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HVDC offshore grid development 

Opportunities and Challenges for HVDC offshore grid development 

Multi-vendor multi-terminal multi-purpose HVDC grids for  

• Integration of large amount of offshore wind power 

• Cost reduction of the “European Green Deal” 

• Improvement of European grid stability considering climate neutrality until 2050 

• But: HVDC grids only can grow in required pace, if interoperability is not an implementation risk for TSOs. 

From TODAY point-to-point (single purpose) to TOMORROW hybrid and multiterminal (multi-purpose) 
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Interoperability 

Opportunities and Challenges for HVDC offshore grid development 

Interoperability of a transmission system, its subsystems and components 
is defined as their ability to function together, seamlessly allowing the 
transmission of electricity at the required power quality and level of 
security of supply.  It… 

• …reduces technical implementation risks 

• …increases cost-efficiency 

• …opens the market for harmonized solutions  
(“plug and play” of  HVDC solutions) 

 

Interoperability includes 

• “Technological interoperability” 
• Operational compatibility of different technologies, might come 

from same manufacturer 

• “Manufacturer interoperability” 
• Necessity of compatibility of the technologies but from different 

manufacturers 

Make DC as easy as AC! 
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Today’s Roles and Responsibilities of the Relevant Stakeholders 

Responsibilities of TSO Responsibilities of manufacturer 

• Solid system planning criteria and connection rules to 
achieve 

• an adequate level of security of supply 

• sustainability and robustness 

• non-discriminatory access to system users / market 
players 

 

• Harmonized and standardized specification of system 
and equipment to achieve 

• seamless interoperability of system components 

• cost-efficiency 

 

Role of TSO Role of manufacturer 

• application of holistic engineering expertise for power 
systems  

• dedicated expertise for developing and specifying 
assets 

Closer cooperation between TSOs and manufacturers should be envisaged with the TSOs taking a leading 

role as infrastructure owners and operators backed by a legal mandate for system security. 

Today: 

To be improved: 
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Purpose of the position paper 

• Learning curve necessary between TSO and vendors regarding product specification design.  
Which detail level of specification is adequate? 

• TSO’s need to gather information about expected asset behaviour by using appropriate (electrical) simulation 
models. 

• Simulation models provided by vendors must be interoperable. TSO’s need to be able to exchange these models 
for grid planning and operation purpose.  

• Demonstration of operation in a real project is necessary.  

• Scalability and multiplication to other projects need to be ensured. 

How to solve it? Roadmap on how to design HVDC MV-MP-MT systems 

 A 

 B 

 C 

Current Situation 

A. Detailed functional specifications need to cover required asset behaviour for operating in a system 

B. TSO’s cannot draft detailed functional specifications for HVDC multi-vendor multi-purpose multi-
terminal systems (HVDC MV-MP-MT ) yet, because of 

 absence of operational experience of such systems (also in a multi-TSO environment). 

 limited knowledge/anticipation of full operation risks with impact on minimum functional 
specifications. 

C. Vendors cannot develop products, if TSO’s cannot provide detailed functional specifications. 
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Interoperability: The enabler for HVDC multiterminal development 

Opportunities and Challenges 

Interoperability remains  
a central enabler for HVDC 
multiterminal development 

 

 Research projects have already 
outlined the need for 
requirements and formulated 
innovation steps for 
interoperability  

 

 Still a number of open issues to be 
solved for the implementation in 
real projects 

 

 TSOs ready to lead relevant 
studies and participate in 
appropriate initiatives to develop 
processes and methods for 
practical application 

Technical issues 

• Functional and operational requirements 

• Demonstration in target environment 

• Power system engineering and planning 

• Standardization of systems and equipment  

Legal issues 

• Intellectual property rights 

• Contractual relations and warranties 

• Regulation and Legal Framework 
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ENTSO-E positions on required steps for open Technical Issues 

Functional and operational requirements 

• To complement the EU NC HVDC, (covers the minimum set of requirements to HVDC system functionality), parameter 
ranges and characteristics at the AC grid connection point, a minimum set DC grid functional and operational  
requirements are considered necessary.  

• Such DC grid functional requirements  

• must consider all DC subsystem and DC grid elements 

• need to include connection requirements to a DC grid (dedicated connection code) 

• must define a minimum set of functionality and capability for securing grid stability 

• On top, an operational guideline, similar to SO GL and NC ER is deemed necessary to define operational requirements of 
DC grid systems. Market rules have to be defined as well. 

Impact (of “do-nothing” option) 

• If DC grids’ functional and operational requirements are not available, interoperability will be significantly impaired or 
may not be achieved at all, with adverse impact on market facilitation and security of supply 

• The lack of clear requirements would result in an increase of implementation cost and reduced scalability as tailored 
and proprietary solutions would be implemented for each separate project.  

• The absence of an interoperable grid infrastructure would finally impede the achievement of the energy policy targets. 
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ENTSO-E positions on required steps for open Technical Issues 

Demonstration in target environment 

• A real full-scale demonstration project is deemed necessary to confirm and prove the technology readiness of HVDC 
grid solutions and to reduce the risks for investments in subsequent projects by facilitating standardization activities in 
parallel.  

• It should be based on a multi-vendor and cross-border off-shore industrial project for high voltage application and 
scalability of solutions to other projects. Interoperability on all levels must be ensured. 

