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1. Introduction  

Overview of connection codes 

The European Connection Network Codes - Requirements for Generators (RfG), Demand Connection Codes 

(DCC) and High Voltage Direct Current Connections (HVDC) – have been developed in accordance with 

Regulation (EU) 714/2009 and are cornerstones to fulfil the third energy package.  

The first connection network code, which entered into force on 17 May 2016, is the Commission Regulation 

(EU) 2016/631 of 14. April 2016 establishing a network code on requirements for grid connection of 

generators (RfG). It was followed by the Commission Regulation (EU) 2016/1388 of 17. August 2016 

establishing a network code on demand connection (DCC) and the Commission Regulation (EU) 2016/1447 

of 26. August 2016 establishing a network code on requirements for grid connection of high voltage direct 

current systems and direct current-connected power park modules (HVDC). 

In order to support the implementation of connection network codes at national level, and as required by the 

codes, ENTSO-E has produced and consulted during 1. July – 15. August 2016 with stakeholders the so-

called Implementation Guidance Documents (IGDs), which aim at providing non-binding guidance on 

decisions to be made at national level when implementing these network codes. 

 

Legal background for IGDs 

Commission Regulation (EU) 2016/631 of 14 April 2016 establishing a network code on requirements for 

grid connection of generators (RfG), in chapter 8, article 58 – Non-binding guidance on implementation, 

stipulates: 

 

1. No later than six months after the entry into force of this Regulation, the ENTSO for Electricity shall 

prepare and thereafter every two years provide non-binding written guidance to its members and 

other system operators concerning the elements of this Regulation requiring national decisions. The 

ENTSO for Electricity shall publish this guidance on its website.  

2. ENTSO for Electricity shall consult stakeholders when providing non-binding guidance.  

3. The non-binding guidance shall explain the technical issues, conditions and interdependencies which 

need to be considered when complying with the requirements of this Regulation at national level. 

The same requirements are defined in DCC (Article 56) and HVDC (Article 75). 

 

Objectives of IGDs 

The main objective of the implementation guidance is to support system operators in the process of 

determination on national level of non – exhaustive requirements during the national implementation. The 

objectives of the implementation guidance documents are:  

• to facilitate a common understanding of technical issues specified in the connection network codes, 

in context of new technologies and new requirements (e.g. synthetic inertia) 

• to deliver broader explanations and background information and to illustrate interactions between 

requirements, 

• to recommend coordination/collaboration between network operators (TSO) where either explicitly 

required by the connection codes or reasonably exercised from a system engineering perspective, 

• to give guidance to national specifications for non-exhaustive requirements, and 

• to express the need of further harmonisation beyond what is requested by the CNCs when 

reasonable from a system engineering perspective. 

https://www.entsoe.eu/major-projects/network-code-development/requirements-for-generators/Pages/default.aspx
https://www.entsoe.eu/major-projects/network-code-development/demand-connection/Pages/default.aspx
https://www.entsoe.eu/major-projects/network-code-development/demand-connection/Pages/default.aspx
https://www.entsoe.eu/major-projects/network-code-development/high-voltage-direct-current/Pages/default.aspx
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List of IGDs 

No Titles of IGD Short descriptions 

a Compliance monitoring Objective is to give guidance on the compliance of equipment 

connected to the system with the technical requirements 

forming part of the Connection Network Codes and as detailed 

within these. 

b Cost-benefit analysis The purpose of this IGD is to collate the main considerations 

when preparing national processes for implementing CBAs, 

including the benefit of input from third parties. 

c Fault current contribution from 

PPMs & HVDC converters 

Its objective is to give guidance on the purpose of these 

requirements and on how to design these specific requirements 

for power park modules or HVDC systems connected to 

distribution or transmission networks to deliver an adequate 

reactive current injection during short circuits and after fault 

clearing when the voltage has not recovered. 

d Harmonisation Its objective is to give a general overview on both 

opportunities and constraints related to further harmonisation 

beyond what is justified to facilitate market integration. 

Reflecting the constraint that cross border considerations have 

been the main focus, with a system engineering view and 

associated collaboration. Could standards help to create 

desired further harmonisation? 

e Instrumentation, simulation 

models and protection  

Its objective is to give guidance on considerations for how to 

add practical details at national level on these aspects / 

processes. 

f Making non-mandatory 

requirements at European level 

mandatory in a country 

Its objective is to give guidance on how to proceed, when 

deciding if a non-mandatory requirement should be made 

mandatory in a specific country where the need for this 

requirement can be demonstrated. 

g Need for synthetic inertia for 

frequency regulation 

The purpose of this IGD is to define under what system 

circumstances synthetic inertia should be considered including 

considerations of forward needs, what are the alternatives, how 

could the functional requirements be defined and what is the 

readiness of technologies.    

h Parameters of non-exhaustive 

requirements 

Its objective is to give a general overview on the non-

exhaustive parameters of the NC RfG, DCC and HVDC which 

will need a national choice and to provide a general guidance 

on these parameters. Specific guidelines on some technical 

issues are foreseen in other IGDs (e.g. Voltage issues, 

Frequency parameters, restoration issues). 

i Parameters related to 

frequency stability 

Its objective is to give guidance on considerations on national 

choices for all frequency related non-exhaustive aspects. 

j Post fault active power 

recovery 

Its objective is to give guidance on the purpose of these 

requirements and on how to proceed when implementing the 

requirements on post-fault active power recovery for Type B 

Synchronous Power Generating Modules, Type B Power Park 

Modules and HVDC systems. 

k Reactive power control mode  This IGD gives guidance relating to the choice of control mode 

for reactive power and allowing the selection to reflect the 
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national / local needs. When choosing relevant national 

parameters, considerations includes how to link from steady-

state operation to dynamic fast fault current contribution. 

l Reactive power management 

at transmission/distribution 

interface 

The purpose of this IGD is to collate the main considerations 

associated with the 3 requirements in NC DCC for reactive 

power exchange, including changing needs to regulate voltage 

as embedded RES capacity increases and availability of 

transmission based capacity reduces. 

m Reactive power requirement 

for PPMs & HVDC converters 

at low / zero active power 

Its objective is to give guidance on considerations relevant to 

defining the need for reactive power at low active power 

operation, including impact of switching capability on and off 

whenever an active power is exceeded or gone below, as the 

power source (e.g. wind) or set-point varies. 

n Real time data and 

communication 

Its objective is to give a general overview of the different 

categories of information flows (e.g. DSO-TSO, DSO-DSO, 

DSO-Generating unit) and its purposes. 

o Rate-of-change-of-frequency 

withstand capability (RoCoF) 

 

Its objective is to give advice on what considerations are 

appropriate before selecting a national value for RoCoF 

withstand for generators within scope of RfG. Consider also 

the relevance of the fully exhaustive withstand values in NC 

HVDC for both HVDC and for HVDC connected PPMs. 

p Selection of national 

parameters for RfG type 

classification  

The purpose of this IGD is to collate the main considerations 

in defining lower MW boundaries for the type B, C and D as 

defined in the NC RfG. 

q Special issues for Type 

A generators 

Its objective is to give guidance on how to deal with small units 

largely “off the shelf” with less individual engineering. This 

could represent a significant share of the installations in a 

country. 

r Voltage related parameters for 

non-exhaustive requirements 

Its objective is to give guidance on considerations on the non-

exhaustive voltage parameters of the NC RfG, DCC and 

HVDC needed to make the national choices. 

 

Purpose of this document 

The IGDs were drafted from a topic perspective and therefore most of them cover more than one connection 

code simultaneously.  Considering that at the time of the consultation only RfG had entered into force, 

ENTSO-E conducted the consultation on the IGDs in two steps as presented below. As such the IGD 

consultation was scheduled as follows: 

- 1. July – 15. August 2016 – ENTSO-E published all draft IGDs relevant to RfG for consultation. The 

comments received will support the update of the IGDs which ENTSO-E shall publish no later than 

17 November 2016 according to the RfG regulation. 

- ENTSO-E will consult again on the IGDs relevant to DCC and HVDC within the period stipulated 

by the regulations. Based on the outcomes of this second consultation ENTSO-E will further enhance 

the IGDs and will publish them again within the 6 month deadlines defined by the DCC and HVDC 

regulations. 

