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Overview

• Interconnected electric grids world-wide are in a 

period of rapid transition.  Examples include

– Integration of large amounts of renewable generation

– Changing load, including more electric vehicles

– Customers having more choice in their electric service

– Inclusion of new technologies for sensing and control, 

such as phasor measurement units with “big data”

• There are lots of opportunities for innovation and 

changes in how the grid is operated

• This presentation discusses one potential change, 

the integration of the North American Eastern and 

Western electric grids
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Background: Major North America 

Interconnects
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Image Source: North American Electric Reliability Corporation 



2019 US Generation by Capacity and Fuel
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Oval size is proportional to the substation generation capacity, and color indicates primary fuel type (red 

nuclear, black coal, brown natural gas, blue hydro, green wind, yellow solar).  Image shows public data 

from EIA Form 860; image created using PowerWorld Simulator.  



2019 US Generation by Capacity 

and Fuel Type (Zoomed on Texas)
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Verm illion Energy Facilit y

Sut t er  Energy Cent er

Rockingham  Count y CT St at ion

RS Cogen

M agic Valley Generat ing St at ion

Gr if f it h Energy LLC

M ilf ord Power  Proj ect

M anchief  Elect r ic Generat ing St at ion

Walt on Count y Power  LLC

Dese rt Basin

Kendall Count y Generat ion Facilit y

Tenaska Gat eway Generat ing St at ion

Alliant  Energy Neenah

Rio Nogales Power  Proj ect

Wolf  Hollow I  LP

Hawk Road Facilit y

Hays Energy Proj ect

Green Count r y Energy LLC

Wor t hingt on Generat ion LLC

Lake Road Generat ing Plant

La Palom a Generat ing Plant

Guadalupe Generat ing St at ion

Lost  Pines 1 Power  Proj ect

Bluegrass Generat ing St at ion

Calcasieu

Broad River  Energy Cent er

Bast r op Energy Cent er

Granite  Ridge

Bosque Count y Peaking

Acadia Energy Cent er

East m an Cogenerat ion Facilit y

Sout h Point  Energy Cent er

Dogwood Energy Facilit y

Rat hdrum  Power  LLC

Sunr ise Power  LLC

Nelson Energy Cent er

Channelview Cogenerat ion Plant

Cordova Energy

Osceola (FL)

