INSIGHT

Innovative Network Status Intelligence Gathered
by Holistic use of Telemetry

“This project is funded by network users and consumers under the Strategic Scottish & Southern
Innovation Fund, an Ofgem programme managed in partnership with UKRI.” Electricity Networks
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Project Outputs and Lessons Learnt

Project Outputs:

* Understanding the requirements for measurement techniques and the data reporting rate for
the analysis of Inverter Based Resource (IBR) induced oscillations.

* Representative network model and simulated oscillations.

* Understanding of Technology Providers’ capabilities and gaps.

 Developed a greater understanding of existing monitoring systems and plans for a test
platform.

Lessons Learnt

e Existing measurement and analysis methods for low-frequency oscillations (based on Phasor
Measurements) are insufficient for interpreting IBR-based oscillations.

* Currently Technology Providers do not have mature solutions.

* Further analytical modelling of the proposed test network is needed to simulate more complex
oscillation mechanisms and hence develop an understanding of monitoring and mitigation
requirements.
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Project Management

* Milestone Register

* Deliverable Register

* Risk Register
* Gantt Chart
* Project Spend

INSIGHT Alpha Phase Project Management Tracker.xlsx (sharepoint.com)
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https://ssecom.sharepoint.com/:x:/r/sites/extranet-networks-transmission_InsightSDRd2P/_layouts/15/Doc.aspx?sourcedoc=%7BCE5A9FAB-C6CD-4DA1-91D1-C0B876E613CB%7D&file=INSIGHT%20Alpha%20Phase%20Project%20Management%20Tracker.xlsx&action=default&mobileredirect=true

Project Plan: Milestone Register

Milestones
Actual
.. . Partner Due Date Cost of .
WBS ID |Description Success Criteria . Due Date . Completion
Responsible (Month) Milestone —

*The project has been reviewed favourably by the UKRI
1 M1.1 |Successful Mid-paint Project Review team: Monitoring Officer and Innovation Lead. SSEN-T 18/12/2023 Month 3 £5,265.54
* Task list generated that captures any future actions.

A well-articulated justification for proceeding to Beta is
Internal stage-gate to agree on whether to i
1 M1.2 . o presented to the SSEN-T Innovation Governance Board. A SSEN-T 15/03/2024 Month 6 £9,265.54
proceed with Beta phase application . L i
decision is made confirming if the project should proceed.

* Comprehensive list of stakeholders compiled.
2 M2.1 |Network-related stakeholder meetings held |* Knowledge-sharing events organised and executed. NG ESO 15/12/2023 Month 3 £31,284.33
* Findings summarised.

* A clear and consistent approach for engagement with
) technology providers and means of assessing their
Completion of a strategy to evaluate i i i i
2 M2.2 ] ) i technology offering and any gaps against what is required. NG ESO 29/02/2024 Month 5 £31,284.33
technology solution provider offerings ) i i
* Documentation capturing this approach and assessment
methodology.

Approach for modelling IBR-induced system [Approach has been documented and discussed and agreed
3 M3.1 o ! ) i Strathclyde 31/10/2023 Month 1 £17,859.21
oscillations defined with the project partners.

A model is developed on the RTDS real time simulation

MNetwork model for replicating oscillation
P g platform with the details and ability to represent IBR-

3 M3.2 |events developed and simulation studies i o i ) Strathclyde 25/02/2024 Month 5 £71,436.83
leted induced oscillation events, and simulation results adopted
complete
P for understanding a wide range for oscillation events.
Completion of technical specification: Documentation available that describes the requirements
3 M3.3 |Oscillation Measurement and Monitoring that technology providers should be able to demonstrate SSEN-T 25/02/2024 Month 5 £28,995.62
System in Beta should they become a partner.
Completion of Review of Oscillation *Thorough review of STCPs and Grid Code completed.
4 M4.1 L i . i . L. SSEN-T 16/02/2024 Month 5 £3,624.45
obligations in STCPs and Grid Code * Report issued detailing obligations and new knowledge.

L ) ) * Roadmap developed through engagement with all
GB System Monitoring Roadmap first version i
4 M4.2 project partners. SS5EN-T 16/02/2024 Month 5 £10,873.36

available
* Content of roadmap agreed with key stakeholders.

Documentation drafted, internally reviewed and circulated

5 M5.1 |CBA updated to reflect Alpha learnings i
to the project partners.

S5EN-T 31/03/2024 Month & £13,203.97
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Electricity Networks

TRANSMISSION



Project Plan: Deliverables Register

Deliverables

Actual
Completion
Date

Weekly project meetings established on held on Monday morning (16/10)

SSEN-T's IGB held [22/03) to review INSIGHT [slides) where it was agreed that
a Beta application is to be developed. 1GB minutes and actions were taken
and captured, repectively.