 

This document demonstrates the outcomes of the consultation, which was conducted 1. July – 15. August 

2016, and takes into account the views of the stakeholders resulting from this consultation. It provides a sound 

justification for including or not the views of the stakeholders when developing further the IGDs. After an 

evaluation of general comments, which were made numerously on several IGDs, individual comments on 

each IGD and the corresponding ENTSO-E position will be presented. 
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2. General comments 

A number of comments were received during the public consultation which were of general relevance for 

many or all IGD. The essence of these comments is listed here: 
 

• IGDs shall have a similar structure/content and ENTSO-E should explain the structure and the 

categories of each IGD 

• More technical details and values for parameters of non-exhaustive requirements shall be provided 

• Proposals on solutions for non-exhaustive requirements are missing  

• IGDs do not encourage harmonization of requirements at European level 

• Earlier and more intense stakeholder involvement in nation implementation processes is required 

• Coordination/collaboration of TSO-TSO/TSO-DSO on national decision making processes lacks  

transparency 

• IGDs do not call for justification of national decisions through system studies and/or cost-benefit 

analysis 

 

The ENTSO-E position on the comments is: 

 

• ENTSO-E acknowledges that there is margin for improvement of the structure of IGDs. The updated 

IGDs will be aligned by a common structure as far as the topics allow for it. This will ease reading 

and interpretation of the IGDs. 

• It is neither the objective of implementation guidance to prejudge national decisions nor to lift 

national decisions on non-exhaustive requirements to European level. The principle of non-

exhaustive requirements was chosen deliberately to consider adequately the regional variation of 

transmission or distribution system characteristics within and across synchronous areas. Non-

exhaustive requirements are driven by their impact on security of supply, the integration of 

renewables or market development. Even as specifications depend on local system conditions, clear 

benefits exist when the codes 

- ensure that these requirements are specified in all countries; 

- enforce a similar terminology and gives the minimum list of parameters and conditions to 

specify; and 

- cover compliance and derogations procedures across Europe in a transparent and non-

discriminatory manner. 

As the objective of having non-exhaustive requirements is to consider adequately geographically 

varying system characteristics and conditions, it is obvious that their national or site-specific 

specifications will lead to different parameter values and not to a harmonized application throughout 

Europe. If an approach of European harmonization had been chosen for grid connection requirements 

instead of non-exhaustive requirements, the reference level for harmonization would have been the 

most onerous application of each requirement in Europe. Consequently such an approach would have 

resulted in more costly requirements than the principle of non-exhaustive requirements, which allows 

better tailored specifications. 

• Implementation guidance shall inform and facilitate the national implementation processes and 

provide information on conditions and interdependencies which need to be considered when making 

the decisions. They give recommendation on how to proceed to find solutions at national level, but 

do not provide the solution themselves. The IGDs are additionally non-binding. They only reflect 

ENTSO-E interpretation and by no mean prejudge the implementation of the connection codes by 

Member States. 

• ENTSO-E endorses the request of stakeholder involvement in decision-making at European or 

national level. ENTSO-E advocates stakeholder involvement at an early stage of national 
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implementation. The sections of and TSO – DSO and system operator – grid user interaction of those 

IGDs, that focus on aspects of implementation processes have been updated accordingly to convey 

this viewpoint. 

• ENTSO-E acknowledges the concern that the consulted versions of the IGDs focusing on aspects of 

implementation processes do not sufficiently inform the national processes on decision-making and 

lack guidance on national processes and methodologies/criteria. Therefore a new section on 

methodology is added in the updated versions to improve guidance in this area and to mitigate the 

risk of inadequately transparent, discretionary requirements. 

• The improved guidance on methodology/criteria for decision-making at national level, if applied, 

will ensure that the motivation of the decisions becomes transparent and is shared with the relevant 

stakeholders.  

• When applying the connection network codes, Member States, competent entities and system 

operators shall apply the principle of optimization between the highest overall efficiency and lowest 

total costs for all parties involved. A quantitative cost-benefit analysis is however required only for 

justification of application of the requirements to existing users and when applying for derogation. 
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3. Individual comments 

 

IGD on Compliance tests and simulations 

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below: 

 

Process-related concerns: 

 

• It was appreciated that the IGD points out that the relevant TSO shall identify the advantages and 

disadvantages for different compliance monitoring schemes. 

• The IGD could include a description of potential challenges for national implementation with 

discussion of approaches that could be taken 

• More guidance should be given on the level of detail required for model submission and 

validation would be useful. 

• A flowchart of the (typical) process should be provided in the IGD. 

• Several of the comments singled out the need for more examples to illustrate a range of 

approaches and best practice – more good examples such as the one of National Grid in the UK 

could be provided. 

 

Technical concerns: 

 

• The IGD could include a defined list of evidence (which support material will be accepted) and 

processes in order to demonstrate compliance, based on current practice (Data submission, 

Factory Acceptance Tests (FATs), Site Acceptance Tests (SATs), test procedure profiles for 

frequency response or islanding, steady state, transient and dynamic studies, data trending such as 

disturbance recording, SCADA recording, post event investigation reports). 

• Recommendation for harmonisation of compliance testing, simulation and monitoring would be 

of great benefit to all stakeholders to achieve a consistent approach across member states. 

• The IGD could describe the expected content of equipment certificates and the process to 

elaborate these in the absence of specific standards. 

• Comments requested further explanation of the conditions under which equipment certificates 

could be used instead of site-specific testing and simulation for types B/C/D. 

• Comments request an analysis of advantages and disadvantages of the delegation by RSO of the 

compliance to third parties. 

 

Further Guidance 

 

Suggestions for areas in which further guidance could be provided in the IGD included: 

• How to ensure consensus on the quality of the data used 

• Consideration of how to use non-public or confidential data provided by power generating facility 

owners or manufacturers 

• A methodology to assess the impacts of interconnections 

• A methodology to assess alternative solutions 

 

The ENTSO-E position on the comments is: 

 

ENTSO-E recognises stakeholder concerns in what is a complex area subject to variations in national 

processes and national autonomy. It is proposed that an expert group is set-up with stakeholders to gain a 

better understanding of their views, particularly on topics such as equipment certificates and validation of 

models, and to progress the outstanding comments as noted above. 
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Cost-benefit analysis 

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below: 

 

Process-related concerns: 

 

• The IGD could benefit from good examples. Agreed and will be more forthcoming in a future 

revision once implementation work is further progressed. 

• The different parties involved in the process and their responsibilities should be clearly defined, 

including the way in which the CBA conclusions shall be evaluated. 

• A 1 month public consultation on the quantitative CBA elaborated by the TSO seems to be much 

too short for grid users considering the potential consequences at stake. 

• It was suggested that a dedicated workshop would be helpful to elaborate common proposals to 

refine the process and prepare a more detailed guidance. 

 

Technical concerns: 

 

• The IGD sets out the specific cases in the code where a CBA is mandatory but comments 

proposed to recommend CBAs for selection of parameters for non-exhaustive/non-mandatory 

requirements. This is not the case in the code but may be up to individual NRAs to interpret the 

level of justification required. 

• The areas in which a CBA is mandated requires further clarification, in particular where this is 

due to the revision of ‘type’ thresholds moving plant that has already been assessed into a 

different category. IGD revised in respect of this point. 

