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U Review of Causes, Immediate and Systemic
U Renewable Energy Intermittency
U Future of Texas Grid and Public Policy Impacts

Dispatchable power: When You Need it, You Need it!

Gregg Goodnight, TRCS and CO2 Coalition Member



CS0 WH w TRGEldsshISs Learn

1. Reliability of the ERCOT electrical grid is being
slowly compromised by the cumulative impact of
public policy favoring renewable energy additions

2. Intermittency Is an inherent aspect of renewable
power and needs to be addressed by public policy

3. Adequate levels of dispatchable power need to be
maintained through appropriate policy for power pricing
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The ERCOT Syste

Grid Facs

+ 1,800 Participants Texas leads US in wind

86 GW demand at peak capacity (30GW); 20% of US
+710 generation units 13,000 turbines, 150 farms
+46,500 miles HV Record 23.6 GW (25Jun2l)
transmission lines Grid solar 4.9 GW capacity
+ $0.7 billon new trans. OANRGAYT (2 ™

projects 2020 ($8B total) Batteries 0.3 GW capacity
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ERCOT Power SupplgzOZO

% of
Capacity, Avg.
Source | Utilization Avg. GW Nomlngl Delivered
Capacity| Power

Wind 31.4 31.7% 871 9.9 28.1% 22.9%
Solar 4.9 20.3% 87 1.0 4.4% 2.3%
Hydro 0.5 26.5% 12 0.14 0.5% 0.3%
Coal 13.5 o57.1% 685 7.8 12.1% 18.0%
Natural Gas 56.1 35.3% 1,738 19.8 50.3% 45.6%
Nuclear 5.1 91.8% 415 4.7 4.6% 10.9%
Total 111.7 38.9% 3,809 43.4 100% 100%



ERCOT Power SupplyOZO

Capacity, Avg.

Source | Utilization Avg. GW Nomlngl Delivered
Capacity| Power
Wind 31.4 31.7% 871 9.9 28.1% 22.9%
Solar 4.9 20.3% 87 1.0 4.4% 2.3%
Hydro Average load Is 43GW and capacity Ektz
Coal

112GW, the Issue Is generating pow@EEERz

J2elell 35 you need It and where you need gL
Nuclear 2.1 91.8% 415 4.7 4.6% 10.9%

Total 38.9%  3.809 100% 100%



ERCOT Power SupplyOZO

% of
Capacity, Avg.
Source | Utilization Avg. GW Nomlngl Delivered
Capacity| Power

% sl |ntermittent power 28.1%
4.9 - 4.4% 2.3%
was 25% of deliverec

Hydro 0.5 0.5% 0.3%
power iIn 2020

Coal 13.5 : : 12.1% 18.0%

Natural Gas 56.1 35.3% 1,738 19.8 50.3% 45.6%

Nuclear 5.1 91.8% 415 4.7 4.6% 10.9%

Total 111.7 38.9% 3,809 43.4 100% 100%



ERCOT Power Suppl2020

% of
TWhHyr |Avg. GW | Nominal | Delivered
Capacity| Power

Capacity, A\V/o}

Source | vy Utilization

Wind 314  31.7% 871 9.9 28.1%  22.9%
Solar 4.9 20.3% 87 1.0 4.4% 2.3%
Hydro 0.5 2 Natural gas expecte Gk
Coal 135  57.7% [ERORICSCIONLROVMAVLS  15.0%
56.1  353% 1,738 19.8 50.3%

Nuclear 5.1 91.8% 415 4.7 4.6% 10.9%
Total 111.7 38.9% 3,809 43.4 100% 100%



ERCOT Power SupplyOZO

Capacity, Avg. 00i
Source | Utilization : _ Delivered

Wind 31.4 31.7% 871 9.9 28.1% 22.9%
Solar 4.9 20.3% 87 1.0 4.4% 2.3%
Hydro 0.5 26.5% i 0.3%
Coal 135  57.7% Nuclear supplies 18.0%
Natural Gas 561 35.3% baseload power 45.6%

5.1 91.8% 415 4.7 4.6% 10.9%

Total 111.7 38.9% 3,809 43.4 100% 100%



Current PUC Pricing Polic

Along with the PTC and Carbon Offsey
pricing, Federal Investment Tax Credi§

of 26-30% over the last 20 years has h
a cumulative impact on pushing newg&
capacity almost exclusively towards

renewable power additions




2021 Grid OutageBIg Picture

Pre-storm Activity

U The week ahead warnings that this was
going to be bad N.