*The deadline for Beta applications is 22/05 so0 35 of 31/03 the content is at
a top-level but does includes WBS information and potential WP leads.

* In hindsight, this Deliverable is too far reaching to be achieved within the
Alpha Phase.

Partner meeting led by NG ES0 held to review Discovery Stakeholder list
[o2/11).
Initial list is available on Sharepoint, bazed on review of Discovery Phase list

First engagement event held at ES0 [16/01/24) and attended by all partners.
The focus was knowledge sharing of relevant network projects with
presentations given key people in the ES0.

Technology Providers identified and events [webinars) organised by ESO with
the first held on 23/02 and the second on 08/03. Deliverable coupled with
D2.2. (29/01).

The two Webinars held on 29/02 and 08,03 were attended by several
potential solution providers. Both sessions were recorded and questions
and answered logged. A number of follow-up calls are taking place with the
first held with GE [08/03).

Inital model topology agreed and built in RTDE.

Similations results presented at internal stakeholder workshop on March
15th.

Deliberately general at present due to limitation in time associated with
the Alpha Phase (11/03/24). To be further developed in the next phase.
An overview of the test procedure has been produced.

Based on learnings in Alpha phase (03.2) it was dicovered that futher
analytical modelling of the proposed test network is needed to simulate
more complex oscillation mechanizsms and hence develop an understading
of monitoring and mitigation actions. A plan to develop a state-space
analytical model was discussed with colleagues from HVDC centre.

Reportis included inthe system monitoring readmap slidepack.

RE ooed EEYELE ) ] ak=[alpgk=u] U= DECK -

E [FF

complete and in review process between 55EN Transmission and HVDC
i £

Areport is in draft form with the final version to be issued by 19/04.

Arefresh of the Alpha CBA was presented a= part of an INSIGHT knowledge
share meeting (16,01} and since several sessions have been held (22/01)
and 13/02)to discuss and enhance the CBA submitted as part of Alpha.

Historical information has been obtained from public data available on the
E50website. This information has helped in preparing the CBA.

Wp I |Description Success Criteria Type Responsible Due Date
- . . . . Mon-specific
Project partners are kept informed and receive regular Comms via {ongoing
1 D1.1 | Project meetings updates Teams or SSEN-T thr:url:l
* Partners sharing their progress and any concerns. Email L=
project)
1 DL? |Bata Phase review Formal stage-gate review held, minutes taken, and actions Meeting SSENT 15/03/2024
captured. Report Y
Application questions completed, budget and work
1 D1.3 |Beta Application cutline drafted breakdown structure available and rizk register updated Application SSEN-T 31/03/2024
from Alpha.
Co hensive list of stakehold technol id ra
2 | p2.1 | Stakeholder List T ASECEEILEEE i ISl 2R LS Lrala s pei i 25 Lizt NG ES0 31/10/2023
end users and participants developed. Y
Good t fi 1l ject part t that
2 D2.2 | Engagement Events EngagF_llm Entiroma . proj . PETMErs, to ansure tha Event NG ES0 Mon-specific
comprehensive coverage is provided.
E t t= delivered i lwi int ted .
2 | D23 | Interested providers MESSSMENT FUENTE 0= METSCIMUONIn S5 maAnyInteres Event SSEN-T 31/01/2024
stakeholders as possible.
Have a good understanding of which solution providers NG ESO/SSEN-T
2 02.4 | Solution provider assessment strategy would be able and willing to participate in the Beta phase List [iuint.leffurt'l 29/02,/2024
of the project. '
. Amadel is developed on the RTDS real time simulation with
Abench k model f ting IBR .
3 | pz.a |TDENETMArEmoOeliarrecraating the details and ability to represent IBR-induced escillation Medal Strathclyde | 31/01/2024
oscillation events Y
events.
Acomprehensive range of scenarios simulated and with
3 D3.2 Simulation results of IBR-induced oscillation 5i.rr1ulatinn resu IT_.r. from |BR-ind IJEE-FI nscil.latiil:rn EV.EI'IT_E from Data Strathclyde ¢ /02 /3024
EVENLS different mechanizms preduced. Dizsemination via T
stakeholder engagement.
3 D3.3 Technical spe:ifi:atinnsl-f:}rl oscillation TE—EhI‘!iEH| SIDE-EiﬂEHFiDI'IsdE‘\I'EH.)pE-d tu;uppu.:trt the Specification SSENLT 25 /02/2024
measurement and monitoring systems identification of suitable solution provided in Beta phase. T
Dviffi t tial mitigati Cti i ted th
Simulation resultsfrom experimentingwith |t 00 P e the potentialresl
3 D3.4 |different mitigating actions using the . P_ ! - X £ i Data Strathclyde 76/03/2024
time actions that are feaszible to implement test and trial T
developed model .
in beta phase.
. . Report detailing data & comms structures/requirements
R fdata & ts f v
4 0.1 EVI.EWE.} Bta & comms regmrf!men =ter for existing monitoring and contral systems with a view to Review SSEN-T 310172024
maonitoring & control of oscillations . . e
future requirements for managing oscillations.
2 Da.2 REjview of O=cillation ebligations in 5TCP= and Repnll'tdEta.iIingcurrenti.:rbligatinns and suggested Report SSENLT 16/02/2024
Grid Code learning points shared with ES0 and other TOs. T
L Comprehensive rcadmap recorded via report |/
System Monit Road -‘R rt' and -
4 Dd4.3 D\gisi:nnin:tr::}:rmg gadmap-Report an dissemination event. [How to get from where we are [04.1 Report S5EN-T 29/02/2024
& D4.2) to the future/required systems for IBR oscillation
* Awaorking group established and meeting(s) held to
assess current CBA estimates and identify where
5 D5.1 |Working Group actions enhancements can be made. Action List MG ES0 16022024
* Plan created and agreed upon to realise these
enhancements.
The compilation and sharing of historical information on
5 D5.2 |O=cillation data sets the system impact [cost of such events) that may be used Data NG ESO 29/02/2024
to further develop the CBA.
ACBAthat incorporates all the learnings of the Alpha Phase o
5 | D5.3 |End of Alpha Phase CBA - = H= CBA SSENT 31/03/2024
and can form the basis of a Beta Application Submission.