Ont elaunee Energy Cent er

Spr ingdale 1 & 2

Caledonia

River side Generat ing LLC

Elwood Ene rgy  L L C

Gibson Cit y Energy Cent er  LLC

Pinckneyville

Kinm undy

Corpus Chr ist i Energy Cent er

Lake Bent on I

Af t on Generat ing St at ion

ANP Bellingham  Energy Proj ect

ANP Blackst one Energy Proj ect

Odessa-Ect or  Power  Plant

M or r is Cogenerat ion LLC

Los M edanos Energy Cent er

Hinds Energy Facilit y

Atta la

Har r y L.  Oswald

Lincoln Generat ing Facilit y

Ennis Power  Com pany LLC

Wheat land Generat ing Facilit y

Onet a Energy Cent er

Freest one Energy Cent er

Greenville Elect r ic Generat ing St at ion

M ont pelier  Elect r ic Generat ing St at ion

Jack County

Liber t y Elect r ic Power  Plant

M ar shall Energy Facilit y

Handsom e Lake Energy LLC

Audrain Generat ing St at ion

Lee Energy Facilit y

Energy Shelby Count y

NRG Rockf ord I

Red Oak Power  LLC

Hog Bayou Energy Cent er Sant a Rosa Energy Cent er

Ast or ia Gas Turbines

Doyle Energy Facilit y

Darby Power ,  LLC

Univer sit y Par k Sout h

Gleason Generat ing Facilit y

Cret e Energy Vent ure LLC

Whit ing Clean Energy

Lake Bent on I I

Edward L.  Addison Generat ing Plant

TVA Sout haven Com bined Cycle

Jackson Generat ing St at ion

Tenaska Lindsay Hill Generat ing St at ion

Ceredo Generat ing St at ion

Aurora

Sout heast  Chicago Energy Proj ect

Ar lingt on Valley Energy Facilit y

Front  Range Power  Plant

Big Sandy Peaker  Plant

Wolf  Hills Energy

Oleander  Power  Proj ect  LP

St orm  Lake I I

Decat ur  Energy Cent er

M organ Energy Cent er

West brook Energy Cent er  Power  Plant

Blyt he Energy Inc

Calum et  Energy Team  LLC

New Cover t  Generat ing Facilit y

Fair less Energy Cent er

Channel Energy Cent er  LLC

Bacont on Power  Plant

Gila River  Power  Block 4

Ingleside Cogenerat ion

Fore River  Generat ing St at ion

Ind ian Riv e r

Wise Count y Power  LLC

Chuck Lenzie Generat ing St at ion

Bayt own Energy Cent er

Herm ist on Power  Par t ner ship

Washingt on Count y Power  LLC

Delt a Energy Cent er

Holland Energy Facilit y

Ironwood L L C

Dell Power  St at ion

Luna Energy Facilit y

Ot ay M esa Generat ing Proj ect

Armstrong
Troy  Ene rgy  L L C

Pleasant s Energy LLC

Dresden Energy Facilit y

Jack Fusco Energy Cent er

Cot t onwood Energy Proj ect

Sugar  Creek Power

Exelon LaPor t e Generat ing St at ion

Harquahala Generat ing Proj ect

Ast or ia Energy

Gans

Union Power Station

Com m onwealt h Chesapeake

Thom as A Sm it h Energy Facilit y

Colum bia Energy Cent er  (SC)

