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1. INTRODUCTION 

 

1.1. Aim of this document 

The Network Codes (NCs) for grid connection establish required capabilities of performance defined at the 

connection points, but (as with all NCs) do not contain the motivation for the requirements. The NCs 

provide the ñwhatsò, but not the ñwhysò. This Explanatory Note (EN) for HVDC is one of several 

supporting documents which together make up ENTSO-Eôs ñwhysò for this particular NC. The aim of this 

EN is to explain the challenges that are addressed by the NC HVDC. With this document ENTSO-E is also 

sharing feedback received from stakeholders.  

This EN provides a summary of the NC HVDC supporting documents and endeavours to guide the readers 

to access other supporting documents for further in-depth information of specific interest. This EN is 

organised in sections which deal with the material in the following manner: 

1. The aim of the NC HVDC, the broader task of the series of NCs with the context for their development 

and the application and challenges associated with HVDC technology;  

2. Stakeholder interactions undertaken through public consultations, workshops and user group meetings;  

3. How the proposed code is structured, what are the limits of its scope and classification of its 

requirements? The relation with various existing European practices is described, together with the 

justification for possible deviations and the associated cost implications; 

4. The main considerations associated with the specific requirements related to frequency management, 

voltage management, robustness, control, protection, system restoration, DC-connected Power Park 

Modules, information exchange and compliance; 

5. Conclusions; 

6. References to relevant documents; 

7. Abbreviations and aligned definitions used. 

 

1.2. Why develop a NC HVDC? 

The formal reason 

The rapid increase of renewable energy sources (RES), the implementation of smart grids, and the efficient 

functioning of the internal electricity market while ensuring system security will all lead to massive 

changes to the electrical power system as we know it today. This will require a new framework to cope with 

these challenges and all participants of the energy market will have to face significant changes.  

The connection Network Codes define the minimum performance capabilities in context of cross border 

implications for all classes of new grid connections. The capabilities contribute to the overall objective of 

maintaining the existing high level of security of electricity supply in Europe.  

One of the changes is an expected rapid increase in HVDC applications. In this context, ENTSO-E 

elaborates the ñNetwork Code for HVDC Connections and DC-Connected Power Park Modulesò. This 

Network Code is referred to as the ñNC HVDCò. The NC HVDC is based on ACERôs Framework 

Guidelines on Electricity Grid Connections (FWGL) [1]. The NC HVDC is a key part of the ENTSO-E 

annual work programmes 2013 to 2014 [2] and responds to the ECôs mandate to develop this Network 

Code for submission to ACER by 1 May 2014.  

This planned NC HVDC [3]  will be the third connection code in line with the FWGL [1]. The two 

connection codes preceding the NC HVDC are the ñRequirements for Grid Connection Applicable to all 
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Generatorsò (RfG) and ñNetwork Code on Demand Connectionò (DCC). A fourth network code on 

Connection Procedures, also founded guided by the same FWGL [1], may follow at a later date still. 

 

Why HVDC? 

Efficient and reliable power transmission grids are a prerequisite to support EU energy targets and to 

achieve the political goals of a low-carbon energy system. The way the power system is designed and 

operated must be consistent with these paramount targets. This poses new challenges for TSOs and all grid 

users. The future power system must: 

 Facilitate the integration of RES, partially located far away from load centres (e.g. offshore wind 

parks) 

 Manage greatly increased cross-border power flows in a strengthened European energy market.  

 Achieve both targets with minimal impact on environment, at the lowest societal cost. 

 
An efficient technology choice to achieve these targets is based on economic and technical performance. In 

general the choice is between AC and DC transmission. A comparison between these two technologies 

leads to the following areas of application for DC transmission: 

 Crossing long distances: Longïdistance, bulk power transmission is often more economic by 

HVDC technology. 

 Meet environmental constraints: The corridor needed to transmit a certain amount of power is 

considerably less for HVDC compared to AC paths. 

 Overhead line versus cable: The charging current of AC cables requires distributed reactive power 

compensation. .For long cables (e.g. subsea cables) AC may not be economic compared to a DC 

solution beyond a certain length.   

 Asynchronous interconnection: AC systems operating at different frequencies or using 

independent frequency control systems can still be coupled by HVDC technology to allow for 

power transfer. 

 Control and stabilization of power flows: HVDC systems in an integrated power system may 

through their excellent control capability enhance the overall system performance and system 

security. 

 
In view of the above mentioned challenges and requirements for a future power system, DC transmission is 

expected to become increasingly prevalent. HVDC development including DC-connection of PPMs (mostly 

offshore) is considered of major importance for the future development of the European Network. European 

market integration is expected to be facilitated by major increases in numbers and capacity of HVDC 

interconnectors, of embedded HVDC links and of DC-connected PPMs. Section 3.4 gives the numbers of 

existing installations of these three use cases of HVDC technology, the level of activity expected by 

ENTSO-Eôs member TSOs by 2025 and again by 2035.  

