Statnett

- Statnett R&D WAMPAC

power- Wide Area Monitoring Protection
(p-SWAMP)



Apen informasjon / Public information

Motivation

| w3 newees

s x

| 5 x
‘ _—
Statnett =

Apps

| Apps 8 x
FFT

N4SID NASID Viz

N4SID N4SID Viz
Time series plot

Time series plot Frequency heatmap

Frequency heatmap Voltage heatmap

Voltage heatmap Status ax

3 UUID Name statu: e sta Area
Status & x 880 150! 20.
ea... (0l el |

|| UUID Name status e sta Area Sta... 20....

42f.. TSO: 20...
! b6... svk Aert iy, 0

L] = 9 @ 0°C lightsnow ~ = B 7 Q) 13 NG 2047 B



https://www.youtube.com/watch?v=cslysC8rzzQ
https://www.youtube.com/watch?v=cslysC8rzzQ
https://www.youtube.com/watch?v=G8VtTf_gy_s
https://www.youtube.com/watch?v=G8VtTf_gy_s
https://vimeo.com/817292944
https://www.entsoe.eu/publications/blackout/28-april-2025-iberian-blackout/
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Statnett SF
The Norwegian Transmisjon System Operator (TSO)

Owned by the Norwegian State through the Ministry of
Energy

Owns and operates the national high voltage transmission
grid in Norway, i.e. the electricity highways.

Operation of the Nordic power grid is a collaboration
between Statnett in Norway , Svenska kraftnat in Sweden,
Fingrid in Finland and Energinet in Denmark.
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https://www.entsoe.eu/data/map/downloads/
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The Norwegian power system

_ _ Consumption
134 TWh
Production
146 TWh

Net exchange

12.5 TWh to:

Sweden, Finland, Denmark, UK, Germany and
Netherlands
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Statnett — Challenges

Prognoses indicate higher consumption in Norway, connection of new larger consumers and more
renewable production units (off-shore wind, on-shore wind and photovoltaic).
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Power production change from hydro, to mix of sun and wind, connected to the grid via power electronics, gives the grid new
characteristic, and needs to be monitored in a new way.
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Coordinated time- synchronization across Norway

and Europe
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Alarm coordination between TSOs

Alarm coordination between TSOs for Island detection
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All simulations based on CIM -models
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All simulations based on CIM -models
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Drill down functionality for alarm handling in sub grid by use of 3D

Al ve

pOwhs 500 MW

Reactve o MVAR
[owes

reant (rma

Max orod

650 MW

150 MVAR

..--"”'

)0 MW 2300 MW

110 MVAR 450 VAN

= Astiy Cuaverdt grod Max prog CAP
owe 1000 MW 1300 MW !
- 200 MVAR 300 MVAR
Owe e ———————
. pa— -
’
’
!
)
'
'
'
’
...... 3 '
3 . ! '
q . ' . » . '
’ g - . Fo)F
’ v - e
v v
) ¥ v ’ ......
’ v v 'y
¥ v AN Y
’ » v »
v . ! N ¥
' ) v LY
' ¢ v fL = iR
v ¥ Sl K
»
\ v B il a8
v v M .
v M : v ¥
¥ - 2 v ¥
¥ ¥ 5
v g 1Y
¥ . . - Y

Active

React

LOwe

wreet peod Max o0, CAP

1100 MW 1400 MW

280 MVAR 400 MVAR



Apen informasjon / Public information

Drill down functionality for alarm handling in sub grid by use of 3D
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Detection voltage stability
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FFT Mode Estimation Viz

Detection of Islanding by use of 3D | -
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Oscillation detection by use of advanced Ul to show how
nodes interacts
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Oscillation detection by use of advanced Ul to show how nodes interacts

Detection of Islanding by use of 3D
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Operation awareness on contingency analyze and

Corrective actions
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Architecture of the implemented platform

PMU stream i Kafka é

. from real — i | i

Development of a software platform to validate system | !
the detection and visualization methods G | fopology | | State i
istorical ! detection estimation !

data as PMU —| ! tatin o Kafka topic: :

. . streams i to —\a—t—CPI: S:ateaes:m:tion i

Core programming in Python g | ;
Opa|RT i Ka*ﬂ:: ff’ilf ::::Z:::::r;proc i

. PMU - ! ! | i

Modular structure with several streams C37.118 L Pre !
. . . L, N - A — L Coordinated |
independent applications SynpesEy Pbe Catin processing Application X assessment 5

PMU — ; | i

Communication between applications Sireams ; i |
with a Kafka stream PSS/E | ., Application |
Simulation — i Y, Z.. |

Stream i | i




Apen informasjon / Public information

Voltage Stability
https://youtu.be/B2XXrjwevcs

Oscillations
https://youtu.be/IB7JYJOBGOU

TSO Coordination

https://youtu.be/PCm2WNXBtj0

SCOPF (ASAP-NEWEPS)
https://youtu.be/wAdYy3pgG5A

Statnett

FFT Mode Estimation Viz
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Islanding detection
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Time Type Message



https://youtu.be/B2XXrjwevcs
https://youtu.be/IB7JYJ0BG9U
https://youtu.be/PCm2WNXBtj0
https://youtu.be/wAdYy3pgG5A
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RNDP
Platform

|

Kubernetes hosted on Azure

Robust ecosystem for data science

Notebook interface Rich visualizations
(J u pyte I’) Supports Python (mamba), R, Julia, and
more

Shared POSIX filesystem (Ceph)

KU be rnetes names pa ce Spark clusters for big-data workloads

Kubernetes jobs for long-running

iSOlation workloads
Entra
Statnett integrated GitLab

Artifactory
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* Backend
* Ceph
 Cassandra
* Hosted (GraphDB)

* Frontend
* JupyterHub

* Services

e SSH
* Hosted

* Private
* Jupyter
e Spark
 Kubernetes (Jobs)
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Statnett
Data

Statnett RNDP
Al based data WAMPAC Web based
conditioning Applications HMI
(WP3) (WP2) (WP1)

Statnett

LLM Interface
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External systems

SCADA /EMS

LFC

DSO XX
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Project p-SWAMP Tasks and work packets

WPO0 Managament, communication, dissemination

WP1 Advanced Web based HMI

WP2 WAMPAC applications for operation support

WP3 Data conditioning and linear state estimation

WP4 Modules integration and deployment

WP5 Module validations and pilot demonstration
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Project p-SWAMP timeline

Aktivitet

2026

2027

2029

Q1

Q2

Q3

Q2

Q3

Q4

Q1

Q1

Q2

Q3

Q4

WPO0 Managament, communication, dissemination

WP1 Advanced Web based HMI

WP2 WAMPAC applications for operation support

WP3 Data conditioning and linear state estimation

WP4 Modules integration and deployment

WP5 Module validations and pilot demonstration
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