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Classical ctrl approaches in energy systems
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Im

nortance of uncertainties of renewables
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Classical ctrl approaches in energy systems
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Methodological/technological challenges in smart grids
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Problem Required methods Requiredtechnologies
ARenewables shtetm AReatltime knowledge of the A Distributed sensing (e.g.
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Sensing:situation awareness and functions
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Sensing: technologies and tim&nchronisation
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Sensing: realtime state estimation via PMUs

A

Definition

PhasoMeasurementinit
(IEEE Std.C37.12811)

NA devi c esynchrenized measucements af
phasor(i.e. itamplitudeandphasg, frequencyROCOF
(Rate of Change Of Frequ@rfcgm voltage and/or curr
signals based oc@mmon time sourdbat typically is th
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Sensing: the E performances

A

SINGLE TONE SIGNALS MULTI TONE SIGNALS
IimF,yM MAXe - - _AVGe _MAXi - - _AVGi "mP.M |\/|Axe _ - —AVG'e MAxi . _AvGi
“Ew‘;— ____________ _ =7 §1o‘— E
10 45 4‘6 e 4‘8 4‘9 5‘0 5‘1 52 5‘3 5‘4 55 10” 560 10‘00 "1500 20‘00 2500
IS - S SIS P S 3
— 10_2: ‘ ‘ ‘ ‘ ]
T T —— A~
10‘3::'__\____\—_—\—_-‘\‘———\/— o o -1 | D:10’3; ————————————————————— ‘—__-—--—-Q—~—_——%
Frequency [Hz] 500 1OI-?grmonic‘s frequenl:io[(l)-lz] 2000 2000
Comments: Comments:
,&I'VEnaX:__O.027 %TVI%\,Q: 0.02446(1.5 prad)A Identical performaneest single tone
KB, 410* i FE, &~ 910° signals
ARFE, .- 610°1 RFE, = 108 A Perfect harmonic rejection
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Methodological/technological challenges ismart grids

A s

Problem

A Renewables shtatm
volatility

Required methods

A Realtime knowledge of the A Distributed sensing (e.g.

system state

Requiredtechnologies
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A Realtime state estimators
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RealTime State Estimation via PMUs
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Availability of new technologies —-——
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RealTime State Estimation via PMUs

A

Definition 1/2
To fix the 1deas, In what follows with the term
RealTime State EstimatiarRTSE

we make reference to the processmbting the networl
state(l.e. phaseto-ground node voltaggsvith an
extremely high refreshing rétgpically several tens of
frames per seconenabled by the ussyfchrophasor
measurements
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RealTime State Estimation via PMUs

A

Use cases
Monitoring Protection Control
A Realtime visualization and A Fault identification A Voltage control
alarming A Fault location A Line congestion management
A Reafime State Estimation A Fault isolation A Distributed resources control (e
A Postevent analysis electrochemical storage)
A Planning of grieinfor A Network islanding (and reconne
cement due to excessive A System restoration

DER penetration

Asset management
Equipmemisoperation
System health monitoring
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RealTime State Estimation via PMUs

A

TheSiLcase study (network operator of the city of Lausanne)

———Line [l Bus with PMU A Owner Servicesndustrielsde

a

e L | 250 LausanneSil)
' - | A Location Lausanne, Switzerland
. A Size 7 buses
- A Nominal voltage 125kV,
A Installed PMUs15
- A Adopted telecomfiber links
\ A Field trial objectives

1. Integration of PMU
measurements in the existing
SCADA

2. Demonstration on the use of
PMU to locate faults and provide
protection functionalities

o
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RealTime State Estimation via PMUs

A

TheSiLcase study) The GUI of the developed SCADA
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