CBA learning is documented in 8 Word document and the culmination of
several reviews and financial analysis.

Scottish & Southern
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Project Plan: Risk Register

Risk Register
Likelihood Related Work |Risk Owner| Status Status Update (J 2024) Status Update (March 2024)
atus ate (Janua atus ate (Marc
Ref Risk Description (Low/Medium/Hig | (Low/Medium/Hig Package (drop (drop E Iy [5
h) (drop down) down) down)
Partners fail to finalise Alpha collaboration agreement : Risk closed Risk closed
R1 . . Medium WP1 SSEN-T Closed . .
before project kick-off. Collaboration Agreement fully executed (01/12/2023). |Collaboration Agreement fully executed (01/12/2023).
R2 Access limit to r.elevant documents and papers to WP3 Strathclyde Closed Risk clnse.d Risk ::Iuse.d
support modelling. Access to literature accounted for. Access to literature accounted for.
No change to risk level
R3 DaFa required fo.r modelling is n.ot readily available or WP3 SSEN-T Closed Datla is.a.vailable with the greater risk being tf)e . Ris.k closed . o
taking an excessive amount of time to access. availability of SSEN-T staff to share that date in atimely [A risk that will carried into the next Phase.
manner.
i . oo . No change to risk level
Modelling and analysis proves more difficult and time Risk closed
R4 .g VoIS P WP3 Strathclyde | Closed |Modelling on track and initial network topology agreed
consuming than expected. . L
but modelling complexity is still present.
No change to risk level
Restricti the shari ddi inati . . . ' Risk closed
R5 .es ne .IOT‘IS on the sharing and cisseminating WP3 Strathclyde Closed |The intention is to use anonymised labelling for network |s. close . Lo
simulation results. . . A risk that will carried into the next Phase.
topology/simulation results.
A : L-time digital simulator (RTDS) Is limited No change to risk level Risk closed
ccess to real-time digital simulator s limite
R6 e . D WP3 SSEN-T Closed |The intention is to use the Strathclyde's RTDS with the  |RTDS time secured at Strathclyde so need to utilise
due to other parallel ongoing research activities. , . . . .
HVDC Centre's equipment being a back up. equipment at National HVDC Centre.
L . No change to risk level
Stakeholders within Alpha Phase do not provide . & Risk closed
R7 . . . . . Medium WP2 SSEN-T Closed |Task not yet started. . . L
data/information of sufficient quality or resolution. A risk that will carried into the next Phase.
No change to risk level
Resource availability during a short, fixed period of g . . . . .
RS Aloha deli (applicable to all parti d multiol Medi P All Part Closed An ongoing risk both pre-project and during the project |Risk closed
a delivery (applicable to all parties, and multiple edium s artners ose . . . .
P o ry {app . P ! P particularly for Control Room staff who have to deal A risk that will carried into the next Phase.
teams within some parties). . .
with system emergencies as they occur.
No change to risk level
Lack of support or active direction from TO/ESO . € Risk closed
" K . . . . : Project SMEs (Control Room and System Performance) . . . L. .
R9 customers” to ensure the project is driven in the right Medium WP2 SSEN-T Closed . . There is ongoing support for the project but this risk will
i . i K . are well-informed of internal developments and L
direction, taking account of wider business context. - . be carried into the next Phase.
prevailing business needs.
Reprioritisation of work by TO leadership teams No change to risk level Risk closed
. . . . . o i . isk close
R10 removes focus from this project, presenting a resource Medium Medium WP2, WP4 SSEN-T Closed |So far this risk has not been realised and the mitigation . . L.
. A risk that will carried into the next Phase.
challenge. remains the same.
Reprioritisation of work by ESO leadership teams No change to risk level Risk closed
R11 removes focus from this project, presenting a resource Medium Medium WP2, WP4 ESO Closed |So far this risk has not been realised and the mitigation i \ ..
. A risk that will carried into the next Phase.
challenge. remains the same.

