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Summary and Tasks

• The goal of the project is to work closely with the 

industrial team to generate value from large-scale, 

detailed and realistic synthetic electric grids  

• The project builds on recent ARPA-E work by the PIs to 

develop grids that can be used for research, education, 

commercial development and public engagement

• The four project tasks are 

1. Developing customized grids

2. Developing specific grid scenarios

3. Exploring decision making with uncertainty

4. Expanding the scope of synthetic grids for coupling 

with other infrastructures
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Project Period and Funding

• The project period is the standard two years, 

from July 1, 2020 to August 31, 2022

• Total funding is 220K, with the amount split  

equally between the years 

• 110K per year

• Total funding per researcher is 27.5K per 

person per year

• TAMU has internal funds that will be used on 

this project; this includes funding for equipment, 

data sets, travel and consulting services
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2021 North American Power Symposium

• For more than 50 years every fall power system 

researchers gather for the North American Power 

Symposium (NAPS)

• The NAPS host site rotates among universities

• NAPS 2019 was held in Wichita, KS

• NAPS 2020 was suppose to be held in October at Arizona State 

University; but it is now virtual from April 11-14, 2021

• Texas A&M will be hosting NAPS 2021 in person on Nov 

14-16, 2021 with Kate Davis the NAPS 2021 Chair

• We will be have a career fair type event and hope to have 

many PSERC companies in attendance!  

• The draft website is na.eventscloud.com/website/22926/ 

• Papers will be due in late summer



Project Papers

• All papers are available at 

• overbye.engr.tamu.edu/publications/

• katedavis.engr.tamu.edu/publications/

• directory.engr.wisc.edu/ece/Faculty/Roald_Line/

• directory.engr.wisc.edu/ece/faculty/lesieutre_bernard

• Papers
• Rhodes, Ntaimo and Roald, “Balancing Wildfire Risk and Power Outages Through Optimized 

Power Shut-Offs”, IEEE Transactions on Power Systems, in Press 

• Haseltine and Roald, “The Effect of Blocking Automatic Reclosing on Wildfire Risk and Outage 

Times”, North American Power Symposium (NAPS), 2020

• Y. Liu, M. Gaskamp, Z. Mao, D. Wallison, K. Shetye, K. Davis and T.J. Overbye, “Evaluation of 

Performance Metrics for Electric Grid Operational Scenarios,” 2020 North American Power 

Symposium (NAPS), Tempe, AZ, USA, April 2021.
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Project Papers, cont.

• Papers, cont.
• W. Trinh, Z. Mao, T. J. Overbye, J. D. Weber, and D. J. Morrow, “Considerations in the 

Initialization of Power Flow Solutions from Dynamic Simulation Snapshots”, 2020 North 

American Power Symposium, Tempe AZ, April 2021.

• D. Wallison, M. Gaskamp, Z. Mao, Y. Liu, K. S. Shetye, and T. Overbye, “Design 

Considerations for Operational Power Systems Scenarios,” 2021 North American Power 

Symposium, Tempe, AZ, April 2021.

• T.J. Overbye, K.S. Shetye, J.L. Wert, W. Trinh, and A. Birchfield, “Techniques for 

Maintaining Situational Awareness During Large-Scale Electric Grid Simulations,” IEEE 

Power and Energy Conference at Illinois (PECI), Champaign, IL, April 2021.

• K.S. Shetye, T.J. Overbye, H. Li, and J. Thekkemathiote, “Considerations for 

Interconnection of Large Power Grid Networks,” IEEE Power and Energy Conference at 

Illinois (PECI), Champaign, IL, April 2021.

• J.L. Wert, K.S. Shetye, H. Li, J.H. Yeo, X. Xu, A. Meitiv, Y. Xu, T.J. Overbye, “Coupled 

Infrastructure Simulation of Electric Grid and Transportation Networks,” 2021 IEEE Power & 

Energy Society Innovative Smart Grid Technologies Conference (ISGT), February 2021, 

Washington DC, USA.

• 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, College Station, TX, Feb. 2021.
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Project Papers, cont.