For a range of perspectives on the importance of HVDC in the future, see  

¶ 8 March 2011 the European Commission issued ñA Roadmap for moving to a competitive low 
carbon economy in 2050ò [4]. 

¶ In March 2014 Greenpeace released the publication ñpowE[R]2030. A European grid for 3 / 4 

renewable electricity by 2030ò. [5] This report advocates few, but very large (e.g. 10GW10 GW) 

HVDC corridors to link the main parts of the European power systems in a RES dominated vision 

of the future. In March 2014 Friends of the SuperGrid released the publication  ñSupergrid 

preparatory phase: review of existing studies and recommendations to move forwardsò, [6] 
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¶ ENTSO-Eôs own Ten Year Network Development Plan, combining the expert views and detailed 

system knowledge of all European TSOs, indicated in its last report (2012) also an expectation of 

about 12.000km of additional HVDC lines planned for the coming years. 

 

HVDC and its role for ñsmarterò transmission 

Modern HVDC transmission systems offer advanced performance, which can include independent control 

of active and reactive power. The first HVDC connected wind farms in the North Sea demonstrate that 

present HVDC connections are able to control the frequency of islanded AC networks and to supply weak 

networks. If well planned and designed, these features offer remarkable flexibility: 

 Future fast changes in power flows resulting from the change in generation pattern could be 

handled more securely by the operator.  

 Additional reactive power (available inherently from VSC technology) would stabilise the voltage 

profile. 

 The controllable active power flow can be used to minimise wider system losses and to overcome 

bottlenecks by distributing the power flow in an optimal way, making the fullest use of all circuits. 

 In emergency situations, e.g. partial black outs or islanding of networks, the HVDC scheme could 

increase stability margins or reenergize or stabilize an island. 

 

1.3. European Network Code Development 

 

The proposed NC HVDC covers a specific area in a wider portfolio of network codes on electricity. The 

NC HVDC is the ninth code developed by ENTSO-E
1
. Key messages on the need for European wide 

network codes and an overview of how these interact, are linked with other European energy roadmaps, and 

benefit European energy consumers, are given in the ENTSO-E paper ñEuropean Network Code 

Development: The importance of network codes in delivering a secure, competitive and low carbon 

European electricity marketò [7]. This section sketches some of the messages most relevant for the NC 

HVDC. 

What are the network codes? 

Network Codes are sets of rules which apply to one or more part of the electricity sector.  The need for 

them was identified during the course of developing the Third legislative package and Regulation (EC) 

714/2009 sets out the areas in which network codes will be developed and a process for developing them.   

Europeôs energy policy objectives 

Europeôs trio of energy policy goals ï ensuring security of supply, promoting the decarbonisation of the 

energy sector and creating competitive, liquid markets which benefit consumers ï is well known.  

More interconnected networks and markets: The electricity system is becoming increasingly 

interconnected and the electricity market is becoming much more pan-European.  This provides 

opportunities for generators to sell into different markets, based on price signals, and gives consumers a 

greater choice over who they buy energy from.    

Increases in cross-border flows: A natural consequence of bigger markets and the siting of fluctuating 

generation further away from the consumption centres are much greater levels of cross-border and long-

distance power flows. These flows require careful management by TSOs and require greater coordination 

                                                
 
 
1 https://www.entsoe.eu/major-projects/network-code-development/  

https://www.entsoe.eu/major-projects/network-code-development/
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between grid operators in planning infrastructure developments, in designing markets and in operating the 

system ï given the significant influence such flows can have on the operation of the system in real time. 

A changing role for network users: The changes in generation portfolio and operational challenges 

discussed above are creating a change in the role of network users. It is becoming increasingly important 

that all types of users (i.e. generation, demand, distribution networks, and interconnections) play an active 

role in providing the capabilities and services which are needed to maintain the security of the pan 

European transmission system.    

Creating stronger, more robust and smarter networks: Without a robust transmission system, none of 

the trio of energy policy objectives will be achieved.  Europeôs networks will need to change significantly 

in the coming years, with much greater levels of interconnection and the probable extension of networks 

offshore, using a greater proportion of HVDC technology. They will also need to adapt to much more 

active distribution networks and to greater customer participation. 

Ensuring closer cooperation between TSOs: TSOs are working more and more closely together (building 

on a tradition of doing so for over 60 years) to make better use of existing assets and build on the very high 

levels of security of supply enjoyed to date. More advanced and coordinated operational planning 

procedures are being implemented by many TSOs through multi TSO coordination initiatives (and through 

regional market coupling initiatives). TSOs are also developing systems for coordinating balancing and 

remedial actions where system issues exist and enhancing real time data exchange (e.g. via the ENTSO-E 

Awareness System). 

