March 16, 2009 Panel Session
Real-Time Stability Assessment in Modern

Power System Control Centers

Overview ofi Key: Stability
concepts Applied for Real-

lime Operatens
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Background

*Modern grids sustain MWW transfers that may be
higher than those for which they were planned

=Sy sten operaters must meet conflicting
feqguirements

~-allow access i, and maximize the use off, the grid

~aveldithe risk ol blackoeut

o nstaniity may happen evenithermaliiimits are net vielated

s WhenNtnappens, mstanility develeps:almoesiinstantly and
IEaVES Ne! IMme e react

=Skeeitnstapniymusi- e predicied aeau CirtimeioNeave
EReUghrmENGIFRIREVERUINVEY COIECHNVE 2CHIeNS




Background (cont'd)

"Operating conditions change continuously

=for the prediction to be timely and accurate, the:
sassessment needs to be performed In real-time
sdistance to instability: needs te be monitered continueusly:

sStiapility calculations must use real-time data that

—hiave heen|validated el completeness, accuracy. and ConsIStency:

—havebeen produced vy areliable and field-proven state estiniato
*Stanility, calculations need te e completed within the time
SpPian el the real-time Renwoik analy/sis SequUence

—fypically fvermimutes

sthie resultsineed ter he displiayead belore the next state
estimater run

—actualiysmuich earlier inrorder ter allow thersysiem disparcherrio
examine theresultsrand take action liFneeded




Background (cont'd)

*Due to practical and theoretical difficulties, the
selutien has to be a compromise between:
-depth and extent ofi the stability analysis
-levelland granulanty: of the medeling details

-need and anility ter seamiessly integrate the stability
computations withr the SCADA/EMS platfiorm

-acceptanle elapsed tinmes er perdorming the calculatiens
andipresenting theresult

=Viererthian: eneWey: ter tacklertiierprronlem: el real=time
and enlinerstapiiy assessiment

~dale;, cCompuiing andioperatienal enviieoRment
~appreach terthe searchiolr stapiiy Ninmits
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What Are Stability Limits?

=\/eny different from thermal limits -- the concept of

~thermal limit™ refers to the physical properties of the material
used to build the line / transfermer, etc.

~“stability” refers te a selution ofi a system of equations
*for each new system state, there may be a new: “stabilroy limit*

s“stability imit™ depends; upon the
—methodolegy deployed te compute It
—tlfajecteny iollewed terapproachit

*HeMW. many. 'stanility imits™?
*hieW. e define and auantify the “distance: o Instainu 2
scanthey be vielaied?

AR PrEACHES:
—liiarsienis staniim
~\/@ltagerstanmiy,
~Steadystaterstaniim (i therclassicalisense)
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Steady-State Stability Avenue

=Allows quantifying the distance to instability.
- Steady-State Stability Limit (SSSL)

stotal system MW where a small increase of load causes voltages to
collapse and units to leose synchronism

-Unsafe (by definition)
sthe system should never he allowed te get close te the SSSL
sthie farther away: fromithe SSSL the better

~-NOT fixed -- fior each system state there Isi a diffierent SSSIL

-Stability resenve - gquantiies the distance te Instanity

smust he recalculated: after eachi state estimate and lead-fleow: - for cuUrrent
eperaineconeitons andrcrtical contimaencies (INSIRINEZES)

=\\ial CaliSes nstaniiy?
~Lransmissiien congestien
~[OpPeIegY changes
~Impact el leWerr systen Voltages




Steady-State Stability Avenue (cont'd)
Stability Reserve Concept

conceptual model -- the solution algorithm
represents ALL the machines

the power flows from generators to loads
E = generators' e.m.f.
V = bus voltages at load buses

X = transmission system reactance
(includes the generators)

Steady-state stability analysis by using
a voltage stability criterion:

Point A -- a small load change does not
cause instability

Point B -- a small load change causes
voltage collapse and / or
units out of synchronism

A

MW

critical MW
Steady-State
Stability
Reserve

actual
MW

Steady-State Stability Reserve defined

as.  critical MW - actual MW
critical MW

X 100%

[
»