Scottish & Southern
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Project Plan: Gantt

- Complete

- Extended task
& Milestones

2023 2024
WP Description Lead Contributors October November December January February March
1| 2]3[als]e]7[8]o]w|/un|{w||ua|s|we|r|s[w|[2o]|a|2]23[2a]2x]2

1  Project Management SSEN-T All Partners

1.1 KeyReview Meetings SSEN-T All Partners A

1.2 Partner Review Meetings SSEN-T All Partners

1.3 Beta Phase: Scope definition, Outputs and Budget Estimation SEEN-T All Partners

2 Engagement: Stakeholders and Technology Providers NG ESO All Partners

2.1 ldentify comprehensive list of Stakeholders NG ESO All Partners

2.2 Organise and hold Stakeholder Knowledge Sharing Events NG ESO All Partners ‘

2.3 ldentify and approach Solution Providers [SSEN-T/HVDC Centre] f NG ES{AIl Partners
24 Generate Solution Provider Assessment Strategy MG ESO [ SSEN-T All Partners
0 atio B odelling and atio die de N
a1 ::;e::::;;irr:t:fb::qz;:gdolft;m modelling IBR-induced system oscillation events Strathclyde Al Partners
3.2 Development of network models for representing and recreating various IBR-induced Strathclyde HVDC Centre
SRR voccenre
34 fevelopmentof el specfications of the INSIGHT montoring and conrel | S2CHe e
N S s Asanes
i B onitoring Roadmap 0 D
41 State of Art Technology Gap Analysis Review SSEN-T HVDC Centre
42 Data and Telecoms Requirements (Review) SSEN-T HVDC Centre
SRl a0
24 :te::igrglI;ag:r:gf;?::;a:z;?r::;eful impacts on GB and international design SSEN-T HVDC Centre
0 on of CBA ALl P
5.1 Establish TO working group SSEN-T NG ESO
5.2 Data collection and sharing NG ES0 SSEN-T
5.3 Analysis of data and preparation of updated CBA SSEN-T All Partners

Scottish & Southern
Electricity Networks

TRANSMISSION




Project Spend

SIF Round 2 Alpha Project Costs.xlsx (sharepoint.com)

Project Direction Figures Monthly Spend
. Total project Project Compulsory [Total SIF Funding
Project partner o Oct-23 Nov-23 Dec-23 Jan-24 Feb-24 Mar-24 Total Spend
costs (£) Contribution (£) requested (£)

Scottish Hydro Electric £83,587 £8,359 £75,228 £5,441 £7,716 £4,667 £11,330 £7,857 £13,112 £50,123
Transmission

University of Strathclyde £99,445 £10,149 £89,296 £15,016 £15,909 £15,016 £16,246 £21,385 £15,876 £99,448
National Grid ESO £69,521 £6,952 £62,569 £9,446 £13,893 £12,324 £12,574 £11,254 £10,827 £70,317
TOTAL £252,553 £25,460 £227,093 £29,903 £37,518 £32,006 £40,149 £40,496 £39,815 £219,888

Variance

-£33,464

-40%

£3

0%

£796

1%

-£32,665

-13%

Explanation: Key SSEN-T technical resources had less availability than planned due
to network performance priorities. However, this did not compromise the delivery
of INSIGHT. Lessons have been learned for the resourcing of future projects.

Scottish & Southern
Electricity Networks
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Work Package Summary
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WP2 Engagement: Stakeholders and Technology Providers

Stakeholder List

* An expansion of the contacts developed during the
Discovery Phase

|||||||||||||||
rrrrrrr

Hawaiian Elecric

Knowledge Sharing Session
* Held at the ESO (16/01/24)

 ESO Oscillation Event projects shared included
‘Strength to Connect’, DOME, and ‘Real-time
monitoring: GE and Reactive Technologies’

* Presentation of the INSIGHT project

Scottish & Southern
Electricity Networks
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WP2 Engagement: Stakeholders and Technology Providers

Technology Provider Engagement

* Project poster created to share the INSIGHT vision

* Technology providers invited to attend a webinar:

Two options to maximise attendance: 29/02 and 06/03
INSIGHT Webinar slide pack 2024-Q1