RockGen Energy Cent er

Zion Energy Cent er

M et calf  Energy Cent er

Crossroads Energy Cent er

Washingt on Energy Facilit y

Elk Hills Power  LLC

Rolling Hills Generat ing

Renaissance Power  Plant

Carville Energy LLC

At hens Generat ing Plant

Ef f ingham  Count y Power  Proj ect

Calhoun Energy Cent er

Hillabee Energy Cent er

Osprey Energy Cent er  Power  Plant

Shady Hills Generat ing St at ion

Vandolah Power  St at ion

Raccoon Creek Energy Cent er

Hot  Spr ing Generat ing Facilit y

Plaquem ine Cogenerat ion Plant

Kent ucky M ills

Bayou Cove Peaking Power

Elgin Energy Cent er  LLC

Tenaska Vir ginia Generat ing St at ion

Tenaska Cent r al Alabam a Generat ing St n

M agnolia Power  Plant

Fount ain Valley Power  Facilit y

Red Hawk

M cClain Energy Facilit y

Redbud Power  Plant

Deer  Par k Energy Cent er

Ouachita

Green Power 2

Wygen 1

Forney Energy Cent er

M esquit e Generat ing St at ion Block 2

Goldendale Generat ing St at ion

Goose Creek Energy Cent er

Kiam ichi Energy Facilit y

Lawrenceburg Power ,  LLC

Wat er f ord Power ,  LLC

Frank Knut son

Apex Generat ing St at ion

Fayet t e Energy Facilit y

Wallingf ord Energy

High Deser t  Power  Plant

Sundance

York Energy Cent er

Indigo Energy Facilit y

Hidalgo Energy Cent er

King M ount ain Wind Ranch 1

Per r yville Power  St at ion

West  Valley Generat ion Proj ect

Univer sit y Par k Nor t h

River side Energy Cent er

Blue Spruce Energy Cent er

Plains End

Spr ing Creek Energy Cent er

Cham ber sburg

Past or ia Energy Facilit y,  LLC

Essent ial Power  Newingt on LLC

Chehalis Generat ing Facilit y

Har r ison Count y Power  Proj ect

Lower  M ount  Bet hel Energy

AL Sander sville LLC

Higgins Generat ing St at ion

Bet hlehem  Power  Plant

Quant um  Choct aw Power  LLC

M int  Farm  Generat ing St at ion

Frem ont  Energy Cent er

Choct aw Count y

Allegheny Energy Unit s 3 4 & 5

Magne t Cov e

Dean

Bennet t  M ount ain

Hanging Rock Energy Facilit y

Los Est eros Cr it ical Energy Cent er

M ar cus Hook Energy LP

Freder ickson Power  LP

Cur t is H St ant on Energy Cent er

Rocky M ount ain Energy Cent er

Silverhawk

Inland Em pir e Energy Cent er

Prair ie St at e Generat ing St at ion

Jasper

Tracy Com bined Cycle Power  Plant

NAEA Ocean Peaking Power  LLC

Warren County

Wansley Com bined Cycle

Cosum nes

Cass Count y

Hunt er st own Power  Plant

Bluf f view

Palom ar  Energy

Deser t  Sky

Exir a

AM EA Peaking

Fox Energy Cent er

M alburg

M agnolia Power  Proj ect

CPV Towant ic Energy Cent er

Elm  Road Generat ing St at ion

High Winds LLC

Walnut  Energy Cent er

New M exico Wind Energy Cent er

Currant Creek

M ankat o Energy Cent er

Brazos Wind Farm

River side Energy Resour ce Cent er

M cInt osh Com bined Cycle Facilit y

Sout h Harper

Freepor t  Energy Cent er

Far ibault  Energy Park

Sheboygan Falls

500MW CC

TS Power  Plant

Por t  West ward

EG178 Facilit y

Cait hness Long Island Energy Cent er

Lake Side Power  Plant

Grot on Generat ing St at ion

M alaga Power  LLC

Cannon Falls Energy Cent er

Shell Chem ical

Anson Count y Generat ion Facilit y

Int r epid
Cent ury

Hopkins Ridge Wind

Em pir e Generat ing Co LLC

M aple Ridge Wind Farm

Hor se Hollow Wind Energy Cent er

Ham let  Generat ing Facilit y

Roseville Energy Park

Elk River  Wind

Shut e Creek Facilit y

Wygen 2

Wild Hor se

M ust ang St at ion Unit  4

Har r y D M at t ison Gas Plant

Sweet wat er  Wind 4 LLC

High Trail Wind Farm  LLC

Cedar  Ridge

Quail Run Energy Cent er

Colorado Bend Energy Cent er

Spearville

Leaning Juniper

Big Horn Wind Proj ect

Cedar  Creek Wind

M esquit e Wind Power  LLC

Treasure Coast  Energy Cent er

West County  Ene rgy  Cente r

Spindle Hill Energy Cent er

GSG LLC

Plum  Point  Energy St at ion

Hobbs Generat ing St at ion

M arengo Wind Plant

Russell Cit y Energy Cent er

Klondike Windpower  I I I

Gat eway Generat ing St at ion

Post  Oak Wind LLC

Buf f alo Gap 2 Wind Farm

Biglow Canyon Wind Farm

Whit e Creek Wind Farm

NedPower  M ount  St orm

Pom eroy Wind Farm

Em por ia Energy Cent er

Jonesboro Cit y Wat er  & Light  Plant

Colusa Generat ing St at ion
Peet z Table Wind Energy

John W Turk Jr  Power  Plant

J Lam ar  St all Unit

Roscoe Wind Farm  LLC

Wygen I I I

Prair ie Winds SD1

Dry Fork St at ion

Deer  Creek St at ion

Sandy Creek Energy St at ion

Logan Wind Energy

Old Trail Wind Farm

Fent on Wind Farm

M idway Peaking LLC

M ichigan Wind 2

Pat t ern Gulf  Wind

Goodnoe Hills

Longview Power  Plant

Winchest er  Power  Park

CFB Power  Plant

Goat  Wind LP

Capr icorn Ridge Wind LLC

Fowler  Ridge Wind Farm  LLC

Cloud Count y Wind Farm

Geism ar  Cogen

Penascal Wind Power  LLC

Pioneer  Prair ie Wind Farm

Kleen Energy Syst em s Proj ect

Greenland Energy Cent er

Panoche Energy Cent er

