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Largest Forced Outage iIn Human History
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Presentation to:

By: John Harpole, Mercator Energy

14™ Annual Wyoming Natural Gas Fair, September 16, 2010

“29 Governors ask Obama and
Congress for stronger wind power
measures”

Tiffany Hsu, The Los Angeles Times, March 16, 2010
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Renewable Energy Train Wreck Tour 2009

Renewable Energy Mandates & the EPA
A “Train Wreck” in the Making?
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Where is the RES Train Haded?
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Colorado - Tilting to the Left
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Renewable Energy Train Wreck Tour 2009 - 2011

Colorado as a Laboratory The IPAMS/Bentek Study
A Catalyst to Avoid a Train Wreck?

The Renewable Energy Standard Promise:

Cleaner Air
Cheaper Energy

Hang on Colorado...30% Renewables by 20207 The RES Train Has Left the Station
- But is it in the right direction?
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2004 Campaign Yard Sign

&
Y

rcator Energy_

26

- < - - ar? L& = IR
= A - 3 ) T G = [
3 £ =
IVIcrcator Energy 18 IVIercator Energy




Renewable Energy Train Wreck Tour 2009 - 2011

Natural gas: not just a bridge to renewables.
It's a way to avoid a train wreck.

i . l
.
.
- I-
o ",’
LS
-
s

<
‘ A

X%
Vol

ercator Energy S

R




Western Energy Allilance/ Bentek Study 2008

Mercator Energy

When Wind Blows at Night, Coal Gen Ramps Down

Xcel Defined Wind Event:
7/2/2008

PSCO Wind, Coal Generabon & ACE THR/2008 120000 PM

Coal
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Why am | interested in all this? - -

Selected Speaking Engagements 2009 - 2011

AdGbl dz2NY f DFay ! TF2NRI off [SL Q& SINHRE( FdI & KSY
Environment, Houston, TX, March 2012

AG2KSNBE 9t SOINROAGE [/ 2YS& CNERafonalBnardya A 0 a
and Utility Affordability Conference, Ft. Lauderdale, Florida, June 2011

Aaqgw2tS 2F Dbl dz2N> f DI & ,Wgst CosshGamaian/uUs Elgstci NA O
Markets, Law Seminars International, Vancouver, British Columbia, 2010

A Participant in Natural Gas Supply Workshaploan Foundation and University of
Texas Bureau of Economic Geology, Austin, Texas, May 2010
AawSyS¢gloftS 9ySNHe al yRIFIGSa g (KSButherh! Y !
Gas Association Conference, Orlando, Florida, April 2010

Source: Colorado PUC In the matter of the application of Public Service Company of Colorado for approval of its 2007 7
Colorado Resource Plan, Direct Testimony and exhibits of JamesF /Y STFFSOGA DS t 2F R OFNNBAYy3I OFLIoOoAfAGE



61 10 Day Outlook on February 12, 2021 Wercetor ey

YBEEEP, PR ERc b HRF RS RREL FRETT DO
WAL LUES HEE;E"I:F] OF EBELDM [BY_-HORMAL
ERAY AREAS ARE["HEAR-NORMAL

'_'II.I'.% 3'3'.6 40%5 20% G0 LV BO0% 90%%

Prabability of Below Normal 1 Probability of Above

Source: CIMA Daily Weather and Market Report, Friday, February 12, 2021



Historic Texas Cold Recap: February 2021

A15 consecutive daywith below average
temperatures

AAt least3,000 cold temp recordbroken
from February 1217, 2021

AFirst ever wind chill warningssued by
NWS offices in Lake Charles, Houston &
Dallas

SourceThe Weather Channel



Fundamentals of Electricity Supply and Generation tE

A Electricity cannot be stored on a utility scale

A Demand must be met perfectly by supgljt must
balance constantly

Electricity generation, transmission, and distribution

transmission lines carry

Sg:‘v:r; F:éinélectricity electricity long distances T —
Nuclear electricity to houses
Coal
Natural Gas
Solar
Wind 11
\. transformers on poles
— step down electricity

before it enters houses

transformer steps neighborhood
up voltage for transformer steps
transmission down voltage

Source: Adapted from National Energy Education Development Project (public domain)

Source: https://www.eia.gov/energyexplained/electricity/delivéoyconsumers.php 10



The Fatal Flaw of the ERCOT Market tw

AERCOT is the only grid operator thaes not operate a capacity market
that rewards reliability during peak usage days

AQw/ he¢ NBEfASAEA &2y & &Y RMNigégfdtotsEBeipd &
on the price of the energy they produce

AC2 NJ LJ2 4 SNJ LINE Re2Q'S NB YA yNJ| eglpenaby yin8<NGENSS
failure to deliverduring a peak day emergency

AThis market structure resulted in thargest forced power outage in US
history between February 12 18, 2021

AWhy would politicians choose this type of purpdRNA OS Yy 24 S ¥V ENA &
market that placeso extra value on dispatchable generation during peak
hours?

