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Agenda

Inaugural ceremony and Panel 1 Green, resilient grid

C2 Tutorial International SIPS examples
C2 and C5 Workshop Recent large disturbances
Study Committee C2 PS1, PS2 and PS3

Key Takeaways Implications for the Netherlands

For each topic: what was discussed — what stood out — why it matters.
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participants
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Papers

Countries
represented




Inaugral ceremony

Panel 1: Technical path and solutions for a green resilient grid
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Four perspectives on a resilient grid

System Needs Technology Sustainability

Frequency and voltage
stability

« System strength and
damping

 Restoration and black start

Grid-forming solutions * Real-time planning * Resilient infrastructure
Performance requirements * Restoration processes « Lifecycle thinking
Deployment conditions * Tools and workforce * Value-chain cooperation

Artificial intelligence and

Digital Twin

Session takeaway: resilience is created by designing these four perspectives together.
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Power System Needs Perspective

Focus on System Needs

* Frequency stability

* Voltage stability / System
strength

* Oscillation damping
* Fault response

* Black Start and Restoration
capability

Technology-neutral performance
requirements

Technology Gap is Real

From identifying need to having
capable resources takes 3-5 years

Q-B-4--©

\dentity Need  Develop Testing, Approvals & Procurement
S aplor  Technical Specs  Validation & Stakeholder & Deployment
Solutioms & Frameworks  Standards Process

2022 2023 2024 2025 2026+

Waiting until the need becomes
critical may result in a fleet
incapable meeting system needs

@ argre

The Way Forward: System Needs +
Technology

* Define system needs in a
technology-neutral manner

* Require critical capabilities
from generation resources

* Monitor resource performance

* Evolve system needs and tech
capabilities as the system
evolves

Tech neutrality guides system
needs. Tech readiness ensures
availability

2026 CIGRE Pan

Sustainability Perspective

GREEN

@ aigre

* Power systems are enablers of decarbonization. Therefore, they must also
become sustainable infrastructures themselves.

RESILIENT

* Power systems must be designed and adapted to evolving climate

conditions.

Technology provides the solutions. Cooperation across the entire value chain
is needed to develop, scale and turn those solutions into reality

2026 CIGRE Paris Session

Grid-Forming Technology Perspective

A converter with Grid-forming
control acts as a controlled
voltage source behind an
impedance
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It can form an AC voltage for a blackout grid;
strengthen weak AC grids; and it can
compensate the losses of nature
characteristics such as Inertia, network
strength, Frequency & Voltage stability due to
displacement of traditional synchronous
generators
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The performance depends on the
connected AC system conditions, the
available energy source, and the
hardware limits

Power flow

Power System Operator Perspective

Risk-Based Operational Planning

Shift from deterministic to probabilistic,
risk-based operations

Quantify uncertainty from renewables and
emerging load patterns

Prioritize decisions using risk metrics for
commitment, reserves, and contingencies

Establish resilience benchmarks and
operator-focused performance metrics

2026 CIGRE Paris Session

Real-Time Operations & Restoration

Improve wide-area visibility and TSO/DSO
coordination

Modernize protection and automation

Strengthen restoration readiness (blackstart
+ post-event drills)

Embed cyber-physical resilience in
control-center tools

@ agre

People & Process New Resilience Era

Expand operator training and simulation,
including joint TSO/DSO exercises

Enhance situational awareness and decision
support (digital twins, workflows)

Build organizational and control-center
resilience

Align incentives and metrics with reliability
outcomes



Key takeaway

Validate under
credible
conditions

Define required Set performance
behaviour requirements

Integrate into
operations

(Risk: Technology-led\ Shift: Move to fFor the Netherlands:\
pilots without a clearly requirements-led Make stability,
defined operational capability development system-strength and
need or owner restoration
\_ Y. requirements explicit
- /

Start with the system need, not the technology
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Tutorial C2

International examples of System Integrity Protection
Schemes (SIPS) deployment
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SIPS —an umbrella term

Definition proposed by JWG C2/B5.46 ‘0.0

System Integrity Protection Schemes (SIPS) can be defined as:
automatic systems which apply curative control actions

as the response to a critical condition,
in order to increase the power system reliability
and/or available capacity.