The network codes under development: Investment decisions taken now will affect the power system for 

the next decades. The European energy system of 2020 is being built today and the foundations of the 

European energy system of 2050 are being conceived.  As such, there is a need to make sure that all users 

are aware of the capabilities which their facilities will be required to provide ï recognising both the need 

for all parties to make a contribution to security of supply and the high cost of imposing requirements 

retrospectively.  The grid connection codes therefore seek to set proportionate connection requirements for 

all parties connecting to transmission networks (including generators, demand customers and HVDC 

connections). A stable set of connection rules also provides a framework within which operational and 

market rules can be developed.   

The system operation network codes will provide a solid basis for coordinated and secure real time system 

operation across Europe while market related network codes aim at creating a relatively simple set of 

market rules which can promote effective competition, minimise risk for all parties (particularly renewable 

generators who will benefit from markets close to real time) and give incentives for market players to act in 

a way which is supportive to the efficient operation of the system and minimise costs.   All of them need to 

be developed in light of the connection requirements established in connection related network codes:   

 

HVDC Sets requirements for HVDC connections and DC connected 

generation. 

Load Frequency Control 

& Reserves 

Provides for the coordination and technical specification of load 

frequency control processes and specifies the levels of reserves 

(back-up) which TSOs need to hold and specifies where they need 

to be held. 

Balancing Sets rules to define the roles and responsibilities of TSOs and 

market parties to procure and exchange balancing products to 

balance the system from day ahead to real time in the most efficient 
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way. It also includes financial principles for the payment of these 

services. 

Requirements for Generators Sets requirements which new  generators connecting to the network 

(both distribution and transmission) ï and existing generators (in 

very limited cases) - will need to meet, as well as responsibilities on 

TSOs and Distribution Network Operators. 

Operational Security Sets common rules for ensuring the operational security of the pan 

European power system. 

 
The European electricity system is going through a period of unprecedented change.  The generation mix is 

changing fundamentally, the potential for the demand side to become much more involved is vast and the 

market is becoming genuinely pan European. For Europe to achieve its trio of objectives of ensuring and 

enhancing security of supply; creating competitive markets; and facilitating the transition to a low carbon 

economy there will need to be a significant change in the role of network users, of Distribution System 

Operators and of Transmission System Operators.   

With the growing share of electricity generation from intermittent renewable energy sources the difference 

between actual physical flows and the market exchanges can be very substantial. Remedial actions were 

identified by previous smart grid studies within European framework programs in operational risk 

assessment, flow control and operational flexibility measures for this area. At the same time an efficient and 

sustainable electricity system requires an efficient usage of existing and future transmission capacities to 

maximise transportation possibilities. New interconnections and devices for load flow control will be 

integrated in future transmission networks and will offer new operational options. Two major EC studies 

(iTesla [8] and Umbrella [9]) cover these aspects. 

Network codes will impact on all parties active in the energy sector and will lead to considerable change in 

existing practices.  ENTSO-E recognises the importance of engaging with a wide range of stakeholders to 

ensure that these impacts are understood and that as broad a range of views as possible are reflected in the 

network code development and is seeking to structure processes to allow this to occur.  

Through a transparent approach, collaborative method of working and shared objectives we are confident 

that the network codes can deliver real benefits in realising each of Europeôs energy goals. 

 

1.4. Other Supporting Documents providing further depth 

In addition to this Explanatory Note, the following supporting documents are available on the ENTSO-E 

website: 

 

In addition to this Explanatory Note, the full  package of NC HVDC supporting documents includes: 

 Frequently Asked Questions (FAQs), including  

- Comparison of present practices with NC HVDC 

- General feedback from a manufacturers survey on cost impact 

- Considerations of allowing a lower grade option for radial HVDC connections of PPMs 

 Requirement Outlines 

 Evaluation of Comments: ENTSO-Eôs views on valuable feedback received in a written 

consultation on a draft of the NC HVDC 
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Additional documentation of the consultation process includes: 

 Presentations and minutes from Public Stakeholder Workshops 

 Presentations and minutes of User Group Meetings 

 Documents from bilateral stakeholder meetings 

 Related Documents and Links 

 
 

1.5. Challenges Ahead relevant to HVDC Requirements 

 

Extended and more varied applications of HVDC 

HVDC technology will increasingly be used in the coming years to develop interconnections between 

different synchronous areas and it is of the utmost importance for these new facilities to contribute to power 

system security. To supplement existing HVAC corridors, extensive developments of embedded HVDC 

systems (both within one or between several control areas) are also planned, in order to increase the 

flexibility and capacity of the entire system. The above contribute to market integration by supporting the 

development of cross-border exchange of energy and reserve. To that end, extensive active power 

controllability is needed. Automatic control modes are especially needed for exchange of frequency 

containment and restoration reserves. The NC HVDC defines the minimum standards and requirements 

needed for achieving these goals related to market integration. 

