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Problem Statement

The Net Zero energy system transition is causing new types of oscillations on
the electricity transmission network

What is the problem?

 Renewable energy sources such as wind and solar are interfaced to the grid using
inverters (power electronics) that have very different dynamic behaviour to fossil-

* Inverter-based Resources (IBRs) can interact with one another in ways that are
difficult to predict and understand, causing oscillations on the grid

* Inverter-based Oscillations, have been experienced on power systems worldwide.
They have the potential to reduce system reliability, cause equipment to @
maloperate, or in extreme cases, become damaged. =

fuel based generators J L

What is needed?
To manage IBR-based oscillations we need: H H H H

e Visualisation and Analysis tools to help network operators alert, identify, locate
and understand oscillation modes.

* Control and Mitigation tools to help network operators take appropriate actions

to mitigate oscillations when they occur.
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Project Overview

The INSIGHT project combines learnings from past
oscillation events with new modelling and simulation
techniques to better understand:

 The nature of these new oscillations.
e How to detect and address them in network design and
operation for future events.

A key part of developing the solution is to build upon
previous innovative work that focused on system stability
dominated by power electronics covering:

* Modelling and simulation of IBR-rich networks and power
system oscillations.

 |dentifying technology solutions for monitoring and mitigating
oscillations.

Oscillation Management
Monitor » Detect P Interpret » Mitigate
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User Needs

* System Operator: improve system operability and reduce
balancing costs.

* Network Owners: improve network performance.

* End User: the eventual solution will be aimed at providing
information to control room staff

Need to consider: alert only, alert and recommend actions, or
alert and consider the best course of action.

Ul will need development in subsequent project stages.

Potential solutions: proposed test-bed architecture to enable
potential solution providers to demonstrate their solutions.
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Approaches to Address the Problem

The approach of the INSIGHT project has several elements:

1. Understanding the causes of IBR-based oscillations:
e Oscillation Events (Modelling & Simulation) - Led by Strathclyde University

2. Understanding the oscillation monitoring capability on the Transmission Network:
* GB System Monitoring Roadmap - Led by SSEN Transmission

3. Understanding the availability of potential solutions:
* Engagement with stakeholders & technology providers - Led by ESO

4. Understanding the value provided by solutions:
* Cost Benefit Analysis (CBA) development - Led by SSEN Transmission
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Work Package 2 - Engagement with Stakeholders

This work package:

* Built on the output of the discovery phase (targeted questionnaire)

* Investigated current innovation best practice for oscillation detection
and mitigation

* Held targeted webinars to disseminate progress on the project and

seek engagement with potential suppliers and other interested
organisations

* Held 1-2-1 sessions with interested parties to understand:

Their product(s)/solution(s) and readiness to meet the needs of the project

Their interest in participating in future project stages

Scottish & Southern
Electricity Networks

TRANSMISSION



WP3 Oscillation Events - Modelling and Simulation Studies

1. Modelling and Simulation 2. Analysis of IBR-based Oscillations 3. Evaluation of Oscillation
----------------------- Location Methods

Analytical model of oscillation
mechanism

!

Representative test network:
North Scotland transmission
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WP3 Oscillation Events - Modelling and Simulation Studies

Key Findings:
1. Modelling of IBR-based Oscillations:
» More detailed analytical modelling required to improve understanding and support
Informed modelling tuning
» Network model needs to be expanded and further developed for realistic testing.

2. Analysis of IBR-based Oscillations
» Traditional measurements (phasors) have limitations in monitoring emerging oscillations
» Increasing phasor reporting rate can improve oscillation analysis
» Waveform measurements (not typically utilised in real time) appear to better
characterise oscillation mechanisms

3. Evaluation of Oscillation Location Methods
» EXisting oscillation analysis and location methods can be unreliable
» Inconsistent outcomes observed with different methods for emerging oscillations
Scottish & Southern
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Work Package 4 - System Monitoring Roadmap

WPA4 reviewed the current state of system monitoring:
A Look-ahead to what is currently planned for the next 5 years with a focus on the north of
Scotland transmission network.

 To show what visibility and monitoring data would be available from the system without any

specific device installation for the INSIGHT project
* Transmission & Industry Codes and Standards that apply to all Onshore TOs

* Proposed some next steps

SSEN
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Potential Benefits

Potential annual savings: £29.6million

Financial and Environmental (o ) o
Balancing Localised
Mech;.;mism blackout
oge saving
Improved system operability £25.5m 8 £0-5m ,
Currently restricting output generation is used to ~
manage oscillations or operate high-carbon sources. Black itart
ris
INSIGHT will enhance system operability and help e
reduce the balancing mechanisms costs across the £3.6m

network.

Risk reduction

e Unstable network leading to a partial or total system
shutdown (leading to the disconnection of customers).