• Papers, cont.
• H. Li, J. L. Wert, A. B. Birchfield, T. J. Overbye, C. M. Domingo, F. Postigo, P. Duenas, T. 

Elgindy, and B. Palmintier, “Building Highly Detailed Synthetic Electric Grid Data Sets for 

Combined Transmission and Distribution Systems,” IEEE Open Access Journal of Power 

and Energy, vol 7, pp. 478-488, November 2020.

• B.L. Thayer, T. J. Overbye, “Deep Reinforcement Learning for Electric Transmission Voltage 

Control” 2020 IEEE Canada Electric Power and Energy Conference (EPEC), Edmonton, AB, 

November 2020,

• J.L. Wert, Z. Mao, H. Li, T.J. Overbye, “Contouring Method Considerations for Power 

System Applications,” 2020 IEEE Electric Power and Energy Conference (EPEC), 

November 2020, Edmonton, AB.

• B. Allison, T. Overbye and J. Weber, “Improved Generator Voltage Control in Power Flow 

Solutions”, 2020 North American Power Symposium, Tempe AZ, April 2021.

• P. Dehghanian, J.H. Yeo, J. Wert, H. Li, K. Shetye, and T. Overbye, “Application of 

Transformer Impedance Correction Tables in Power Flow Studies,” 2021 North American 

Power Symposium (NAPS), Tempe, AZ, USA, April 2021.

• T.J. Overbye, J. Wert, K.S. Shetye, F. Safdarian, A.B. Birchfield, “Delaunay Triangulation 

Based Wide-Area Visualization of Electric Transmission Grids,”  Accepted for Kansas Power 

and Energy Conference, April 2021 [paper will be posted by April 15, 2021].

• F. Safdarian, A. B. Birchfield, K.S. Shetye, “'Additional Insights in Creating Large-Scale, 

High Quality Synthetic Grids: A Case Study”  Accepted for Kansas Power and Energy 

Conference, April 2021 [paper will be posted by April 15, 2021].
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The Four Project Tasks  and The Work Plan

1. Developing customized grids 

2. Developing specific grid scenarios

3. Exploring decision making with uncertainty

4. Expanding the scope of synthetic grids for 

coupling with other infrastructures
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Work Plan: (Q = quarter, KD=Davis, BL=Lesieutre, TO=Overbye, LR=Line Roald) 
Task Researchers Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 

1 BL, TO x x       

2 KD, LR   x x x x    

3 KD, LR,TO    x x x x  

4 KD, TO, BL x x x x x x x x 

 



Task 1: Developing Customized Grids

• For this task we will work with our IAB members to 

build grids on footprints of interest with desired 

characteristics

• We have lots of experience doing this!

• Particular idiosyncrasies can be included in these grids

• These grids can then be used as desired by the 

IAB members

• Fully public or not

• Used by local universities for research and education

• Provided to potential vendors

• Expected grids sizes up to tens of thousands 

buses
14



Task 1: Progress

• We’ve been creating a variety of different grids, 

with sizes up to 80,000 buses

• These are now being used in several different 

venues, including work associated the PSERC 

project S-92G and with ARPA-E

• A key issue we’ve been dealing with is 

understanding what is going on in doing grid 

studies, what we’re calling maintaining 

engineering study situational awareness
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Creation of Synthetic Grids Overview

• Substation Planning

• Start with public data for generation, load

• Cluster substations, add buses, transformers

• Transmission Planning

• Place lines and transformers

• Iterative dc power flow algorithm 

• Match topological, geographic metrics

• Contingency overload sensitivity

• Reactive Power Planning

• Power flow solution (ac)

• Voltage control devices
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A Starting Point for All: Actual Generators

17

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.  