Al believe it was one of many incentives granted to wind energy

SourcesAssigning Blame for the Blackouts in Tex@abmate Etc., Planning Engineer, February 18, 2021
The Texas Freeze: Why the Power Grid FditeelWall Street Journal, Katherine Blunt and Russell Gold, February 19, 2021 11



Wh O iS E R C OT? EI‘CHEOI‘ Ene[‘gy

ercot=

AElectric Reliability Council of Texas (ERCOT) is a membership
based, 501(c)(4) neprofit independent system operator (1ISO)

Alt is NOT a government agency aras no regulatory authority
AERCOT hdsur primary responsibilities

1. Maintain system reliability

2. Faclilitate a competitive wholesale market

3. Facilitate a competitive retail market

4. Ensure open access to transmission

Source: Ercot.com/about
Is ERCOT a government agency?, Austin Ame8igaasman, Nate Chute, February 19, 2021 12



Who is ERCOT?
C~
ercot 7

AERCOT manages the flow of electric power to more #éamillion Texas
customers- representing abouthbn LISNOSyYy U 2+ U0UKS al

AERCOT i®ggulated by the Public Utility Commission of Texarsd the
Texas Legislature. The PUC is an agency that regulates the state's "elect
USt SO2YYdzy AOFuA2y 2 YR gl 0SSN I YR
AERCOT schedules power on an electric grid that connects more than
46,500 miles of transmission lines and 680+ generation units

ATo avoid federal regulations, ERCOT is an island and is not connected to
other independent system operators and regional transmission
organizations

Source: Ercot.com/about 13



North American Electric Power Grids

Quebec
Interconnection

Interconnections

Eastern

"’" Interconnection

~

Western Interconnection
Ve
7

o ERCOT
Interconnection

EMRO ENPCC [RF MSERC [Texas RE BEWECC

Source: Ercot.com/about
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GhTFAOALIT &S GKSI
systems, but, in Texas, we like to say

that there are two: The Texas system
and thenont SE I & ]

aeaus
- Professor Welen
(University of Texas at Arlington)

14



Regional transmission organization (North America) tw

There are 2 Types of Electric Grid System Operators:

AAregional transmission organization (RT@)the United States is an
electric power transmission system operator (TSO) that coordinates,
controls, and monitors a muistate electric grid.

AAnindependent system operatofISO)is similarly an organization
formed at the recommendation of FERC.

Sourcehttps://en.wikipedia.org/wiki/Regional _transmission_organization (North America) 15



https://en.wikipedia.org/wiki/Regional_transmission_organization_(North_America)

Preparing for the Storm o February 9t, 2021

Mercator Energy

ERCOT officials spedd second®n winter storm preparedness at a February 9,
2021 meeting:

nlt 1 s actwually going to be winte

you I n Texas know, we do have a col
probably see our winter peak later this week or in the very early part

of next week. And Operations has issued an operating condition

notice just to make sure everyone is up to speed with their
winterization and weoOre ready for t
temperatures to come our way.o

- Bill Magness (President and CEO of ERCOT)

Source: Ercot.com/about 16



What is a Peak Day? - -

AFor ERCOT, a peak day generally occurs in the summer

Average hourly U.S. electricity load during typical week, selected months N
million kilowatthours cla
January April July October
700
week-
600 end
300
200
100
0 -

Mo'Tu'We'Th'Fr'Sa'Sul Mo TuWe Th Fr Sa Su Mo TuWe Th Fr Sa Su Mo TuWe Th Fr Sa Su
A However, 10 days ago, Mother Nature had something else in mind for Texas
AWhy not experience a peak day in the winter?

Source: https://www.eia.gov/todayinenergy/detail.php?id=42915 17
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I Rapid Decrease in Generation Causes Frequency Drop

60.2

- Entered EEA 3 1,000 MW Load-shed Ordered

60 Additional 2,000 MW
Load-Shed Ordered

®
599 '\ 1,418 MW Generation Outages = -\'"."_ (Total 10,500 MW) \’/\\.
1:26am - 1:42am /

35,343 MW Generation " Below 59.4 Hz for 4m 23s /
59.8 Capacity Out as of 1:23 am 248 MW Generation Outages More Gen Units would have tripped
if below 59.4 for 9m or more 594 MW Generation
- 329 MW Generation Outages PS ® Outages
Additional 1,000 MW At
Load-Shed Ordered 606 N_IW 843 MW Generation Outages
2 (Total 2,000 MW) Generation 841 MW Generation Outages
Outages
59.5 688 MW Generation Outages 0\ Additional 3,500 MW
511 MW Generation Outages ———— @, Load-Shed Ordered
59.4 (Total 8,500 MW) &
59.3 Additional 3,000 MW Min Frequency 59.302 Hz
; Load-Shed Ordered
(Total 5,000 MW)
59.2
1:23 1:33 1:43 1:53 2:03
ercot> —
PUBLIC