2026 CIGRE Paris Session JWG C2/B5.46 7
Examples from real world SIPS implementations
Aim I Main goal ] Particularities
Enable utilization of existing grid Many SIPS managed
SOE Copacy above N-1 criterion as part of operators” dally work
Prevent blackout from extreme  Communication over large distances to
Rellability
weather events enable inter-tripping solution
Grid capacity Increased integration of Large amount of distributed resources
s Renewable Energy Sources used with centralized coordination

Rellability Prevent uncontrolled Islanding  Multi-stage hybrid scheme utilizing PMUs

‘:(_,‘4 C|g|'e e NS WIS oW WA W\
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International SIPS examples highlighted a full lifecycle

How are events, Which risks and
near misses and | earning Purpose  conditions justify
model changes intervention?

fed back? ’ \
Are logic,

Who monitors o
iabilit g selectivity and
avarabliity an Operation Design unintended
changing
consequences

assumptions?
p \ / understood?
Validation

What evidence
demonstrates
performance?

SIPS is a continuously validated operational capability,
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not a one-time implementation.
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Key takeaway

Technical Operational Governance Capability

(v Detection and ) (. Monitoring ) (o Ownership ) / Training and \
selectivity * Procedures and * Decision rights exercises
. Response speed fallback » Change control « Evidence
. Coordinated action ° Operator ° Assumption ° Lessons learned
« System gwaregegs . \_ management ) . Col.n(;ir,:.uous
. egraded modes validation
\_ consequences ) \_ - \ /

NL relevance: lifecycle governance must keep pace with increasing automation.
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Workshop
C2 and C5: Large disturbance
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C2 & C5: Large disturbance

* Purpose of the workshop: To share experiences of significant technical and market
disturbances that have occurred in the past 12-24 months.

*  What happened? Type of disturbance?
*  How did power systems, participants & institutions respond?
*  How did markets and regulatory policy and settings perform?

*  \What observations/lessons learned?



Five recent disturbance cases presented

Workshop lens: technical, market and institutional response, followed by lessons learned

4 D 4 D (. )
Georgia Spain and Portugal China SOUtl_"
19 Apr 2025 28 Apr 2025 Western Grid
. J \_ y . y
r A g A (- :
India load reduction Chile Cyber-physical
17 Jun 2024 28 Feb 2025 disturbance and
\ / \ J asset loss [Sergi-
\Energy] p
North Hyde / Heathrow
20 Mar 2025
Different events exposed recurring gaps in visibility, compliance,
PTA coordination and recovery.

—
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Cross-case takeaway

How to prevent? How to contain? How to recover?

* Accurate models * Real-time visibility * Restoration and black start

* Settings and compliance * Protection and automation * Islanding where

* Control-interaction studies * Decision rights appropriate

* Asset and cyber resilience * Technical-market * Fallback procedures
coordination * Joint exercises

\_ N\l 2N /

Resilience is the combined quality of prevention, containment and recovery.
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Key takeaway

Conventional focus Emerging challenge

(Current state) (Future state)

* Individual asset failure * Multiple control interactions
* Network fault * |Incomplete models
* Protection operation * Limited distributed-resource
* Restoration after a defined visibility
event * Market-system dependencies

\ / &Cascading behaviour /

Conventional risks remain, while interaction-driven risks are becoming more significant.

BRI
"f?__,}a‘ C|g|'e NL relevance: strengthen model validation, observability and
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Study Committee C2 Meeting
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Introduction

* Discussions focused on evolving operator skill needs, increasing digitalization,
flexibility in system operation, and the growing complexity of managing dynamic grid
behavior

* 48 contributions addressing the 3 Preferential Subjects (PS), 16 for PS1, 14 for PS2,
and 18 for PS3

* Contributions were received from over 17 different countries



PS1 - Advanced decision support, training and skills for
control room personnel

Sub-topics
New requirements for personnel skills, procedures and tools
Digitalization and use of artificial intelligence for enhancing decision support

Operational procedures, tools and processes for operating grids during extreme events

@ agre

Eight questions were proposed in the Special Report to which there were 16 prepared

contribution
« Q1.01 How far can Al go in grid operation, and where do we need hybrid human-Al workflows to minimize the
risk of decision failure or wrong outcomes?
« Q1.02 How can probabilistic congestion forecasts and TSO-DSO-coordinated OPF (e.g. OPTESO) be in'tegra(ed
into existing operational planning processes without overwhelming operators with scenario complexity?
« Q1.03 How can the value of improved forecasting (load, PV, wind, congestion) be quantified in terms of avoided
redispatch costs, reduced curtailment, and lower risk of near-miss events?
« Q1.04 How do DSA (Dynamic System Assessment), PRA (Probabilistic Risk Assessment), and WAMS (Wide-Area-
Measurement-System) complement each other to define and maintain a dynamic “safe region”?
rid, it is usual to increase the budget in power grid reinforcement, planning
high level of resilience without change of budget in these