The conventional task for HVDC is bulk transfer of large volumes of energy over long distances. 

Additionally, HVDC has been used like a firewall in its back-to-back connection of large AC transmission 

systems. These tasks will remain a focus, supplemented by the expected rapid growth of HVDC technology 

in the world of offshore power generation, predominantly associated with wind energy.  

 

The HVDC technologies 

The HVDC technology itself, in particular the branch of Voltage Sourced Converters (VSC), is developing 

rapidly. This was illustrated at a December 2012 International HVDC Conference (IETôs ACDC2012) [10] 

with the statement that since the first VSC installation there had been a fundamental change of 

configuration for every second VSC project. In contrast with the emerging HVDC VSC technology and the 

potential for future associated HVDC Grids, the alternative HVDC technology using Line Commutated 

Converters (LCC) is a mature technology, applied with large capacity in relative low numbers. It is 

important that the NC HVDC facilitates the development of both technologies.  

In this context CIGRE issued in December 2012 a WG report (WG B4-52) [11] concluding that DC Grids 

are feasible. Another CIGRE group (WG B4-56) is working on connection requirements for meshed DC 

Grids whose report is expected during 2014. CIGRE B4 has further set up a group to develop 

recommendations for standard DC voltages, similar to how 400kV is a standard voltage in Europe for AC. 

In a DC Grid it will eventually become possible to have a Connection Point directly at HVDC (with direct 

connection to a DC busbar).  

A further variety of HVDC configuration is being demonstrated in 2014 by Skagerak 3 and 4 linking 

Norway and Denmark to combine VSC and LCC technologies in both ends in one HVDC system. 

 

The system technical challenges ahead 

As the proportion of electrical power transmitted by HVDC to the vicinity of major load centres increases, 

the characteristics of HVDC including its responses to fast system changes under disturbed conditions 

increases in importance in two ways. In the first place this relates to its own robustness to disturbances, the 
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ability to continue to deliver the power. This is particularly important considering the size of most of the 

HVDC schemes. Secondly, and of similar importance, as HVDC displaces direct AC connection of 

generation, is the ability of the HVDC system to ñpass onò quickly and in a controlled manner dynamic 

support from another system or from generation to deliver stable operation and hence security of supply. 

The characteristics of the energy system are changing rapidly especially with the massive integration of 

RES (wind generators, PV installations) in the European electricity network. At a European level this is 

illustrated in the Ten Year Network Development Plan (TYNDP 2012) issued by ENTSO-E [12].   

The likelihood for operation of a synchronous area or at least a control area  with at times very high 

percentage Non-Synchronous Generation (NSG) increases. This was described for various countries in the 

Appendix (Section 7) of the NC HVDC Call for Stakeholder Input [13]. Ireland is the first synchronous 

area to experience 50% of generation from non-synchronous sources (predominantly converter-based). In 

the short term this condition is considered as a system technical limit, maintained when necessary by 

substitution [14]. Great Britain is expecting ï under the ñ2013 Gone Greenò scenario ï to exceed 75% and 

even 90% for considerable durations under the most challenging operating conditions by 2030 [15]. The 

converter-domination of generation is further extended by HVDC converters under import conditions, but 

alleviated during HVDC export. 

Operating conditions with the highest RES injection (typically in windy / sunny conditions with moderate 

demand) present major system challenges. One answer is to increase the controllability and the flexibility of 

all power system elements to deliver a power system which can react and cope better with the volatility of 

RES [16].  

The three main new or expanded technical challenges ahead related to stable operation of the power 

systems are: 

 Frequency management with reduced inertia in synchronous area or even in each control area;  

 Voltage management in areas remote from main centres of RES installations during times of high 

RES production when conventional generation, which has traditionally provided this service, 

being displaced; and 

 Fault level (system strength) management in context of rapid changes from high system strength 

during low RES production to extreme low system strength during high RES production, when 

synchronous generation is displaced (not operating).  

 

In the extreme case the total demand may be covered by supply from converter based technology (PPM and 

HVDC connections). In general NSG results in both lower total system inertia as well as lower fault levels / 

short circuit ratios (or system strength). A family of challenges are related to operation with less system 

inertia and less system strength: 

 

 Inadequate synchronising torque to retain stability. 

 Potential commutation failures of LCC technology, the conventional type of HVDC. Traditionally 

LCC schemes required a fault level in MVA of at least 3 times the MVA rating of the HVDC link. 

