
Development and integration of PMU-based 

WAMPAC systems in Statnett

Knut Hornnes



The future is electric and the future is now

System operation must change because the system changes

RETAIL WHOLESALE



The PMU

WIDE AREA

(observations per 10 sec)

REAL TIME

FINER TIMRESOLUTION SYNCRONIZED



Wide Area Monitoring, Protection and Control

WAMS WAPS WACS
Synchronized data 
provide more insight
into system dynamics …

… and can improve 
automatic response 
measures like system 
protection … 

…control/regulation based 
on a complete set of 
synchronized measured 
and calculated state 
estimates

Realising more 

of the potential
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PMUs DISTRIBUTED IN 
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FUTURE…



Applications

PROTECTION & CONTROL

Wide area power 

oscillation dampers

Cascading outage 

prevention

Coordinated

voltage control
Real-time control of

corridors

Islanding monitoring and 

control

? ? ?

Voltage stability and 

control
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122 MNOK/year

75 MNOK/year

YEARLY BENEFIT YEARLY COST

• Estimates

based on

reports and 

interviews

• Numbers will

be qualified in 

separate 

workshops

47 MNOK/year



Overview of roadmap

Development

Implementation R&D

Preperation Operation R&D

Infrastructure

150 PMUs & 
PDCs

300 PMUs & 
PDCs

PMU 
communication

2023-2025

WAPS

2019-2022

WAMS

2025-2027

WACS

H
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Smartere  
System operation

New systems for 
analysis

Handling 
bottlenecks

Training

Verify system 
services

Storage and 
availability

Dagens situasjon

Implemented in 
EMS / Scada

SPANDEX

NEWEPS

SPARC

Nye R&D-
prosjekter

PMU platform

500 PMUs &  
PDCs

New 
applications

Smarter system 
protection

Smarter control

More 
applications

PMU-data in state
estimator



PMU in station 1 PMU in station 2 PMU in station 3
PMUs DISTRIBUTED IN 

THE POWER SYSTEM

Statnett 
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PHASOR-POINT TO 

VIZUALIZE

SPANDEx project



Applications

PROTECTION & CONTROL

Wide area power 

oscillation dampers
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prevention
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Thank you for your attention