 

Further Guidance 

 

Suggestions for areas in which further guidance could be provided in the IGD included: 

• How to ensure consensus on the quality of the data used 

• Consideration of how to use non-public or confidential data provided by power generating facility 

owners or manufacturers 

• A methodology to assess the impacts of interconnections 

• A methodology to assess alternative solutions 

 

The ENTSO-E position on the comments is: 

 

ENTSO-E recognises stakeholder concerns in what is a complex area with no single right answer in terms 

of a standard approach that will work in all cases. It is proposed that an expert group is set-up with 

stakeholders to gain a better understanding of their views and to input to a revision of this IGD. 
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Fault current contribution from PPMs & HVDC converters 

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below:  

 

 

Process-related concerns:  

 

• Most of sources are not publically available  

• One source was not published during consultation phase  

• Misleading text  

• IGD fails to add anything that is not fairly straightforward and obvious from the CNCs  

• Too little technical information, too little guidance  

• Uncertainties may lead to additional costs of PPM  

 

 

Technical concerns:  

 Sequence components vs. phase voltages  

 Radial networks are not considered  

 Unbalanced faults are not considered  

 

 

The ENTSO-E position on the comments is:  

 

Process-related concerns:  

 Source has been published meanwhile, followed by additional publications  

 Text was restructured to avoid misunderstandings  

 An expert group will be established to improve the IGD. A call for experts has been communicated 

to stakeholders.  

 

 

Technical concerns:  

• An expert group will be established to improve the IGD. A call for experts has been communicated 

to stakeholders.  

• Paragraph on radial networks has been introduced  

• Unbalanced faults were already covered in the IGD 
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Harmonisation 

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below:  

Process-related concerns:  

 The IGD would benefit from examples showing the use of existing standards for harmonization 

purposes.   

 The IGD should advocate for harmonisation of requirements as well as a harmonized approach of 

“significant modification”.  

 The IGD would benefit from follow-up in an ad-hoc working group, to clearly define a modus 

operandi for harmonisation.  

 IGD should encourage wider sharing, collaboration and coordination with NRA, TSO and 

manufacturers. There is the suggestion for this IGD to clearly state and make reference to articles 

where coordination with other TSO is mandatory and harmonisation is beneficial.  

 The IGD should clearly identify and describe hierarchy / relationship between European codes and 

national requirements.   

 It was suggested that a dedicated working group would be helpful to prepare and propose further 

harmonization where it is absolutely necessary, in particular concerning frequency parameters.  

Technical concerns:  

 Comments requested IGD to take position against current practices in case of high penetration of 

type A units which is currently demonstrating compliance against standards rather than against 

CNCs.  

 At the moment there are some equipment standards (product standard) that are in conflict with the 

RfG requirements. One example is the voltage and frequency operating profiles of synchronous 

machines recommended by the IEC standards. Harmonisation between RfG requirements and 

technical standards should first be established.  

 The IGD could benefit from strong manufacturer/users/TSO involvement.  

The ENTSO-E position on the comments is: ENTSO-E has acknowledged the main concerns rose by 

stakeholders and has updated the IGD including the following aspects:   

Process-related concerns:  

 Explicit references to examples in other IGDs and supporting documents (RfG & DCC justification 

outlines) in which Harmonization has taken part of the process. Will be further improved in 

forthcoming revisions once implementation work is further progressed.  

 Clarification of the limited scope for harmonization in the definition of requirements under national 

legislation, since harmonization for its own sake is not the objective of grid connection 

requirements.  

 Presentation of the ENTSO-E’s public active library as a tool for the different implementation 

processes in Europe, and also as reference for any working group that may require this input in 

order to improve the level of harmonization.  

 Clarifications about the hierarchy in application of the requirements of the European Codes.  
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Technical concerns:  

 Specific reference to other IGD about Special issues associated with type ‘A’ generators.  

 Specific references to other IGD addressing the definition of non-exhaustive requirements.  

 Further disposal through the ENTSO-E’s public active library for the involvement of any interested 

parties (manufacturers, users…), for which this application can be a reference.  

 Harmonization with existing technical standards in IGD is rejected as the regulations prevail over 

standards and therefore they do not need to comply to any standards despite the principle that 

existing standards shall be taken into account for decision making.  
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Instrumentation, simulation models and protection  

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below: 

 

Process-related concerns: 

• Some general issues where raised, which have been dealt in section 2 general comments 

• In NC frame: '... in some cases must not vary.' The list of such parameter should be established. Once 

done, how to ensure that they do not vary? 

• In NC frame: how does the statement 'highly likely to be site specific' impact on the selection of 

parameters, derogation be required from national parameters  

• Standards which the RfG should comply with should be added into the IGD  

 

Technical concerns: 

• Some general issues where raised, which have been dealt in section 2 general comments 

• This IGD does not provide sufficient any guidance on how to specify individual non-exhaustive 

requirements 

• In NC frame: 'specific to national operational practices': does this mean that we definitely gave up 

the ideal of harmonizing functional requirements 

• In introduction: "When possible, provide the most challenging existing value of the parameter, as 

general guidance" should be replaced or removed: the value of the parameter shall be reasonable and 

defined to suffice the needs  

• The models to be required for simulation, shall be reasonable (based on model defined for example 

in international standard) representing the behaviour of the unit with respect to the phenomena to be 

studied  

• Simulation models, particularly if very detailed, have core, confidential and proprietary information 

of manufacturers. For this reason, it would be advisable to grant the possibility of submitting “black-

box” models 

• In “System characteristics” (page 4):”Frequency scans of the network and calculated damping 

coefficients can be a simple and quick way of screening the needs for more detailed models”. How 

could it be done and by whom?  

• Corrections and suggestions to the text in Table 1: 

• the title of the last column “definition” would be better as “proposal” 

 

The ENTSO-E position on the comments is: 

 

Process-related concerns: 

• The purpose of the sentence on ‘must not vary’ is to state that generally many non-exhaustive 

parameters in the regulations will need to be consistent and in these cases must not vary in order to 

be effective. The following sentence goes on to say this is not the case for the parameters in this IGD 

which are by necessity highly variable because of their site-specific nature. Consequently no change 

to the text of the IGD are proposed. 

• The IGDs reflect the recognition in the regulations that non-exhaustive parameters will be set 

nationally where possible, but also there is a need to select non-exhaustive parameters on a site-

specific basis (and have no national parameters) were necessary. A guidance on which parameter 

falls into which category has been added to the IGD Parameters of non-exhaustive requirements. 

• The inclusion of relevant standards in IGD is rejected as the regulations prevail over standards and 

therefore they do not need to comply to any standards despite the principle that existing standards 

shall be taken into account for decision making. 
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Technical concerns: 

• The purpose of the IGD is to provide an intermediate guidance below the IGD ‘Parameters of non-

exhaustive requirements’ but above the IGDs dealing with individual requirements in the regulation. 

The IGD provides the parameters related to frequency which will interact with each other and 

explains generally how this interaction must be accounted for. Text on purpose of IGD in introduction 

has been modified to improve the expectation of the detail in the IGD. 

• Notwithstanding the statements regarding harmonization in section 2, general comments, national 

operational practice is driven by the need to operate each specific national network as designed. 

Therefore it is a simple statement of fact that operational practice is highly dependent on topography 

of network and portfolio of users. As this varies across Europe so will the needs of protection and 

control which will be reflective of this. This is therefore an area of high diversity by necessity. 

Consequently no change to the text of the IGD is proposed. 

• The purpose of the use of the most challenging parameter was not understood from text; therefore 

the text has been amended. The use of parameter was to contextualise the parameter being selected 

to what industry can currently offer. 

• The purpose and therefore functional requirement of the simulation models is to reflect the 

performance of the users’ equipment, in order to fulfill the requirements outlined in the regulation. 

In this context the IGDs already advise that the models need to be fit for purpose and shall contain a 

reasonable level of accuracy to reflect their application. Similarly they do not reject or support the 

use of black box models as the performance of these models may or may not be fit for purpose in this 

context. Consequently no change to the text of the IGD is proposed. 

• The system characteristics section the discussion in the IGD is focusing on what models might be 

required for different type of studies. It is not describing a process to use frequency scans to set non-

exhaustive parameters, but rather that the need to undertake frequency scans would drive the need 

for more detailed EMT models. Consequently no change to the text of the IGD is proposed. 