Zoomed View of Texas
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Darbyt own

Clover

Gianera

Angus Anson

Cane Island

Polk

Dam  2

Woodland

491 E 48t h St r eetPa ris (WI)

L inco ln Com bustion

St at e Line Com bined Cycle

Hines Ene rgy  Com plex

Redding Power

Richard M  Flynn

Alm ond Power  Plant

Richm ond

Ander son

George Neal Sout h

Robins

Coyot e Spr ings

Bradley Lake

Geot herm al 1

Geot herm al 2

M idulla Generat ing St at ion

Int er st at e

Cowlit z Falls

Rat hdrum

Neil Sim pson I I

Ar t hur  Von Rosenberg

M cPher son 3

Solano Wind

Wayne Count y

Ponca Cit y

SCA Cogen 2

SPA Cogen 3

H M  Jackson

St  Francis Energy Facilit y

River  Road Gen Plant

Tiger  Bay

Dahlberg

H Allen Franklin Com bined Cycle

Theodore Cogen Facilit y

Watts Ba r Nuclea r P lant

Kapst one

Essex

Nodaway

Chouteau

Georget own
Tilt on

Henry Count y

M PC Generat ing

Sowega Power

Allegany Cogen

Bonanza

Sherwood H Sm it h Jr  Energy Com plex

Sewell Creek Energy

Alsey

Fult on (AR)

Rowan

Sm ar r  Energy Cent er

John S Ra iney

Essent ial Power  Rock Spr ings LLC

M ar sh Run Generat ion Facilit y

Louisa Generat ion Facilit y

Remington

Ladysmith

Pleasant  Valley (M N)

Lagoon Creek

Brandy  Branch

Holden

M EPI  GT Facilit y

Elk M ound

Glenwood Landing

Encogen

Rober t  P M one Plant

H L Culbreat h Bayside Power  St at ion

Ter r y Bundy Generat ing St at ion

E B Har r is Elect r ic Generat ing Plant

Sand Hill

Pirkey

M cCar t ney

Pine Flat

Hell Gat e

Talbot  Count y Energy

Chat t ahoochee Energy Facilit y

Lakef ield Junct ion

Osawat om ie

West  Gardner

Coyot e Spr ings I I

Nine Canyon

Wansley Unit  9

Lawrence Count y St at ion

Evander  Andrews Power  Com plex

Kem per  Count y

Peno Creek

Sum pt er

Pyram id

Mil l  Creek  (SC)

Great er  Des M oines

Silver  Creek

Sylvarena

Grays Harbor  Energy Facilit y

Beat r ice

Newingt on

Bea r Swam p

Roset on Generat ing Facilit y

Holtsv i l le

Croydon CT Generat ing St at ion

Co lum bia  (WI)

Blue  L ak e

Sycam ore ( IA)

Em ery  Sta tion

Cooper  Nuclear  St at ion

Clif t on

Belews Creek

Anclote

Int er cession Cit y

Gera ld Andrus

Arkansas Nuclear  One

Wat er f ord 1 & 2

Com anche (OK)

DeCordova St eam  Elect r ic St at ion

Jim Bridger

For t  Lupt on

Santan

Huntington

Beaver

Keahole

Gavin Power, LLC

Ray D Nixon

Coy ote

Springerville

Nor t h Valm y

Seneca Generat ion LLC

Cheswick Power  Plant

Hoover  Dam  (AZ)

