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Course Mechanics

• In Fall 2020 ECEN 615 was suppose to be offered both 

live on campus and distance learning

• Now it is offered live via Zoom and distance learning, 

with students from both sections able to participate 

synchronously from 8 to 915am (Central Time) Tuesday 

and Thursday

– I’ll be emailing out the Zoom link to all the registered students

• The course has a public website as well as a private 

Canvas website

– We’ll post all material on Canvas, including the Zoom lectures

– Much material will be on the public website, included the ppts

of the lectures, but not the Zoom recordings
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Syllabus Material

• The syllabus is posted in several locations

• The public website is 

– overbye.engr.tamu.edu/ecen-615-fall-2020/

• Assumed background is an undergrad power class

• The course will have homework and probably a 

project, as well as two in class exams

– The final grade is 35% for the first exam, 35% for the second 

exam, and 30% for the homework and project

• The book is A. J. Wood, B. F.Wollenberg, G. B. 

Sheble, Power Generation, Operation and Control,

Third Edition, Wiley, 2013, ISBN-13: 978-

0471790556.  2

https://overbye.engr.tamu.edu/ecen-615-fall-2020/


Canvas

• Starting this year Texas A&M is transitioning to a new 

learning management system (LMS) known as Canvas

• We’ll be using Canvas for ECEN 615 this semester, 

though I’m not sure yet which features we’ll be using

• The login for Canvas is at lms.tamu.edu

• There is training available on the site, and I think 

you’ll find it fairly intuitive

• Canvas will not become active for ECEN 615 until the 

first day of class
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About Me: Professional

• Received BSEE, MSEE, and Ph.D. all from University of 

Wisconsin at Madison (83, 88, 91)

• Worked for eight years as engineer for an electric utility 

(Madison Gas & Electric)

• Was at UIUC from 1991 to 2016, doing teaching and doing 

research in the area of electric power systems

• Joined TAMU in January 2017

• Taught many power systems classes over last 29 years

• Developed commercial power system analysis package, known 

now as PowerWorld Simulator.  This package has been sold to 

about 600 different corporate entities worldwide

• DOE investigator for 8/14/2003 blackout

• Member US National Academy of Engineering
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About Me: TAMU Research Group
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TAMU Energy and Power Group (EPG)
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Electric Grid Control Room at CIR
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About Me: Nonprofessional

• Married to Jo

• Have three children: Tim,

Hannah and Amanda

• We homeschooled our kids 

with Tim now a PhD student

at TAMU, Hannah working at Stanford,

and Amanda a junior at Belmont in 

environmental sciences

• Jo just finished a master’s in counseling, 

we attend Grace Bible Church in 

College Station (and teach the 3rd and 4th

graders sometimes); I am the faculty 

advisor for Christian Engineering Leaders; I also like swimming, 

biking and watching football (Aggies and Packers!) 8



About TA Julian Thekkemathiote

• Second year Master’s student

– B.Tech (EE, Vellore Institute of 

Technology, India)

– Research Assistant since May 2020

– Research Area

• Grid Interconnection Studies 

• Price Response Demand

– Advisor: Prof. Tom Overbye

– Hobbies: Soccer, hiking

Bastrop, Texas, 2020

The control room at the A&M Center 

for Infrastructure Renewal (CIR)
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Announcements

• Start reading Chapters 1 to 3 from the book (mostly 

background material)

• We’ll be using PowerWorld Simulator fairly 

extensively in this class, both the educational and 

professional versions

• Download the free 42 bus educational versions of 

PowerWorld Simulator at

https://www.powerworld.com/gloveroverbyesarma
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Course Topics

• Introduction to Power Systems

• Overview of Power System Modeling and Operation

• Power Flow

• Sparse Matrices in Power System Analysis

• Sensitivity Analysis and Equivalents

• Power System Data Analytics and Visualization

• Optimal Power Flow and Power Markets

• Power System State Estimation

• High Impact, Low Frequency Events
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ECEN 615 Motivation: A Vision for a 
Long-Term Sustainable Electric Future

• In 2000 the US National Academy of Engineering 

(NAE) named Electrification (the vast networks of 

electricity that power the developed world) as the top 

engineering technology of the 20th century 

– Beating automobiles (2), airplanes (3), 

water (4), electronics (5)

– Electricity has changed the world!