• Corrections and suggestions in table 1 have been accepted and changes made accordingly. 
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Making non-mandatory requirements at European level mandatory in a country 

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below: 

 

Process-related concerns: 

• IGD is unnecessary and inappropriate (Article 21 of Regulation (EC) 714/2009) entitles Members 

States to define more detailed requirements) 

• IGD does not inform the national processes on decision-making 

• IGD lacks guidance on national processes and methodologies/criteria 

• Risk of intransparency, discretionary requirements and divergence between countries 

• Stakeholders shall be involved in decision-making 

• At national level: IGD to deliver proposals for appropriate stakeholder interaction (e.g. 

project groups / review panels) 

• At national and/or European level: System operator collaboration shall include stakeholders 

• Introduction of requirements at national to be justified (report) and accompanied by  

• Impact assessment 

• CBA (to be approved by NRA) 

• Involvement of Grid Codes European Stakeholders Committees to ensure cross-code consistency 

(operational/market codes) 

 

Technical concerns: 

• Keep existing parameters as far as possible, if efficiency has been proven 

• List of (non-)mandatory and (non-)exhaustive requirements shall be provided 

• Existing standards shall be considered 

• Consider interdependencies between requirements 

 

The ENTSO-E position on the comments is: 

 

Process-related concerns: 

• The EC recognises the possibility for Member States to adopt more stringent requirements by (see 

EC’s presentation at the last European Stakeholder Committee meeting:  

https://www.entsoe.eu/Documents/Network%20codes%20documents/Implementation/stakeholder_

committees/GSC/2016_08_09/3.%20updated%20ConnectionCodeUpdate_080916ppt.pdf?Web=1): 

• implementing at the national level non-mandatory requirements of the RfG; 

• implementing national measures that do not affect cross-border trade, while measures 

affecting cross-border trade are covered by the RfG. 

On this basis, ENTSO-E considers that the adoption at national level of non-mandatory European 

requirements is different from the application of Art. 21 of Reg. 714/2009: being provided in the 

RfG, it can be considered they are cross-border relevant, and it is deemed useful to provide guidance 

for their implementation to avoid these being considered as falling outside of the scope of the RfG 

and thus raising possible concerns of compliance with the RfG. The IGD gives a guidance for 

TSO/RSO on how to proceed, during the national implementation, when deciding if a non-mandatory 

requirement should be made mandatory in a specific country. ENTSO-E’s legal interpretation is non-

binding and without prejudice to any interpretation that could be made at the national level.  

• ENTSO-E acknowledges the concern that the consulted version of the IGD does not sufficiently 

inform the national processes on decision-making and lacks guidance on national processes and 

methodologies/criteria. Therefore a new section is added in the updated version, which is called: 

“Methodology principles recommended for making non-mandatory requirements mandatory”. It 

outlines a 4-step approach for decision-making on introducing a requirement at national level. The 

risk of intransparent, discretionary requirements is mitigated by this approach. 

https://www.entsoe.eu/Documents/Network%20codes%20documents/Implementation/stakeholder_committees/GSC/2016_08_09/3.%20updated%20ConnectionCodeUpdate_080916ppt.pdf?Web=1
https://www.entsoe.eu/Documents/Network%20codes%20documents/Implementation/stakeholder_committees/GSC/2016_08_09/3.%20updated%20ConnectionCodeUpdate_080916ppt.pdf?Web=1
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• ENTSO-E also endorses the request of stakeholder involvement in decision-making at European or 

national level. ENTSO-E advocates stakeholder involvement at an early stage of national 

implementation and the sections of and TSO – DSO and system operator – grid user interaction have 

been updated accordingly to convey this viewpoint. 

• CNC cross-code consistency, in particular with operational codes/guidelines is of utmost importance 

for ENTSO-E and an approach will be presented to the Grid Codes European Stakeholders 

Committee. 

 

Technical concerns: 

• Keeping existing parameters as far as possible, if efficiency has been proven would not reflect a 

forward-looking approach. The decisions of parameters shall not be deduced from past experience 

(only), but from the anticipated future system needs. 

• ENTSO-E acknowledges the request to have an overview over (non-)mandatory requirements and 

respective lists are added as annexes to the updated IGD. Moreover, these lists will provide ENTSO-

E’s view on classification of requirements as general or site-specific. 

• RfG recital (27) and Article 7(3) (f) already declare unambiguously, that existing technical standards 

shall be considered. There is no need to update the IGD in this context. 
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Need for synthetic inertia for frequency regulation 

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below:  

Process-related concerns:  

• the motivation to introduce the requirement shall be justified (report) and accompanied by 

CBA  

• Since synthetic inertia is a frequency criterion, this IGD should outline the harmonization and 

collaboration on different aspects (such as studies, requirements and implementation for 

synthetic inertia and measurement time window) in SA to avoid mal-operation and unfair 

practice.  

• ENTSO-E should establish an ad hoc working group at European level to explore the available 

methods and technologies, to define the nominative incidents, grid configuration and generation 

mix and to study the evolution of grid and etc. in respect of synthetic inertia.  

Technical concerns:  

• The absence of technical details  

• Precise definition of synthetic inertia and its implementation  

• The IGD should address the challenges regarding frequency measurement and the technical 

limitations  

• The IGD could specify the system needs and detail the advantages/disadvantages and limits of 

technologies to provide synthetic inertia  

• To recognize and present the evaluation of existing technologies to provide inertia (e.g. 

synchronous condensers), alternative technologies (e.g. Flywheel) and operational solutions  

The ENTSO-E position on the comments is:  

ENTSO-E has acknowledged the main concerns rose by stakeholders and proposed to revert to the Grid 

Codes European Stakeholders Committee (ESC) in December with a proposal on how to implement 

parameters related to frequency stability. As announced in the ESC (08. September), ENTSO-E will propose 

at the next ESC (09.December, Ljubljana) how to elaborate recommendations for frequency stability criteria 

taking into account the interdependencies between connection and operation code with a particular focus on 

TSO-TSO cooperation and stakeholder involvement.  

ENTSO-E acknowledges the criticality of:  

• Proper TSO-TSO collaboration at synchronous area level, 

• Cooperation between the SDC and SOC experts, and  

• On the frequency parameters early stakeholder involvement,  

when defining values for the relevant parameters.  

The IGD will be updated with results from the approach to be proposed to the ESC.  
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Parameters of non-exhaustive requirements 

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below: 

 

Process-related concerns: 

• Some general issues where raised, which have been dealt in section 2 general comments 

• Process for defining non-exhaustive parameters is not included in this IGD  

• Concern that the wording of the IGD is perceived to be too focused on considering changes to RES 

penetration in each country over future years 

• Standards which the RfG should comply with should be added into the IGD 

 

Technical concerns: 

• Some general issues where raised, which have been dealt in section 2 general comments 

• When using the wording: "relevant system operator shall…”. could context and conditions to the 

requirement when the relevant system operator is simply encouraged or very encouraged in its role   

• “NC frame” (page 2), can the meaning of “types of grid users” be clarified 

• “System characteristics” (page 3), implementation costs for the power generators and manufacturers 

should be another determining factor 

• Corrections and suggestions to the text in Table 1: 

• Page 5, the title of the last column “definition” would be better as “proposal” 

• Page 5, line "Admissible active power reduction..." misses: "take into account of the 

technical capabilities of power-generating modules" as stipulated in RfG Art 13 5b; 

• Page 5, line "Frequency stability": "time period for frequency stability to be reached" is not 

a parameter for the equipment but for the system design (see RfG Art 15, 2a); Instead "Time 

for reaching x% of  the target output" would be better; 

• LFSM-O Requirements in terms of compliance on an aggregate level are not found in art 

13.2.(a); 

• LFSM-O Requirements 13.2.a should be 13.2.a, c and d; 

• LFSM-O Requirements 13.2.e is in reality 13.2.f; 

• Frequency Stability Requirements in 15.2.(a) are applicable only for type C and D and not 

to type B, and; 

• FRT Capability for type D requirements art 16.3.a.(ii) are mandatory 

 

The ENTSO-E position on the comments is: 

 

Process-related concerns: 

• Process for defining non-exhaustive parameters is now included in this IGD. 