Ast or ia Generat ing St at ion

Indian Point  3

Gilr oy Power  Plant

Logan Generat ing Plant

Escanaba M ill

El Segundo Cogen

Bayou Cogen Plant

Bellingham  Cogenerat ion Facilit y

Sayreville Cogenerat ion Facilit y

Geism ar

H Power

Savannah River  M ill

M uskogee M ill

SEGS VI I I

SEGS IX

Kern River  Cogenerat ion

Form osa Ut ilit y Vent ure Lt d

Jesup Plant

Cham ber s Cogenerat ion LP

Pine Bluf f  M ill

Hopewell Cogenerat ion

River  Valley

AES Hawaii

AES War r ior  Run Cogenerat ion Facilit y
Brush Generat ion Facilit y

ExxonM obil Bayt own Turbine

Selkir k Cogen

M asspower

M idland Cogenerat ion Vent ure

Las Vegas Generat ing St at ion

Sabine River  Works

Silver  Bay Power

Ar cher  Daniels M idland Cedar  Rapids

Ar cher  Daniels M idland Decat ur

Hazelt on Linden Cogen Plant

Calist oga Power  Plant

Par is Energy Cent er

Sycam ore Cogenerat ion

Newgulf  Cogen

Dow St  Char les Operat ions

Colum bus M S

Wat son Cogenerat ion

Buckspor t  Generat ion LLC

Bet hpage Power  Plant

Shell Deer  Par k

Som erset  Plant

Oxnard

Tennessee East m an Operat ions

PPG River side
PPG Powerhouse C

Axiall Nat r ium  Plant

Sky River  LLC

Harbor  Cogen

Front ier

Eagle Point  Power  Generat ion

ExxonM obil Beaum ont  Ref iner y

Sappi Cloquet  M ill

JM  Shaf er  Generat ing St at ion

Gary Works

Par lin Power  Plant

Florence M ill

Opt im  Energy Alt ura Cogen LLC

Covingt on Facilit y

Hardee Power  St at ion

M ot iva Ent erpr ises Por t  Ar t hur  Ref iner y

Indiant own Cogenerat ion LP

Ocean St at e Power

LaO Energy Syst em s

Doswell Energy Cent er

Elizabet h River  Power  St at ion

Texas Cit y Power  Plant

Richm ond Cogen

Freepor t  Energy

Whit ing Ref iner y

Power  St at ion 4

M idway Sunset  Cogen

C R Wing Cogen Plant

Delaware Cit y Plant

Lockpor t  Energy Associat es LP

Spruance Operat ing Services LLC

Androscoggin M ill

M ansf ield M ill

Ashdown

Saguaro Power

Bir chwood Power

Ocean St at e Power  I I

Or lando Cogen LP

Ferndale Generat ing St at ion

Har t well Energy Facilit y

Sit he Independence St at ion

Collier ville Powerhouse

Saranac Facilit y

NAEA Lakewood LLC

Kalaeloa Cogen Plant

Oyst er  Creek Unit  VI I I

Sidney A M ur ray Jr  Hydroelect r ic

Herm ist on Generat ing Plant

Grays Fer r y Cogenerat ion

St orm  Lake 1

M ilf ord Power  LP

Johnson Count y

Brandywine Power  Facilit y

Gordonsville Energy LP

Sun Peak Generat ing St at ion

Nar rows (NC)

Cheoah

Calderwood

Brooklyn Navy Yard Cogenerat ion

M ichigan Power  LP

LSP-Cot t age Grove LP

LSP-Whit ewat er  LP

Sweeny Cogen Facilit y

Dight on Power  Plant

De Pere Energy Cent er

Rio Bravo

M id-Georgia Cogenerat ion Facilit y

Berkshir e Power

Br idgepor t  Energy Proj ect

Pasadena Cogenerat ion

Tiver t on Power  Plant

Axiall Plaquem ine

Tenaska Georgia Generat ion Facilit y

Tenaska Front ier  Generat ion St at ion

Bat esville Generat ion Facilit y

Black Hawk St at ion

M ust ang St at ion

M aine Independence St at ion

Pine Bluf f  Energy Cent er

Red Hills Generat ing Facilit y

Deser t  St ar  Energy Cent er

M illennium  Power

Brownsville Peaking Power

Crocket t  Cogen Proj ect

Gregory Power  Plant

Zeeland Generat ing St at ion

Dearborn Indust r ial Generat ion

Taf t  Cogenerat ion Facilit y

M idlot hian Energy Facilit y

Lam ar  Power  Proj ect

NRG St er lingt on Power

Rum f ord Power  LLC

Klam at h Cogenerat ion Plant

Sabine Cogen

Rhode Island St at e Energy Cent er

Rocky Road Power  LLC

Madison

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
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Image shows public data from EIA Form 860; 

image created using PowerWorld Simulator.  