SourceseRCOT Board of Directors Meeting, February 24, 2021



The Perfect Storm: February 12 0 18, 2021 %fua

ERCOT Load by Forecast Zone
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The Perfect Storm: February 12 018, 2021

Perfect Storm
Cold weather started forcing plants offline two hours before blackouts

B Capacity (L1) SLoad (L1) ™ Frequency (R1)
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The Perfect Storm
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Texas electric power generation from natural gas coal out-performed
all other sources of electric power during the February 15 - 20 power crisis

Wind and solar significantly under-performed
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January 19 to February 17, 2021 %ﬁw

All Texas electric power feedstocks decreased early Monday February 15
Wind + Solar accounted for 27% and natural gas, 38% of power before the power crisis
Wind + Solar accounted for 10% and natural gas 64% during the crisis
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Source: Art Berman Source: EIA & Labyrinth Consulting Services, Inc. EIA Current/Weekly Updates/ERCOT Electric Power Generation by Source



Fundament

a |l Problems |l dentif i Fmmw

.

REPORT ON

OuTAGES AND CURTAILMENTS

DURING THE SOUTHWEST
CorLp WEATHER EVENT

OF FEBRUARY I-5, 2011

Causes and Recommendations

Prepared by the Staffs of the
Federal Energy Regulatory Commission
and the
North American Electric
Reliabitity Corporation

AucusT 2011

Problem Identified:
Transmission operators and distribution
providers generally did not identify natural
gas facilities such as gathering facilities,
processing plants, compressor stations or
au02N}r3IS FASERa a ON

Recommendation:
GCNFyaYArAaairzy hLISNI
Providers should conduct critical load review
for gas production and transmission facilities
and determine the level of protection such
facilities should be accorded in the event of

aeaiusSyYy auNxaa 2NJ

23



Energy Supply Changes During Freeze - -

Monday, February®®8through Tuesday February 16

vwm,l 93%

Coal == 47%

Natural Gas == 450%
! £ f LISNF2NXYSR | a ¢

Source: Fox News, Rove Reacts to Texas Power Grid 24
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ERCOT fuel mixes for the past 15 years

2020 46% 18% 23% 11% b
2019
2018 44% 25% 19% 11%
2017
2016 44% 29% 15% 12%
2015
2014 41% 36% 12%
P11) & B AU S e — g% 10% | 1% |
2012 44% 34% 9% 12%
2011
2010 38% 40% 8% 13%
2009
2008 45% 35% 5% 13%
2007
2006 46% 37% 2% 14%
Joshua D. Rhodes, PhD | @joshdrB3 | The University of Texas at Austin & IdeaSaiths LLC
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percent energy (MWh) generated in ERCOT by fuel type

® NaturalGas ®mCoal mWind = Nuclear Solar m Other B



Coal Plant Retirements in Texas 2012 — 2020

Norit Americas Marshall Plant
Welsh

Big Brown

Monticello

Sandow No 4

Sandow No 5

Gibbons Creek

Oklaunion

Total

2.0
558.0
1,186.8
1,186.8
590.6
661.5
453.5
720.0
6,152.4

2012
2016
2018
2018
2018
2018
2019
2020

26



Could Natural Gas Have Done Better? - -

A The following segments of the natural gas chain rely on electricity to operate:

LACT (Lease Automatic Custody Transfer) units on oil wells that have associated gas prodi
(what component of total Texas production is associated gas?)

i2SffKSIRZ EIIUKSNJ\)/EI LJ)\LJSf)\)/SZ Iy'R = - alj

LINE RdZOSNE OK2aS aGLRtS LR2gSNE 20SNI yI dzND
Natural gas processing plant facilities rely on electricity to run control systems
Inter and Intrastate pipelines that run electric power compression

A Many of these critical natural gas infrastructure assets were impacted by rolling
blackouts

A Issues related to electricity supply for natural gas infrastructure were identified ir
2011 and no priority was given to those critical assets

27



Reaction to the Storm, 8 Days Later on February 17 t, 2021 tM

ERCOT officials responding to the power outages on Februaty 17

nilt needed to be addressed | mmedi at e
Magness, president of ERCOT. Nl t was

minutes [from possible failure] given the amount of

S

n

generation that was coming off the

If operators had not acted in that moment, the state

could have suffered bl ackouts t hat
occurred for months, o and | eft Texas

Al ndeterminately |l ongo crisis

- Bill Magness (President and CEO of ERCOT)
Should they have been surprised?