* INSIGHT partners present a project overview, progress
through Alpha, and the offer for a follow-up meeting

* Individual meetings held with several providers including:

GE
EPRI
Reactive Technologies

e Technical Assessment of each technology provider
INSIGHT - Technology Provider Assessment Matrix

N Scottish & Southem
Ea H—--@ g Electrk:r_-,r Metworks

INSIGHT = |nnovative Network Status Intelligence Gathered by Holistic of Telemetry

IMSIGHT I8 looking for aclution providarsi
Wi want o work with Supplors of power Sysiom monioring and managermant Sysiems o

» Evmlsio and Improve cscilation detecSonmiigaton Systems using our ral-time iesting/deslopmant emimnment.
» Crais an iningrated sobtion that makms tha best 1se of moniioring aquipment and systems that an arady deploped.

Piease gat in touch and sign wp for our Wabinar on 25+ February or 8 March: sifprojectafiese com ‘ -

Oszcillation Management
Monitar # Delect & Inlemprel = Miigaie

et oo e ot will s bty bl Ugxon pewwitus inncwslive wosk. Bl focussed on aysien
un,iu-uu by’ v sncirconicns Exvring:

+ Moeliing and simudilion of B rich nelworks snd s syskn oscllslons

v ieniiying s baling kechnoiogy okl lor monloring end miligeling oecllalon:

v rphemenislion of nes-me cscllelion moniornng i, wilthin B GB nebeork

Scottish & Southern
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WP3 Oscillation Events: Modelling and Simulation Studies

Summary:

v" Modelling Approach
* Network topology
* Generic IBR and control models

v Test network developed in Real-Time Digital
Simulator (RTDS)

v' Simulation case studies
« Analytical modelling
 Time-domain simulations
* Initial investigation of monitoring and source
location methods

v Results shared and discussed with internal and
external stakeholders

v" Future work identified

Alpha Phase Modelling Workflow

Stage 1: Replicate oscillation
mechanism(s)

Stage 2: I\/Iodellingl

2.1. IBR connected to weak

network

2.2. Expanded network topology
(e.g. HVDC links, etc.)

1

—> Simulation case studies

l

Simulated wide area PMU/waveform
measurements of oscillation events

-— Scottish & Southern
University of

Strathclyde Electricity Networks
Glasgow TRANSMISSION




WP3 Oscillation Events: Modelling and Simulation Studies
Analytical Model

I Bode Diagram
I

— O System: Scenario 1 Improper PLL Tuning
m Frequency (Hz): 21.3

© Magnitude (dB): 15.7

)

©

>

= -50r

g) ——Scenario 1 Improper PLL Tuning
g ——Scenario 2: Stable PLL Tuning

—_
0O
oo

©
(@)

F

————— 275KV Simulation | 200 0.5 1' 15 5
——  400kV Wider System I T L

52 Scottish & Southern
ik lyde Electricity Networks
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WP3 Oscillation Events: Modelling and Simulation Studies

Example case studies

Case OSEllElel Description Comments
Mechanism

Phase locked loop  PLL parameters of WFAL Simplified analytical model
Interaction with modified completed.
weak grid  Line trip triggers oscillations « Oscillation source location
consistent with simplified analysis
Inner-current control < Inner-current control parameter <« Requires more detailed analysis
2 loop of WFA1 modified * Oscillation source location
 Line trip triggers oscillations Inconsistent
Interaction between <« Inner-current control parameters <+ Requires more detailed analysis
IBRs of WFC1 and WFD1 modified
3 « Oscillations triggered when

WFD1 switched on

o f ElCOttiSh & NSouthern
sityo ectricity Networks
Strathclyde Y

Glasgow TRANSMISSION




WP3 Oscillation Events: Modelling and Simulation Studies

Compare Waveform and PMU measurements (Results of Case 1 illustrated)

« PMU with higher reporting rate detects oscillation (in this scenario)

« Waveform data shows side-band oscillations around the fundamental frequency
« RTDS PMU algorithm shows approximately 25Hz oscillation in rms voltage

i”g , WFA1 Voltage Waveform Waveform Da(;[?‘ Magnitude Spectrum of Waveform

: >- \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ NINVNN NNMMMMMMMM YN YV NNV q) .