Transmission Planning Approach
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• Key Considerations
• Geography drives transmission 

planning

• Network topology parameters

• Power flow feasibility in base and N-1 
contingency conditions

• Intractability: possible branches is 𝑛2, 
possible combinations of branches is 
intractable

• Many competing metrics to meet 

• Large grids have many overlapping 
voltage networks that connect at 
substations

• Consideration of contingency 
conditions increases computation 
even more

• Manual adjustments grow with system 
size

• Outline of Approach
• Reduce search space from 𝑛2 to 21𝑛

with Delaunay triangulation (up to 3rd 
neighbors = 99% of lines)

• Geographic constraints by voltage 
level

• Depth first search to check 
connectivity 

• Dc Power flow base case and N-1 
contingency analysis, determine 
sensitivity of candidate lines to 
contingency overloads

• Iterative process of random removal, 
analysis, targeted addition for each 
same-voltage subnet



Stages of Transmission Planning Process
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(1) The starting point is 

the geographic 

placement of 

substations

(2) The grid is initialized 

with a random subset of 

1.2n of the 21n candidate 

transmission lines

(3) After 100 iterations 

of random removal 

followed by targeted 

addition, the grid begins 

to match more 

geographic and 

reliability constraints

(4) After 10,000 

iterations, nearly all 

reliability and 

geographic constraints 

are met together.



ERCOT Footprint 7000 Bus Grid

• This grid was developed
using a 345/138/69 kV grid
that will connect distribution
substations being developed
by the partner NREL team
• NREL (and partners) are 

providing
us with about 5000 distribution
substations

• We’re connecting them to 
existing generators (using 2019 
EIA-860 data) 

• This 7000 bus case was 
released on the Texas A&M 
website on February 5, 2021
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7000 Bus Case - Generation
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Fuel Type Number of 

Units

MW Capacity 

Total

Natural Gas 475 56,539

Coal 23 14,407

Nuclear 4 4,960

Wind 153 25,702

Solar 36 2,335

Hydro 22 498

Petroleum 2 53

Other 16 420

Total 731 104,914

Each unit is linked to the 

associated EIA-860 generating unit

22



7000 Bus Case - Loads

• Additional large industrial loads have been 

added to match distribution of actual cases, 

assuming peak operational case

• Total of 74,277 MW of load

23



7000 Bus Case – Network 

• 345 kV EHV network: 

total of 12,170 miles 

of lines 
• 479 MW/mile (rms)

• 138 kV network: total 

of 46,148 miles of 

lines 
• 82 MW/mile (rms)

• 69 kV network: total 

of 2577 miles of lines
• 29 MW/mile (rms)

24

Loading values are the root-mean-square total of the power flowing on each mile of transmission for a given voltage level.



7K Statistics and Validation Example 
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Visualization of Net System Flows
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This display 

summarizes the 

system with the 

rectangles showing 

the net MW 

injection (magenta 

is generation) and 

the arrows show the 

MW line flows 

805 MW 166 M W

-90 M W
394 MW 882 MW 1422 MW

-435 MW -2000 MW 3709 MW -4095 MW

118 M W 1778 MW 852 MW -3851 MW 2857 MW -1835 MW

100 M W 5229 MW 1434 MW 1126 MW -10797 MW 1198 MW

143 M W 1408 MW 1718 MW 1455 MW -2618 MW 483 MW

1260 MW 673 MW



7000 Bus Case Application: EMP
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27,000 Bus SPP/MISO Grid
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The system is designed with 

the voltages that actually 

exist in the various 

footprints; all transmission 

lines are synthetic



New Visualization Example with 82K Classic
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Seeing the 82K Bus System Differently
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Or An Alternative for the 82K
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Task 2: Developing Specific Grid Scenarios

• Developing scenarios for wildfire risk assessment

RTS-GMLC system

Source: https://github.com/GridMod/RTS-

GMLC/blob/master/RTS-GMLC.pdf

Low Risk

Medium Risk

High Risk

Very High Risk

Use geolocated grid to 

combine with geographic 

wildfire risk information

Rhodes, Ntaimo and Roald, “Balancing Wildfire Risk and Power Outages Through Optimized 

