.granicus.com/MediaPlayer.php?clip_id=15395
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cies between 59.300 and 59.310 Hz during the critical frequency period in-
dicated inFigure 2.j. As reported by five of the major TDSPs in ERCOT,
the total MW UFLS by automatic (by experiencing low frequency) trigger-
ing of relays was on the order of 200 MW for 2 to 3 dozen circuits.

In addition to automated triggering of UFLS relays, T2SPs also in-
cluded some circuits with UFLS relays in thecatled manual load shed in
which they selected circuits to trip offline to meet their portion of the load
shed obligation as commanded by ERCOT. There were over 1000 circuits
(possibly more tha@000) with UFLS relays included in this manual load
shed. Thus, the manual load shed affected two orders of magnitude more
load, number of circuits, and customers than were triggered via automated
UFLS. At all times the TDSPs were still required to havé 28 load on
circuits with UFLS relays3®

Both the ERCOT and the NERC/FERC review have been relatively silent on the dramatic
decline in frequency over the -bhinute period starting at 1:45 A.M. on February 15, 2021.

The nextimageis possibly the mosiportant slide in their presentation. Tégw@phic on

this slide, most frequentlyin ERCOT hearings andh the pressis the chart of frequency

deviations and rolling blackout orders:

36 The Timeline and Events of the February 2021 Texas Electric Grid Blackmit®rsity of TexasJuly
21, page 40.

Rol
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CUI
Generation Decreases and Outages Led To
Energy Emergencies in ERCOT, SPP and MISO BAs
+ Each BA declared Energy Emergencies and 602 corered Ens e 2,

60.1 / 1,000 MW Load-shed Ordered (Total 10,500 MW)

Below59.4 Hz for 4m 235 |
More Gen Units would |
have tripped if below |

ordered firm load shed, in total exceeding
23,400 MW: 599

+ ERCOT: nearly three consecutive days of firm E ooy Additionsl LOCOMW _~ |
load shed and at worst point, 20,000 MW, E s rorai 2000 M) \‘-.
. . . & ‘R Additional
 SPP: approximately five hours total of firm 595 \ 3500 MW
- 594
load shed and at worst point, 2,700 MW, and s Adwont 000NN ol 8500 nen
i ’ {Toral 5,000 VW)
+ MISO (MISO South): over two hours of firm 2
. 01:20 01:25 01:330 01:35 01:40 01:45 01:50 0155 02:00 02:05
load shed and at worst point, 700 MW. Time (CST)

System frequency, an indicator of grid “health”, dropped rapidly in
ERCOT on February 15, due to a rapid decrease in generation.
ERCOT operators made the correct decision to shed firm Joad to
recover frequency to maintain reliability of the ERCOT grid and
prevent further outages from occurring.

lor®0 e

Oncor p rtestsnony at th@ exas Senatappears inconsisht with the slide above

T especially sincberepeatedly cited the beginning of a frequency issue asf2Md2 This

is roughly40 minutesafterthan the first 1,000MW of manual load shedding was ordered
under EEA3 alert by ERCOT In this chartthisis nearly the point when the frequency
returned to a more normal operating range

37 February 2021 Cold Weather Grid Operatidasliminary Findings and Recommendations,
FERC, NERC and Regional Entity Joint Staff Inquiry, September 22, 2§28, p
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Entered EEA 3 1,000 MW Load-shed Ordered

. ‘é/f——‘\’\____\ Additional 2,000 MW
Load-Shed Ordered
sa9 O 1,418 MW Generation Outages — e (Total 10,500 MW) ~~__

35,343 MW Generation Loy ey - /h Below 59.4 Hz for 4m 23s
Capacity Out as of 1:23 am 248 MW Generation Outages ~ ~ k—> More Gen Units would have tripped

o /../"/. L= if below 59.4 for 9m or more
- 329 MW Generation Outages | <]

594 MW Generation
Outages

Additional 1,000 MW e
596 Load-Shed Ordered / 606 MW 843 MW Generation Outages
o (Total 2,000 MW) Generation 841 MW Generation Outages
Qutages
595 688 MW Generation Qutages .\ Additional 3,500 MW
511 MW G ion Outages ) Load-Shed Ordered
- g | " (Total 8,500 MW)
) . ol
- Additional 3,000 MW ____f—-*’".’\-uL Min Frequency 59.302 Hz
= Load-Shed Ordered
(Total 5,000 MW)

©om 1 143 153 203 38

The chart above is a more comprehensive version of the ERCOT frequendphahahiat
presented in the NERC/FERC presentation. It is télan an oficial ERCOT Presenta-
tion; the Review of February 2021 Extreme Cold Weather E¥eiitt shows that during
the period of critically low frequency, generation continued to trip offline. As Mr. Nye
himself stated, the only way to keep the frequency up veobply is dropping is to shed
load.

