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The ERCOT Region
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The interconnected 
electrical system 
serving most of Texas, 
with limited external 
connections

Å 90% of Texas electric 
load; 75% of Texas land 

Å 74,820 MW peak, 
Aug. 12, 2019

Å More than 46,500 miles of 
transmission lines

Å 710+ generation units 
(excluding PUNs)

ERCOT connections to other grids 
are limited to ~1,220 MW of direct 
current (DC) ties, which allow 
control over flow of electricity

Western 

Interconnection

Includes El Paso and 

Far West Texas

Eastern 

Interconnection

Includes portions of 

East Texas and the 

Panhandle region

600 MW with SPP

100 MW with CENACE

at Laredo 300 MW with CENACE at McAllen

220 MW with SPP

ERCOT Interconnection
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ERCOT Facts
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Inverter-Based Resource Capacity ïSeptember 2021
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Inverter-Based Resources in ERCOT
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Å> 45 GW IBRs are expected to be 

connected to the ERCOT transmission 

grid by the end of 2021.

ÅMost wind and solar generation are in 

West Texas:

ïLong distance transfer to load centers

ïLimited/no online synchronous generators in 

West Texas during high IBR output periods

2021

Å>34GW Wind

Å>10 GW Solar

Å>1.4 GW Battery 

2023

Å>39 GW Wind

Å>30 GW Solar

Å>4.5 GW Battery
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ERCOT Panhandle

Å > 10 GW IBRs connect to Panhandle and nearby Panhandle

ï IBRs are located at remote areas (high IBR penetration) 

ï Limited/no online synchronous generators (low short circuit)

ï Long distance large power transfer (high impedance)

Å Indicators of weak grid

ïHigh frequency oscillation or numerical instability in PSS/e

ïHigh voltage overshoot or even high voltage collapse

ï Low WSCR (weighted short circuit ratio)

Å Improvement Options

ï Two synchronous condensers were added to Panhandle: stability 

associated with condensers needs to be checked 

ï Reduce impedance: adding new circuits

ïControl tuning and coordination
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What is System Strength?

ÅThe ability of power system equipment to operate in a stable manner and for the 

system to recover from major disturbances, is influenced by the electrical 

óstrengthô of the system at the point where equipment connects. 

ÅóStrongerô systems are more tolerant to variations and perturbations occurring 

within connected plant and recover more easily from major disturbances such as 

faults and the sudden loss of equipment. 
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Source: Babak Badrzadeh et.al., ñSystem strengthò, CIGRE Science and Engineering, February 2021
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System Strength

ÅThere is a limit of how many conventional (grid following) Inverter Based 

Resources (IBRs) can be accommodated (due to system strength and inertia 

issues).

ÅSystem operators may limit the output of IBRs and supply the remaining load 

with synchronous generators to ensure sufficient system strength and/or inertia 

(e.g., Australia, Ireland, Texas).

īSuch operational constraints in the long run may impact further development 

of IBRs.

ÅAlternatively, synchronous condensers are installed to provide grid support, but 

the associated constraints (e.g.. stability) must be assessed.
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Weak Grid: Operations Example
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ÅLessons Learned:

ïModel and tool adequacy

ïImpact on IBR control

ïMitigation options:

ÅIBR dispatch

ÅIBR control tuning

ÅSystem strength enhancement
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Weighted Short Circuit Ratio (WSCR)

Å 2014 Panhandle study recognized limitations of a single plant Short Circuit Ratio for 

characterizing system strength:

Ignores the interactions between neighboring IBRs in a region

May give an overly-optimistic estimation of system strength

Å ERCOT proposed the concept of WSCR:

Recognizes interactions between neighboring IBRs 

Assumes all interacting IBRs are connected at the same bus (!)

ÅὡὛὅὙ
В ᶻ

В

Å WSCR=1.5 was proposed as the minimum pre-contingency system strength for Panhandle 

(based on PSS/E study results).
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Example of WSCR Calculation
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Wind 

Plant

Wind Power 

Production (MW)

Short Circuit 

Capacity (SSC_MVA)

Single

Plant SCR

A 1,200 6,500 5.42

B 1,000 8,000 8.00

C 800 8,500 10.63

D 2,000 7,000 3.5

ὡὛὅὙ
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Determination of WSCR

ERCOT re-evaluated Panhandle area in both phasor-domain stability studies and 

detailed Electromagnetic Transient Studies (EMT) in 2016, 2018 and 2019: 

ÅWSCR of 1.5 for Panhandle region was found appropriate.

ÅWSCR concept was found applicable in the absence of local load and 

synchronous generation, as well as electrically close IBRs remotely connected 

to the main grid.

ÅThe application of WSCR and its threshold are highly system- dependent and 

should be verified and regularly reviewed through detailed studies (e.g. EMT) as 

the system evolves. 
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Evaluation of Panhandle Export Limit in Real-Time

Å For the past 6 years, WSCRÓ1.5 was maintained in Panhandle by curtailing wind generation, if

WSCR was the most limiting constraint.

Å WSCR calculation is built into real-time VSAT*, from which Panhandle export limit is determined

every 10 minutes:

״ ὡὛὅὙ
В ᶻ

В

״ В ὖ is total Panhandle generation at the time of evaluation

If WSCR <1.5, scale down all Pi proportionally so that WSCR = 1.5 under pre-contingency 

condition

New В ὖdetermines Panhandle export limit based on WSCR 
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*VSAT ïVoltage Stability Assessment Tool by Powertech Labs 
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Real-Time Panhandle Export Limit
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Synchronous Condenser (SynCon) Characteristics

Å Two Synchronous Condensers were installed in Panhandle in 2018, each with the following 

specifications:

~175/-125 MVAR, for +/- 10% voltage variation range

~1600 Amps short circuit capability on the high-voltage side

Å Placed in locations that increase WSCR but also improve voltage support and transient 

response.

Å High availability design is required since SynConsô outage directly translates into reduction of 

the maximum power export.

Redundancy in cooling system aux supply, control and protection systems 

The wide range of the machine operating voltage 

Brushless excitation system to reduce maintenance time
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Impact of SynCons on Panhandle Export Limit

ÅSynCons have enabled increase in Panhandle export limit by ~470 MW. 

ÅThe benefit may diminish with additional IBRs and topology changes.
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Intra-Area Oscillations Observed with SynCons

Å 2019 Panhandle dynamic studies identified oscillatory behavior (~1.8 Hz) between SynCons and 

rest of ERCOTôs synchronous generators. 
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