Power Shut-Offs”, IEEE Transactions on Power Systems, in Press 
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Task 3: Risk-based Decision Making

• Developing scenarios for wildfire risk assessment

Rhodes, Ntaimo and Roald, “Balancing Wildfire Risk and Power Outages Through Optimized 

Power Shut-Offs”, IEEE Transactions on Power Systems, in Press 

Optimize public safety power 

shut-offs to minimize risk while 

maximizing load delivery

Use geolocated grid to 

combine with geographic 

wildfire risk information
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Task 3: Risk-based Decision Making

• Developing scenarios for wildfire risk assessment

Rhodes, Ntaimo and Roald, “Balancing Wildfire Risk and Power Outages Through Optimized 

Power Shut-Offs”, IEEE Transactions on Power Systems, in Press 

Focus on serving load

Total risk: 319.5 (-57%)

Load served: 8540 MW (-0.1%)

Solve time: 0.34 sec

energized line/node

energized generator

deenergized line

node with load shed

Multi-objective optimization:
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Task 3: Risk-based Decision Making

• Developing scenarios for wildfire risk assessment

Rhodes, Ntaimo and Roald, “Balancing Wildfire Risk and Power Outages Through Optimized 

Power Shut-Offs”, IEEE Transactions on Power Systems, in Press 

Multi-objective optimization:

Focus on minimizing risk

Total risk: 57.4 (-92%)

Load served: 7210 MW (-15.7%)

Solve time: 0.33 sec

energized line/node

energized generator

deenergized line

node with load shed
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Task 3: Risk-based Decision Making

• Developing scenarios for wildfire risk assessment

Rhodes, Ntaimo and Roald, “Balancing Wildfire Risk and Power Outages Through Optimized 

Power Shut-Offs”, IEEE Transactions on Power Systems, in Press 

Pareto curve for 
different tradeoffs.

Accounting for both
both wildfire risk and 
load shed achieves 
lower risk and 
smaller outages
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Task 2: Developing Specific Grid Scenarios

• Developing scenarios for wildfire risk assessment

How about wildfire risk 

assessment for the 

actual California grid???

RTS-GMLC system

Source: https://github.com/GridMod/RTS-

GMLC/blob/master/RTS-GMLC.pdf

California Energy Commission 

(available on ArcGIS)
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Task 2: Developing Specific Grid Scenarios

• Developing scenarios for wildfire risk assessment

Idea: Supplement 

publicly available grid 

data with synthetic data

Available:

- Geographic info

- Voltage level

- Generation (partial)

Missing:

- System topology 

(line connections)

- Line parameters

- Load/generation

California Energy Commission 

(available on ArcGIS)

April 9: 9:00 am – 11:30 am PDT Sofia Taylor, University of Wisconsin (S-91)



Task 2: Developing Specific Grid 

Scenarios

• Develop and evaluate cyber-physical grid 

scenarios that consider DERs and threats 

involving them 

• Use large scale synthetic models of Task 1, 

particularly coupled T&D models mentioned 

earlier, and expand them as necessary

• Develop specific hazard and threat scenarios for 

DERs

• Model interconnected cyber systems

• Generate and analyze data on these threats to 

develop defenses

39



• Idea is to better answer how to measure and 

control DER impact on resilience (in a cyber-

adversarial environment)

• Student: Shashwat Tripathi (MS)

40

Task 2: Developing Specific Grid 

Scenarios



Task 3: Develop Scenarios to Explore 

Decision Making with Uncertainty

• Synthetic grids in our testbed allows us to 

explore user actions taken by different roles 

(i.e., operators) in a “sandbox” environment

• Using our CIR cyber-physical testbed, we will be 

researching ways to model and mimic operator 

actions, i.e., using deep reinforcement learning 

• Inferencing/predicting/recommending 

adversary/defender actions under uncertainty

• Develop decision making algorithms

• Experiments and evaluation of decision support 

algorithms for the DER hazard scenarios we will be 

developing in Task 2

41



• Use our cyber-physical testbed capabilities to 

help develop a sharable/remotely accessible 

platform for testing and comparison of these 

types of approaches for the community

42

Task 3: Develop Scenarios to Explore 

Decision Making with Uncertainty



• Conduct live exercises in our testbed, 

leveraging the models and tools developed in 

this project

• Allow different classes of users (i.e., this could 

range from undergraduate students all the way 

up to experienced operators) hands-on 

opportunities to interact with these models 

• (Note- I’d like to relate this back to potential work with 

the human factors experiments faculty member we’d 

met with a while back on this)

