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- precise dynamical measurement
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mic & synchronized Information from substation to network control

IEEE 1344: Timestamp accuracy : 1 Microsecond
Angle accuracy error: < 0.1 degree
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onfigured views ready for implement
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@ ard - PMU Supervision View

'.%-*System : PSGuard for HEP Power System - Workplace : Power System Operator Workplace

plementation at HEP &TVA
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PSGuard - Wide Area Measurement - Implementation at HEP & TVA

s Data Concentrator : Faceplate psmPC

Phasor information
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m ard - Phase Angle monitoring - Implementation at Etrans

s Phase Angle Difference : Faceplate
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Message Description
04-03-27 18:02:453:235 L LocC F ‘Yoltage Stability Monitoring Warning Observed caridor is heavily loaded
04-03-27 18:01:17:387  ltems Phase Angle Monitaring Warning  The angle difference is in dangerous state
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PSGuard - Line Thermal Monitoring - Implementation at HEP & Etrans

s L_Zer_Tum : Faceplate Thermo Guard
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Temperature

1200

100

I I i i i I I i
0 200 400 600 800 1000 1200 1400 1600 1800
Time [sec]

§ ; ; ; ; ; B
vsf : \ » ‘ . ,
2
[
E4B>/—____~"‘,—v—/\/
a
£
g H ; H ; H B

i i i i i i i i
200 400 600 800 1000 1200 1400 1600 1800
Time [sec]

time ——p
Resistance and average line temperature monitored
using only PMU data

Increase of power flow on line from 950 MW to 1150 MW ->
temperature increase from 46 degrees to 49 degrees in 30 min



@ ard Small Trial System Available for Fast Implementation

Condition Message Description
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In Powser Grid Control
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i3 c=n push mons|
through 'ﬂ'ﬁlzlllrll‘.l thh.F:m
s=ame time, making tha system
mora predictablke and mom
rol bk, —CHPY STIA M REHTIE

CHRAISTIAN RCHTANE

Power Grid Control

Power grids carry the seeds of the r own desiruc

tion: massive fows of dectricity that cn o
oul af control in just sconds, threatening 1o
mielt the very lines that carry them. Built in the
days befiare quick-reacting microprocessars and
liber optics, these netwarks were never designed
tor debect and squekh systemwide disturbances,
Instead, ench trarsmision line and power plint
st fend for itselE, shutling down when power
s spile ar sag. The shortcomings of this sys

tam are all teo Giliar b the 50 millian Marth
Smericans from Michigan to Ontario whess
light's went cut last Angust: asindividual compo

nents serse ronble and shol down, the romaining
poawer s become even more disturbed. and
neighbaring Enes and plants @l like mnlirmillion

dodlar dominees, Cllens needbess shutckmm s result,
woating hillions, and the problem is on by expected
b gel warss as expanding ecanamies push mare
power oniba grids.

Christian Fehtanz thinks the tirme lascome for
mclern control kchnology 1o mke badk the grid.
Beditanz, gronp msistant vice president for power
systems lechnology with Zurich, Switzerland
bewsed engineering giant ABE. is one of a growing
number of researchers seking bo buikd new amrts
inta grid cantral momes, Thess engineers are deve
oping lardware and saftware 1o track ekectric
flemws across continent-wide grids sevenl times a
sero i, icden fify disturtanoes, and ke immediake

48 TICHMOLOGY BEVIEE Febnuarp T804

s have fashioned one that i ready far
st lbibion tockay, I their design works as adver
tizecl, it will make power autages 100 e les
likely. pratecting prick against everything from
corsumption- indudng heat wines 1o berrori=m.
L Ve can push more poveer thraugh the grid while,
e e fime, making the sygem more pre
aud more reliable]” svs Rehianz.
Rl ol . ut
growih af a detection sydom pronesred in the
15600 by thie Lok 1 Bonine
i ministration, which oo ils
e Pacific Mortbnest In this spgem, n
surements fram sasors hundreds 1@ thousands
af kilometers apart are coded with Glabal Pasi
tianing Systemn fime stumps, aabling a central
compuber o synchronize chta and provide an
accurale snapshol of the entine grid 30 times
ver secand [l enough 1o glimpse the tiny
spikes. sags, and ascillations that mark,
gl instability An earlierg

ik 12 dynamics
af the 1556 Blackaut that crippled 11 swestern L5
statas, Alberia, Eritish Calumbia, and Faja Cali
Tornia; western ulilities subsequen tly rejiggered
their operations and have thus far avided a
repeal. “1 know the peaple back emst sure wish
they had ane right now?” says Carson Taylor,
Bonneville’s princi pal engineer for transmission
ani an arduitect of its wide area sygan.