Cedar  Bayou 4

Bear  Garden

Virginia Cit y Hybr id Energy Cent er

Car roll Wind Farm

Adair  Wind Farm

Walnut  Wind Farm

Solana Generat ing St at ion

Hackber r y Wind Farm

Kibby Wind Facilit y

Glenrock

Rolling Hills

Seven M ile Hill

CPV St  Char les Energy Cent er

M arble River  Wind Farm

Dave Gat es Generat ing St at ion

Im per ial Valley Solar ,  LLC

CPV Valley Energy Cent er

Grand Ridge Wind Energy Cent er

Coolidge Generat ion St at ion

Bull Creek Wind

Not rees Windpower  Hybr id

West  Dept f ord Energy St at ion

Bayonne Energy Cent er

Pant her  Creek Wind Farm  Three

Pyron Wind Farm  LLC Hybr id

Papalot e Creek I  LLC

Inadale Wind Farm  LLC Hybr id

Grand M eadow

Pueblo Air por t  Generat ing St at ion

Canyon Power  Plant

Langley Gulch Power  Plant

Cleveland Cnt y Generat ing Facilit y

Sout hcent r al Power  Proj ect

Ratcliffe

High Plains

Nobles Wind Proj ect

GenConn M iddlet own LLC

GenConn Devon LLC

Ivanpah 2

Ivanpah 1

Ivanpah 3

M ilf ord Wind Cor r idor  I  LLC

St r eat or  Cayuga Ridge Sout h

Penascal I I  Wind Proj ect  LLC

M eadow Lake Wind Farm  LLC

Blackst one Wind Farm  I I  LLC

Big Sky Wind LLC

Windy Flat s Wind Proj ect

Lower  Snake River  Wind Energy Proj ect

Bent  Tree Wind Farm  Phase 1

Glacier  Hills

Cedar  Creek I I

Goshen Phase I I

Papalot e Creek I I  LLC

Cedro Hill Wind LLC

Taloga Wind LLC

M ar sh Landing Generat ing St at ion

M inonk Wind Farm

Alpine Solar

Dunlap

Cr it er ion

Cedar  Point  Wind

FPL Energy I llinois Wind LLC Hybr id

M oj ave Solar  Proj ect

Crossroads Wind Farm

Leaning Juniper  Wind Power  I I

Elk Cit y LLC

Baldwin Wind LLC

Gar r ison Energy Cent er  LLC

Agua Calient e Solar  Proj ect

Lakef ield Wind Proj ect  LLC

AV Solar  Ranch One

Genesis Solar  Energy Proj ect

Sherbino I I

Buf f alo Ridge I I  LLC

Calif ornia Valley Solar  Ranch

M cGinness Hills

Blue Creek Wind Proj ect
Bishop Hill Energy LLC

Garden Wind LLC

Sent inel Energy Cent er ,  LLC

M ar iposa Energy Proj ect

M anzana Wind LLC

Rolling Hills Wind Farm

Ocot illo Express LLC

Walnut  Creek Energy Park

KODE Novus I

Tr init y Hills

Nor t h Hur lbur t  Wind LLC

Kawailoa Wind

Palouse

Bingham  Wind

Sout h Hur lbur t  Wind LLC

Hor seshoe Bend Wind LLC

Pio Pico Energy Cent er

Waver ly Wind Farm  LLC

Hidalgo Wind Farm  LLC

Br ight  St alk Wind Farm  I

I r onwood Wind

Prair ie Rose Wind Farm

Ast or ia Energy I I

Topaz Solar  Farm

Vasco Winds

M esquit e Solar  1

Laurel Hill Wind

Los Vient os Wind 1A

Los Vient os Wind 1B

Pacif ic Wind LLC

Windst ar  1

Flat  Ridge 2 Wind Energy LLC

St  Joseph Energy Cent er

M agic Valley Wind Farm  I  LLC

M ust ang Hills LLC

Pinyon Pine I

Alt a Wind VI I I

Pinyon Pine I I

Woodbr idge Energy Cent er

Wabash Valley Power  IGCC

Caney River  Wind Proj ect

M oapa Sout hern Paiut e

Wildcat  Wind Farm  I ,  LLC

Ant elope St at ion

Eclipse Wind Farm

Vienna Wind Farm

Pioneer  Generat ing St at ion

El Segundo Energy Cent er  LLC

Tule Wind LLC

Baf f in Wind

Lonesom e Creek St at ion

Spearville 3 LLC

Lodi Energy Cent er

Senat e Wind LLC

St ephens Ranch Wind Energy LLC

Canadian Hills Wind

Deser t  Sunlight  300,  LLC

Nat urEner  Rim  Rock Energy

Panda Tem ple Power  St at ion

Panda Sherm an Power  St at ion

Calif ornia Ridge Wind Energy LLC

Shoot ing St ar

Beebe 1A

Whit et ail

Chisholm  View Wind Proj ect

Newark Energy Cent er

Wolf  Ridge Wind

El Cabo Wind

M ont ague Wind Power  Facilit y LLC

Echo Wind Park

Lim on Wind I

Lim on Wind I I

Ensign Wind LLC

Lee Com bined Cycle Plant

Clayville

M ar shallt own Generat ing St at ion

Pat t ern Panhandle Wind LLC

Rubar t

Brunswick Count y Power  St at ion

Por t  West ward Unit  2

Prair ie Breeze

Solar  St ar  1

Solar  St ar  2

Alt a Wind X

Alt a Wind XI

Headwat er s Wind Farm  LLC

Panda Liber t y Generat ion Plant

Panda Pat r iot  Generat ion Plant

Cent inela Solar  Energy

M cCoy Solar  Energy Proj ect  Hybr id

Cam po Verde Solar

Ect or  Count y Energy Cent er

Buf f alo Dunes Wind Proj ect

LEPA Unit  No.  1

Car t y Generat ing St at ion

Deser t  Sunlight  250,  LLC

M esquit e Generat ing St at ion Block 1

M ont ana Power  St at ion

Tucannon River  Wind Farm

Grandview Wind Farm ,  LLC

Pat r iot  Wind Farm

Silver  St at e Solar  Power  Sout h

St at eline Solar

Odell Wind Farm

Cour t enay Wind Farm

Osage Wind,  LLC

Walnut  Ridge Wind Farm

Grande Prair ie Wind Farm

L V Sut t on Com bined Cycle

Brookf ield

Pat t ern Panhandle Wind 2 LLC

M iam i Wind Energy Cent er

Wake Wind Energy Cent er

Buckeye Wind Energy Cent er

Roosevelt  Count y

Longhorn Wind

TX Heref ord Wind

Spinning Spur  Wind I I I

Cross Winds Energy Park

Red Hor se 2

Elk Station

Keechi Wind

Warsaw Farm

Bison 4 Wind Energy Cent er

Highland Wind Proj ect  ( IA)