Stability for the latest LCC systems can probably be extended down to 2 times the MVA rating. 

 High harmonics: If minimum fault level (or short circuit ratio) in operation is much lower than the 

fault level used in the design, then unexpected high harmonics may appear. As a rough measure if 

the fault level is halved, the harmonic voltage distortion will double. High Negative Phase 

Sequence ( or 3-phase unbalance) voltages: The synchronous generators as major sink for negative 

sequence currents are being displaced by non-synchronous generation which do not perform 

similarly as a sink, unless explicitly designed to do so. 

 Larger voltage steps, e.g. when switching capacitors or reactors on the network in order to control 

the system voltage.  

 New challenges for transmission protection Systems in which a distinction is to be made between 

fault currents and load current of similar magnitude.  



 

10 

 

The technical requirements of HVDC systems may in future increasingly be designed to ameliorate some of 

the above problems by delivering a number of services, including: 

 Synthetic Inertia (SI) to aid frequency management, [15] 

 SMART use of SI contribution to deliver synchronising torque [14], [17] 

 Very fast fault current contributions up to their current ratings. [18] This is still 2-3 times less than 

the initial fault current (sub-transient) contribution from the displaced synchronous generation 

would have been.  

 The motivation for developing and increasingly requiring these emerging services is to avoid or at least 

reduce in the most socio-economic manner the impact of one or more of the following alternatives: 

 An upper limit on (local) development of RES;  

 Large scale constraint of RES production (modest constraint or substitution for the most extreme 

conditions is still expected to be appropriate); or 

 Jeopardising system security by no longer being able to maintain current system performance, 

having to accept a higher level of supply interruptions. 

 

Starting point for the NC HVDC development 

Security of the system cannot be ensured without considering the technical capabilities of all users. 

Historically large synchronous generation facilities have formed the backbone of providing technical 

capabilities. 

The ENTSO-E TYNDP [12] shows that several countries have extensive HVDC activities and/or future 

plans. However, not many have detailed connection requirements already set in Grid Codes. A summary of 

existing current practices is to be found in section 3.4 and is further expanded on in FAQ 10. This 

demonstrates the importance and urgency need for a European NC HVDC, for network operators and 

developers. 

Whereas the NC HVDC makes a start in the preparation to cope with the more extreme system challenges 

described above, it is likely that it will be necessary at a later stage to review and possibly add to 19 or 

extend the capabilities already included. The optimal time for this is expected to vary across Europe, with 

the smallest synchronous areas with the highest proportion of non-synchronous generation sources expected 

to meet these challenges first. Hence, the requirements already included (such as synthetic inertia and fast 

current injection during faults) are mostly optional (non-mandatory) and further left to be fully defined at 

national level (non-exhaustive).  
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2. CONSULTATION  

 

Interaction with interested and impacted industry organizations was facilitated by means of various 

workshops, two written consultations and the establishment of a dedicated NC HVDC User Group meeting. 

Five User Group meetings have been held, with a first one before the formal development of the NC 

HVDC. These have been of great value to exchange views on the impact and benefit of the NC HVDC, 

both for ENTSO-E to explain its choices and its drafting and for users to explain their views and bring 

proposals for improvement of scope, code and interpretation. The material used in the presentations as well 

as the agreed minutes of the meetings are published on the ENTSO-E website. 

A public written consultation of a full draft code was open during the period from 7 November 2013 

through 7 January 2014. Various organisations from the industry, investors as well as academia submitted a 

total of nearly 2500 individual comments, which have all been assessed by ENTSO-E. The document ñNC 

HVDC - Evaluation of Commentsò provides ENTSO-Eôs evaluation of the comments organised into 

approximately 500 topics. For each topic ENTSO-E categorises its response to a proposed change as 

accepted, partially accepted or rejected and defines a motivation for each conclusion. 

The material in ñNC HVDC - Evaluation of Commentsò is organised by Article number. The consultation 

has resulted in substantial improvements and a large number of changes. ENTSO-E appreciates the 

substantial effort made by many stakeholders in providing these contributions. 