• For the 21th century the winner 

could be “Development of a 

sustainable and resilient 

electric infrastructure for the 

entire world”
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Power System Examples

• Electric utility: can range from quite small, such as an 

island, to one covering half the continent

– there are four major interconnected ac power systems in 

North American, each operating at 60 Hz ac; 50 Hz is used in 

some other countries.    

• Microgrids can power smaller areas (like a campus) 

and can be optionally connected to the main grid 

• Airplanes and Spaceships: reduction in weight is 

primary consideration; frequency is 400 Hz.

• Ships and submarines 

• Automobiles: dc 12 V standard; 360-376 V for electric

• Battery operated portable systems 13



Electric Grid Overview

• Generation – source of electric energy

– Coal had provided over half of the U.S. electric energy, but 

now natural gas leads, with renewable sources rapidly 

growing

• Load – consumes electric energy

– Consumers are in complete control of the switch; utilities 

must supply enough power to meet load

• Transmission and Distribution – the wires that carry 

the power from generation to load

– Operating at voltages up to 765 kV (kilovolt), with 500 kV, 

345 kV and 230 kV common



Major Power Grid Components

The 

distribution

system is the 

source of 

most 

outages, but 

these are 

almost 

always 

small-scale 

events
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Electric Grid Time Frames

Image: Sauer, P.W., M. A. Pai, Power System Dynamics and Stability, Stripes Publishing, 2007
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Power and Energy

• Power is the instantaneous transfer of energy; 

expressed in watts (W), kW, MW, GW

– US installed generation capacity is about 1000 GW

• Energy is the integration of power over time; 

expressed in units of joules (J = 1 W-sec), kWh (3.6 x 

106 J), or btu (1055 J; 1 MBtu=0.292 MWh)

• U.S. electric energy consumption is about 4100 billion 

kWh (about 12,500 kWh per person; 1.4 kW 

continuous per person on average)
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AC System Analysis

• The power grid is an ac system, operating at close to 

60 Hz in North America, 50 Hz in many other places

• Constant frequency ac systems are analyzed using 

phasor analysis, which expresses a time varying value, 

such as a voltage or current, as a magnitude and phase 

angle

– v(t) =  Vmax cos(wt + qv) → Vrms qv

– Phase angle is always with respect to an arbitrary reference 

angle 
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Three-Phase Systems

• Essentially all large-scale electric grids are three-phase

– Three wires, with the same voltage magnitude and a phase 

shift of 120 degrees

• Usually the high voltage

electric grid is “balanced,”

– This means that it can be very 

well modeled as an equivalent 

single-phase system

– The three-phase lines are often 

shown with a single line, what

is known as a oneline



Synchronous Electric Grids

• Much of the electricity in the developed world is 

supplied by large-scale, 60 or 50 Hz synchronous 

electric grids

– Such grids can provide improved reliability, larger electricity 

markets and often economics of scale

– However, they add planning complexities

– Power can be transferred between synchronous grids by first 

converting it to dc, with HVDC lines one example

• Islands, and other parts of the world are supplied by 

smaller electric grids
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North America Interconnections
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All Three US Grids Are 60 Hz, But Are 
Not Usually At the Same Value

• Images show the frequency during the 2020 Super 

Bowl

Image from Prof. Mack Grady of Baylor University
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Continental US Transmission Grid

The Continental US Grid is interconnected with 

Canada and parts of Mexico 
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Electric Interconnections in Texas

Source: www.puc.texas.gov/industry/maps/maps/ERCOT.pdf 24



North America Electric Grid Model 
Generation

Grangst on

Hanging Rock Energy Facilit y

Keyst one

Wolf  Hills

Clinch River

Rockpor t  ( INM I)

Amos

Gavin

Donald C.  Cook

Kam m er

M ount aineer

Ti l ly

Churchill Falls

M anicouagan

La Grande 2A
La Grande 3

New Lauderdale

Independence

White  Bluff

Silverhawk

North Anna

Aut augaville

Greensville Power  St at ion

Kyrene

Wansley

Nelson

M OAPA

Conem augh

Arkansas Nuclear  One

Chalk Point

Delt a Power  Plant

Copper  M ount ain

Wat t s Bar  Nuclear

Cent r alia (TRAENE)

