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Classical ctrl approaches in energy systems

Transmission

Sub-transmission

Distribution (medium 

voltage)

Distribution

(low voltage)

In traditional power 

systems, the sources of 

uncertaintiesare 

represented by the loads.

Majority of the control 

problems are solved in the 

planning (years)or 

dispatching (day)stages.
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Importance of uncertainties of renewables 

Example of deviation from predicted 

and actual power power injected by 

solar arrays at EPFL

Actual

Forecast

Example of deviation from predicted and actual 

power output from wind turbines in the German 

AmprionTSO region, April 28, 2012.
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Classical ctrl approaches in energy systems
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Distribution
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Massive deployment of 

distributed energy 

resources Ą large 

uncertainties come from 

injections

Control problems are 

solved in the planning 

(years), dispatching (day) 

and real-time.

Transmission
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Methodological/technological challenges in smart grids

Problem Required methods Required technologies

ÁRenewables short-term 

volatility

ÁReal-time knowledge of the 

system state

ÁDistributed sensing (e.g. 

PMU)

ÁReal-time state estimators

ÁGrid congestions

ÁVoltage control

ÁExact optimal power flow

ÁExplicit control methods

ÁStability assessment of 

complex systems (low inertia)

ÁDistributed storage

ÁHeterogeneous resources 

aggregation

ÁAncillary services (system 

stability)

ÁReal-time estimation of 

system flexibility

ÁRobust optimization

ÁShort-term forecast

ÁAgent-based software 

frameworks

ÁDemand response

ÁNew technologies in pumped 

hydro
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Sensing: situation awareness and functions

Network

monitoring
Optimal

V/P control
Congestion

management

Losses

minimization

Optimal dispatch

of DERs

Islanding

operation

Fault detection 

and location

Real-Time

monitoring

of power grids

Íaccurate

Íreliable

Ífast (sub-second)

Ílow latency
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Sensing: technologies and time synchronisation

Drivers Availability of new technologies (e.g., precise time dissemination)

Ą Enable new situation-awareness and control schemes in power 

grids

Primary 

SS

Phasor Data 

Concentrator (PDC)

Phasor Measurement 

Unit (PMU)

Monitoring

ProtectionControl

Real-time State Estimation
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Sensing: real-time state estimation via PMUs

Definition

Phasor Measurement Unit

(IEEE Std.C37.118-2011)

ñA device that produces synchronized measurements of 

phasor (i.e. its amplitude and phase), frequency, ROCOF 

(Rate of Change Of Frequency) from voltage and/or current 

signals based on a common time source that typically is the 

one provided by the Global Positioning System UTC-GPS.ò
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Sensing: the EPFL PMU metrological performances

MULTI TONE SIGNALS

Comments:

Å Identical performances w.r.t. single tone 

signals

Å Perfect harmonic rejection

SINGLE TONE SIGNALS

Comments:

ÅTVEmax= 0.027 % ïTVEavg= 0.024 % (1.5 µrad)

ÅFEmax= 4ẗ10-4 ïFEavg= 9ẗ10-5 

ÅRFEmax= 6ẗ10-3ïRFEavg= 1ẗ10-3
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Methodological/technological challenges in smart grids
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Problem Required methods Required technologies

ÁRenewables short-term 

volatility

ÁReal-time knowledge of the 

system state

ÁDistributed sensing (e.g. 

PMU)

ÁReal-time state estimators

ÁGrid congestions

ÁVoltage control

ÁExact optimal power flow

ÁExplicit control methods

ÁStability assessment of 

complex systems (low inertia)

ÁDistributed storage

ÁHeterogeneous resources 

aggregation

ÁAncillary services (system 

stability)

ÁReal-time estimation of 

system flexibility

ÁRobust optimization

ÁShort-term forecast

ÁAgent-based software 

frameworks

ÁDemand response

ÁNew technologies in pumped 

hydro
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Real-Time State Estimation via PMUs

Availability of new technologies

Ą Enable new protection and control schemesPhasor

Data

Concentration

Monitoring

Control

UTC Time

Reference

State

Estimation

algorithm
Telecom

Network

Protections

PMU
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Real-Time State Estimation via PMUs

Definition 1/2

To fix the ideas, in what follows with the term

Real-Time State Estimation ðRTSE

we make reference to the process of estimating the network 

state (i.e., phase-to-ground node voltages) with an 

extremely high refreshing rate (typically of several tens of 

frames per second) enabled by the use of synchrophasor 

measurements.
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Real-Time State Estimation via PMUs

Monitoring

Å Real-time visualization and 

alarming

Å Real-time State Estimation

Å Post-event analysis

Å Planning of grid reinfor-

cement due to excessive 

DER penetration

Å Asset management

Å Equipment misoperation

Å System health monitoring

Å é 

Protection

Å Fault identification

Å Fault location

Å Fault isolation

Control

Å Voltage control

Å Line congestion management

Å Distributed resources control (e.g., 

electrochemical storage)

Å Network islanding (and reconnection)

Å System restoration

Use cases
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Real-Time State Estimation via PMUs

The SiLcase study (network operator of the city of Lausanne)

ÅOwner: Services industrielsde 
Lausanne (SiL)

Å Location: Lausanne, Switzerland
ÅSize: 7 buses
ÅNominal voltage: 125 kVLL

Å Installed PMUs: 15
ÅAdopted telecom: fiber links
Å 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
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Real-Time State Estimation via PMUs

The SiLcase study ðThe GUI of the developed SCADA