U Maintenance outages tor coal/gas deferred
T NB Y ¥ ladk of mdhpower due to COVID
restrictions (1612GW unavailable power from
thermals including coal, and gas)



2021 Grid OutageBig Picture

U 76.8GW Load seen! Load shedding late

eveningC Ramp up of dispatchable power
as wind and solar 9.1G® 5.3GW
U Dispatchable power supply trips

U Loss of frequency control



Loss of Frequency Contr

Entered EEA 3 1,000 MW Load-shed Ordered
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Immediate Cause of Failu

During critical period from 01:00A
to 02:00AM on 2/15/21, lack of

dispatchable powercombined with
Increasing system load anldss of
power from windresulted in loss of
control of system frequency




Spin and Public Perceptlo
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Spin and Public Perceptio

Senator Joe Manchin, D, West Virginia

aX AU 61 &
gas that basically

shut down In Texas
that caused all of

that of that horrible
carnage for people,
AU gl & | g
Interview ¢ 9/12/21



Power Contributions

Critical
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Source: ERCOT data and TNRCC calculations .



Dispatchable vs Weather Dependent Po
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Texas Wind Impact during Storm
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Northern Hemisphere Pressure Anomal

Sea Level, Feb. 143, 2021
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Sea Level Pressure (mb) Composite Anomaly (1981-2010 Climatology)
2/14/21 to 2/18/21

NCEP/NCAR Reanalysis
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High Pressure Over North Americe

)
> U A highpressure front
0 stabilized over Texas and
p the US plains region
I = U After Uri moved through, wind
1 turbines were idled all the way
) . .
-5 5 up to Canadaincluding fully
& winterized units
I
= U High pressure weather
5 patterns are common in both

winter and summer and
Impact wind velocities
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Instability - Minor Contributors

U Freezing of wind turbines

U Freezing of gas wells
U Nuclear reactor outage

U ERCOT not connected to national grids



Issues with Thermal Powe

U Lack of proper prioritization of supply of electricity to NG
supply chain, heat tracing/compressors. Magnitude?

U Natural gas supply to a power plant was shut due to
Interruptible power contract

U One plant incurred low voltage trip ahead of a frequency trip

U Coal in railroad cars iced over

U Poor timing of shutdowns, e.g. pigging of NG supply line

U Net impact of low NG header pressures?

U Too many plants in planned outages
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Calls to Fix the Grid

U Hearings held in Texas House (2/26) and US House (3/24)
iC20dza 2y HnanmMm FTNBSIS IyR ySS

U Texas Legislature passes nbdNJBS & ONJA LJG A OS { . o
A broad authority to PUC teestructure power pricing policy.

U Gov. Greg Abbott issues a strong directive to fix underlying issu

U Multiple Federal initiatives in Washington have the potential to
totally impact the reliability of the ERCOT grid, especially a
national renewable mandate (100% by 20357?)
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Intermittency of Renewable

Takehome messages for today!

U Renewable intermittency was one of the three major components of
9w/ h¢ CSONHzZE NBE WHmM ONI aK

U2 AYR YR az2ftl N FTSIRAIRE HI&KIISS G N IR&

U Who owns this intermittent nature of renewables@ In practice,
costs and risks are socialize@rid customers pay for the excess costs
and bear incremental risks

U Who benefits2cLy LINF OGAOSET St SOUNAOA
NEBYySglFotS SYSNHeé&é LI Ol 3saod |/
POWEer.

i e
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Intermittency of Renewable

U Wind and solar advocates argue that all power
sources are intermittent; they cite planned an
unplanned thermal outages (gas/coal/nuclear)

U This Is a false equivalence

U Intermittent nature of wind and solar are
weather-related and noncontrollable. They ar

routine on a daily, monthly, and seasonal basis.

This is In addition to operational outages




Engineering the Grid for Reliabilit

U Intermittency of renewables must be addressed!

U ERCOT is short a minimum of 10GW of dispatchable power

U Berkshire Hathaway pitched addition of 10GW natwigés
fired power if profitability is guaranteed

U Best technical solution may be RIGEe¢iprocatinginternal
Combustion Engines) like those seen at South Texas
Electrical Caeop and City of Denton

U Requirements for new weathedependent power sources
to provide backup at their own expense
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= Feeding Electrons into the Grig
Are All Electrons the Same?

Current PUC pricing policy: All electrons
Into the grid are priced the same. There Is

no premium for consistency of output or
RAALI GOKFOAfAGED 9
and carbon credits tilt playing field




Avg wind velocity, MPH

Monthly Abilene Wind Spee
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Reported Wind Power for ERCOT, August 2020
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UK Power Prices, 2021

[
Highly charged

Day-ahead wholesale baseload power prices
€ per MWh
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with 70% imported

UK power depends on wind

turbines in North Sea

Gas is the primary energy back

for both UK and Europe

Lack of power from low wind

resulted in high demand for natural
gas that was costly and unavailable
Typical residential prices for power
have been Euro16200/MWh

Gasbased chemical industry in the

UK shut down due to nen

competitive position
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