The input provided in this consultation covered both legal and technical aspects, either editorial or 

fundamental. Each suggestion has been assessed to further improve the NC HVDC. The major changes in 

the code can be summarised as follows for HVDC Systems: 

 Definitions and scope have been enhanced for better clarity; 

 Withstand capability in frequency have been reduced and made coherent with ranges resulting for 

national implementation of NC RfG and DCC; 

 Admissible active power output reduction at frequency below 49 Hz has been introduced ; 

 The Rate-of-Change-of-Frequency withstand capability is more clearly defined;  

 Requirements for short-circuit contribution during fault has been kept non-mandatory and is now 

proposed in a more open manner, following agreement with the wind industry in recent NC RfG 

discussions where similar requirements are stated for PPMs; 

 Requirements for Fault-Ride-Through capability in case of asymmetrical fault has been proposed 

in a more non-exhaustive formulation; 

 An additional point is introduced in the FRT voltage-against-time curve to allow for a combination 

of a fast initial rise of voltage, but slower rise between 0.7 ï 1 pu; 

 Requirements for Reconnection Capability and Requirements for Isolated Network Operation have 

been removed since these capabilities are broadly covered by other NC HVDC requirements, and 

can in any case be further specified at national level. 

 

The major changes in the code can be summarised as follows for DC-Connected Power Park Modules and 

Remote-end HVDC Converter Stations: 

 Requirements for DC-connected PPMs and Remote-end HVDC converter stations are clearly 

distinguished in separate sections to improve clarity of which requirement applies to which 

element; 

 Opportunities to use nominal frequencies other than 50Hz or frequency variable by design for the 

operation of the remote end are now explicitly addressed. This is subject to agreement with 

relevant TSOs to ensure that decisions are in line with long-term European network development 

plans; 

 Ranges for frequency withstand capability are fully aligned with those of on-shore generation to 

ensure non-discrimination; 
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 Ranges of withstand capability in voltage are aligned more clearly with present best practice; 

 Requirements for reactive power capability have been proposed to follow a progressive capability 

building depending on system need. Agreements shall ensure that reactive power capability is 

available when reactive power is needed for the power system; 

 

The feedback received in the Call for Stakeholder Input, User Group meetings and public consultation 

provided crucial support in developing the code and its supporting documents, and more particularly to 

develop the code in context of offshore.  

The requirements in NC HVDC have recognised that the possible largest cost component of reactive power 

should be selected from a defined range reflecting the relevant network development plans, as well as the 

option of optimization of DC link and offshore plant design. In particular, for DC connected PPM, 

flexibility has been introduced in the code in order to avoid unnecessary investments in reactive capabilities 

at the time of initial connection and commissioning.  An agreement between the DC connected PPM owner, 

the HVDC owner and the relevant TSO can be obtained as soon as it is demonstrated that full reactive 

power capabilities can be delivered at a point in time defined by the Relevant TSO when theses capacities 

will be needed as a consequence of further network developments. For more details on this aspect, refer to 

FAQ 20. 
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3. General Approach to NC HVDC 

 

3.1   Structure of NC HVDC 

The Network Code contains General Provisions, including Subject matter and scope, Definitions, 

Regulatory Aspects, Recovery of costs and Confidentiality obligations, before introducing the technical 

requirements. The Chapter on requirements for HVDC connections is followed by the Chapter on 

requirements for DC-connected Power Park Modules. To improve clarity this chapter has been further 

subdivided into the requirements for the Remote-end HVDC Converter and the requirements for PPMs. 

Further chapters cover Information exchange and coordination, Operational notification procedure for 

connection, Compliance, Derogations and Final provisions. The main requirement chapters are organised 

into sections covering a group of requirements. Each technical requirement is covered by a specific Article.   

 

3.2   Applications to HVDC Connections and DC-connected Power Park 
Modules 

According to ACERôs FWGL, ñthe network code will apply to grid connections for all types of significant 

grid users already, or to be, connected to the transmission network and other grid user, not deemed to be a 

significant grid user will not fall under the requirements of the network codeò. 

A major challenge of the HVDC code is consequently to answer to the central question ñWho are the 

Significant Grid Users?ò in order to define unambiguously the field of application of the code. 

The FWGL gives a general definition of the Significant Grid Users as ñpre-existing grid users and new grid 

users which are deemed significant on the basis of their impact on the cross border system performance via 

influence on the control areaôs security of supply, including provision of ancillary servicesò. 

For this specific NC HVDC ENTSO-E identifies the following HVDC configurations as Significant Grid 

Users: 

 HVDC Systems connecting Synchronous Areas or Control Areas, including back to back schemes; 

 HVDC Systems connecting Power Park Modules to the Network; 

 HVDC Systems embedded within one Control Area and connected to the Transmission Network;  

 HVDC Systems embedded within one Control Area and connected to the Distribution Network 

when a cross-border impact is demonstrated by the Relevant TSO and approved by the NRA; and 

 All Power Park Modules that are AC collected and DC connected to a Synchronous Area at 

distribution or transmission level. 

 

The following picture illustrates the above mentioned different ways HVDC is envisaged to be used as well 

as the location of the interface points where the NC HVDC requirements apply. Following consultation and 

following agreement with Stakeholder representatives at the 2
nd

 User Group meeting ENTSO-E confirms 

that wherever possible, the performance requirements are defined for the HVDC system at the AC 

connection point. Motivation for this decision can be found in the document ñNC HVDC ï Frequently 

Asked Questionsò (FAQ 16).  