• Generate and analyze data to understand how 

decisions are made
43

Task 3: Develop Scenarios to Explore 

Decision Making with Uncertainty



• Infrastructural dependency modeling for hazards

• Modeling cyber-physical interconnections

• Cyber communications and control that directly 

support power systems

• How to generate and store and manage these in a 

generic way for any case and scenario

• Extending to other dependencies that may 

impact power systems under hazards

• Generation units and their dependencies

• Natural gas

• Transportation

44

Task 4: Coupling Synthetic Grids With 

Other Infrastructures



• Work on interdependency modeling will relate to 

the scenarios developed under Task 2

• Specifically, we will consider what infrastructure 

needs to be modeled to assess research 

questions about DERs and impact described 

earlier

• What are the interconnection points between 

these different infrastructural models? 

• How do we properly store and share the 

information in multi-infrastructure power system 

models?

45

Task 4: Coupling Synthetic Grids With 

Other Infrastructures



Task 4: Coupling Synthetic Grids With 

Other Infrastructures

• In this portion of the task we plan on exploring 

coupling our synthetic grids with other 

infrastructures

• This leverages the actual, parcel-level 

geographic coordinates in the highly detailed 

electric grids

• Real and synthetic metadata can be used, such as 

the number of people at a location, the presence of 

electric vehicles, or the amount of distributed solar

• Our first focus will be on transportation
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Task 4: Coupling Synthetic Grids with 

Transportation

• EV charging is the point of coupling 

• EV consumption, charging patterns calculated with 

detailed traffic assignment and vehicle models

• Light-duty vehicles completed

• Ongoing work on fleet/freight

• Synthetic transmission networks with distribution 

topology can help map these loads to 

transmission substations

• Algorithm implemented on Travis and Harris counties

• In progress: Regional models, corridor modeling 

47
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Task 4: Coupling Synthetic Grids with 

Transportation



Transportation Data

• Charging Scenarios

1. Trip-End 

2. Off-Peak

3. Most Likely

Task 4: Coupling Synthetic Grids with 

Transportation
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Grid Data

Distribution Data

Task 4: Coupling Synthetic Grids with 

Transportation
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Task 4: Coupling Synthetic Grids with 

Transportation
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Establish Distribution-Level Service Areas

Assign Transportation Nodes (i.e. Charging Locations)
to Distribution Nodes

Represent EV Charging Load on Transmission level

2.

3.

1.



Task 4: Coupling Synthetic Grids with 

Transportation
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Task 4: Coupling Synthetic Grids with 

Transportation

• Leveraging PSERC funding to apply to other 

grants on Transportation Electrification

• NSF Sustainable Regional Systems Research Networks 

(SRS RN) – Planning grant in with TAMU, UTSA, TTU, 

Rice University (Jan 2021)

• NSF Harnessing the Data Revolution, Institutes for 

Data-Intensive Research in Science and Engineering  

(HDR DIRSE)

• ARPA-E OPEN (April)

• DOE Vehicle Technologies Office (April)
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The Simulation Environment at Texas A&M
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Summary

• The goal of the project is to work closely with the 

industrial team to generate value from large-scale, 

detailed and realistic synthetic electric grids.  

• The four project tasks are 

1. Developing customized grids

2. Developing specific grid scenarios

3. Exploring decision making with uncertainty

4. Coupling the synthetic grids with other infrastructures

• The project is off to a great start, and we’re very 

excited to be doing this project and to have such a 

strong PSERC IAB team!
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Thank You! Questions and Discussion
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