Source: Ercot.com/about 28



TX Outage Intensity by County %&t Energy

ERCOT’s Boundary and Outage Intensity by County
on Monday Evening (2/15)

Percentage of
customers out:
0%

10% :
30% L / Gulf of Mexico
60% .

100%

Source: Perfect Storq{ dza G Ay SR ! NOGAO 2SI GKSNJ 9ELIR a$a 2Cark RBN Ereryys, ALCARGbruarg 88128203 t 2 6 NI LY R



How ERCOT 0-Onh\ESumply §ugtion Works

AERCOT has set up the grid/market in such
a way that itacquires a large amount of
power through continuous auctions

AEvery five minutes, power generators in
0KS adlFadS St SOUNRYA
reaktime market,offering to provide
chunks of energy at particular prices.

Source: The Night They Drove the Price of Electricity Down, SLATE, Daniel Gross, September 18, 2015

30



How ERCOT 0-Onh\ESumply §ugtion Works tEg‘

AERCOT fills the open needs by selecting the
bids that are cheapest and that make the most
sense from a griinanagement perspective f

l.e., the power is being fed into the grid at 7 1\
points where the distribution and transmission \ \\J
systems can handle it. 2 1( M

AEvery 15 minutes, the bids settleat =J
the highestprice paid for electricity accepted in | -‘
the round.

Alf sufficient supply is not availableo power
producer is penalized

Source: The Night They Drove the Price of Electricity Down, SLATE, Daniel Gross, September 18, 2015 31



How ERCOT 0-Onh\ESumply §ugtion Works tEg

a{2 AT mnn a2 2F St SOUN
some producers offer 60 MW at $50 per
megawatthour, some offer 30 MW at $80 per
megawatthour, and others offer 40 MW at
$100 per megawathour, all the bidderswill
NEOSAQOS UKS KAIKSau L

Source: The Night They Drove the Price of Electricity Down, SLATE, Daniel Gross, September 18, 2015 30



Who |S tO Blame7 ercal;orEnergy

Aln an energyonly market, some experts claim that
0KS aK2NI FyagSNI Aa ay?2
AUnder traditional utility models (capacity models)

generators who do not perform are penalized
severely

A Capacitydriven markets (every other RTO and 1SO
In the US) account for thealue of reliabilityin
generation resources

33



Comparative Reliability - -

A Nuclear plants hav&8+ months of fuel onsité¢higher reliability)
A Coal plants can havi+ months of fuel onsit€higher reliability)

A Natural gas power generation wifsipeline firm transportation
agreements to ensure deliverability (higher reliability)

A2 AYR NBfAIFIOATAGOEX Y20 a2 YdzOK
A Wind is an energy resourd¢OT a capacity resouragit can only

be turned down and off, it is not dispatchable like fossil fuel
resources

34



Railroad Commission of Texas Emergency Order tw

Friday, February 12 t, 2021

Until such time as the Commission has specifically approved a utilities curtailme
program, the following priorities in descending order shall be observed:

A. Deliveries of gas by natural gas utilities to residences, hospitals, schools,
churches, and othénuman needs customersand deliveries to Local
Distribution Companies which serve human needs

B. Deliveries of gas telectric generation facilities which serve human needs
customers

Deliveries of gas temall industrials and regular commercial loads

. Largeusers of gas for fuel or as a raw materighere an alternate cannot be
used

E. Largeusers of gas for boiler fuadr other fuel users

cNe

35



Who is really to Blame? d Texas Politicians

Ed Hirs Has Been Predicting This Mess for Years

A EdHirs an energy economist at the University of Houston,
hasrepeatedly tried to raise public awarenessbout
Texas'syulnerable electric grid

A When one prominent Texas politician called for a
commission to study the causes of the power failures that
led to the current crisig{irs not to mince words, had this
tosayab2 @&2dz RdzYo ol adl NR®
FFENIKSNI 0KFY G0KS o0FUO0KNR2Y

5

SourcesEdHirsHas Been Predicting This Mess for Y,eeegas Monthly, Mimi Swartz, February 19, 2021

Mercator Energy
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A Growing Awareness of the Irony - -

“The nature of electricity markets,
iInstantaneous matching of supply and
demand, means that intermittent
technologies are not perfect substitutes for
any one of dispatchable technology.

Source: Government Support for Intermittent Renewable Generation Technologies,
Arthur Campbell, April 6, 2009, MIT Department of Economics

37



Energy-Only Market vs. Capacity Market - -

A What is the difference between an
energyonly marketand acapacity
market?

A Will that answer explain who is to
blame for the Texas Energy Disaster?