• The demonstration need to be aligned with the European stakeholders. This could include, but it is not limited to, 
studies for assessing the impact of the HVDC system on onshore systems 

• Projects and related locations assessed in the TYNDP and potentially investigated by the H2020-Project “PROMOTioN” 
could be considered as input for the demonstration. 

Impact (of “do-nothing” option) 

• No multivendor-projects will be initiated, if interoperability not demonstrated and adaptable during lifetime. 

• Proprietary systems will most likely not be interlinked to a larger multiterminal system. 

• TSO’s remain stuck to pure R&D based demonstration, which has a risk of not providing a practical and flexible but 
tailored solution, which is not scalable.  
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ENTSO-E positions on required steps for open Technical Issues 

Power System Engineering and Planning 

• HVDC system owners (often TSOs) are the only entities, who can take responsibility for development, construction, operation 
and maintenance of the offshore electricity supply infrastructure.  

• TSOs need to take a leading role in defining technical requirements and operational regimes on both the AC and DC side from a 
holistic system engineering perspective, not solely relying on external proposals.  

• TSOs will need the support of HVDC system manufacturers in defining functional requirements to consider adequately 
opportunities, but also limitations of existing and future technologies.  

• A common planning approach for multilateral HVDC systems is a prerequisite for an efficient  and aligned infrastructure and 
limiting diverging national implementations to a minimum.  

Impact (of “do-nothing” option) 

• If planning does not evolve further, new technologies and system performance may be not compatible with each other.  

• TSOs might draft diverging specifications, which may impair system interoperability and efficiency.  

• System security could be endangered.  

• Social welfare may be reduced by “stranded investments”. 

• Technical and/or vendor interoperability may not be achievable. 
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ENTSO-E positions on required steps for open Technical Issues 

Standardization  
of processes, HVDC models, converter control interfaces for implementation processes and engineering studies 

• Common converter control interfaces need to be agreed on in order to facilitate appropriate engineering studies already 
during the planning and specification phases of TSOs (offline EMT as well as real-time , PHIL and SIL studies). 

• Converter models need to be adapted during lifetime. Thus, control model and physical model should be separated. 

• Clear processes for performing relevant engineering studies need to be defined in order to be comparable and transparent 
(e.g. interaction studies, modeling methodologies) involving all relevant stakeholders. 

• Manufacturer interoperability calls for standardized specification and design of systems and equipment. 

• Standardization of models, tools and design processes must be made on the ground of open participation, consultation, and 
consensus of all relevant parties. 

Impact (of “do-nothing” option) 

• No comparison of interoperability studies between different manufacturers possible.  

• Comparability of TSO-models and manufacturers models is not given. TSOs might draft specifications, which are not fulfilling 
the real requirements.  

• TSO’s may take over full responsibility without knowledge of full operation risks. Maybe assets cannot be used, assets will be 
destroyed. Reduction of reliability/ security of supply. Customers need to pay for “stranded invest”. 

• TSO’s cannot extend HVDC connections to multiterminal systems. Competition will be compromised (manufacturers will 
disappear, TSO’s will be locked to one manufacturer per project). 
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ENTSO-E positions on required steps for open Legal Issues 

• The completed European H2020 projects “BestPaths” and “PROMOTioN” have underlined the presence of a 
number of additional non-technical barriers like existing regulation, as more complex interconnected structures 
will “link” with: 

• different national legal and regulatory regimes to each other.  

• existing contractual relations, which do not consider a multi-vendor setup. 

• Non-technical issues, like ownership, contractual relations, warranties and available financing, must be solved 
before the approval of multi-vendor projects. 

 

 

Non-Technical Issues 

• An establishment of multi-vendor cooperation framework is needed, which enable model sharing, ensure 
proper conditions for interaction studies, define liabilities and warranties in case of malfunctioning and 
safeguard intellectual properties. 

• All related questions to asset ownership, allocation of costs and benefits, operational and market rules will have 
to be solved prior to commercial operation of these systems. 

Recommendations 
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Way forward - Unlocking multivendor multiterminal HVDC systems 

Tasks for TSOs: 

• Adaption of planning approaches. E.g. 
Coordinating and performing engineering and 
interaction studies in multi-vendor 
environment. 
Aims: detecting interoperability issues as early 
as possible and conclude more precise 
functional specifications for new DC assets to 
reduce risks  

• Developing rules and requirements: Drafting 
functional specifications for the DC side and 
adaption of existing network codes. 
Aim: formulation of new guidelines operating 
MT-MV HVDC systems 

• Drive the development towards full-scale 
demonstrator project 
Aim: reaching higher TRL and facilitate the 
standardization of systems and equipment in a 
more "plug and play" way. Definition and test 
of MT-MV implementation processes. 

Tasks for Manufacturers: 

• Support TSO in defining coverage, level of detail and clear 
interfaces of models to be used for interaction studies and 
further pre-studies in a multi-vendor environment Including 
e.g. definition of electrical as well as control signal interfaces) 

• Shortcomings in exchange of expertise while still respecting 
intellectual properties need to be overcome. Manufacturers 
should take a lead to define contractual and legal relations to 
establish a multi-vendor cooperation framework 

• Facilitating standardized components of their systems and 
equipment when achieving reasonable TRL 

Tasks for Policy Makers: 

• Creating sound legal and regulatory governance for developing 
full-scale multi-vendor multi-terminal multi-purpose 
demonstration for de-risking. 

• Support of national regulation bodies, enabling the TSO 
plannings regarding HVDC multiterminal development. 
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Thank you very much for your attention! 


