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About the 3rd technical workshop
[bookmark: _Toc197358505]3rd technical workshop
[bookmark: _Hlk162950480]On 26 February 2025, the third in a series of InterOPERA technical workshops took place online. This third workshop focused on two tasks of Work Package 3 (Multi-vendor multi-terminal demonstrator project):
· Task 3.6 HVDC Grid Design Studies
· Task 3.3 Drafting Detailed Functional Specifications
The workshop featured presentations from Réseau de Transport d'Électricité (RTE) and Siemens Energy. It was conducted in a 2.5-hour online session.
The Stakeholder Committee members actively engaged in the discussions, raising technical questions and providing feedback to the speakers during and after the workshop. These interactions are crucial for the project's success as they ensure that the assumptions, specifications, and methodologies are robust, practicable, and forward-looking.
The first part of the workshop, led by RTE, focused on presenting the load flow and contingency analysis, dynamic and transient studies perform for the HVDC grid design studies (Task 3.6). 
During the first session, the Stakeholder Committee members raised technical questions and observations following the presentation of each individual topic. Responses from the workshop leaders, while providing clarity on several points, also highlighted the nature of the basic design process distinguishing it from the upcoming tuning of vendor controls in the next project phase. The speakers also acknowledged that it is unrealistic to expect all contractors to be at the table simultaneously during tenders, hence there is a pressing need for a process that allows such pre-tender planning studies.
The second part of the workshop was led by Siemens Energy and targeted the overall definition and subsystems included in the functional specifications for the demonstrator (Task 3.3). After the hierarchical structure of the specifications, the presentation then detailed the Demonstrator Features and use cases for preliminary specifications and the example for Functional Network Zoning: fault separation.
After a second Q&A session with the keynote speaker, the workshop concluded with closing remarks and an announcement for the next steps and following workshop, anticipated to take place in Q4 2025 and focused on legal and cooperation frameworks and procurement strategies. 
Further studies, particularly on transient stresses and protection strategies, are to be conducted with the potential for vendor-specific models and interactions to be evaluated in the next project phase.