Lundgren Wind Proj ect

Pilot  Hill Wind Farm

Balko Wind LLC

Kingf isher  Wind LLC

Copper  M ount ain Solar  3

Or igin Wind

Goodwell Wind Proj ect  LLC

Car lsbad Energy Cent er

Stonewall

M ar iah del Nor t e

Shannon Wind

Radf ords Run Wind Farm

St ella Wind Farm

Bruennings Breeze Wind Farm

Colbeck's Corner ,  LLC

Cove Point  LNG Term inal
Lim on I I I  Wind LLC

Holland Energy Park

Cam eron Wind 1 LLC

Chapm an Ranch Wind I

Pleasant  Valley Wind Farm

Alam o 6

Wildcat  Point  Generat ion Facilit y

Windt hor st -2

Lorenzo Wind

Fluvanna

Hale Com m unit y Wind Farm

M am m ot h Plains

Rat t lesnake Creek Wind Proj ect

Seiling Wind I

Seiling Wind I I

Los Vient os Windpower  I I I

Los Vient os Windpower  IV

Kings M ount ain Energy Cent er

M iddlet own Energy Cent er

M esquit e Creek Wind

Gila River  Power  Block 1

Sout h Plains Wind Phase I

Red Gat e Power  Plant

Logans Gap Wind LLC

Kay Wind,  LLC

Palo Duro Wind

Wr ight  Solar  Par k

TX Jum bo Road Wind

Adam s Wind

Sendero

Com anche Solar

Br iscoe Wind Farm

Oregon Clean Energy Cent er

Car roll Count y Energy

Gila River  Power  Block 3

Wolf Ho l low II

Exelon West  M edway I I  LLC

CP Bloom  Wind LLC

M oxie Freedom  Generat ion Plant

Greensville Count y Power  St at ion

Alpine Power  Plant

RE Tranquillit y

Rat t lesnake Den

Deser t  Wind Farm ,  LLC

Bearkat

Golden West  Power  Par t ner s LLC

RE Ast or ia

RE Ast or ia 2

RE Roserock

Grant  Wind,  LLC

Pecan Solar

Buckt horn West ex

Golden Hills Wind

Cedar  Bluf f  Wind,  LLC

Sout h Plains I I

Javelina Wind Energy,  LLC

Colorado Bend I I

Cast le Gap Solar  Hybr id

New Creek Wind

Broadview Energy JN,  LLC

Solverde 1

Rockspr ings

Front ier  Windpower

RE Gar land

Bluest em

Playa Solar  2

Bacl i ff

Keys Energy Cent er

Grady Wind Energy Cent er ,  LLC

O'Br ien Wind

Elect r a Wind Farm

Hor se Creek Wind Farm

Ida Grove Wind

Okeechobee Clean Energy Cent er

Lackawanna Energy Cent er

Old Set t ler  Wind

Panda Hum m el St at ion LLC

Lam esa Solar

Clean Energy Fut ure-Lordst own,  LLC

Bet hel Wind Farm  LLC

Tenaska West m oreland Generat ing St at ion

Green River  Wind Farm

Crowned Ridge Wind Energy Cent er

Crocker  Wind Farm

Big Level Wind

Great  West ern Wind Energy,  LLC

Upt on Count y Solar

Kelly Creek Wind Proj ect

CPV Fair view Energy Cent er

Rush Spr ings Wind

Voyager  Wind I

Rush Creek Wind

Ninnescah Wind Energy,  LLC

Kingm an Wind

Javelina Wind Energy I I ,  LLC

Rock Creek Wind Proj ect

Osborn Wind Energy

Cim ar ron Bend Wind Proj ect  I ,  LLC

West ern Plains Wind Farm

Gila River  Power  Block 2

Ast r a Wind Farm

Prair ie Wind Farm

Willow Spr ings Wind Farm

Derm ot t  Wind

Salem  Harbor  St at ion NGCC

St .  Char les Power  St at ion (LA)

Sant a Rit a Wind Energy

Bir dsboro Power

Coyot e Ridge

Or ient  Wind Farm

Beaver  Creek Wind

Pine River  Wind Park

M ount  Signal Solar  Farm  V

Flat  Top Wind I

St ut t gar t  Solar

Thunder  Ranch Wind Proj ect

Red Dir t  Wind Proj ect

Karankawa Wind LLC

Red Pine Wind Proj ect

M idway Solar  -  TX

Foard Cit y Wind

Upland Prair ie

English Farm s

Voyager  Wind I I

Tur t le Creek Wind Farm  LLC

Dent on Energy Cent er

Balm  Solar

Lit hia Solar

Seabrook Solar

Hillt opper  Wind Proj ect

M eadow Lake Wind Farm  VI  LLC

M idway Wind,  LLC

Live Oak Wind Proj ect

Upst r eam  Wind Energy LLC

Bishop Hill I I I

Diam ond Vist a Wind Proj ect ,  LLC

Rio Bravo Windpower ,  LLC

Per sim m on Creek Wind Farm  1,  LLC

Phoebe Solar

M cGinness Hills 3

Tahoka Wind

Arm adillo Flat s Wind Proj ect ,  LLC

Techren Solar  I I  LLC

Prat t  Wind,  LLC

Tor recillas Wind Energy,  LLC

Solom on Forks Wind Proj ect ,  LLC

Colonial Trail West

Glacier s Edge Wind Proj ect

Sant a Rit a East

Arbor  Hill Wind Farm

Nor t h English

M est eno

Ranchero Wind Farm  LLC

Locket t  Windf arm

SR Ar lingt on I I

Em m ons-Logan Wind,  LLC

Lapet us

Prair ie Queen Wind Farm

Blue Sum m it  I I I  Wind

Quit m an Solar

Crooked Run

Palm et t o Plains

Ida Grove I I

Canadian Breaks,  LLC

Gut enberg Solar

Tinker

Image shows public data from EIA Form 860; 