Caledonia

Bad Creek

Sout h Bend

Round But t e

Lim er ick 500 kV sub

Ca lv e rt Cl i ffs

Coyot e Spr ings

Salem  (PSEGN)

Brunswick Count y

Lower  Granit e

Bowen

Clover

Hunt er st own

Dever s

Corona

CPV Cunningham  Creek

Coronado

Shawnee (TVA)

Rowan Count y Energy Com plex

Mil le r (AL AP)

Lower  M onum ent al

Susquehanna

Hope Creek (PSEGN)

St er lingt on

Cum ber land (TVA)

Oconee

Sequoy ah (Tv a )

Vict or  J.  Daniel

Diab lo  Cany on

Yukon

Raccoon M ount ain

Four  Corner s (AZPS)

Tenaska Georgia

Grassland

Grand Coulee

Conasauga

Peace Canyon
Gordon M. Shrum

Char les Lenzie

M oss Landing (DUENNO)

M et calf  Energy Cent er

M cNary

Napavine

New M adr id

Joseph M .  Far ley

Possum  Point

Choct aw Gas Generat ion

Cot t onwood Energy

St eel Cit y

Im per ial Valley

APEX

Baxt er  Wilson

Mica

Harquahala Valley

Lakeover

Cryst al River

Red Bluf f

Palo Verde

Reliant  Energy Choct aw Count y

Colorado River

For t  M ar t in (M ONG)

Ba th County

Plum  Point  Energy St at ion

Cit r us Energy

Richm ond Plant  (CPLC)

Harrison

Paradise (TVA)

Big Caj un 2

Revelstoke

Keyst one (RRI)

Redhawk 1 & 2

Lit t le Goose Ph

Longview Power

Boardm an (PGE)

Keephi l ls

Alv in W. Vogtle

Per r yville

SHIC

Front  Royal

Dar lingt on (OPG)

Wate rford

Grand Gulf

M agnolia (M AGNEN)

Ft. Drum

Chief  Joseph

Ar lingt on Valley

Herm ist on Power  Proj ect

Peach Bottom

Surry

McGuire

Bruce

Martin (F L PL )

Scherer

Ronco

M esquit e Power

Genesee

M ount  St orm

Dworshak

Browns Ferry

Jocassee

El Dorado

M ayo

Lackawanna

West  Count y Energy Cent er

Bull Run (TVA)

Hyder

Co lstrip

Edwin I .  Hat ch

Har r y Allen

Hot  Spr ings

Cl i ffside

John Day Ph

Ashe

Cholla

Convoy

Clif t y Creek

Edgewat er  (WPL)

Nebraska Cit y -  NEB

Dolet  Hills

M adison Generat ing St at ion

Callaway (UNIEL)

Cayuga

Cane Run

Hawt horn

Sm it h (OM U)

Jef f r ey Energy Cent er

Holcom b

Blackst one (ANP)

M ansf ield (FIRGEN)

Pet e 1 ( IP&L)

Duane Arnold

Bonanza

Point  Beach

Prair ie St at e Energy Cam pus

Pawnee

Gent lem an

Tuco

Avon Lake

River side (PSOK)

Blue Lake

Beav e r Va l le y

Rose ton

Point  Lepreau

Rocky Reach

Ocean St at e Power

M iam i For t

Fe rm i

Buckner

Labadie

M iddlet own (NRG)

Leland Olds

CPV Valley

Linden (PSEGF)

Seabrook

Gowanus

M idland Cogenerat ion Vent ure (M CV)

Bridger

W. H.  Zim m er

Tracy & Clar k M ount ain

Dresden

East  Bend

Cof f een

Clint on (AM ERGEN)

Belle River

Schahfer

Hem pst ead

Nelson

Lakef ield Ut ilit ies

Cordova Energy

Newm an

Ot t um wa -  IES

Newingt on Energy Cent er

Nor t heast ern

Bever ly

To lk

Redbud Power  Plant

Spurlock

Wat er f ord Energy Cent er

Bayonne

Braidwood

Gibson (PSI)