These connection points form the physical interface between the systems thus the performance 

requirements are usually defined related to this connection points. For DC connected PPMs, the remote 

(usually offshore) AC end of the HVDC converter may not always be a Connection Point, e.g. a national 

regime may turn it into a Connection Point late in the project development possibly with change of owner 

of one part. For such cases the term Interface Point is introduced in NC HVDC to identify the point at 

which NC HVDC capabilities are defined  
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Example 1: HVDC transmission system across control areas 

 
 
An HVDC system with AC/DC terminals across multiple synchronous areas or control areas, has a cross-

border impact since a fault in the HVDC system causes a change of flows between control areas. Therefore 

these schemes are deemed to be Significant Grid Users. 

 

 
Example 2: Embedded HVDC transmission system within single control area 

 

Large HVDC connections embedded within one control area can also have significant cross-border impact. 

For instance, the loss of an internal HVDC link can modify the distribution of cross-border flows and 

consequently have impact on the power flow in neighbouring control areas. All HVDC connections 

embedded within one control area and connected at transmission level have such a potential impact on 

cross-border flows. 
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Example 3: HVDC generation collection system within one control area 

 

A HVDC generation collection system, in which all the AC/DC terminals are connected within a single 

control area, has a cross border impact due to the fact that a fault on the HVDC system causes the change of 

flows between control areas. However it is important to recall that cross-border issues are not only based on 

active power exchange in tie lines but are also related to the technical capabilities of all the users playing a 

critical part in system security. Therefore the requirements will improve robustness to face disturbances, to 

help to prevent any large disturbance and to facilitate restoration of the system after a collapse. Moreover, 

harmonization of requirements and standards at a pan-European level (although not an objective in itself) is 

an important factor that contributes to supply-chain cost benefits and efficient markets for equipment, 

placing downwards pressure on the cost of the overall system. 

 

Therefore, all requirements that contribute to maintaining, preserving and restoring system security in order 

to facilitate proper functioning of the internal electricity market within and between synchronous areas and  

to achieving cost efficiencies through technical standardisation shall be regarded as ñcross-border network 

issues and market integration issuesò. 

The option to apply the NC HVDC to most, if not all, HVDC links has the following advantages: 

 The scenario that ownership of a HVDC link could be transferred to another party during its 

lifetime is realistic. The application of the code ensures that all links comply with the same 

appropriate minimum standards and requirements.  

 All requirements apply when two entities connect to each other. In case a TSO develops a HVDC 

System within its own control area (so not covering the connection of two parties), the technical 

requirements still apply as described in Article 3(5) of the Code. In such case, an operational 

notification process or compliance test between grid user and network operator is not suitable. 

Requirements are expected to be covered in national planning standards or equivalent practices. 

Application of the NC HVDC to all HVDC System Owners ensures non-discrimination across 

Europe and contributes to the expressed objectives of this code. 

 In case the HVDC link to AC collected and DC-connected Power Park Modules (e.g. offshore 

wind farms connected by HVDC) is owned by the TSO, application with the NC HVDC ensures a 

non-discriminatory approach towards these generating units in which the HVDC link is owned 

either by the Power Generating Facility Owner or by a third party. 

 

In addition to point-to-point connections, multi-terminal schemes are also foreseen in future. In this regard 

the requirements shall ensure that multi-terminal schemes work together in a robust and safe way. For 

future connection points at DC substations, requirements are not provided in this issue of NC HVDC, but 

are expected to be added at a later revision when selective DC fault detection and HVDC switching 

technologies have emerged. 
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Mixture of AC and DC transmission of power from offshore PPMs is also relevant. At present HVDC 

systems provide predominantly point to point power transfers. It is envisaged that DC grids (meshed DC 

systems) will gradually emerge for some applications, initially as a new emerging technology and 

eventually as a proven technology. One important step needed in this context for the TSO to further develop 

future HVDC systems is the interoperability of different vendors and the ability to integrate individual 

projects into the existing system. In this respect, the NC HVDC is expected in the future to play an 

important role [19]. Future revisions of the NC HVDC are expected to bring these aspects forward as the 

DC grid technology moves into implementation. 

Relevance to Existing HVDC Systems 

For existing users, previous connection codes (Requirement for Generators (RfG), Demand Connection 

Code (DCC)) provide an extensive but transparent and non-discriminatory process before the requirements 

could be considered applicable. A Cost-Benefit Analysis showing the socio-economic benefits and cost of 

the proposal has to be carried out and the report will be subject to a public consultation. Finally the TSO 

sends the proposal on the applicability of the requirement, including the outcome of the consultation, to the 

relevant National Regulatory Authority for approval. ENTSO-E considers that this approach is also relevant 

for the NC HVDC and therefore the same approach has been adopted. This may be expected for HVDC to 

be particularly relevant to facilitate low-cost software (control) changes with potentially large system 

security benefits. 