In ERCOT, amanuaload shed is not implemented by the ERCOT control center. Instead,

the ordeiscommunica ed t o ERCOTO6s transmission provi d:
cate the order to local distribution centetsovwhave thirty minutes to implement the order.

Surprisingly, much of the Texas system appears to rely on antiquated methods requiring

the dispatch of a line truck to the substation to be takelnetf

There is aense of ERCOT being a vast ocearrlresponding very slowly to an oncoming
ice berg. Ordering measures that take thirty minutes to implement is a very poor approach
to a frequency problem whose duration was only fifteen minutes.

ERCOTb6s internal repor t mdichtethat thetmarsagementrof o d wo
rolling blackouts and UFLS was in disarray:

iFeb" 15

38 http://www.ercot.com/content/wcm/key _docu-

ments_lists/225373/2.2_REVISED_ERCOT _Presentation.pdf

3% Review of February 2021 Extreme Cold Weather EveERCOT Presentation, Bill Magness, February
24,2021, slide 12.
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01:091 VDI deploying Groups 1 and 2

01:117 XML deploying Groups 1 and 2

01:491 Frequency drops below 59.7Hz

60 MW of obligated, undeployed LRs traf

02:051 XML hourly XML to all resources sustaining deployment

02:09:481 XML recalling most LRs

02:16:121 XML recalling the remaining LRs

Both recall instructions due to miscommunication within ERCOT Con-
trol *“Roomo

Overall, the NERC/FERC report appears to ha\
problems on the morning of February™5

What Went Wrong - Preliminary Key Findings
4. ERCOT Firm Load Shed Affected Natural Gas Facilities

* Most natural gas production and processing facilities surveyed were not identified as
critical load or otherwise protected from load shedding.

« As aresult, firm load shed implemented by transmission operators to preserve bulk-power
system reliability partially contributed to the decline in production of natural gas.

« Because many critical natural gas infrastructure loads are not identified, and both weather-
caused and firm-load-shed-caused power outages were coincident, the exact extent of
power outages to critical natural gas infrastructure loads due to firm load shed is unknown.

lo7z@®0 N

Owing to what one author has termed fia conv:«
able to maintain a chimeric identiisa quastgovernmental organization (which may be
granted sovereign immunifyom liability), andaprivate organization (which is not subject

40 ERCOT Winter Storm Review of DemaRideResources and Other Related Topics, ERCOT Staff,

April 16, 2021 slide 10.

“VDlI means fvoiceicospatshal hgtreteined to as a tele
bl e mar k upmdreausugllyrefgrredto as email, text, or other ed@dt communication.

42 February 2021 Cold Weather Grid Operations: Preliminary Findings and Recommendations,

FERC, NERC and Regional Entity Joint Staff Inquiry, September 22, 2§212p
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to the TexasPublic Information Actf344 This convenient crisis of identity has allowed
ERCOT to keep many crucial documents out of public view.

ERCOT has yet to release any disaggregated f
outage type; they have not publicly posted the results fnemweatherization spathecks

(2012present); they have not published the d&iftcritical natural gas participants who

failed to apply for critical infrastructure status; and they have justified withholding all of

this information on the basis that it®ires the protection of competitively sensitive infor-

mation?>4® In short, ERCO® who has recently been ruled as not being subject to the

Texas Public Information Aét supports their secrecy via the obscure claim that the opac-

ity of their market actuallgecreases the likelihood of manipulation.

FERCO6s dnt & s p oEcenondoally Bfficient, Safe, Reliable, and Secure Energy
for Consumers @ is put in jeopardy by thegssibility of manipulatiorf® Yet, the report
by FERC and NERC staff didbt addresghelack of transparency IERCOToperations

As mentioned earlier, the inquiry staff did not subject the structure, opacity, or incentives
systems extant in the ERCOT market to any critical investigatibime staff did make
engineering recomendations for what they appeared to have viewed as an engineering
problem.

43 https://sanantonioreport.org/eramnvenienidentity-crisis/

44 The Attorney General of Texas Ken Paxton has ruled that ERCOT is not subject to The Public Infor-

mation Act fittps://www.dallasnews.com/business/energy/2021/06/23/attaeresralkenpaxtonrules
ercotnotsubjectto-texaspublic-informatiorract)), and The Texas Supreme Court evaded their last oppor-

tunity to decide if ERCOT could be sududtps://www.statesman.com/story/news/2021/03/19/texas
supremecourtdeclinessayif-ercotcanbe-sued/476439200)/

45 McCullough Research sfatquested a breakdown of generation outages by #itieough such infor-
mationisavailabldas i s evident in ERCOTO6s wunplanned resource
(https://sa.ercot.com/misapp/GetReports.do?reportTypeld=2046BCOTrespondedit a t  dprbaal-t

sheet contains data that in some cases could be used to determine the cause of outages for specific genera-

tion units and that information is confidentiddee ERCO™Protocols sectioft.3.1.1(1)(mp (Email ad-

dressed to McCulloudgResearch staff)

46 Many ERCOT TDSPs were also contacted regarded changes in their critical infrastructure filing lists.

Al t hough Oncoré6s CEO testified in front of the Texa
ral gas facilitiesduringth event, neither Oncor nor any other TDSP
requestghttps://dfw.cbslocal.com/2021/02/26/texzapitothearingoncorcecoutages).