But Rebilanz is eager to take the next step,
transforming thess i nvestigative 1oals inko real
lime conirols thatdetect and squdch impending
blackomts. The technical challnge: designing a
system that can respond quickly encough. *You
hanve balf a minube,a minuie, maybe two minubes
1o ke action,” says Behianz. That requires spar
tan cakulatians that cn aunds the syndiranined
sarpar data, generate a medel of the system ta
detect impending disaster, anel select an appra
priale respanse, such as lrning on an exira
posver phnt. Contrel algarithms desipnsd by
Behitanz and his collzagues emplay a highly sim
plifiecl mode of how a grid warks, bul ane that
they beliewe is nevertheess apable of instantly
identifying sericus prablems brewing—and ona
standard desbtap com puter. AER enginecrs are
now sucying beiw such algorithms coulkl protect
a crilict ] powver carridor linking Switzerbind and
ltaly that fmiled last September, bhcking ant
mest of laly

Many utilities are alresly im plementing el
menls of real-time grid contral —far example,
installing digital network cantrallers that can it
erally push power fram cne ling to another or
suppress kol spikes and sags (s “Fower Grid
Tk, TR Jufjpdnpeess A0 Tied into awide-are

anra bachackgpies . com

Source: MIT

cantral scheme, thes: networ k cantrollers conld
serfarm mare inbel ligenthy, Still, it may be years
fiane a utility takes the plunge and fully com

i to Rehianss algarithms s not just that
ilitics are conservative about tinkering with
Antried technologies; cash for transmission
upgrades is thin in tocday’s derggo bied markets,
wherz it's unclear which market players— power
preclucers, rarsmission operatars, of govern

menl regulators—should pay for reliabi lite What
isclear, hesvever, is that the evolition toward real

timie, wide area senszing and control has begon.
AT ER FAIRLEY

~ While such “wide area” control systems
remain largely theoretical, Rehtanz and his ABB
colleagues have fashioned one that is ready for
installation todayv.

“We can push more power through the grid while,
at the same time, making the system more pre-
dictable and more reliable,” says Rehtanz.
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alley Authority (TVA), US 16 PMUs

, 2 PMUs, extension foreseen
itzerland, 4 PMUs, extension foreseen

iversity Switzerland, 4 PMUs

rway, 3 PMUs
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m s Switzerland - PSGuard system
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PSG830 with applications — Successfull FAT with HEP
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Guard Reference at HEP, Croatic
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Basic monitoring: supervision view (HEP, Croatia)
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F‘-',;J,System : PSGuard for HEP Power System - Workplace : Power System Operator Workplace
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m- uard Reference: Stattnet / No

Remote
Access Server

|‘ NT Workgroup
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Basic monitoring: customer specific view (Statnett)
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Contact us for details:

wide.area@ch.abb.com
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Take the right time
to an dynamic

approach to your
power system
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m nchronized Information from substation to network control
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@ ard assists to prevent critical incide _
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August 14th Blackout
By-The-Numbers

2 Canadian Provinces

3 deaths

8 U.S. states

12 airports closed

23 cases of looting in Ottawa
100 power plants

9,266 square miles

61,800 MW of power lost

1.5 million Cleveland residents
without water

50 million people

$4-6 billion in economic activity lost

Source: US DOE / NERC ‘ I

~NORTH AMERICAN ELECTRIC RELIABILITY COUNCIL R

NERC Technical Initiatives - 2

® Time-synchronized
measurements for
disturbance analysis
and operations

e Reevaluate system A1 W
design, planning and H s
operating criteria y

e System modeling and

data exchange
standards

iy

bl
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PSGuard: Risk Management System for the Transmission Grid

Target:

Early warning system against instabilities leading to blackouts
Function:

Dynamic monitoring of transient safety- and stability margins
Benefits:

el
«Safe temporal enhancement of line transmission capacity

*Detect uprising instabilities due to abnormal Voltage-,
Frequency- or Thermal line conditions

 Enable to start effective countermeasures in time
» Stop cascading domino effects

*Avoid blackouts or spreading o

f failures

© ABB Switzerland L
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Blackout ?
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@ ard - Wide Area Monitoring, Control & Protection System

PSGuard
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