What does Capacity Factor mean? - -

A Thecapacity factor (CR)f an electric power plant is
the ratio of its actual outputovera period of timeto
Its potential output if the plant could operate 100
percent of the time

A The CF for a power plant is calculatecdbgding the
actual amount of electricity generatedy the plant
by how much electricity the plant could have
generated the same amount of time at 100% capacity

39



Not All Megawatts are Created Equal

pE— Capacity Factor by Energy Source — 2019
€. IFyo

R™ % AINTFIRST

NS VOURELST s (S

40



Are Renewables/Wind the Answer?

A Electricity production in the US is predicated o
reliablility, affordability, and security

A Large amounts of electricigannot be stored
efficiently or economically

A Wind is an energy resour¢enot a capacity
resource

A Wind can only béurned down or off

A Did Texas politiciarstack the deck for wind
energy?

41



What is Economic Dispatch? - -

GCKS 2LISNIOAZ2Y 2F ISYSNIOGAZY
the lowest cost to reliably serve consumersecognizing any
2LISNY GA2yFE fTAYAGA 2F ISYSNF

- Energy Policy Act of 2005

Not All Megawatts are Created Equal

{2dzNDSY ¢! wSLERNI G2 /2y3aNBaa FyR GKS {dF G8a t dzNE dzl yShtesiDepaidniest of EQyi ReBryady 2000 A | Y R



Mercator Energy
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Storage Cost Comparison: Natural Gas vs. Wind

Mercator Energy
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Limited Battery Production and Capacity

Mercator Energy

A It would take 500 year§ 2 NJ ¢ S&ft I Q
to make enough batterie§ 2 & 0 2 NB
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Seven Minutes of Power

Worl dos Largest Utility Sca

A Theg 2 NI RQa f |, NAtSdiniFaibanks IABSKE, weigh st
1,300metric tonsand islarger than a football field o B L

A It can only provide enough electricity for about 12,000 residents
2NJ oy LISNDODSY (G 27T GévanNdinbitgs] & Q Kk IR

ACKFIGQa dzaSTdz F2N) aK2NI 2 dzi | g
Ady Qi STFSOUAGYS Sy2dzAK (2 I CEESS
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L1 mi ted Natur al Resources Dr

\ GI‘MOI‘ Iﬁrgf

A A 200% 2,000% increase in mining for rare earth metaldl be required to keep up with
planned developments in battery productigralmost none of which will occur in the US

INCREASE IN MINING

LITHIUM COBALT COPPER IRIDIUM DYSPROSIUM
6.94 58.933 63.54 192.21 162.5

{ 2dzNDOSY a2 KIF iQa 2 NP paged)MarkMilks, SghembenlR 20R@ f | NK ¢ >
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The Peak of

nfield

A More than4.5 million customers
In Texas were without power
during the peak of outages in the
state this week, as freezing
temperatures hit parts of the
country

A This map shows activity 40
a.m. on February 16, 2021

SourcesEdHirsHas Been Predicting This Mess for Y,eeegas Monthly, Mimi Swartz, February 19, 2021
Poweroutage.us
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Days Without Power in Texas - -

Donot Texans Deserve t he San
Data Centers?

A Data centers require that their power have
OFTANAYS NBIAIFIOAT AUEE
A Power must be available 99.999%

A That only allows fos minutes of interruption
INn one calendar year

A Friends of mine in Austin wergithout power
for 45 consecutive hours

A How would you recharge atbur battery
during that time?

49



X
=
-
O
)
©
-
D
-
D
O
P
| —
>
@)
1

ERCOT Hourly Generation Mix

Source: EIA Grid Monitor
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What is Reserve Margin Electricity? - -

LY 9w/ h¢ LI NI Irgserenargik Sa & B & ¥ A
percentage terms an amount of installed generation capacity

on the system beyond projected pealectricity demand.
Although more expensive to maintain, comparatively higher
reserve margingypically equate to comparatively lower risk

for blackouts.
December 5, 2019

51



v Py

A‘ A
In -
- L/
'« (X

ERCOT has the Lowest Planning Reserve Margins in North America TVeercator Bner

G¢CKS Db2NIK ! YSNAOFY 9t SOUNRO wStAFoAf AGEe [/ 2NL}2 NI
 RRNB&aa ! YSNAOIFIQa St SOUNRO NBf Al 0Af Adithe Elackia dzS a o
Reliability Council of Texgsas the lowest level of reserves of any area in North America:
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Figure 1: Anticipated and Prospective Reserve Margins for 2024 Peak Season by Assessment Area

Source: ERCOT Reliability: Systematic Unpreparedness, A Twentieth Century Solution for-&ilst/&agitury Problem, Larry Keman and Robert McCullough 52
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5-Year Projected Reserve Margins

Assessment Areas 2024 Peak Anticipated | 2024 Reference Expected Capacitgurplus or | Assessment Result
Reserve Margin Margin Level Shortfall (MW) Through 2024