• IGD has been reworded to widen consideration to a wider generation portfolio. 

• The inclusion of relevant standards in IGD is rejected as the regulations prevail over standards and 

therefore they do not need to comply with any standards despite the principle that existing standards 

shall be taken into account for decision making. 

 

Technical concerns: 

• The wording of regulation does not allow the relevant system operator to vary it treatment of 

requirements and must fulfill its requirements in full and with the same diligence when instructed to 

specify a non-exhaustive requirement. 

• Meaning for type of grid users has been clarified. 

• Whilst consideration of power generating and manufacturers costs are important, it is not relevant to 

system characteristics but rather technology characteristics, and is covered in that section of the IGD. 

• Corrections and suggestions in table have been accepted and changes made accordingly. 
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Parameters related to frequency stability 

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below: 

 

Process-related concerns: 

• Some general issues where raised, which have been dealt in section 2 general comments 

• No process for consultation is given in IGD 

 

Technical concerns: 

• Some general issues where raised, which have been dealt in section 2 general comments 

• This IGD does not provide sufficient any guidance on how to specify individual non-exhaustive 

requirements 

• Concept on system splitting strategy and the frequency related issues to be potentially added to IGD 

• All guidance for the requirements seem to be linked to the use of VSC technology  

• Existing values of frequency in normal operation in use today should be kept 

•  “Technology characteristics” (page 5), the sentence “There are real and costly changes that can occur 

following parameter selection that must be considered but experience has also shown that often real 

and manageable concerns from users can be overcome.” and "Industry concerns expressed at the time 

and since with regard to the loss of control stability and hence GT/CCGT units has proven not to be 

the case for more than 10 years", provide no value and are not necessarily correct, and should be 

removed 

• Corrections and suggestions to the text in Table 1: 

• Capability to take part in island operation (Art 15.5b) should be added to the table Applicable 

errors in the Parameters of non-exhaustive requirements IGD tables should be corrected in 

this IGD. 

 

The ENTSO-E position on the comments is: 

 

Process-related concerns: 

• Overall process for defining non-exhaustive parameters is now included in the IGD Parameters of 

non-exhaustive requirements  

 

Technical concerns: 

• The purpose of the IGD is to provide an intermediate guidance below the IGD ‘Parameters of non-

exhaustive requirements’ but above the IGDs dealing with individual requirements in the regulation. 

The IGD provides the parameters related to frequency which will interact with each other and 

explains generally how this interaction must be accounted for. Text on purpose of IGD in introduction 

has been modified to improve the expectation of the detail in the IGD  

• Further revision of IGDs for the inclusion of HVDC regulation requirements will review and address 

any bias towards VSC technology. References at present are purely in relation to the interaction with 

generator non-exhaustive requirements.  

• Selections of non-exhaustive parameters are driven by functional requirements to operate the network 

and should not be constrained to existing practice.  

• The removal of the sentences in the Technology characteristics is rejected. As a guidance document 

to TSOs experience of other TSOs is provided to support TSOs with less experience. Also the 

experience as presented is not written as absolute, but rather being often the case 

• Corrections and suggestions in table have been accepted and changes made accordingly 
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Post fault active power recovery 

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below: 

 

Process-related concerns: 

• Proposal to take into account recommendations specified by WindEurope in document 

Implementation guidance (..) from the wind industry.  

• IGD provides relevant background information, but does not provide any guidance. Document is 

focused on the justification of the need, some text does not seem to add anything that is not fairly 

straightforward and obvious from the CNCs, some given information have nothing to do with APR. 

 

Technical concerns: 

• Not clear why examples are included in IGDs 

• Insufficient information about HVDC converters 

• Lack of clear distinction between synchronous PGM vs PPM 

• Detailed comments regarding transient behavior of the PPM  

• Inherent contribution of synchronous generator in APR vs additional requirements which can be 

specified according to the NC RfG provisions. 

 

The ENTSO-E position on the comments is: 

 

Process-related concerns: 

• ENTSO-E acknowledges that guidance on definition of the APR requirements can be improved 

compared to the consulted version of the IGD. To improve the quality and meet the stakeholders 

expectations, the IGD11 compared against the WindEurope document Implementation guidance (..) 

from the wind industry. Most of the issue raised in this document were already covered by the IGD, 

but some changes and improvements have been added after review. 

• From perspective of the power industry manufacturers’ and plant owners’ specialists some given 

information may be considered irrelevant and unnecessary. Nevertheless according to NC RfG the 

non-binding guidance is elaborated by ENTSOE to its member and other systems operators for 

which this extensive information can be useful. Therefore the background, additional information not 

strictly related to the APR and justification for this requirement were kept.  

• We fully support the stakeholders approach to include as precise as possible criteria and clear 

methodology for parameter values of the requirement. Therefore all the technical comments given 

during consultation process which improve the quality of the document were included. 

 

Technical concerns: 

• The examples shall provide information how APR requirements are dealt with by the TSOs so far. 

The objective is to demonstrate existing practice. It includes proposals from WindEurope and EPIA 

on specification of this requirement.  

• The information about APR in context of HVDC converters will be reconsidered and completed at a 

later stage. 

• The IGD text was reviewed and amended to improve the distinction between synchronous PGM vs 

PPM. 

• Most of the detailed proposals on modifying the text on technology constraints and physics 

phenomena (e.g. drive train oscillation, electromechanical rotor oscillations) were accepted and 

included in the new version of the IGD. 

• Some stakeholders asked for explicit advice to TSOs to not specify requirements in response to RfG 

Article 17(3) for synchronous PGM. In this context of, the IGD recommends not to introduce 

additional requirements for synchronous PGMs regarding APR at national level due to inherent 

feature of synchronous generators. Regardless the given recommendation, according to the RfG 
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Article 17 (3), TSOs can specify more precise requirements for synchronous generators within the 

scope predefined in RfG and an IGD cannot prohibit this. 
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Reactive power control mode 

The comments received on this IGD during the public consultation can be distinguished between 

process-related concerns and technical issues. The essence of comments in both areas of concern is 

listed below:  

Process-related concerns:  
• IGD not helpful  

• Poor example(s)  

• Various owners sharing one connection point  

• Collaboration RSO/Grid user is required for contracting  

 

Technical concerns:  

• No criteria for when applying which control mode were given. Choice of parameters is not 

explained  

The ENTSO-E position on the comments is:  

Process-related concerns:  

• IGD has been updated with respect to NCs HVDC and DCC including a description of the 

parameters.  

Technical concerns:  

• IGD has been updated with respect to NCs HVDC and DCC  

There were several comments that posed questions to topics out of the scope of this IGD, therefore 

these questions were not covered in this answer.  
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Reactive power management at transmission/distribution interface 

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below: 

 

Process-related concerns: 

• The content of the IGD is too philosophical, generic and provides limited/no guidance 

• The link between the choices made at national level for the thresholds for Types B, C & D power 

generating modules in the T/D reactive power requirements should be more emphasized. 

 

Technical concerns: 

• IGD provides relevant background information, but does not provide any guidance 

• Reactive power compensation needs depend on the local situation. It is therefore difficult to justify 

the same reactive requirements at T/D interface in national power systems. The IGD could advocate 

for more flexibility on the implementation of these requirements in order to optimize the 

corresponding investments. 

• Clarification on the possibility/benefits/drawback to aggregate reactive power compensation devices 

could be added 

• Details on the provided CBA are missing 

• The IGD could benefit from clarification of the relationship between reactive support criteria at T-D 

boundaries and required reactive support to Power Generation facilities. 

 

The ENTSO-E position on the comments is: 

 

Process-related concerns: 

• ENTSO-E acknowledges the concern that the consulted version of the IGD does not give sufficiently 

guidance on how to define the requirements on reactive power at the T-D interface at national level. 