image created using PowerWorld Simulator.  



Comments on the Texas Cold Wave

• Starting on Feb. 14, 2021 statewide Texas had 

temperatures much below average

• In College Station, TX (between Dallas and Houston)

– On Feb 14 the average high is 65F and average low 45F

– Our coldest ever recorded temp was -3F (1/31/1949)

– Coldest February temp was 5F (on 2/5/1951), last single 

digit was 9F (12/22/1989)

• On 2/15/21 it was 9F and 

very windy (and 5F on 2/16)

• Across the state there were

near all time coldest 

temperatures
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A Few Comments on Texas Cold Wave

• On Sunday 2/14 between 6-7pm ERCOT set an all 

time peak winter demand of 69,150 MW (summer 

peak is 74,820 MW), previous winter peak was 

from 1/17/2018 (Wed) of 65,915 MW

• At 1:25am on 2/15 ERCOT had 10,500MW of load 

shed and had more than 

30,000 MW of generation 

forced off the system

• They went to an EEA3 emergency

conditions, which  ended on

Friday Feb 19 (with much

warmer temperatures)
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Image source: ERCOT website, 

February 15, 2021



It was Bad and Could Have Been Worse

• Many, many Texans lost power and water for days 

during record low temperatures and had large 

amounts of damage (e.g. from burst pipes)

• Others did not lose power and only lost water after 

the worst of the temperatures were past

• Much load was lost, but the ERCOT system 

continued to operate.  However, ERCOT reported 

they were seconds and minutes from total collapse, a 

catastrophic scenario!!

• I think there are heroes among ERCOT and utility 

operators, engineers and field personnel who kept at 

least the majority of the heat and lights on

9



Background: Why is ERCOT Separate

• ERCOT operates asynchronous from the rest of 

North America, but has high voltage dc (HVDC) ties 

with the Eastern Interconnect and Mexico 

• The advantage is ERCOT avoids some federal 

regulation.  The legal basis for this is complex, based 

on the US Constitution, 

the Federal Power Act,

the 5/4/76 midnight

connection, other

legislation, court rulings, 

and FERC decisions
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Image Source: aect.net/documents/2017/AECT%20LSB%20012617.pdf



High Voltage Direct Current (HVDC) 

Transmission
• Most electricity is transmitted in ac form, at either 60 

or 50 Hz (with 60 Hz in North America)

• HVDC is sometimes used to transmit electricity 

either within an interconnect or between 

interconnects (back-to-back HVDC)

– Within an interconnect, HVDC is usually used for long 

distance transfer, or in underground or undersea cables

• HVDC avoids issues with reactive power, but incurs 

the costs associated with the rectification (ac to dc) 

and inversion (dc to ac)

• HVDC power flow can be quickly controlled 

(milliseconds)
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Southern Cross HVDC Transmission 

Project
• The Texas Public Utility Commission has approved 

an application to build a 38 mile, 345 kV ac 

transmission line to connect to a 400 mile long, 500 

kV HVDC between the Mississippi/Alabama and the 

Louisiana/Texas borders

– As planned it would have a capacity 

of 2000 MW

– It could be operational in 2022 with a 

cost that might be more than $1 billion

– Up-to-date information on the project is 

available at 

www.ercot.com/mktrules/puctDirectives/southernCross
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Image source: southerncrosstransmission.com/louisiana/



Electric Grid Resiliency

• The ability of electric grids to resiliently respond to 

high impact, low frequency events is an important 

but often overlooked aspect of operation, design and 

research

– There is always a tradeoff between risk and mitigation cost

• The best reference I know of is the free 2017 report 

from the US National Academies titled, “Enhancing 

the Resilience of the Nation’s Electricity System”

– It does mention the threat of cold weather, and specifically 

mentions the February 2011 Texas cold snap 
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Quick Aside: Power System Dynamic 

Response to Load/Gen Mismatch
• An electric grid frequency is constantly changing, but 

it usually within a few mHz of desired (e.g., 60 Hz)

• Too much generation increases the frequency and 

and too little 

decreases it

• All grid elements

have the same

average frequency

but during

disturbances the

frequency can 

oscillate
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Inertia response and under 

frequency load shedding 

Generator governor response

Automatic Generation Control



Background: East-West History

• The East and the West have been joined in the 

past, at least from 1967 to the 1970’s

– In the [a] (from 1970), the authors say,

“The nation’s largest synchronized network now extends from 

coast to coast and includes 94 percent of United States generating 

capacity.”