MISO 17.5% 16.8% Adequate
MROManitoba 17.6% 12.0% 269 Adequate
MROSaskPower 16.6% 11.0% 219 Adequate
NPC&Maritimes 26.0% 20.0% 320 Adequate
NPC&New England 27.3% 17.8% 2,261 Adequate
NPC&New York 25.3% 15.0% 3,152 Adequate
NPC&Ontario 17.3% 20.1% -615 Marginal

NPC&uebec 13.7% 12.8% 324 Adequate
PJM 34.3% 15.7% 26,779 Adequate
SERC 32.0% 15.0% 3,862 Adequate

Source: ERCOT Reliability: Systematic Unpreparedness, A Twentieth Century Solution for-&ifst@egtury Problem, Larry Keeinan and Robert McCullough 53
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¢CFrofS MY bo9w/ Qa wAia]l S5SUSNNYAYLFGAZY 2F | f
5-Year Projected Reserve Margins

Assessment Areas 2024 Peak Anticipated | 2024 Reference Expected Capacitgurplus or | Assessment Result
Reserve Margin Margin Level Shortfall (MW) Through 2024

SERE 28.1% 15.0% 6,828 Adequate
SEREP 25.3% 15.0% 4,827 Adequate
SERGE 36.5% 15.0% 9,875 Adequate
SPP 23.0% 12.0% 5,966 Adequate
TREERCOT 7.8% 13.75% -4,859 Marginal

WECEAB 20.9% 10.1% 1,326 Adequate
WECEBC 14.8% 10.1% 577 Adequate
WECECAMX 15.7% 13.9% 958 Adequate
WECENWPPUS 22.1% 15.8% 3,288 Adequate
WECERMRG 16.7% 12.4% 590 Adequate
WECERSG 14.5% 11.0% 916 Adequate

Source: ERCOT Reliability: Systematic Unpreparedness, A Twentieth Century Solution for-&ifst&€agtury Problem, Larry Keman and Robert McCullough
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An Example of One Gas Fired Generator on ERCOT
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Luminant Gas Fired Generators in Texas (2021)

Morgan Creek

Odessa; Ector 1,054
Permian Basin 325
Graham Power 630
Wise 787
DeCordova 260
Lake Hubbard 921
Lamar 1,076
Forney 1,912
Midlothian 1,596
Ennis 366
Trinidad 244
Stryker 685

Colorado City, TX

Odessa, TX
Monahans TX

Graham, TX
Poolville, TX
Granbury, TX
Sunnyvale, TX
Paris, TX
Forney, TX
Midlothian, TX
Ennis, TX
Trinidad, TX

Jacksonville, TX

Total Capacity] 10,246 Megawatts

Melcatm Energy
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Luminant (Subsidiary of Vistra) Texas Faclilities Map
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Mercator Energy
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Natural Gas Supply for the Texas Gas Plant

A How much natural gas supply is required on a daily
pasis to fuel the needs of Luminant gasd power
nlants in Texas (Assuming 7,000 heat rate)?

1 1,721,333 MMBTU / Day

A If you assume that natural gas pipeline Firm
Transportation delivery contracts would be $0.40 /
aa.¢! F2NJ SFOK aa. ¢! 2

A For approximately $700,000 per day, Luminant
through pipeline Firm Transportation contracts
could guarantee deliveries of natural gas during
peak time periods

| magi ne the conversat.|
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How Does Luminant/Natural Gas Generation Compete Against Wind? ercamnergy

A Luminant starts in the hole in anyrBinute auction if they have to
guarantee pipeline deliveries by holding a Firm transportation contract
2417/ 365 days a year

A Wind energy produceBRA Ry QU KIF @S (G2 62NNE | 02

A In fact, the Texas State Legislature proposed the CREZ (Competitive
Renewable Energy Zon&spP00Omile transmission project to connect
18,500 MW of electricity from the Panhandle/West Texas to population
centers in Dallas/Fort Worth and Austinecause wind developers
O2dzf Ry Qi I FF2NR A

A Most every Texas ratepaypays around $8$5 per month(and will do so
for a decade) for CREZ, a project that never would have been built if the
wind developers themselves had to foot the blll

A The final buildout of CREZ cost ne&ybillion of taxpayer dollars
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CREZ Transmission Map tE
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Other Wind Subsidies in Texas S

Renewable Subsidy Costs in Texas

2006-2029

Subsidy/Credit Amount
Production Tax Credit 516.3 billion
Investment Tax Credit ?
CREZ Transmission Lines 514.0 billion
Federal Stimulus Funds 51.6 billion
Renewable Energy Credits 5570 million
Interconnection Costs 51 billion
313 Property Tax Limitations 52.5 billion
312 Property Tax Abatements ?
ORDC Costs Caused by Renewables 52.5 billion?
Average Annual Cost $1.50 billion +
Current Annual Cost $2.47 billion +
% of ERCOT 2018 Total § Sales 7.8% +
% of ERCOT Renewable 5 Income 28.8% +
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Other Wind Subsidies In Texas