5 E

'S0 Z 0.05

'S g

| e —————— A A A A A A e 8 4 At e el A A A A A A AL 4 Attt Attt e et

! < _2 ! ! ! | 0 J_J\_ | /4

B 0.5 1 1.5 2 2.5 0 20 40 60 80 100
e — ! r:n:ei_tgs:):::::________________________________:::::F:r:egg_?[_u_iyégl-zlg_):::::::::::
| 3\ D

E % WFA1 PMU Voltage PMU atao 1 Magnitude Spectrum of PMU (200fps) Voltage
1 © | RN 1L . I 1 | |

' E 200fps @

- 1111115

! c 0.05

¥ b (ALY :

o

1 9 =

: ; 0-95 | | | | | 0 | i | | |

. 0 0.5 1 1.5 2 2.5 20 40 60 80

O Time, t(s) Frequency (Hz)

v Higher reporting rate PMUs appear to be advantageous
v Multi-frequency phasor extraction may better characterise certain oscillation mechanisms



WP3 Oscillation Events: Modelling and Simulation Studies
Investigate Oscillation Source Location /Participation Ranking Methods (Results of Case 2 illustrated)

Dissipating Energy Flow Method.: Oscillation power (or impedance) Method:
 PMU data used » Uses waveform (or multi-frequency phasor)
* Implemented for electro-mechanical oscillations measurements
» Used by potential solution providers » Proposed for IBR driven oscillations
o «10° Dissipating Energy Flow A _><10-3 Active Power at Frequency of Oscillation
—— WFA1 ~ ' —— WFA1
— WFC1 5; 0 7’-S-Ir-ll<-\ ------------------------ ——WFC1I
6r WFDT — 0 WFD1
oo -2r
. ¢ g ,|Source
m O O
a) o= I
EN
LT 8r
O
S -10F
_12 1 | 1 1 | 1 1 |
0 1 2 3 4 ) 6 4 8
Time,t(s)

* DEF results inconsistent:

* Initially shows no IBRs participate

« Shows WFAL as source and WFC1 and WFD1 providing damping
« Oscillation power method shows all IBRs participate



WP3 Oscillation Events: Modelling and Simulation Studies

Key Findings:

« PMUs can have limitations in capturing IBR driven oscillations

* Increasing PMU reporting rate can improve oscillation detection

« Waveform measurements may better characterise oscillation mechanisms
 Waveform spectrum
* Potential for machine learning based analysis

« Source location methods designed for traditional oscillations may be inconsistent for IBR
driven oscillations

* More detailed analytical modelling required to improve understanding and simulation

Next Steps:

« Expand network topology (RTDS model)

« Develop an analytical model that identifies the sources/mechanisms of oscillations
 Enhance understanding of oscillation mechanisms

* Representative simulated oscillations (in RTDS)

« |dentify potential patterns/signatures and trends

Universit f Scottish & Southern
e Electricity Networks
Strathclyde Y

Glasgow @~  TRANSMISSION




WP4 GB System Monitoring Roadmap

* Review of the current state of system monitoring.

* Lookahead to what is currently planned in next ~5 years
with a particular focus on the north of Scotland
transmission network.

* This is to show what visibility and monitoring data would
be available from the system without any specific device
installation for INSIGHT project.

Scottish & Southern
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WP4 GB System Monitoring Roadmap

Minutes

v X X

Sub-cycle Seconds

Fault recording

Disturbance Recording

Fault recording

Contir&gous slow scan x / / X
recoraing

Power Quality X X v v
Phasor

Measurement X [ ‘/ ‘/ ] X

Scottish & Southern
Electricity Networks
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WP4 GB System Monitoring Roadmap

* Analysis of Current State of Network Monitoring in SSEN
Transmission & Industry Codes and Standards that apply
to all Onshore TOs

*Significant Deployments already:

Triggered Waveform Recording
50Hz PMU Measurements

Scottish & Southern
Electricity Networks
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WP4 GB System Monitoring Roadmap

* Transmission Network

* Coverage Table:

132Ky 40% 60%
275KV 70% 85% Now
400KV 100% 100%

132Ky 60% 75%

275KV 95% 98% 2050

400kV 100% 100%
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WP4 GB System Monitoring Roadmap

STCP 27-1 Performance Monitoring (Published 2019)

4 STCP 27-1 System Performance Monitoring
Requirements:

“Synchronised Data”, and

1.3.3 With a view to providing enhanced visibility of system conditions, the Synchronised Data
provided pursuant to this STCP will have sufficient accuracy and resolution to be used
in real-time by the Electricity National Control Centre (EMCC) for the following types of
maonitoring:

« Dynamic and transient stability monitoring
« Oscillatory stability analysis

+ Freguency monitoring

+ NPS and phase unbalance

+« Enhanced state estimation

Post-event data

1.3.4 With a view to enhancing post-Event analysis in accordance with STCP 03-1, the post-

Event data provided pursuant to this STCP will have sufficient accuracy and resolution
1o be used for the following types of monitoring:

» Freguency events and RoCoF/ineria studies

» Siability studies — the source/cause of oscillations and the impact to the
wider system

« (Greater understanding of the systems performance to enable greater utilisation of
system assets and improvements to system models:

» Gystem performance trends

« Waveform perturbation

Appendix B: Data Requirements

Real Time Interrogation data RMS

Further details

Time synchronisation at sowrce [minimum
1ys accuracy)