Nor t h Valm y

Onet a Energy Cent er

Renaissance Power  Proj ect

Hobbs (SWPS)

Rush Island

Raun

AES Som erset

Tap

Oliver  Wind I I

Sam m is

Linden Cogen Plant  (ECOAST)

Rober t  M oses Niagara

Power t on Generat ing St at ion

Lake Road (LAROGE)

Scriba

Ia tan

M ichigan Cit y

Pir key

Hugo (WEFA)

Greenwood

Per r y (FINUOP)

Holland Energy

Canal (M IRNE)

Sarpy Count y

Duck Creek

Glen Canyon

L acy gne

Indian Point  3

Bergen (PSEGF)

Oswego Harbor

Hickory

Flint  Creek (SWEP)

Nine M ile Point  (COOPSE)
Independence St at ion (Sit he)

Phill

Fr esh Kills

Millstone

Colum bia (WPL)

M ont icello (NM C)

Dan E. Ka rn

Musk ogee

Gardner  Par k (Proposed)

At hens Generat ing Plant

Cur rant  Creek

Joliet  29

Homer City

St uar t  (DP&L)

J. K.  Sm it h

M ir ant  Zeeland Generat ing Plant

Grand River  Dam  (GRDA)

King

Soone r

Sherburne

Newt on

Luna Energy Facilit y

Oak Creek Nor t h

Moses

Inver  Hills

Em ery

Sir  Adam  Beck 1

Hunt er  Plant

Sioux

Lebrock

Hunt ingt on

Sem inole (OKGE)-1

Tr im ble Count y (LGEC)

Woodsdale

M onroe (DETED)

Car roll Count y

Cogen

Thom as Hill

St  Fr ancis

Wilkes

St. Cla ir

Wolf  Creek (WCNOC)

Lordst own

Saukville

Waukegan (M IDGEN)

Reynolds

Lawrenceburg

Laram ie River

Welsh (SWEP)

Reid

San Juan 345

Louisa (M IDAM )

Nor t hf ield M ount ain

Em por ia Peaking Plant

Tidd

Clar k Count y

Lakeside

La Salle

Coyot e

Baldwin Energy Com plex

Kyger  Creek

Ast or ia Gas Turbines
Rainey

Council Bluf f s

Quad Cit ies (EXGEN)

Beaver  Creek

Gordon Evans

Craig (TSGT)

Fox Energy Cent er  (Kaukauna)

Brown (SIGE)

Sugar  Creek

Blenheim -Gilboa

Cov e rt

By ron (EXGEN)

Ludington

Int erm ount ain Generat ing

St .  Joseph Energy Cent er

Brunot  I sland

Ghent

Kendall Count y Proj ect

St ought ons

Cass Count y

Ant elope Valley (BEPC)

J.  H.  Cam pbell (CEC)

Jam es A Fit zpat r ick

Palisades (NM C)

Prair ie I sland

Joppa St eam

Yarm out h

St ony Brook

Lem oyne

M ill Creek (LGEC)

My stic

Oklaunion (Nor t h HVDC)

Chut e-des-Passes

Com anche

Edwardspor t

Belledune (NBPO)

Conesv i l le

Cooper  St at ion

Kinca id

Brown (KUC)

Laf orge 1 [LA 1]

M anic 1

M anic 5-Pa

Saint e-M arguer it e-3

Br isay

Ber sim is 2

La Rom aine 3

Out ardes 2

M anic 5

La Rom aine I I

BeauprT

Le Plat

Ber sim is 1

Out ardes 3

East m ain-1

La Grande 1

Kem ano

Bedding

EDD7

Bat t le River

Sheerness

Sundance

SS

Edm onst on

Wax

WCE-Sugar

Lauderdale

Cocodr ie

Thelm a

Clay Boswell Energy Cent er

Clar k (NEVP)