Q1.05 After severe events in power g
and strategies, but is it also possible to achieve a
Q1.06 What does a fully integrated congestion management toolbox look like (forecast - topology -> redispatch

situations?
Q1.07 It is becoming usual for the development of operational advanced tools to use open-source libraries. How

-> metrics)?
much can we trust these kinds of libraries to be used in critical real time solutions?
Q1.08 How do we co-design procedures, training, metrics and tools so that operators can actually use complex
SCC2-PS1
5

7/,
vz CIgIE |
analytics under stress?
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PS1 - Advanced decision support, training and skills for
control room personnel

What was discussed

Session takeaway NL Relevance

*  New skill requirements * Al can prioritize Train for unusual conditions,
* Al decision support information, detect uncertainty, degraded modes
* Digital control rooms pattern_s and explore and human-machine
* Extreme-event scenarios. coordination.
procedures ° Qperators retain \_ )
* Wide-area monitoring Judgment, _c_hallenge and
°\Retention of expertise / \ accountability. /

Al changes the operator role, but does not remove operator accountability.

4
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PS2 — Maintaining operational reliability through flexibility

*  Sub-topics
Methods to identify and quantify system services in response to the energy transition

Operational experience with flexibility services, including demand side response, topology

changes, sector coupling and results from pilots
Seven questions were asked in the Special Report to which there were 14 prepared

contributions.

Questions for discussion

* Q2.01 How
can re
P"Obabilistic Tigou?’oclgce adeq_uacy assessment evolve to bal %c‘m
introduced by renéWaEfé’“ta“°"al tractability, and the gm?Nance ’
historical data? generation, distributed resources ‘anr;gdu\?nc'\?tré?imw

* Q2.02 What are th
s \ € most effective criteri -
valuin T S Criteria for select i
Synchr‘c’;:g)t(;s[,3 'c"cfﬁé" nd grid-support technologies such a4 ;scjecsasng%gggl\n
smission capac‘\ty'? &

. QZ.Q‘_I Which operational and market mechanisms best encourage
flexibility provnde(sflncluding BESS, demand response, nuclear units, and
prosumers—to prioritise essential reliability services while remaining

commercially viable?

/
2026 CIGRE Pari ‘
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PS2 — Maintaining operational reliability through flexibility

What was discussed Session takeaway NL Relevance

* Demand response and Flexibility adds operational Understand not only how
storage value when location, speed, much flexibility exists, but

* Topology changes limits and current availability where, when and under which

. Elecﬁzfliouﬂlii\g are known and dependable. network constraints.

*  Flexibility pilots

* Declining inertia - / - /

* Distributed-resource

\visibility

Dependable flexibility is a reliability capability, not only a market product.

N\
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PS3 — Power system dynamics and control in operations

*  Sub-topics
- Operational experience with managing power system stability, including oscillations

- Monitoring and control of power system dynamics in the control room, including wide area
systems

- Impact of adverse interactions between power electronics interfaced devices on system
operations

* Ten questions were asked in the Special Report to which there were 18 prepared
contributions.
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PS3 — Power system dynamics and control in operations

What was discussed

Session takeaway

NL Relevance
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Variable inertia
Oscillations

Voltage stability
Wide-area measurement
Inverter interactions
Restoration and

Dynamic behaviour requires
alignment of models,
measurements, control
strategies and real-time

\ simulation /

Test model accuracy, early
detection, operational criteria
and cross-asset control
interactions.

\ decisions.

J

g J

The system must not only be secure now;

cigre
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changing risk must be visible early enough.
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Conclusion

* Wide range of contributions demonstrated strong global engagement and a shared
commitment to advancing reliable and efficient system operations.

* Diverse insights on operator readiness, flexibility, and dynamic grid behavior,
highlighting both common challenges and innovative approaches emerging worldwide.

* These perspectives reinforce the value of international collaboration in navigating the
evolving demands of modern power systems.

Secure operation aligns risk insight, people,

flexible resources and dynamic control.



Key takeaways

Define future system-behaviour requirements Panel 1 + PS3

Build risk-based, forward-looking security
assessment

PS1 best paper + PS3
Strengthen end-to-end visibility and compliance Workshop + PS2

Govern automated schemes through their
lifecycle

SIPS + PS1

Test resilience and competence across

. - Workshop + PS1
organizations
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Thank you!

Kind regards / Met vriendelijke groeten / Mit freundlichen Graken,

Swasti Khuntia, PhD
Operate - Systems & Markets

M +316 14415718 TenneT TSO B.V.
E Swasti.Khuntia@tennet.eu Utrechtseweg 310
I www.tennet.eu Amhem
P.O.Box 718
_ - 6800 AS Armhem
P ST a= rennert The Netherlands
Ol e =
/X
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