[bookmark: _Toc197358506]Discussion summary 
[bookmark: _Toc197358507]HVDC Grid Design for InterOPERA: load flow and contingency analysis, dynamic ad transient studies 
HVDC grid design studies support the translation of the functional framework proposed in Work Package 2 - Requirements and assessment of interoperability for multi-vendor multi-terminal HVDC systems - into technical specifications for the InterOPERA demonstrator. A key input for this process is, therefore, the functional requirements outlined in deliverable 2.1 - D2.1 Functional requirements for HVDC grid systems and subsystems - with the latest update, following the June 2024 version, recently released.
The HVDC grid design studies are divided into three packages, covering both steady-state analysis and dynamic simulations, and are currently at different stages of development. Accordingly, RTE's presentation was structured into three parts: 
· Key findings from DC load flow (LF)-based contingency analysis;
· Preliminary results from the ongoing dynamic investigations;
· Overview of the proposed methodology for evaluating transient stresses during DC faults.
Design studies are conducted during the planning stage and therefore rely on a generic modeling approach, making them highly sensitive to assumptions. To address this challenge, an umbrella subtask led by HVDC grid equipment vendors was established to consolidate inputs on the demonstration scope and subsystem capabilities. Main inputs include the DC grid topology (based on D3.1: Demonstrator definition and system design studies, including cable lengths, with associated electrical parameters, grounding), equipment ratings (e.g., 2 GW bipoles), continuous operating ranges (maximum current and voltage, e.g.), control modes, design criteria, and AC side considerations. Specifically: 
· A three-terminal (3T) topology is considered, featuring a central DC switching station (DCSS), with three possible configurations to account for multiple applications: 
· A multi-terminal (MT) interconnector with three onshore stations.
· A multi-purpose MT grid, with two onshore stations and one offshore station connecting a wind power plant (WPP).
· Two offshore stations transmitting power to a single onshore station.
· As a starting point, a solid DC grid grounding at the central DCSS is considered.
· Offshore stations operate in classical Vf mode, imposing AC voltage - in both amplitude and frequency - on the offshore grid, effectively behaving as constant power sources at the DC side.
· Onshore stations implement pole-wide primary DC voltage control based on a multi-segment Pdc-Vdc droop scheme. Fixed DC voltage control may be used when only one onshore station is considered. On the AC side, classical grid-following control is adopted.
· The system is expected to remain within operational security limits, set at the boundaries of the continuous operating range, for selected contingencies. This includes the outage of any individual asset (N-1 rule), as well as the loss of an entire bipole.
· HVDC grid design studies focus on the DC side, while the AC grid is simplified using Thevenin equivalents for onshore systems and aggregated WPPs generic models for offshore systems.
A scenario-based approach was applied to assess various operating conditions. The following subsections summarize the discussions on each part, preceded by a brief overview of the presented content for context. Feedback from the Stakeholder Committee is organized by theme.
[bookmark: _Toc197358508]DC Load Flow Study and Contingency Analysis
Based on predefined continuous voltage and current bands, a feasible set of operational limits - secure operating ranges - at subsystem connection points, and network control parameters (droop gains, e.g.) ensuring compliance with the design criteria has been determined for the InterOPERA demonstrator. The presented results focused on DC voltage profiles for the selected initial operating conditions (N situations) and final post-contingency states along the Pdc-Vdc plane. 
During the presentation, clarification questions on key assumptions underscored their critical role in shaping the outcomes of the design studies. The speaker highlighted the extensive efforts made to ensure alignment among relevant project partners and consistency across the three study packages. Areas of inquiry are listed below, along with key inputs provided by the Stakeholder Committee.
[bookmark: _Toc197358509]1.1.1.1 AC/DC converter control modes, DC voltage regulation and noise
The exclusion of the grid-forming GFM mode refers to synchronous GFM, typically considered for onshore stations, while offshore stations operate in Vf mode. Onshore stations share the DC voltage control task. The outage of the last DC voltage-controlling station is excluded from the contingency list, as the system is not expected to resume operation. Although safe system shutdown considerations must be addressed, sequential control has been excluded from the scope of the HVDC grid design study.
The Stakeholder Committee suggested assessing the instability risk associated with the multi-segment droop when operating near the knee point, which could lead to voltage drift, particularly in the presence of measurement noise. This phenomenon has not been observed in the simulations conducted within the InterOPERA HVDC grid design studies, which rely on static calculations and dynamic simulations running only for a few seconds. Emulating measurement noise could be considered in Phase 2, although it is assumed to be covered by subsystem design margins (rather than operational margins). If necessary, mitigation measures should be implemented by vendors during the detailed design phase.

	Question
	Answer

	Benjamin Marshall (SSE):	Comment by Riccardo Longo: This is a new format for providing questions. I think it is good, but different with respect to the previous workshops. Ok to keep it, as also the SC has been reviewing it and I guess they agreed on seeing their names explicitly in the report. If you prefer not to mention names, we could simply replace them by “Stakeholder Committee”
Are you running the simulation over a long period of time? Have you observed any voltage profile drift occurring in your time-domain analysis?
	Carmen Cardozo (RTE):
No. Load flow study is based on static calculations, and dynamic simulations are run only for a few seconds. Control design falls within the scope of the vendors. This could potentially be tested in Phase 2, within the real-time (RT) demonstrator.

	Benjamin Marshall (SSE):
What about operation at the knee point? Are you intentionally avoiding that?
Similar remark from Jef Beerten (KUL)
	Carmen Cardozo (RTE):
No. Initial operating conditions (N situations) are defined with one station at the boundaries of the secure operating range, which corresponds to the knee point. No issues have been observed with the generic model over the timeframe of interest.

	Benjamin Marshall (SSE):
What about measurement noise? Do you inject some kind of background noise into the signal to test how your control deviates at each of your terminals under these conditions?
Similar remark from Hani Saad (ACDC transient)
	Carmen Cardozo (RTE):
No, there is no background noise injection in the model, although numerical noise inherent to the EMT simulation (1-2 kV) is present. That said, the model does include measurement filters. This could be verified in Phase 2 (RT demonstrator).



[bookmark: _Toc197358510]1.1.1.2 HVDC system grounding and neutral voltage shift during asymmetrical operation
Clarifications were requested regarding the neutral system reference to ground - its location and impedance value - and its implications at different study levels, once again confirming the importance of key assumptions, thoroughly examined during the alignment phase of the HVDC grid design studies.