A possible process for the definition of the reactive power and voltage requirement at the T-D 

interface, including influence from the reactive power and voltage control capabilities of demand and 

generating units, is proposed and added to the IGD. 

 

Technical concerns: 

• The added process also describes how to take into account the specificities of local situations in the 

national power system and also how to take into account the thresholds of the different types of 

generating modules as defined on national level. Flexibility is therefore advocated in the IGD to meet 

the overall objective of the national implementation of the Network Codes. 

• The goal of providing a CBA on reactive power equipment connected at different voltage levels in 

Annex II shall be considered as an example. ENTSO-E believes that a generic description of the CBA 

better serves the purpose than a fully detailed CBA. 
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Reactive power requirement for PPMs & HVDC converters at low / zero active 
power 

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below: 

 

Process-related concerns: 

• Some general issues where raised, which have been dealt in section 2 general comments 

• The IGD does not recognize that when PPMs and HVDC links are at low power, other generators 

must be dispatched to provide active power needed by demand and will therefore be available to 

deliver reactive power.   

• The text in the IGD, "...the determination of reactive power requirements at low or zero output from 

PPMs or HVDC links should be justified based on future predicted network scenarios over a number 

of seasons and operational conditions. These scenarios should account for present and future levels 

of PPMs and HVDC links in the network...". The IGD should also note that the scenarios should also 

consider what alternative generators would be dispatched when PPMs and HVDC links are at low or 

zero output. 

• The IGD does not provide a sufficiently detailed methodology to carry out studies to determine the 

requirements. Notably, would it be possible to provide examples of better located and cheaper 

alternative solutions. 

• The IGD should recommend that the provision of reactive power at low active power level for 

PPM/HVDC requirements are to be applied on a case by case basis, as the requirements may require 

additional equipment to being installed. 

• If this capability is deemed necessary it should be properly remunerated to avoid any discriminatory 

practice.   

• The IGD should also provide guidance on requirements for HVDC circuits owned/operated by TSO. 

• Guidance on applicability and CBA justifying NC HVDC Article 48(2) and Art 40(2)(a) are not 

discussed in the IGD.  

 

 

Technical concerns: 

• Some general issues where raised, which have been dealt in section 2 general comments. 

• This IGD is too general, lacking technical information with insufficient differentiation between PPM-

technologies. 

• It is discriminatory to apply this requirement to PPM generators and not synchronous machines.  

• The following wind industry recommendations and best practices should be included in the guidance:  

https://windeurope.org/wp-content/uploads/files/policy/position-papers/WindEurope-

Implementation-Guidelines-for-the-NC-RfG.pdf  

and 

https://www.researchgate.net/publication/283489092_Wind_Turbine_Manufacturers_Observation_

Regarding_Reactive_Power_Support_and_Control_Requirements 

• The IGD should make it clear how DC connected PPMs would contribute at point of connection.  

• The IGD is focused on only one type of the HVDC (VSC-VSC)  

• IGD does not provide a guidance on how to implement requirements in case of connection to a new 

DC grid 

 

 

 

 

 

The ENTSO-E position on the comments is: 

 

https://windeurope.org/wp-content/uploads/files/policy/position-papers/WindEurope-Implementation-Guidelines-for-the-NC-RfG.pdf
https://windeurope.org/wp-content/uploads/files/policy/position-papers/WindEurope-Implementation-Guidelines-for-the-NC-RfG.pdf
https://www.researchgate.net/publication/283489092_Wind_Turbine_Manufacturers_Observation_Regarding_Reactive_Power_Support_and_Control_Requirements
https://www.researchgate.net/publication/283489092_Wind_Turbine_Manufacturers_Observation_Regarding_Reactive_Power_Support_and_Control_Requirements
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Process-related concerns: 

• Text has been amended to note that other generators are required to meet active power requirements 

and that these should be considered in future scenarios for determining need for the reactive power 

from PPMs & HVDC converters at low / zero active power. 

• The IGD provides the principles, important considerations and basic method for determining the non-

exhaustive parameters for this requirement in the regulations. As the software tools, model 

requirements, network topography/operation and level of interaction of reactive sources vary within 

Europe, the IGD is designed to not be overly prescriptive in the methodology that should be applied. 

This is to avoid promoting a sub-optimal approach, and consequently the inclusion of a more detailed 

methodology is not proposed. However, more detail on the considerations and examples given has 

been included. 

• The requirements under the regulation request only functional requirements (i.e. those required to 

make the network comply with security of supply and be operable). As such they must be provided. 

System operators are not responsible for commercial decisions in the options to meet these 

requirements. To apply these equitably as stated in the IGD means that the selection of requirements 

is a decision that must be independent of individual stakeholders decisions and hence costs. 

Consequently there is no justification for a case by case basis for decision on the requirements and 

no change is proposed to the text of the IGD. 

• The remuneration for the provision of requirements is not a matter covered in the regulation and 

therefore is also not a matter for the guidance documents. No change to the IGD is proposed. 

• The IGDs at present have been drafted to provide guidance on determining non-exhaustive 

parameters for the Requirements for Generator regulation. The inclusion of HVDC systems in the 

IGD is purely to provide their interaction in this regard to PPMs and other reactive power sources. 

Any change with regard to the HVDC regulation will be considered at this time and no change is 

proposed to the IGD. However in order not to ignore comments in this regard please refer to the 

following initial responses: 

• TSO regulated assets are not a matter covered in the regulation and therefore is also not a 

matter for the guidance documents. Non-regulated asset are however and are covered in the 

same manner as any other HVDC system requirement. 

      

Technical concerns: 

• The requirements in the regulation are functional requirements (i.e. those required to make the 

network comply with security of supply and be operable) and beyond the categorization in the 

regulation of synchronous or PPM are independent of technology. Therefore changes in the non-

exhaustive requirements for PPMs due to technological variation are not envisaged. Consequently 

no change is proposed to the text of the IGD. 

• The IGD provides guidance on the application of the Requirements for Generators regulation which 

places this requirement on PPMs. Consequently the guidance only discusses PPMs.  

• Revisions of the text have been made to include the Wind industry examples of recommendations 

and best practice as part of the guidance. 

• The IGDs at present have been drafted to provide guidance on determining non-exhaustive 

parameters for the Requirements for Generator regulation. The inclusion of HVDC systems in the 

IGD is purely to provide their interaction in this regard to PPMs and other reactive power sources. 

Any change with regard to the HVDC regulation will be considered at this time and no change is 

proposed to the IGD. However in order not to ignore comments in this regard please refer to the 

following initial responses: 

• Guidance on how DC connected PPMs would contribute at the point of connection and how 

to implement the requirements will be provided with the subsequent update of the IGD to 

incorporate the HVDC regulation. 
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Real time data and communication 

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below:  

Process-related concerns:  

• The IGD only explains the concerns of the grid operator, but no guidance for implementation is 

given.  

• It is believed that the IGD should consider the use of Real Time Data and Monitoring for both, the 

relevant TSO and for the grid users. Grid stability and Demand Response participation should be 

considered as two major achievements of the implementation of the CNC, in particular of the DCC, 

and are mutually reinforcing. It is suggests that it must be an objective that all CNCs should enable 

fair access for all consumers to the market for Demand Side Flexibility (including through 

aggregation) and no technical requirements should hamper this. When relevant TSOs are specifying 

the non-exhaustive RfG requirements to coordinate and ensure information exchange with significant 

grid users, it is advices to apply the following important principles (should be part of the objectives), 

with regard to the upcoming implementation of the DCC:  

• Rewarding the participation of all actors according to the value created  

• Allow for voluntary agreements between end-user (demand facility owner) and 

TSO on providing DSR on a contractual basis   

• Allow for third parties to fulfil the requirements on behalf of the end-user 

(aggregation)  

• Allow for workable information sharing requirements for the end-consumer or 

through third parties  

• Regarding Link to ACER Framework Guidelines: it is recommends to also quote the following 

sentence of Paragraph 3.1: “These procedures and requirements shall be defined with the agreement 

of all affected parties”. ACER FWGL also states that the network code(s) shall define a harmonised 

standard according to which information shall be provided for grid connection at the connection point 

by TSO and DSO. Similarly, the network code(s) shall define what information and technical data 

the significant grid user has to provide to the TSO or DSO to which it is connected and how this data 

is to be provided to ensure the operational security of the system.  