47 See footnote 44, above.

48 https://www.ferc.gov/whaferc

S
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To anyone who grew up in the heady days of the Public Utilities Regulatory Policies Act
(PURPA) the nine key recommendations are simply common sense and have long been
adopted irother jurisdictiong?

The key recommendations are:

1. Generators to identify, address (or retrofit), train, and plan for cold weather.
2. Generators should be compensated to meet cold weather requirements.

3. Congress and regulators should require the natasainglustry to address cold
weather.

The natural gas industry should also prepare for cold weather.

FERC should encourage a forum where the involved parties to meet together to
address information sharing, regulatory authority, and state actions.
Participants should identify reliability risks in natural gas contracts.

FERC should host a technical conference on this issue.

Generators should inspect their equipment before cold weather.

Planners should adjust their calculations for cold weather.

S

© N

These araot bad recommendations. However, these issues are generally addressed by
utility planners and contract negotiators on an ongoing basis. The qaélstibneed to
be askedre

1. Why were these very commonsense measures not already in place?

2. Why will their implementation take so long?

4 PURPA dictated rules wheredre pendent power could Aputo their proje
of PURPA resources included detailed reliability sta
port.
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Preliminary Recommendations

+ 28 Recommendations, which include:

* Nine key recommendations, including Reliability Standards changes
* Five recommendations for further study
* Each have recommended timeframes for implementation
* before Winter 2021/2022
* before Winter 2022/2023 ]_ Most are recommended within
* before Winter 2023/2024 these timeframes

+ Some could extend beyond winter 2023-2024, but should be completed as soon as possible

o7 @0 o

Given that many of these recommendations are past due, we may have expentedof
urgency in their implementation; however, in many casemket participants arenly
asked taesearch and deliberate over isswf vital concern, and thosecommendations
which docall for tangible alterationdo so over extremely lenient time frames.

Changes in our climate have precipitated multiple reliability failures this ywaathout
drastic action we may expect similar failures to repeat themsehetswith winter rapidly
approaching, the inquiry staff has still recommended that the lion share of its recommen-
dations be implemented before winter 2022/2023 or by winter 2028/2nd even sug-
gested that some may be completed latdoreover, the inquiry staff shies away from
recommending any enforcement mechanisms.

Take for instance theecommendations for weatherizing generating unitbe inquiry
staff suggested that gemator operators would be requiredpieparefor specific ambient
temperatur es; however, fgenerator owners the
only required to fireview the generating unit
action phvahéamneé whether the plamnmtapplies t o¢é

50 February 2021 Cold Weather Grid Operations: Preliminary Findings ecohffnendations,
FERC, NERC and Regional Entity Joint Staff Inquiry, September 22, 2021, pg. 9.

SFebruary 2021 Cold Weather Grid Operations: Preliminary Findings and Recommendations,
FERC, NERC and Regional Entity Joint Staff Inquiry, September 22, 2§21, p
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Similarly, the inquiry staff called on balancing authorities and transmission operators to
i nclude fAprocesses for identinffyiamg ramrcd upreat e
iprovisionsohbrobpbpedam#&nual | oad shed. 0

53

Although NERC/FERC identified the same causes for natural gas curtailments in their
2011 report onthe Southwest Cold Weather Eve@BRCOT and local regulatodid not
effectively implemenNE RC & s r e c o ?fhrverahdraquiiing lmakncing authori-
tiesto initiateprocesses for proteoy critical infrastructure will not ensure that such pro-
cesses are followddespecially wheifollow-through on these requiremehtssbeen prob-
lematic

ERCOT already hosts a Gas Electric Working (
open dland]discgse topigs with one another® Such deliberatiomdid notmain-

tainnatural gasuppliesn February A requirement that BAs and TDSPs begin developing

similar processesnder no threat of penalig seemaunlikely toguarantee fuel suppliés

the future.

In brief, thepreliminary NERC/FERGnalysiss inadequate, and its recommendations are
likely to be ineffectualand severelydelayed The reportmade many observations on

52 February 2021 Cold Weather Grid Operations: Preliminary Findings and Recommendatibns
Presentationpg. 20.

53 February 2021 Cold Weather Grid Operations: Preliminary Findings and Recommendations, FERC,
NERC and Regional Entity Joint Staff Inquiry, September 22, 2021, pg. 3.
S4https://www.ferc.gov/sites/default/files/202@/08 16-11-report.pdf

55 http://www.ercot.om/committees/other