	Question
	Answer

	Hani Saad (ACDC transient):
Do you have result on the DMR voltages?
	Carmen Cardozo (RTE):
Yes. Both pole-to-neutral and pole-to-ground voltages are monitored. The steady-state neutral voltage shift in asymmetrical operation remains low (5-6 kV). Whether the mismatch is added to the operational security margins or corrected (with some communication delay) by a supervisory control layer is considered an operational choice. The DMR rating is expected to be determined by transient stresses.

	Dong Chen (SSE):
Are there multiple groundings or just a single point?
	Carmen Cardozo (RTE):
Grounding units are included in all converter stations to support sequential control and accommodate degraded modes; however, only one grounding point is connected at a time. For design studies, grounding is at the central DCSS.

	Hani Saad (ACDC transient):
What was the value of the resistance to ground that had been considered? It has no impact on LF, but have you investigated the overall impact?
	Carmen Cardozo (RTE):
0.1 ohm (solid grounding) at central DCSS. AC/DC converters see at least the DMR impedance value. This value is further assessed in transient studies.


[bookmark: _Toc197358511]1.1.1.3 Assumptions on the DC cable 
It was important to clarify whether the DC cable rating was an input or output of the design study. Since InterOPERA focuses on control interaction and does not involve a cable manufacturer among its partners, a standardized data sheet was agreed upon for the demonstrator. Although this remains a sensitive topic - still under discussion in the transient study phase - it is not considered an interoperability issue.

	Question
	Answer

	Dong Chen (SSE):
Have you investigated how the cables are sized? What about the current rating?

Follow up remark from Richard Poole (NESO)
Have you considered a higher threshold for the cable's temporary withstand capability, typically during a pole-to-ground fault?
	Carmen Cardozo (RTE):
The DC cable rating is considered an input to the study, based on the shared view of stakeholders, defining maximum continuous operating voltage (525 kV) and current (2030 A), as well as geometry, temporary overvoltage (TOV) profile, and fault current limits (for dynamic & transient studies). For LF, we just check final post-contingency states remain with continuous operating range.


[bookmark: _Toc197358512]DC Grid Dynamic Study
The second study package focuses on defining quasi-stationary voltage and current bands during the primary control response (before secondary control activation) to inform, for instance, the required slow DC-TOV and fault ride-through (DC-FRT) profiles, as well as the converter blocking criteria. Clarifications were sought on the study scope, the use of grid equivalents, and the selection of simulated scenarios. Dynamic studies are often linked to detailed control design, which naturally raises questions about tuning. However, the focus of design studies is on system-wide considerations, not on subsystem design, which remains within the scope of original equipment manufacturers (OEMs). 
That being said, the parametrization of the generic model, particularly the selected control settings, has a significant impact on dynamic performance and, thereby, the outcomes of the dynamic design study. To ensure that the generic modeling approach does not impose overly restrictive dynamic constraints, classical performance indicators such as overshoot and settling time are also evaluated in both grid-connected and standalone setups. While the design studies themselves are conducted using the full system model, dynamic performance standalone tests—connecting the generic AC/DC converter model to AC Thevenin and DC grid equivalents—were performed to support the translation of the functional framework (from D2.1) into technical specifications at subsystem level (T3.3). 
Different perspectives on equipment capabilities sparked insightful discussions. Protection-related questions were deferred to Ben Rennings (Siemens Energy) presentation. On frequency-domain analysis, Benjamin Marshall (SSE) highlighted the importance of monitoring phase angle shifts alongside resonance peaks, impacting measurements and emissions across the network, during detailed design.

	Question
	Answer

	Benjamin Marshall (SSE):
Have your studies looked at the ramp rates and how to cap them based on operating strategies?
	Carmen Cardozo (RTE):
Ramps typically mitigate overshoots; hence, we focus on step response for stricter constraints, representing the worst-case scenario for design.