Eligibility for the PTC

Parent Company 2016 iﬁz Tu fh?: o
NextEra Energy, Inc.* $778 $5,702 9287
Iberdrola/Avangrid Renewables (Spain)* 5301 52,651 3,497
EDP-Energias de Portugal® $217 $1,671 2,487
Invenergy, LLC* 5227 $1,290 2,181
NRG Energy, Inc. 5178 $1,143 1,553
E.ON (Germany)* $171 51,134 1,987
Duke Energy* $158 $938 1,636
BP plc (England) 5148 5913 1,179
Brookfield Asset Management Inc. 5189 $770 1,525
(Canada)
Dominion Energy, Inc. 5107 5727 762
EDF-Electricite de France* 5174 5622 1,783
Exelon Corp. 595 5528 839
Pattern Energy* $131 $500 870
Enel (Italy)* 5144 5462 1,320
AES Corporation $36 $330 1,191
Share of PTC Market 71% 76% 59%

TOTAL $4,298 $25,474 54,528
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The Effect of the Production Tax Credit (PTC) tEg‘

Negative Power Prices are OK for Wind

A Wind is bid at the lowest prices

A Wind operators have another advantage over generators
that use coal or natural gaa:federal production tax
credit of 2.3 cents per kilowathour that applies to every
kilowatt of power produced

A Even if wind operators give the power away or offer the
system money to take it, they stitkceive a tax credit
equal to $23 per megawathour
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Legislators Support Wind Generation LM

Andrew Barlow, Head of the PUC In Texas Is quoted as follows

a[ STAAat I G2NE KIS aK2gynha 0 N2
YFNJ] SO GKIFO KIFa FdzSt SR 0KS

electricity generation fleet and yielded significant benefits for

customers while makindgexas the national leader in installed

wind generatiomp €

Source: Assigning Blame for the Blackouts in Texas, February 18, 2021, By Planning Engineer
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Legislators Support Wind Generation LH

As noted by the head of the PUC In Texas, an
energy only market can fuel diversification
towards intermittent resources. It does this
because It rewards only energy that is fed
Into the grid, not backup power.

B8 Source: Assigning Blame for the Blackouts in Texas, February 18, 2021, By Planning Engineer

M(‘r(‘al()l‘ Energy 64




Wel | & Texas Won the Compet it fpohe

The five states with the most wind capacity installed
at the end of 2019 were:

. Texas (28,843 MW)
lowa (10,201 MW)
. Oklahoma ( 8,172 MW)
Kansas ( 6,128 MW)
. California ( 5,973 MW)

gAwWwN e
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Did Texas PUC Action Drive Natural Gas Prices Higher? - S—

ACKS t!/ YSU az2yRlIé&X CSONHzZt NBE mp G2
and decided to order ERCOTstt prices administratively at the
$9,000/MWh systemwideoffer cap during the emergency.

A $9 / KWH for electricity = $2,640.00 / MMBTU for natural gas

A Stated another way, any price a gired generator paid below $2,640.00
for natural gas supply was a good deal to convert a gas molecule to an
electron

A Reaction: Minnesota Sen. Tina Smith calls for federal regulators to
Investigate possible price gauging of natural g@aspot prices spiked as
high as 100 times typical levels
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Critical PUC Move 0 February 15, 2021

Mercator Energy

A Andrew Barlow, spokesman for
the Texas Public Utility = =
| 2YYAaaArz2ys al ARY =
3t AGOK¢ OFdzaSR (G}
electricity toremain artificially |
low at $1,200 per MW

A According to spokesman Barlow,
that is why the TPUQrdered the
price be fixed iImmediately{on

Monday, February 1% at $9000
per MW
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What Broke?

Ga¢CKS . fI O]}
Event Caused the ERCOT
Wholesale Market to Incur
Charges for Wholesale
Power of $55 Billion Over
a SeverDay Period, an
Amount Equal to What it
Ordinarily Incurs over Four
SI N& ¢

Source: In the United States Bankruptcy Court for the Southern District of Texas HoustonlDirgsiBrazos Electric Power Cooperative, Inc., Case N8072b,
Chapter 11, Declaration of Cliftéfarneiin Support of Chapter 11 Petition and Emergency st Motions, Filed on March 1, 2021 68



Did Texas PUC Action Drive Natural Gas Prices Higher? - S—

A The following 9 pages specifically address natural gas volume, number of deals, and resulti
Index for the following three critical trading points related to Texas during the ERCOT crisis:

I Panhandle, TXOKLA
T WAHA
I NYMEX Henry Hub

A These postings include the volume in 1,000 MMBTU and the number of deals transacted

each day. You can also find a link to the S&P Global Platts Gas Daily Price Assessment
Methodology

A Given the volume and number of trades reported at each of the Price Assessment ®oints

would be virtually impossible for natural gas producers to manipulate the spot market for
natural gas
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Gas Price Manipulation? NO WAY!