 
3.3   Classification of the requirements 

For each requirement, the NC HVDC provides a classification into exhaustive or nonïexhaustive, and 

mandatory or non-mandatory requirements: 

 Non-mandatory requirements leave a choice at national/regional level about including the 

specific requirements. This typically covers aspects which may not be essential everywhere. 

 Mandatory  requirements are to be implemented throughout Europe.  

 Non-exhaustive requirements leave certain details of a requirement to be further specified at a 

national level. This is often focused on parameters. The national choice may be limited by a 

parameter range defined at European level within which the national parameter must be set. 

 Exhaustive requirements define all details of a requirement. 

 

These classifications are introduced to give an optimal balance of cross-border relevant functionalities that 

should be fully specified at European level and those where further specifications are best made locally to 

be fit for purpose at the lowest cost. The proposed classifications follow the same principle used in the 

network codes RfG and DCC. 

Furthermore, network codes as referred to in Regulation (EC) 714/2009 only cover aspects with cross-

border relevance and supporting market integration. Other capabilities relevant for efficient and cost-

effective operation of the national power system still need to be defined in national regulation, standards, 

connection agreements or best practices.  

Finally, when a requirement is defined as non-mandatory, its application will need to be judged in each 

national context. Where it can be demonstrated as justified and cost-effective, it will be included as a 

requirement. The framework of such national decisions is guided by national processes in accordance with 

the European Regulation. National Implementation Guidelines is also expected to be developed in order to 

support this process.  
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3.4   Level of deviation from existing European practices  

ENTSO-E conducted a survey among its members to identify possible significant differences between the 

NC HVDC requirements and present practices.  

o First of all it should be noted that a number of Member States at present do not have 

HVDC connections, nor are there plans for such connections in future. The following table 

gives an overview of the number of HVDC applications existing in operation end of 2014, 

further HVDC projects planned by 2025 and again by 2035.  

 Interconnection 
Embedded 

link 

DC-

connected 

PPM 

Existing 37 4 4 

Planned  

2015-2025 
32 15 38 

Planned  

2025-2035 
14 15 29 

 

The most significant difference between NC HVDC and existing national codes and specifications 

relates to offshore requirements for ranges for frequency, voltage and reactive power. This is an 

area largely still to be introduced into National Grid Codes. Nevertheless, in the only four existing 

applications of HVDC connecting 7 offshore PPMs physically in place by end of 2014 (projects 

referred to as ñexistingò in the table above), these offshore requirements are already broadly 

included, with only minor differences including even more challenging frequency ranges than 

specified in the NC HVDC. 

The other noticeable aspect is the principle to ensure resilience of HVDC Systems to be equal to the 

highest national level of resilience (frequency & df/dt and offshore also for Voltage ranges) for 

generation. This inevitably therefore results in increased requirements in some countries, since the 

NC HVDC ensures these are introduced in all Member States.   

For more detail, topic by topic, please look at FAQ 10 ñComparison of present practices with NC 

HVDCò. 

 

3.5    Input from HVDC converter manufacturers on cost implications 

ENTSO-E is aware of the importance of potential cost implications, in particular to project developers. 

Specific emphasis on this aspect is also given by ACER when significant deviations from current standards 

and requirements are proposed in the NCs.  

In its 7
th
 May 2013 ñCall for Stakeholder Inputò consultation ENTSO-E requested information on this 

aspect, asking for the five requirements in the preliminary NC HVDC scope with the largest cost impact to 

be identified and also for any requirement with an impact greater than 0.1% of the total cost of the 

converter station. Unfortunately, this early public consultation did not result in any quantitative cost 

information related to the proposed scope items.  

The commercial sensitivity of this aspect is well recognized. Following the two-month consultation and 

after further discussion with several HVDC equipment manufacturers, ENTSO-E sent a focused survey 

based on an NDA (Non-Disclosure Agreement) to the HVDC equipment manufacturers participating in the 

NC HVDC User Group, as well as the sector organizations of T&D Europe and EWEA. This NDA would 

limit ENTSO-E to only use high level information received from each manufacturer to ensure that only 

some high level conclusions, which are not attributable to any one manufacturer, are published.  
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ENTSO-E appreciates the cooperation and significant effort made by manufacturers in responding to the 

survey. The high level conclusions of ENTSO-E are contained in FAQ 11 ñCost implications of significant 

new requirements in NC HVDC.ò 

 

  


