– In a 2018 IEEE Proceedings article Julie Cohen says they 

were joined from 1967 to 1975; they separated because of 

problems with maintaining synchronism and the 

introduction of HVDC

• A 1994 WAPA report looked at the reconnection
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[a] Cohn, Biddle, Lex, Preston, Ross, Whitten, “On-line Computer Applications in the Electric Power Industry,” IEEE Proc., 

January 1970, pp. 78-87



Background: Grid in 1970 (From [a])
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[a] Cohn, Biddle, Lex, Preston, Ross, Whitten, “On-line Computer Applications in the Electric Power Industry,” IEEE 

Proc., January 1970, pp. 78-87

Another good background article is by Julie Cohn in the January 2019 IEEE Proceedings, titled, “When the Grid Was 

the Grid: The History of North America’s Brief Coast-to-Coast Interconnected Machine”



Background: Critical Energy/Electric 

Infrastructure Information (CEII)
• Some of the information associated with the US 

electric grid is considered to be CEII, which restricts 

its public disclosure

– For those interested, some background on CEII is provided 

at https://www.ferc.gov/enforcement-legal/legal/major-

orders-regulations/critical-energyelectric-infrastructure-

information

– Based on FERC 683 (9/2006) the general location of critical 

infrastructure is not CEII; also much of the information about 

US electric generators is publicly available via Form EIA-860 

(eia.gov/electricity/data/eia860/)

• This project used CEII but this presentation contains 

no CEII 
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Summary of Presentation

• The presentation covers primarily the dynamic 
aspects of interconnecting two large electric grids

• For the project we mostly used a 110,000 bus 
dynamic (transient stability level) model of a combined 
North America East and West grid

• The grids were combined using nine short ac 
interconnections at voltages from 161 to 345 kV

• There are no showstoppers with doing such an 
interconnection with the key constraint that during 
dynamic disturbances with lost generation in the West, 
about 75-80% of the lost generation will flow East to 
West; modelling the AGC response is important

• Some results will be shown with synthetic grids
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More Details on Combining the Models

• The input data for the project was high and low 
demand power flow and dynamics cases for the 
Eastern Interconnect and the WECC (West)
– These are the best electric grid models available

• Power flow and dynamic data were provided for the 
East in PSSE format and for the West in 
PowerWorld format, based on PSLF
– Not all the models are compatible between PSSE and 

PSLF, but PowerWorld supports both

• To avoid overlapping bus numbers the West was 
renumbered by adding 2 million to the West 

• A combined case was created in PowerWorld with 
110,000 buses
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Base Model 1: Heavy Load Conditions 
Substation Generation Sized and Colored by MW Value 
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Base Model 2: Light Load Conditions 
Substation Generation Sized and Colored by MW Value 
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The Combined Grid Overview
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The study included Canada but we did not consider any 

ac interconnections between the grids in Canada



Dynamic Model Setup

• A primary project task was to perform dynamic 

(transient stability level) studies on the combined grid, 

and to compare the results with the separate grids

– Key dynamic contingencies were the loss of a large amount 

of generation (greater than 5000 MW in the East)

– The model has 110,000 buses, 14,000 generators, 37,000 

dynamic model devices with 243 different model types

– The Integrations were solved using a ½ cycle time step
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Modeling Considerations 

• While many of the dynamic models used in the East 

and West are similar (or identical), there are 

sometimes subtle differences

– Example is with an ESDC1A exciter in which the KE value 

is auto determined by the software when it is set to zero
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How this adjustment

occurs differs between

software packages,

and changing the approach

can result in unstable

simulation results.  



Dynamic Studies

• Over the course of the project we did a large 

number of simulations, ranging for short (10 second) 

fault studies to longer (six minute) automatic 

generation control (AGC) response scenarios

• Even for severe events (> 5 GW losses in the East) 

the interconnected grid maintained synchronism

• However, a key issue is for the loss of generation in 

the West about 80% of the makeup power flows 

across the interface from East to West

– The converse is true for generation loss in the East, about 

20% of the makeup power flows across the interface from 

West to East
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WECC Frequency Response Comparison: 

With and Without the AC Interconnection
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The graph 

compares the 

frequency 

response for 

three WECC 

buses for a 

severe 

contingency  

with the 

interface (thick 

lines) and 

without (thin 

lines)



AC-Tie Interface, Severe Contingency
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The large, and 

seemingly persistent, 

change in the 

interface flow required 

the need for modeling 

the system’s longer 

term AGC response.  