Magnitude and phase angle of 3
phase voltage and current

Time synchronised and minimum
update rate of 25Hz

Frequency

Time synchronised and minimum
update rate of 25Hz

Post-Event data

Magnitude and phase angle of 3
phase voltage and current

Time synchronised and minimum
update rate of 25Hz

Frequency

Time synchronised and minimum
update rate of 25Hz

Waveform data (voltage and current in
3 phase where available)

6. 4kHz minimum

MW Update rate of 25Hz
MW Ar Update rate of 25Hz
Hz Update rate of 25Hz

https://www.nationalgrideso.com/document/138506/download
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https://www.nationalgrideso.com/document/138506/download

WP4 GB System Monitoring Roadmap - Next Steps (1)

The WP4 roadmap identifies a need for new solutions to identify and manage
converter-based oscillations and proposes some next steps.

Potential solutions are likely to include:

4 Visualisation and Analysis tools to help network operators identify, locate, and
understand oscillation modes

4 Control and Mitigation tools to help network operators take appropriate actions to
mitigate oscillations when they occur
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WP4 GB System Monitoring Roadmap - Next Steps (2)

The next steps are expected to be:

4 Development of Testbed model & realistic test cases

4o Further engagement with suppliers & selection of suppliers

4 |ntegration of supplier solutions with testbed (hardware interfacing work)
4 Evaluation and Refinement of supplier solutions using testbed

4 Deployment on Transmission Network Comms Link used to
stream network Equipment under
measurements to
. . " test
Real Time Simulator monitoring/control
equipment
_____________________ >
RTDS Simulator
EMT simulation (~1-50 ps) e.g. C.37 (PMU
data)
* Performance of
equipment can be
e.g. Goose evaluated with
— T T T e simulated events.
EMT Network Model Comms Link used to + Solutions can be
send any control developed & refined.
actions back to
simulator
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WP5 Development of CBA Potential benefit: £43.2 million

* Improved system operability: considered the main benefit
Balancing Mechanism initiatives

Pathfinder projects
* Risk reduction: unstable network leading to a partial or total Spend Category |  Spend (£)
system shutdown (leading to the disconnection of customers) Reserve 1,225,544,239.97
Plus, it lowers the risk of damage to plants and equipment including users’ HESPTSE 235,725,400.79
equipment AND Reputational risk Stability .| 73,431,078.30
Thermal 660,676,608.14
Voltage 354 077.228.91
Balancing Services Spend Categories Restoration 56,194,065.35
Reserve - operating reserve (mainly Trade margins) Fees & Liabilities 105,224.58
Response - maintain system frequency at 50 + 0.1 Hz Total 2,605,754,746.04
Stability - return to acceptable operation following a disturbance
Pathfinder tenders provide a stability service Figure 2 Total Balancing Services Spend Table
Thermal - Power is congested due to the thermal capacity of the equipment 2022-2023 Annual Balancing Services Spend Reportv1.1.pdf
Main cost is Trades
Voltage - manage voltage levels within operational standards and to avoid
transmission equipment damage
Controlled by Reactive Power
Restoration - a procedure used to restore power in the event of a shutdown
(contingency arrangements)
Main cost is Availability Payments and Capital Investment _
Scottish & Southern
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file:///C:/Users/JP51065/OneDrive%20-%20SSE%20PLC/Desktop/INSIGHT/2022-2023%20Annual%20Balancing%20Services%20Spend%20Report%20v1.1.pdf

Barriers, Risk and Issues

Barriers and Issues

* Project Management: Securing sufficient resources for a relatively short project remains a
challenge

* Technical: Access to real-world data requires approval to share sensitive information

Risks

* Project Management: Signing the Collaboration Agreement

* Technical: Modelling data not readily available

INSIGHT Alpha Phase Project Management Tracker.xlsx (sharepoint.com)

Summary
* Project INSIGHT largely delivered on its technical objectives and met the agreed Milestone

* Through the project, the partners realised that there is still significant work needed to
reach a commercial solution including the advancement of technology provider capabilities
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https://ssecom.sharepoint.com/:x:/r/sites/extranet-networks-transmission_InsightSDRd2P/_layouts/15/Doc.aspx?sourcedoc=%7BCE5A9FAB-C6CD-4DA1-91D1-C0B876E613CB%7D&file=INSIGHT%20Alpha%20Phase%20Project%20Management%20Tracker.xlsx&action=default&mobileredirect=true

Project Specific Conditions

* Condition 1: Compliant
* Condition 2: Compliant

* Condition 3: Compliant

3. PROJECT SPECIFIC CONDITIONS

In accepting funding for the Project, the Funding Party is subject to the following
Project-specific condition(s):

Condition 1
The Funding Party must not spend any SIF Funding until contracts are signed with the

Project Partners named in Table 1 for the purpose of completing the Project.