	Benjamin Marshall (SSE):
Did you assess the risk of introducing artificial damping in the DC grid equivalent, potentially leading to an underestimation of interaction risks that may emerge in Phase 2?
	Carmen Cardozo (RTE) & Ben Rennings (Siemens Energy):
Design studies are conducted using the same grid model that will be employed for interaction studies in Phase 2, typically incorporating the same wideband DC cable model, while replacing generic station models with vendor-specific ones. Standalone tests will still be used in Phase 2 for single-vendor compliance verification as per D2.1.

	Hani Saad (ACDC transient): 
How was the control tuning performed? Did you take a conservative approach by setting minimal performance requirements, or was it the other way around?
	Carmen Cardozo (RTE):
Short answer: the other way around. 
In practice, we first focused on achieving a grid-connected performance deemed reasonable (by vendors) across 200+ simulated scenarios, with the same model. Once confirmed, we moved to standalone testing to gather reference values for typical indicators in a compliance-like setting, without aiming for specific performance targets. Since the control was not optimized, the results are expected to be conservative.

	Benjamin Marshall (SSE):
How were the 200 cases selected? Was there a specific criterion used?
	Carmen Cardozo (RTE):
The initial operating conditions and contingencies align with those defined in the LF study. We assume that each converter can operate at maximum power in both directions while staying within the upper and lower bounds of the normal (secure) operating range. We then simulate outages through forced converter blocking and focus on the dynamic response of the surviving units. In line with the N-1 rule, we account for the loss of individual assets as well as entire bipoles. AC faults on grid side are also considered.

	Benjamin Marshall (SSE):
Are you confident that no FSD action would be triggered by the shown undervoltage events, with voltage drops below 350 kV?
	Carmen Cardozo (RTE):
Selectivity considerations (relay modeling) have been excluded from the scope of the InterOPERA HVDC grid design studies, so this phenomenon has not been assessed, neither during dynamic studies, nor in the transient package, where the breaker model is refined but relay timing is emulated. In dynamic studies, FSDs are represented as simple reactors.

	Benjamin Marshall (SSE):
Where did the TOV withstand threshold come from? It seems quite high. Seeking out some input from cable vendors is recommended.

Additional input, Hani Saad (ACDC transient):
The cable withstand capability does not seem problematic. For monopoles we have up to 1.8 pu.
	Ben Rennings (Siemens Energy):
Extensive discussions were held on the topic, with the final decision based on confirmation from multiple TSOs rather than a single source.

Interestingly, this feedback contrasts with views within InterOPERA, where some TSOs considered the chosen profile conservative and even advocated for extending its capabilities.

	Hani Saad (ACDC transient):
Follow up question: Have you assessed the impact on the DMR cable? Any comments on the observed voltages?
	Carmen Cardozo (RTE):
Yes, for a blocking event, the observed neutral voltage may reach up to 50 kV (10 times the steady-state value in asymmetrical operation). The DMR insulation level is further investigated in the transient study package (covering DC faults).

	Benjamin Marshall (SSE):
In the DC-FRT analysis, 350 mH per branch is quite a significant reactance. Have you assessed its potential influence on earlier dynamic studies? 
	Carmen Cardozo (RTE):
Yes, AC/DC converter's DC-side reactor values in the dynamic study were updated based on results from standalone DC-FRT tests (in transient study)


[bookmark: _Toc197358513]DC Grid Transient Study
The third and last study package evaluates transient voltage and current bands during fault separation time, specifically analyzing fault levels based on predefined grid protection settings and subsystem reactor sizes, while ensuring compliance with the InterOPERA functional framework. Withstand levels are ultimately validated considering generic arrester data.

	Question
	Answer

	Benjamin Marshall (SSE):
Are you considering using FSDs for purposes beyond isolation, such as fault current limiting or steady-state power flow control? 
	Ben Rennings (Siemens Energy):
No. Current limitation functionality is excluded from the design studies, as we cannot assume that all available solutions can provide this capability. 

	Benjamin Marshall (SSE):
Are you also accounting for faults occurring within the fault separation devices themselves?
Related question, Hani Saad (ACDC transient):
DC fault is likely not the worst-case scenario for converter design. Is the focus more on the DC side design rather than the converter station itself?
	Carmen Cardozo (RTE):
Faults within subsystems were considered outside the scope of the HVDC grid design studies and fall under the vendor’s responsibility, to be assessed within the subsystem detailed design framework. This also applies to AC/DC converter stations. We only focus on stresses at the connection point.