• Regarding Collaboration TSO-MS-NRA: it is recommends that the IGD encourages cooperation 

between all affected parties when defining these procedures and requirements.  

• The IGD should make a clear link with the Operational Guidelines and the E&R network code.   

• As a matter of principle, we should also recall the need to avoid any double reporting obligation for 

grid users and impose a strong collaboration between TSOs and DSOs on data sharing.   

Technical concerns:  

• More guidance on the parameters/variables that need to be transferred to system operator, which 

should only be related to grid stability parameters, would be welcome. Guidance on which 

parameters should include the data format and communication protocols to be used.  

• Whilst providing useful background information the text does not seem to add anything that is not 

fairly straightforward and obvious from the CNCs.  

• The IGD shall go in more detail to provide:   

• criteria to define their communication structure based on the level of information 

needed.  

• recommendations on implementing harmonized communication requirements 

(minimum harmonization to be defined), permitting exchangeability of data 

between all involved parties.  
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• addressing task and duties of all relevant parties in A DEFINED WAY.  

• an insight on the risk and limits of the communication system.  

• addressing the eventual limit of the generating unit in providing data or 

controllability.  

• The application of the requirements on these operational codes will be based on the 

requirements established in the application of the RfG code in terms of information to be 

sent to the relevant TSO or the relevant system operator.   

The ENTSO-E position on the comments is:  

Process-related concerns:  

• The IGD has been updated to include more information for guidance on real-time data and 

communication  

• Introductory part of the IGD has been updated and now includes recommendations which 

were proposed in the consultation response from the stakeholders  

• Link to ACER Framework Guidelines has been updated based on the proposal given by the 

stakeholders in the consultation feedback  

• The IGD has been updated with respect to the interdependencies part. Now the document 

includes more detailed clarification on interdependency with Operational Guidelines and 

the E&R network code   

Technical concerns:  

• The purpose of the IGD is to provide guidance on selecting the principles on real-time data 

and communication. Background and principles on selecting the appropriate solution and 

parameters are elaborated. It is believed that the provided information gives the balance 

between detailed approach and practical and cost effective solutions to exchange the 

required information. Very detailed recommendations would limit this and would not 

enable to find the best approach. 
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Rate-of-change-of-frequency withstand capability (RoCoF) 

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below: 

 

Process-related concerns: 

• What are the responsible bodies for defining, approving and carrying on the RoCoF value 

• ENTSO-E should establish an ad hoc working group at European level to explore the available 

methods, to define the nominative incidents, grid configuration and generation mix and to study the 

evolution of grid and etc. in respect of RoCoF. 

• How was the RoCoF withstand capability of HVDC systems defined? Should the expected value 

for RfG be explicitly less than 2.5Hz/s? If so, why does CENELEC TS 50549 define 2.5Hz/s? 

Quotation of CENELEC TS 50549 for LV-MV grids shall be removed for different reasons (e.g. 

the voltage level and the fact that TS is not a standard) 

 

Technical concerns: 

• The IGD does not address the Loss Of Mains (LOM) protection settings and coordination properly 

• Limitations and challenges regarding frequency measurement should be recognized in more details 

• Compliance criteria (units, measurement devices and relays) to be clarified 

• Frequency measurement time window to be discussed in more details since it is as important as 

RoCoF itself 

• To analyze and address the existing PGM that might be damaged or whether they are allowed to 

trip inside the RoCoF requirements. 

 

The ENTSO-E position on the comments is: 

 

ENTSO-E has acknowledged the main concerns rose by stakeholders and proposed to revert to the Grid 

Codes European Stakeholders Committee (ESC) in December with a proposal on how to implement 

parameters related to frequency stability. As announced in the ESC (08. September), ENTSO-E will propose 

at the next ESC (09.December, Ljubljana) how to elaborate recommendations for frequency stability criteria 

taking into account the interdependencies between connection and operation code with a particular focus on 

TSO-TSO cooperation and stakeholder involvement. 

ENTSO-E acknowledges the criticality of: 

- Proper TSO-TSO collaboration at synchronous area level 

- Cooperation between the SDC and SOC experts, and 

- On the frequency parameters early stakeholder involvement 

when defining values for the relevant parameters. 

The IGD will be updated with results from the approach to be proposed to the ESC. 

 

Process-related concerns: 

• The article 13(b) of RfG already defines the TSO-DSO collaboration on RoCoF 

• Frequency ranges for HVDC system operation shall be wider than for generators or demand to not 

disconnect transmission system assets earlier than system users. ENTSO-E has no immediate 

influence on the RoCoF specification in CENELEC TS 50549. The motivation of this specification 

needs to be given by CENELEC. 

 

Technical concerns: 

• LOM protection is recognized in TSO-DSO collaboration and further information and specification 

would be an operational issue/out of scope of this IGD 
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• The RfG requirements do not apply to existing PGMs. If it was introduced retrospectively, the 

consequences for existing PGMs shall be assessed through a CBA 
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Selection of national parameters for RfG type classification  

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below: 

 

Process-related concerns: 

• A general issue on including a consultation process was raised, which have been dealt in section 2 

general comments 

 

Technical concerns: 

• The significance of synchronous power generating modules (types A, B, C, D) should be considered 

at individual power generating module unit level and not at power plant level. 

• The key rationale to take the decision on thresholds (on page 4), should include an assessment of the 

necessary investment costs for stakeholders, as well as increases in maintenance costs. 

• Scenarios of energy mix for the next 15-20 years should be used to make an informed decision on 

thresholds 

• Mention the need for consideration of potential alternative solutions 

 

The ENTSO-E position on the comments is: 

 

Process-related concerns: 

• None 

 

Technical concerns: 

• The regulation already sets out that the determination of type A-D is done at the connection point of 

a synchronous power generating module or a power park module. The determination is based on 

aggregated capacities as applicable according to the definitions of synchronous power generating 

module and power park module respectively. Consequently no change is proposed to the text of the 

IGD 

• The requirements under the regulation do not require CBA or life cycle costs, and also the principle 

of the regulation to request only functional requirements (i.e. those required to make the network 

comply with SoS and be operable) and application of these equitably as stated in the IGD means that 

the selection of types is a decision that must be independent of individual stakeholders costs. 

Consequently no change is proposed to the text of the IGD 

• ENTSO-E agrees, that scenarios for the next 15-20 years should be used, but this is already covered 

under system characteristics. Consequently no change is proposed to the text of the IGD 

• ENTSO-E agrees, that potential alternative scenarios shall be considered, but this is already covered 

under system characteristics. Consequently no change is proposed to the text of the IGD 
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Special issues for Type A generators 

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below: 

 

Process-related concerns: 

• A general issue on including a consultation process was raised, which have been dealt in section 2 

general comments 

• According to Limited Frequency Sensitivity Mode and the TS 50549: There is a range and a default 

setting: 50,2 Hz and 2,4%. The question for Type A mass marked generators is how to prove 

conformity? 

• Any additional requirements that cause the threshold between A and B to be changed should be done 

via a Cost Benefit Analysis 

• IGD is not adequate as "... no further guidance is given in this document on the best practice approach 

for TSOs to follow." Without guidance from an IGD how will distribution of the tripping frequencies 

be checked and coordinated  

 

Technical concerns: 

• Why hasn't the task of aligning LFSM setting not been done during the RfG drafting? 