Table 1. Project Partners

NATIONAL GRID ELECTRICITY SYSTEM OPERATOR LIMITED
UNIVERSITY OF STRATHCLYDE

Condition 2

The Funding Party must report on the financial contributions made to the Project as set
out in its Application. Any financial contributions made over and above that stated in its
Application should also be reported and included within the Project costs template.

Condition 3
The Funding Party must make reasonable endeavours to participate in all meetings

related to the Project that they are invited to by Ofgem, UKRI and DESNZ during the
Alpha Phase.
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Communications and Engagement Plans

& g Scottish & Southern
mdyve Electricity Networks

Glasgow

I N S I G H T = Innovative Network Status Intelligence Gathered by Holistic use of Telemetry

INSIGHT is looking for solution providers!
V¥e want to work with suppliers of power systern monitoring and management systems fo:

* INSIGHT Poster compiled and shared with potential
Technology Providers e ey s

Oscillation Management
Monitor » Detect » Interpret » Mitigate

he Challenge

% The Solution

The INSIGHT praject will monitor, classify, and manage new forms of system instability on a
network dominated by IBRs. ﬂ

* Work Package 2 - engagement with a broad range of smpmnrnzreme e R

Akey part of the solution will be fo buld upon previous innovative work that focused on system
stability dominated by power electrnics coverng:
- Modeliing and simulation of IBR rich networks and power system oscllations

potent ial Technolo gy Providers s B

O Innovation

INSIGHT aims fo develop an innouative technology that proactively idenfifies and classifies an oscillaon's risk to the
network and provides real-fime comective recommendations to the cantrol room and eperations. This is an advancement of
curent practices across the world where post-analysis s the nomm.

Instability risks to the transmission network related to new phenomena are not underpinned by normal practices and

analysis, therefore there is an insufficient understanding within the networks about how fo detect or mitigate them. Proactive
identification and classification, combined with new standards and codes to support the management of these oscillations.

* Discussions with other Transmission Networks about B RS S

<% Benefits of INSIGHT

° °

involvement in the next phase G s
operator fo reduce system instabiity risks that does not invohve the: costly
installation and running of synchronous plant. The cument method of

managing oscillations on the sysiem & io increase the strength of the
system by changing the generation dispatch andlor restrict the taking of

ﬁ} Approach - Realtime Simulation & Hardware-in-the Loop

» Representafive model for rephicating reak-world events
» Evaluation. development. and validafion of new menitoring. analysis & control solutions.

Testing Platform

major system outages. This strategy is expensive to the Consumer who Simulation Stakeholder Engagement
faots the billfor the balancing mechanism cost for the UK netwark. W
R P
The financial benefit of INSIGHT will ultmately be measured through a EE] s
reduction in balancing costs incurred by the Electicity System Operator. The C ) (2] Monitoring Devices/
Simulated Platforms

availability of fool to manage emergent system issues vill provide a large
risk reduction for network operation and planning going into the fiture.

Measurements)

There is an environmental benefit in the form of carbon reducfion. = Monitoring/Source

* Key documents to be uploaded to ENA Portal eS| -

powered synchronous generators.

For more information, contact:
Jonathan Powell: INSIGHT Project Manager The project is funded by network users and under the
E'S“E:‘ T’a’ﬁ‘m'ﬁh" , Strategic Innovation Fund, an Ofgem programme

sil: jonathsn poweli@sse com . L
the:mwu 14:)5559 managed in partnership with UKRI
URL: www.ssen-transmission.co.uk.

e Various publications on partner websites and Linkedln

Three SSEN Transmission innovation projects for net zero progressing to next stage of Ofgem’s Strategic Innovation Fund

Genigraphics Research Poster Template AO/A1 (sharepoint.com)
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https://www.ssen-transmission.co.uk/news/news--views/2023/10/three-ssen-transmission-innovation-projects-for-net-zero-progressing-to-next-stage-of-ofgems-strategic-innovation-fund/
https://ssecom.sharepoint.com/sites/extranet-networks-transmission_InsightSDRd2P/Shared%20Documents/2%20Project%20Management/INSIGHT%20Alpha%20Phase%20Poster%20-%20Final.pdf

Plans for the Next Phase

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

Meeting held at HVDC Centre (5t April 2024)

Technology requires further development work before pursuing a Beta application to:

Increase understanding of network oscillation mechanisms and interpretation
alongside further modelling development -> vital before evaluating any technology

provider equipment
Currently technology providers do not have mature solutions

Plan to submit to plan and execute an NIA project
Target start date: Q4 2024

NIA Project Initiation Report and a one-page summary drafted

Potentially make a Beta application after the NIA project in 2026
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Contact details:
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