Total MW system grid utilization = internal generation + tie-line imports




Steady-State Stability Avenue (cont'd)
Impact of Topology Changes

vV when lines trip, the total system reactance gets bigger
10 Q

5 Q

critical MW
Steady-State
Stability

Reserve 00 50 10 O

- O—1__ 0

when generators trip, the total system reactance gets bigger

10 O

O

Steady-State Stability Reserve defined as:

critical MW - actual MW . .
—=— - x 100% line and generator trips tend to reduce the
critical MW 0 ] ..
. maximum power transfer limit

actual MW = internal generation + tie-line imports




Steady-State Stability Avenue (cont'd)

Impact of Lower System Voeltages

Assumptions:
- no topology changes
- same MW loading
- constant generator excitation currents

decaying system voltages reduce the
maximum power transfer limit

[
»

actual MW = internal generation + tie-line imports




Steady-State Stability Avenue (cont'd)

Impact oft Wheeling MW Elows -- How * Transmission
Congestion” Reduces the Stability Margin

MW1

-------------- [
= Ll =
= u =
= [l =
= Ll =
= u =
= [l =
= Ll =
= u =

[l =
» =
» =
[l =

MW + MWL |
MW2 MW + MW1 + MW2' i
MWL \ MW3 MW + MW1 + MW2 + MW3

\ Assumptions:
- no topology changes
- constant generator excitation currents
- constant voltages at load buses

Additional MW flow
across the system external MW flows wheeled across the
transmission network, also known as
"congestion’, push the system closer to its
maximum power transfer limit

[
»

actual MW = internal generation + tie-line imports




J TSL (Transient Stability Limit) Concept

-
_l
O

actual

MW assuming that all the

states below TSL were *

found to be stable for

all possible

contingencies, when

MW > TSL there will

be at least one

contingency that will

cause transient

instability
........................................................................... i

the system was found
to be stable for all
possible disturbances
at the "actual MW"
loading

Incréase-MW to find the TSL

........................................................................................................

» »
» »

Total MW system grid utilization = internal generation + tie-line imports




) Steady-State Stability Avenue
(cont'd)

*Need to represent the synchronous machines in
voltage stability simulations

-Should examine the singularity: of the dynamic Jacobian
-Use steady-state stability: analyticall technigues
~pe careful with lead-flow technigues

o SinQularnty: off the lead-flow: Jacehian IS net a stanility criernen

—Sauer, W.P., Pail, MLAL, “Power System Steady-State Stability: and the Load-Elow Jacobian®,
|EEE Transactions in Power Systems: 5 [-PWRS; 4, pjp. 1374 - 13611

—Sauer, WERL Par, MUAL, “Relatienships between Power System Dynamic Equilibrium, Coad-
Elow;, and Operating Peimt Stalbility®, intRrReal lime Stability inr Power Systemss (Editer:
Savulescu, SIC));, pp. 1-30, Springer Verlag, Norwelll, MA; 2006

sNeed 1oy meniter the evelUuen el the stanility/ resenve

S nermalieperatinerconeiiens ane Cliicall CORtINGENCIES

EEaRy newerkithatimeets e sieady siatersianiiity ceoneitions can
Witlhistanerayaamicperttifauens andienaNprastenlereperatine siates

(Viagmieny, Vi Rappeit Specialdul Greupe 32 Conceptionl el Fonclienmement des REsealx; Conference
IRtematenalerdes Grands Reseaux Eleciigues ats autenliension), CIGRIE SEssIen 1964)
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Real-Time Stability Requirements

=System Operation reguirements for a real-time
stability assessment and monitoring application

~-muist be fast so it can perform split-second calculations

°In real-time, o
— monitor the distance to instability
— evaluate critical contingencies for stability: vielations

sOff=line, to
— evaluate stahility resenves oiif many. alternatie eperatng Scenanos

— sellect the worst contingencies frem large contingency: sets
Edynamiic cContineEncY Selection

=ShieuldieNEasenaniyiaceuiaie
sthieoretically/souna simpliyimerassumpiens = noi NEURSHICS

~Shiould preVide ansSwers thatare easy. e nierpret
saistancereNnsianiiiby:

~must display thierresulits airaphical iV nrSimpleTermats