Haynes Generat ing St at ion

River  Bend

Hells Canyon

Turk ey  Po int

Agua Fr ia

But ler

AES Granit e Ridge

Catawba

East  Towanda

West  Phoenix CC4 & CC5

Cape Canaveral

Crocket t  Cogen

Ft. Myers

Bat esville Generat ion Facilit y

Edgem oor

Plant  Franklin

Saf e Harbor

Hay Road

Alt a

Randolph

Cast aic

I sle M aligne

Wyodak

For t  St .  Vrain

Delt a Energy Cent er  (CPN)

Cope

East wood

Radisson

He lm

William s-St

Apache

Langley

Shast a

Seneca -  CEI

Hayden

Shawville

Colb

Jovit a

Richard Russell

Wayne Lee

Swif t  Cur r ent

Lloydm inst er

Big Bend Proj ect

Wells (DOPD)

For t  Chur chill

Ba rry  (AL AP)

Arcogen

Seward (RRI)

Shand

Seven M ile

Cross

Santan

The Dalles Ph

Sundance (AZPS)

Pr iest  Rapids

Big St one

M ount ainview Power

Avenue/Kingbir d

Por t  Everglades

Plains End

Brandy Branch Generat ing St at ion

Gr if f it h Energy Proj ect

Penny Hill

Long Spruce

Sunr ise Power  Proj ect

The Geyser s

Nichols St at ion

Four  River

Wat eree (SOCG)

Kelsey

Delt a Pum ps

Po lk

Riv ie ra

Robinson

La Rosit a

Gant t

Plant  X (SWPS)

Oahe

Koot enay Canal

Blyt he 2

Bighorn

Ford
AA2-115

Lingan

Colgat e

Johnst on

M cInt osh-CAES

Shiloh I I

Beauharnois-Ouest

Dearborn Indust r ial Generat ion LLC

Vist a

Shady Hills

Oxbow (IDPC)

Ninem ile Point  (ELA)

PLAYA

Cleveland Nat ural Gas

Gorgas

Ocot illo

Gallagher

Bonneville

Sut t on

Manatee

Tap

Sewaren

Debary

McDonough

Sout h River

Montour

Grand Rapids (M H)

AES I r onwood

M organt own

Davis

M ar shall (DUPC)

Buck (DUPC)

M ust ang St at ion

Asheville

Little Gypsy

M ossyrock

M uddy Run

Exxon

M erchant

Beacon

Har r is (CPLC)

Taf t  Proj ect

Hines Energy Com plex

Cr ist

Escalant e

CPCWest

Dow St .  Char les

Bear  Garden

Gat eway (PG)

Chest er f ield

Big Bend

Naught on

Boundary

Cherokee (PSCO)

M ill Creek St at ion

Cosum nes (SM UD)

Gerald Andrus

Kit t at inny

El Segundo

Hardee Power  St at ion -  SEC1

Boundary Dam

Br idgepor t

Acadia

Nor t hside

Jasper  Count y

M elones

Belm ont

AES Red Oak

St ant on Energy Cent er  I

Om ar

Ot ay M esa

M ar shland

P. L.  Bar t ow

Broad River  Energy Cent er

Nipawin

Los Est eros

PPL Brunner  I sland

Anclot e

East  Shore

Gilber t  (RRI)

Lincolnt on

Pit t sburg (M IR)

Lewis

Poplar  River

Lewis Creek

Pot r ero

Wuskwat im

President e Juarez (Rosar it o)

Hungry Hor se

Car t er s

Wallace Dam

Vandolah

Pr int z

Lansing Sm it h (GUPC)

Rober t  M oses Power  Dam

Rockingham  Power  Plant

Gar r ison

Gast on (ALAP)

Rocky M ount ain Energy Cent er

Deser t  Basin

Rocky M ount ain

Cer ro Pr iet o I I

V3

La Tuque

Coal Creek

Tenoroc

Sabine

Scat t ergood

Dynegy

Brandon Shores

Roxboro  (CPL C)

Rodem acher

Sanf ord (FLPL)

Kearny (PSEGF)

Sem inole Generat ing St at ion

Lancast er

GEC

Winyah

For t  Randall

Rainey

Jones St at ion

Urquhar t  -  SCEG

Dicker son

Past or ia

Har r ingt on

Har t well Energy Lim it ed Par t ne

Tiger  Bay

PPG

Brownlee

Swif t

Lim est one (M H)