WahaS&P Global Platts Gas Daily Index

February 5, 2021 $2.76

February 6, 2021 $3.15 1237 187
February 7, 2021 $3.15 1237 187
February 8, 2021 $3.15 1237 187
February 9, 2021 $3.14 841 127
February 10, 2021 $3.26 1520 212
February 11, 2021 $4.54 1297 201
February 12, 2021 $11.69 1204 183
February 13, 2021 $153.62 770 133
February 14, 2021 $153.62 770 133
February 15, 2021 $153.62 770 133
February 16, 2021 $153.62 770 133
February 17, 2021 $208.79 452 78
February 18, 2021 $64.22 389 76
February 19, 2021 $8.51 365 46
February 20, 2021 $4.46 507 83
February 21, 2021 $4.46 507 83
February 22, 2021 $4.46 507 83
February 23, 2021 $2.58 838 110

*VVolume in 000 MMBtu/day 70



Gas Price Manipulation? NO WAY!

WahaS&P Global Platts Gas Dally Index

/_/\\
.. / \

February 5, 2021 February 10, 2021 February 15, 2021 February 20, 2021

$250.00

$200.00

====\\/aha Gas Daily Index price
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Gas Price Manipulation? NO WAY!

WahaPIatts Gas Dally Historical Index

January 29, 2011 $4.125

January 30, 2011 $4.125 597 78
January 31, 2011 $4.125 597 78
February 1, 2011 $4.470 786 87
February 2, 2011 $4.790 1,238 125
February 3, 2011 $5.795 905 92
February 4, 2011 $7.295 753 83
February 5, 2011 $4.760 940 91
February 6, 2011 $4.760 940 91
February 7, 2011 $4.760 940 91
February8, 2011 $4.250 529 75

*VVolume in 000 MMBtu/day 72



Gas Price Manipulation? NO WAY!

NYMEX Henry Hub S&P Global Platts Gas Daily Index

February 5, 2021 $2.92

February 6, 2021 $3.39 185 43
February 7, 2021 $3.39 185 43
February 8, 2021 $3.39 185 43
February 9, 2021 $3.18 158 29
February 10, 2021 $3.20 155 22
February 11, 2021 $3.68 387 60
February 12, 2021 $5.88 731 91
February 13, 2021 $6.00 709 92
February 14, 2021 $6.00 709 92
February 15, 2021 $6.00 709 92
February 16, 2021 $6.00 709 92
February 17, 2021 $16.96 459 64
February 18, 2021 $23.61 464 58
February 19, 2021 $7.50 232 26
February 20, 2021 $4.99 282 40
February 21, 2021 $4.99 282 40
February 22, 2021 $4.99 282 40
February 23, 2021 $2.84 278 40

*Volume in 000 MMBtu/day 73



Gas Price Manipulation? NO WAY!

NYMEX Henry Hub S&P Global Platts Gas Dally Index

$250.00
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$0.00 T . .
February 5, 2021 February 10, 2021 February 15, 2021 February 20, 2021

Henry Hub Gas Daily Index price
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Texas Winter Stormé the .6 S

A Deaths 69

A Damages$18 billion (early estimate)
A 4+ days ofolling blackouts

A Countlesempty grocery stores

Al 2dzy it Saa Go2Af

A Supply chain efficiency shut down

A Zero crude oil exports

A Death knell for retail electric companies®™

in Texas ke
A Exponential increase in gas and electric

utility bills
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unforeseeable and unprecedented market pricing for gas cost®st notably in our
Colorado, Kansas, and Texas jurisdictions, which resulted in aggregated natural gas
purchases during this period of approximat8R.5 to $3.5 billion for these

jurisdictionsp ¢ KSaS LJzNOKIF aSa | NBE 3ISYSNIffe |

A To indicate the scale of this liquidity event, in 2019 SOCAL Gas Company,
the largest gas company in the US, with 5.5 million customers, earned
$2.8 billion for residential revenudor the entire year
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Mercator Energy

Customers of Retall Electric Marketers Feel Pricing Pain

DeAndre Upshaw of
Dallas said the

electric bill for his

900 -square -foot, two -
story townhouse was
also $5,000.

TDU Delivery Charges
$6312 v

Griddy Membership
$648

Taxes & Fees

$20350

T —
B T

Total e —————

A The Texas power suppli@riddy which sells unusual plans with prices
tied to the spot price of power on the Texas grid, warned its customers

over the weekend that their bills would rise significantly during the

storm and that they should switch providers.
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