Adding AGC Modeling

• As noted following any disturbance about 80% of 
the governor response will occur in the East, with 
the change in flow going across the new ac interface 
if the disturbance is in the West.

• The governors don’t restore the system frequency to 
its setpoint value; rather this is done by the 
automatic generation control (AGC) utilizing the 
balancing authority area control error (ACE) signal

• The ACE has a frequency component
ACE = Pactual - Psched – 10b(freqact - freqsched) 

b is the frequency bias; it has a negative sign, units of MW/0.1 Hz 
and is about 1% of the peak load/generation
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Example AGC Response

• Six minute simulation with severe generator loss, 

with emergency transactions implemented between 

several of the utilities

• These transactions were initiated and ramped faster 

than normal to keep the simulation length 

reasonable (starting at 30 seconds and ramping 

over four minutes)

• Initially much of the makeup generation flowed 

through the interface, but it ramped down to zero 
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New Interface Flow
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Situational Awareness

• A key challenge with this project was understanding 

the results of these dynamic studies

– Even a 30 second study produced many GBs of results

• Situational awareness (SA) is defined informally as 

“knowing what’s going on” and more formally as “the 

perception of the elements in the environment within 

a volume of time and space, the comprehension of 

their meaning and the projection of their status in 

the near future”

• In this study we wanted to have good SA to make 

sure we didn’t miss something
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SA Techniques

• For this project we leveraged a number of different 

techniques including 

– Time-domain graphs

– Geographic data views including planar flow visualizations

– Contours

– Animation (movies) 
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Results Example at 2.0 Seconds

33

This visualization

is using geographic

data views and a 

contour to show

the response of 

the 110,000 bus 

model; red values

are frequencies

less than 60 Hz

These visualization techniques are presented in the paper by T.J. Overbye, J.L. Wert, K.S. Shetye, F. Safdarian, A.B. Birchfield, 

“The Use of Geographic Data Views to Help With Wide-Area Electric Grid Situational Awareness,” 2021 IEEE Texas Power and 

Energy Conference (TPEC), College Station, TX, USA, Feb. 2021; available at overbye.engr.tamu.edu/publications/



Results Example at 12.0 Seconds
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Results Example With AGC Response
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Synthetic Electric Grids Models

• The project had a synthetic grid component in 

order to provide access to detailed results while 

not disclosing any CEII.   

• Synthetic electric grids and associated datasets 

are fictional electric grids that are designed to be 

statistically similar to actual systems

– “Realistic but not real”

• Synthetic grids are particularly helpful for 

visualization research 

• Kudos to the US DOE ARPA-E for funding work 

over the last five years in this area
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Our Synthetic Grid Approach 

• Make grids that look real and familiar by siting them 
geographically (North America for us) and serving a 
population density the mimics actual

• Goal is to leverage widely available public data
– Geography

– Population density (easily available by post office)

– Load by utility (US FERC 714), state-wide averages

– Existing and planned generation (Form US EIA-860, which 
contains lots of generator information)

• Substation locations and transmission system is 
entirely fictional (but hopefully good fiction!)
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Synthetic Grid Component

• We’re using an 80,000 bus model that can

be freely shared that has a synthetic East grid joined 

to a synthetic West grid at seven points
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Synthetic Grid Interconnection Points 

and PTDF Analysis
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No. From Bus (kV) To Bus (kV) X (p.u.) Lim (MVA) 

1  Glasgow (138) Fort Peck (500) 0.055  600 

2  Hardin (345)  Colstrip (500)  0.06  1200 

3  Wheatland (345)  Scottsbluff (500)  0.07  1400 

4  Peetz (500)  Sidney (500)  0.03  2000 

5  New Raymer (500)  Kimball (500) 0.02 2000 

6  Burlington (500)  Goodland (500) 0.03 2000 

7  Lamar (500)  Johnson (161) 0.04 800 

 

 

The power transfer 

distribution factors 

(PTDFs) tell how

different transactions

impact the interface flows

The maximum transfer

capacity is about 5000 

MW West to East and 

3500 East to West



Synthetic Grid Interface Response for a 

Generator Loss Contingency in the West
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The sign convention on the interface is positive flow is from 

West to East; within seconds large amounts of power flow in!



Synthetic Grid Frequency Response, 

All Locations
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Synthetic Grid Voltage Deviation, 

All Locations
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Synthetic Grid Voltage Contour
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Summary

• The electric grid is rapidly changing and there are lots 

of engineering opportunities!!

• From a technical perspective we believe the North 

American Eastern and Western grids could be 

connected with a modest number of ac interties that 

would allow for stable operation under even quite 

severe contingencies

• A key constraint is that following a generation (or 

load) disturbance in the West, most of the makeup 

power would flow through the interface, potentially 

causing voltage or thermal issues

• Visualization of results for large systems is crucial
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Thank You! Questions?
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