• The statement that a higher percentage of Type A generators could justify lowering the threshold 

between A and B generators disregards the potential benefits at the system level of the increasing 

share of distributed generation (incl. Type A generators)  

• ”NC Frame”: the text on requirement for RoCoF capability in Article 13.1.(b) is not adequate, as 

dedicated analysis has not undertaken to support the expectation that a 2.5Hz/sec withstand capability 

is sufficient. This text should be transferred to the IGD on RoCoF withstand capability as an element 

of analysis 

• ”Between the CNCs” (page 3): Clarify what is the meaning of ‘generators must remain connected at 

least in line with demand users' 

• “Technology characteristics” (page 5): the link between the requirements of CNCs (in particular 

RfG/Type A) and standards raises a major concern about the legal certainty and the risk of not being 

able to meet the deadlines foreseen in CNCs.  

• The abbreviation LFSM is not used in the Requirements for Generators regulation. The text of the 

IGD should be harmonised.  

 

The ENTSO-E position on the comments is: 

 

Process-related concerns: 

• Conformity for type A generators will be via the installation document which will define what 

evidence is required. IGDs are to be developed to provide system operators with guidance on 

elements of the regulation that require national decisions. As discussed in the IGD, it is expected that 

this will be mainly accomplished through equipment certificates, whose method of conformity is a 

national matter for the competent authority. No change in the content of the IGD is proposed, but 

rewording to bring clarity to the text has been proposed         

• Any threshold selected or changes there for type A generators will have to in compliance with the 

national regulatory requirements which may require a CBA. However the regulation does not require 

this automatically and hence in line with the criteria to provide guidance cannot be provided as this 

is not an element of the regulation. No change to the IGD text is proposed 

• Article 13.2(b) provides an alternative of disconnection to LFSM for type A generators where it can 

be demonstrated to the regulatory authority that its use ‘has a limited cross-border impact and 

maintains the same level of operational security in all system states’. Consequently the use of this 

requirement and the necessary co-ordination of settings will be checked by the regulator. As stated 

in the IGD standardization of LFSM in generators moving forward means that the use of 
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disconnection would be by exception and therefore guidance on ‘best practice’ in these circumstances 

is not possible. No change to the IGD text is proposed.        

 

Technical concerns: 

• Alignment of LFSM in the drafting process of the regulations and the practicality of the timelines in 

the regulations is outside of the guidance documents and therefore no change to the IGD is proposed 

• The guidance in the IGD says that the collective impact of type A generators on a synchronous system 

must be considered and this impact does not exclude greater distribution of resources. However, a 

higher percentage of Type A in a portfolio does have a marked tendency to require a lowering of the 

threshold limits. Therefore no change to the IGD is proposed 

• The discussion on methodology to define system wide RoCoF withstand requirements for all 

generators is limited in this IGD, due to the specific IGD on this topic. However in the context of 

Type A generator requirement issues and at the request of stakeholders for the content of this IGD, 

the relationship and use of equipment standards is included. The rate of 2.5Hz/sec (averaged over 

500mSec) having been supported by ENTSO-E, provides guidance to system operators on the 

associations opinion on the adequacy of this capability. This guidance does not of course remove the 

obligations on system operators to ensure their own due diligence is undertaken. No change in the 

content of the IGD is proposed, but rewording to bring clarity to the text has been proposed. 

• The statement ‘generators must remain connected at least in line with demand users’ refers to the 

necessity for generation to continue to supply demand users across the coordinated withstand 

capability range set out in the regulations for both demand and generators. After consideration on the 

clarity of this statement no change to the IGD is proposed 

• The abbreviation LFSM is used extensively in the RfG albeit as LFSM-O, and the first instance of 

its use in this IGD has been provided as long text and then abbreviated. No change in the IGD is 

proposed 
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Voltage related parameters for non-exhaustive requirements 

The comments received on this IGD during the public consultation can be distinguished between process-

related concerns and technical issues. The essence of comments in both areas of concern is listed below: 

 

Process-related concerns: 

• Some general issues where raised, which have been dealt in section 2 general comments 

• When wider voltage ranges or longer minimum time periods are required it shall be defined who is 

the responsible agent for the technical and economic impact assessment. 

• Standards which the RfG should comply with should be added into the IGD 

 

Technical concerns: 

• Some general issues where raised, which have been dealt in section 2 general comments 

• This IGD does not provide sufficient any guidance on how to specify individual non-exhaustive 

requirements 

• The principle and rationale of each TSO to require any ranges of fixed Q/Pmax and V within the 

outer/inner defined envelope (figure 7, 8 of the RfG NC) within the synchronous system should be 

described further through examples (Synchronous power plant, PPM,HVDC).  

• Guidance should be provided in case FRT capability cannot be met due to adverse grid conditions or 

extreme clearing times. 

• Guidance is required to realistically treat the impact of both frequency and voltage variations 

• Time period for operation within the defined voltage ranges: above 110kV the RfG defines the 

minimum time periods, in this document it is mentioned "The limits of these time periods for 

operation are defined in all Connection NC”. A clarification to this point is needed. 

• Existing PPMs have reactive power capabilities which in most cases are not utilised therefore when 

deciding on the national implementation about this requirement, already running PPMs shall be taken 

into account through the use of CBAs. 

• In IGDs the use of On Load Tap Changer for mitigation of the impact of the voltage range should be 

mentioned. 

• Fault ride-through capability assessment also requires a clear definition of grid topology (e.g. 

impedance of line, as defined by grid operator). 

• The impact on system design rules need to be considered, e.g. for the time period at overvoltage on 

400kV level. 

• Corrections and suggestions to the text in Table 1: 

• applicable errors in the Parameters of non-exhaustive requirements IGD tables should be 

corrected in this IGD 

• the title of the last column “definition” would be better as “proposal” 

 

The ENTSO-E position on the comments is: 

 

Process-related concerns: 

• It is considered that the requirements in the regulations already clearly state the responsible party and 

no change in the text is proposed. 

• The inclusion of relevant standards in IGD is rejected as the regulations prevail over standards and 

therefore they do not need to comply to any standards despite the principle that existing standards 

shall be taken into account for decision making. 

 

 

Technical concerns: 

• The purpose of the IGD is to provide an intermediate guidance below the IGD ‘Parameters of non-

exhaustive requirements’ but above the IGDs dealing with individual requirements in the regulation. 

The IGD provides the parameters related to frequency which will interact with each other and 
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explains generally how this interaction must be accounted for. Text on purpose of IGD in introduction 

has been modified to improve the expectation of the detail in the IGD. In this context the details on 

FRT and reactive power range are not proposed in this IGD, but would be the subject of IGDs on 

individual requirements.  

• Notwithstanding the high level nature of the IGD, the individual requirements already specify the 

relationship between frequency and voltage, and where it is applicable. Where this relationship is not 

specifically mentioned in a requirement, then that requirement applies for the full range of frequency 

or voltage set down and specified in the other applicable articles in the regulation. No change to the 

text is proposed, however restructuring of the text within the IGD has been made to bring greater 

clarity on this and other issues.   

• The IGDs are intended and written to cover all connection NCs eventually. Therefore the IGDs have 

been worded in places to avoid the need for re-editing from RfG to all connection NCs. 

• While the existing capabilities of the network should be considered in future years, no change is 

required as this is recognized in the discussion on the use of generation portfolios. The structure of 

the IGD has been changed to make this clearer. 

• The use of on-load tap changers devices to provide voltage regulation and the use of existing voltage 

regulation devices is already covered in IGD. The structure of the IGD, has been changed to make 

this clearer. 

• That a need to reflect grid topography in considering FRT is accepted. However, the requirement in 

the regulation to provide pre and post fault conditions already places a requirement to provide this 

reflection of topography. Also the high level nature of this IGD does not permit detail on FRT as 

requested. 

• The impact of existing system design and standards is discussed within the IGD and therefore no 

change to the text is proposed. However restructuring of the text within the IGD has been made to 

bring greater clarity on this and other issues.   

• Corrections and suggestions in table 1 have been accepted and changes made accordingly. 

 