	Richard Poole (NESO):
Is the DC-FRT standalone test reflecting a genuine DC fault? DC breakers would be ineffective for a fault at the converter terminal, so wouldn't you still need to block the positive pole and open the AC breaker to properly clear the fault?
	Ben Rennings (Siemens Energy):
DC-FRT standalone test is reflecting faults on a transmission assuming there is at least one switching unit with a DCCB in between the line and the converter unit. In other words, it is only reflecting faults outside the fault separation zone associated with the converter unit.

Carmen Cardozo (RTE):
Standalone test is used to size the DC-side reactor on the generic model. The fault clearance strategy is defined by the functional zoning (next part). But, yes, in this case, the affected pole will ultimately be cleared by opening the AC breaker.

	Dong Chen (SSE):
Does the study assume that converters are not allowed to block under any condition, or are certain conditions allowing for blocking?
	Carmen Cardozo (RTE):
In line with the functional framework (D2.1), temporary blocking is allowed. Hence, two current thresholds are defined: 1) one for blocking, which can be reached during the standalone test, and 2) a higher limit for an irreversible trip, which cannot be exceeded and sets the minimum reactor size.

	Benjamin Marshall (SSE):
What (de)blocking criteria are considered in the study?
	Carmen Cardozo (RTE):
For blocking, only the arm current limit is considered. Deblocking is not modelled but assumed to be possible as long as the current threshold for tripping is not exceeded.

Ben Rennings (Siemens Energy):
According to the functional framework (D2.1), deblocking criterion is based on a voltage threshold - reflecting a system-wide expectation - though this concept has not been fully quantified, and it may be implemented differently in practice. To be evaluated on Phase 2, with vendor models.



[bookmark: _Toc197358514]Preliminary Functional Specifications
Before diving into the presentation, Siemens Energy highlighted the significance of the system-wide design studies, which were not initially planned but were later deemed necessary to properly define the specifications needed at the point of connection. These studies facilitate the creation of a working demonstrator, which is a challenging task even when all stakeholders are present. It was acknowledged that it is unrealistic to expect all contractors to be at the table simultaneously during tenders, hence there is a pressing need for a process that allows such pre-tender planning studies. The ultimate goal is to establish an aligned method for conducting these studies and creating generic but validated models for planning purposes, which is essential for building multi-vendor systems. While much has been accomplished, it was noted that the work is not yet finished, and the process of creating and filling specifications with detailed design studies is still ongoing.

[bookmark: _Toc197358515]Hierarchical structure
The process of building specifications for the demonstrator system was explained, which includes both general concepts and specific numerical data derived from common studies. The following overview was shared with the participants:
[image: A black background with a black square
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Figure 1: Hierarchical structure of demonstrator specifications