Plus, it lowers the risk of damage to plants and

equipment including users’ equipment AND reputational
risk.
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How Findings are informing the Future Direction

* Decision taken by partners not to submit a Beta Round 2 application, because

* Existing measurement and analysis methods for low-frequency oscillations are
insufficient

e Currently Technology Providers do not have mature solutions

* Further work is required before pursuing a Beta application to:

Work with simulation and analysis tools to understand the problem in more
depth

Work with Technology providers to develop new solutions

* Plan to submit to plan and execute an NIA project

* Potentially make a Beta application after an NIA project in 2026

Alpha has unlocked the priorities for moving forward
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What Next

* Project partners will develop the project definition
for the next phase: NIA

* Engagement with other Transmission Operators

* Strengthen relationships with Technology Providers

* Promote the project through new communication
and dissemination opportunities
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I N S I G H T = Innovative Network Status Intelligence Gathered by Holistic use of Telemetry

INSIGHT iz looking for solution providers!
Wi want to work with supplisrs of powsr sysiem monitoring and management syssems to:
> Evaluaie and improve oscillation detectiondmitigation systems using our real-time testing/development envirenment.

3 Créate an inegrated solution that makes the best use of monibaring ipment and systams that are already deployed.

Please getin touch and sign wp for our Webinar on 25 February or 8® March: sifprojectsfi)sse com

.4, The Challenge Oscillation Management
Monitor » Detect # Interpret » Mitigate

The IN3PEHT project wil monitor, classify, and msanage new jorms of system Insiabifty an a y
nhwor dominated by [BRs. BT

The project will combing kesmings from past ocsollation svents wih new modaling and
simulation techniques o beter undersiand the nalure of Bhese new osollalions and how 1o
dedect and address fem in neteork design and operation for fulune events.

B key part of the solution will be s buld Upon EReious INnosatie Wonk thal fooused on Syssem
Stabiity dominabed by powEr 2Rcronics cowenng

+  Modelling and sinvulalion of IER rch networks and power sysiem oscliaions

« identifying and trialling technalogy solutians #ar manoring and mitigating osollalions

+  Implemeniaion of real ime cscllation mondoring plaffoms wilhin e GE neteork

- Innovation
IMBIGHT alms o devekap an nncwallve L that prasctvely identifies and clssiies an oscliaion’s rsk o the
Rtk and provioes real - iores o e onird oo and aparstions. This i an sdvancenssnt of
curent praciices aomss the workd where pestanalysks |s the norm.

Instabilty fsis 10 the ITSNSMSSon rateon relled 40 New [hencmena ane ol undaminned by normal prachoes and
aray araiore thare ks an InsuMdent understEnaing wihin B networks about how 10 detsct o mitigate them. Proact e
Idantificalion and cassication, combinsd wilh New Sianders and codes 10 SURHAM the management of hese osollations.
represend new areas of analysis, ook, spsiems, and proce sses reod et avaliabde §o Greal Bxilain nor developed comparabiy
sisewhare.

=4 Benefits of INSIGHT

> Approach - Realtime Simulation & Hardware-in-the-Loop

INSIGHT projeri provides benefis by prowiding @ fool dor the sysiem
operator b reduns sysiem Instabiity risks thal does nob imehe e oty
inshallation and running of synohionous pland. The corrend method of
managing oscilabions on fhe sysferm & 0 inoease B siengih of e

» Reprasemative model for 'nplv_anngrnnl-m'm avents
> Ewadualion, deveinpmeent, and ualidation of new monbaring, anayss & contral soitions

syslem. by changing he gensralicn dispalch andior resirict ihe king of Testing Platform
sysiem oulages. This sialegy |s expenshe ko the Cansumer wha Simulation Stakeholder Engagement
Toats the B for thi balancing machanism oost far e LK nishwark. wE Al
A ’_E Wit .!”'DI
The finamolal benefit of IMEIGHT wil ulimalely be measured fhraugh ECL] g
fechclion In balancing ootk Inaurmad by tha Elactcby Systen Dparatar The P _'k}l @'D'l Manitaring Devices/

avallabilty of ieol #0 manage emergent sysfem ksues will provide a lange
& reduction Tor MrheDk OpEaion and planning going (mo the Roune.

There Is an eavirommenial bemefit In ihe form of carbon reducion.
Bakncing actions normally MEans carbon.hased soures of genaalion ane
utilised #o balknos e sysbem jo manage csollaions. INHOHT will reduce
002 emissions by providing chnology o predict ond mitigale system
Incstabil iy I real-ime, heneby, negaling of reducing The nsed i se carbons
powered synchimnous genemions.

For more information, contact:

X ™
donathan Powel: INSIGHT Project Manager The project is funded by network users and under the
SBEN Transmission Strategic Innowvation Fund, an Ofgem programme
Eﬂ:lz";m'ﬁ;;g@ﬂlm managed in partnarship with UKRI

URL: www.gsan-tranemlzalon.co.uk
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Contact details:
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