Ivanpah

Sut t er  Power  Plant

CPCEast

Brunswick (CPLC)

Essex

Noxon Rapids

Yat es

Edward  Hyat t

Walnut

Conowingo

Sout haven

McIntosh

REPOWER

Hoover  NVHoover  AZ

Las Aguilas

Fredonia (PSPL)

M onroe (PVI )

Be lews Creek

Spindle Hill Energy

Dry Fork St at ion

Cham ber s

St .  Lucie (FLPL)

Beaver

Pr im m

Libby -  PACIF

Escondido Peaker

M ur ray Energy Facilit y

Cunningham

Bear  Swam p

High Deser t

Collier ville

Car t anza

Gros M orne

Sum m er

Eddyst one

Fair f ield Ps

Saeger st own Rd.

DOW Cogen

Cit r us Spr ings

Cane Island

Arvah B Hopkins

E. B.  Cam pbell

H.  L.  Culbreat h Bayside

Wanapum

Des Joachim s

Kipling

R. H.  Saunder s

Pickering

Lower  Not ch

Cargill Salt  Inc

Niagara West

Wells (GLHIF)

Halt on

Abit ibi Canyon

Henvey

Chout eau (ASEC)

Cooper

Wilson (TVA)

Gallat in (PRI)

Lansing

Alm a

Yucca

St at eline (EM DE)

John Sevier

Cannon Falls

Font ana (TVA)

Paradise

Genoa

Allen (TVA)

Por t -Alf r ed

Pickwick

Bull Creek

Kingston

M oselle

Bull Shoals

M cCorm ick

M organ Energy Cent er

Nor t heast  (KCPL)

M ar shallt own

M ar ion (SIPC)

Decat ur  Energy Cent er

Wheeler  (TVA)

Nor t h Om aha

S.  Har r isonville

Sikest on

Sout hwest  I I

Prair ie Creek

9 Sub

Cheswick

M act aquac

Concord

Univer sit y

Joliet  9

Culley

SCS 138

Dallm an

Dan River

Deerhaven

Edwards

Pr it ch

Dresden Energy Cent er

E. F.  Bar r et t

Valley (WEP)

East  River

War r ick

Gibson Cit y

Germ ant own

Taum  Sauk

Grand Tower

Hennepin

Holt sville

Hor seshoe Lake

Vernon Boulevard

M eram ec

Whit ing Ref iner y (WCE)

M ust ang

Northport

Oak Grove

Neenah

Par is

Tuf t s Cove

Presque Isle

W.  Frem ont

River side Energy Cent er

Vir ginia Cit y

Alpine

Will Count y

Shelbyville

Venice (UNIEL)

Cait hness

Sout hwest ern

Conoco

Plym out h

Spr ingdale

Sm it h M ount ain

Havana

Exxon M obil

Pulliam

Por t  Washingt on (WEP)

Por t  Jef f er son

Ar senal Hill

Tulsa (PSOK)

York St .

Anadarko (AND)

Car illon

Dean

Judd
Trent on Channel

Chem olit e

M asspower

M ilf ord (CPVI)

PSE

Rise

Kendall Square

John H Ker r

Jay Hydro

Buckspor t

Ter r ell Creek

FRSQ

JM C

Danskam m er

Face Rock

Blackhawk

Black Dog

Bet hlehem  Energy Cent er

Berkshir e Power

M PLPAngus Anson

Ginna

Ice Harbor

Far ibalt

Deer  River

Los M edanos Energy Cent er

M cM eekin

Rio Grande

River side (NSP)

M PS

Tracy (TRVAPO)

Towant ic Energy Cent er

High Br idge

AES Cayuga

Rum f ord

West on 4

S. O.  Purdom

Edgar

Nor t hend

Brandon

Lee St at ion (DUPC)

Klam at h Falls

828 GW of 

load (omitting

ERCOT)



Electric Frequencies and Residential 
Voltages Worldwide

Image Source: 
en.wikipedia.org/wiki/Mains_electricity_by_country#/media/File:World_Map_of_Mains_Voltages_and_Frequencies,_Detailed.svg 26
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