The specifications are laid out in an overall document that covers aspects relevant to the entire system, such as topology, grid characteristics, operational security limits, control philosophy, and protection philosophy. This document provides the big picture of the demonstrator. From this overarching document, there are branches leading to standalone documents for each subsystem, created in parallel by different working groups. These documents can be handed to the individual subsystem vendors.
No questions were raised on the structure of the specifications.
[bookmark: _Toc197358516]Demonstrator Use Cases and Features
Next, demonstrator use cases and features were summarized. It was noted that due to the limited scope and time of the InterOPERA project, it was necessary to prioritize a base set of use cases for the demonstrator, leaving some questions unanswered. The focus was initially on simpler tasks like sequencing and energization, which are foundational yet require unambiguous definition in the specifications.
Five groups of use cases were identified. In the first group, dealing with grid operation reconfiguration, even simple reconfigurations demand alignment on signal names and sequences. These tasks, although not complex, need clear definitions for specification purposes.
For the second group, continuous controls, disturbances to the system in different control modes were considered. This involved verifying the compatibility of generic models with vendor-specific models.
Concerning group 3, DC protection, although not included in the preliminary specification, it was treated as an optional element in the initial design phase. This was done to ensure that the system is designed with future DC protection use cases in mind, avoiding significant redesigns later. Vendors are expected to comply with the provided framework and provide the necessary DC reactors from the start, which allows for the future introduction of electrical faults without the need for extensive system changes.
Use cases focusing on AC performance for both offshore (group 4) and onshore grids (group 5) were outlined, with an emphasis on demonstrating multi-terminal operation rather than achieving full grid code compliance within the InterOPERA project. New functions such as offshore converter ride-through capabilities during DC faults were included as test cases.
One question was raised in this section on how protection is included in the design and the specifications. The answer was deferred referring to the next section on Functional zoning.
[bookmark: _Toc197358517]Functional Zoning: Fault Separation
Functional zoning was highlighted as an essential step by network planners prior to the commencement of detailed studies. Zones were designated for specific functions within the network, permitting the allocation of necessary functionalities at the boundaries of these zones. 
The example of fault separation zones was provided, where devices were placed to isolate faults. It was explained that faults within a zone could be separated from the rest of the system by AC and DC breakers, with the unaffected areas expected to continue operating normally. This concept of zoning had been applied across the entire topology as part of the planning process.
The quantification of the fault separation process was also discussed, mentioning two different DC breaker solutions that had been considered: one with a neutralization time of less than five milliseconds and another with a time exceeding five milliseconds. Converters connected to these zones were required to be designed to withstand the corresponding neutralization times. This approach to zoning formed an input to subsequent studies. It was noted that consultations with vendors had taken place to define the fault separation zoning within the network.
There were several questions raised on this part of the presentation which are detailed here:
	Question
	Answer

	Ben Marshall (SSE):
You mentioned the total relay plus saturation time of the FSD being under 5 milliseconds for the blue items. How is this achieved?
	Ben Rennings (Siemens Energy):
InterOPERA is only looking at main protection which is not relying on communication. It is also excluding faults within Switching Units which allows for these times to be achievable.

It shall be noted that DC Protection is, unlike PROMOTioN, not a focus of InterOPERA which is concentrating on control interoperability.

	Ben Marshall (SSE):
You might want to shape the reactor impedances in the frequency domain to assist the protection scheme. So that's probably something which, if it is mentioned by those developing protection should be modelled when you get into the tuning of your DC Breakers and converters.

	Ben Rennings (Siemens Energy):
What we found is that even with these simplified assumptions and that's kind of one of the major outcomes we see, which compatibilities and incompatibilities there are already, without diving even into the details. And that's what we can illustrate already with this simplified approach.



	Richard Poole (National Grid):
Would you lose the whole NE section if there is a failure in it?
	Ben Rennings (Siemens Energy):
If we would show it in a single line diagram, then it's clearer. This picture is a bit confusing. It is actually pole wise, so the zoning shall be seen as separate zones for each pole.



	Question
	Answer

	Richard Poole (National Grid):
On the operating time, the five milliseconds:
Appreciate you need a figure to operate to.

Breaker can be opening 3 milliseconds and there is built-in over current protection anyway. 
But then, like you said, I know you're not assuming signaling and all that, 5 milliseconds might be possible, but in reality it's probably slightly longer.

	Ben Rennings (Siemens Energy):
Fully agreed and, as discussed, the figure is less important than the application of an agreed framework and design process.

We are currently discussing in the project which figures can be shared publicly, both for fault separation as well as for the converter capabilities.



[bookmark: _Toc197358518]End of workshop and next steps
The third technical workshop was concluded with some final words from WindEurope thanking all participants and presenters for the fruitful and lively discussions. The next workshop is scheduled for Q4 2025 and will cover legal aspects, cooperation frameworks, and procurement strategies. Further studies, particularly on transient stresses and protection strategies, are to be conducted with the potential for vendor-specific models and interactions to be evaluated in the next project phase.
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[bookmark: _Toc197358520]Abbreviations and acronyms
	
	

	AC
	Alternating Current

	DC
	Direct Current

	DC-FRT
	DC- Fault Ride Through

	DMR
	Dynamic Maximum Rating

	EMT
	Electromagnetic Transient

	GFM
	Grid Forming

	HVDC
	High Voltage Direct Current

	OEM
	Original Equipment Manufacturers

	SC
	Stakeholder Committee

	TSO
	Transmission System Operator

	WP
	Work Package
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