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0. Executive Summary  

0.1 Background 

The Directorate-General for Energy and Transport of the European Commission (DG ENER) 

sought a review of ENTSO-E’s draft Network Code for Requirements for Grid Connections 

Applicable to all Generators (NC RfG) and a Technical Report detailing the findings. To produce 

this document DNV KEMA reviewed the draft versions of the code published in June 2012 and 

in March 2013. A number of other documents including ENTSO-E’s review of the consolidated 

list of all the comments that have been received, the Agency for the Cooperation of Energy 

Regulators (ACER) Framework Guidelines and a number of submissions by individual 

stakeholders were also considered. Communication with key stakeholders resulted in a number 

of position documents also being provided for consideration. A preliminary report was prepared 

and DG ENER made this available to stakeholders who had been involved in the entire 

development process. Several made comment either before or following a stakeholders’ 

meeting hosted by DG ENER to address some of the continuing issues. This final technical 

report builds on this previous work and makes use of all the available material in reaching its 

conclusions regarding the NC RfG. As far as practicable, this report uses the same terminology 

as is used and defined in the NC RfG.  

The suite of European wide network codes, of which the NC RfG is only one, that the Third 

Package envisages, will provide some of the relevant rules to facilitate the achievement of the 

three objectives of the Third Package – the secure operation of European power systems; the 

integration of large volumes of low carbon generation; and the creation of a single European 

electricity market. The development of these codes is based on Article 6 of Regulation 

EC/714/2009 and has been in process since July 2011. Drafting of the NC RfG followed the 

development by ACER of non-binding Framework Guidelines on Electricity Grid Connections. 

The NC RfG was developed by the European Network of Transmission System Operators 

(ENTSO-E) which had been mandated by the European Commission to develop the suite of 

electricity network codes. The review that has been undertaken by DNV KEMA has been 

undertaken against this backdrop. It is recognised that, at present, all generators are bound by 

various rules governing the technical specification and performance requirements of the 

equipment that they connect to electricity networks as are set out in national codes – grid codes 

etc – and connection agreements. A significant number of existing generating units will have 

been connected before these national network codes were established and will not meet their 

requirements. It has to be recognised that, in developing the NC RfG, while looking forwards to 

promote the objectives of the Third Energy Package, a significant number of issues relating 

both to existing generating units and different approaches in the various Member States must 

be accommodated.  
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The Framework Guidelines on Electricity Grid Connections developed by ACER established 

that the rules should apply to significant grid users – considered to be grid users whose actions 

will have a cross border impact – and that the Code should define the requirements on 

significant grid users in relation to the relevant system parameters contributing to secure system 

operation. These specifically include the following: 

 Frequency parameters; 

 Voltage parameters; 

 Reactive Power requirements; 

 Load-frequency control and system balancing; 

 Short-circuit current; 

 Protection requirements including protection settings; 

 Fault-ride-through capability; and 

 Capability to provide ancillary services: 

The Framework Guidelines provide for special rules for wind, PV and distribution connected 

generation although, recognising non-discrimination obligations, ENTSO-E have ensured, as far 

as is practicable, that the code is technologically neutral. There are additional sections in the 

Framework Guidelines setting out that the network code should also cover the treatment of 

existing grid users, compliance testing and information exchange. The work undertaken by 

ENTSO-E resulted in the development of the NC RfG and its proposal as the first draft 

European wide network code in electricity. While ENTSO-E had a high degree of stakeholder 

engagement, inevitably not all parties have been or will be satisfied with the resulting draft. 

Indeed, the process revealed important disagreements between grid users and transmission 

system operators (TSO) on the appropriate rules that should apply to generators. It must also 

be accepted as inevitable that not all parties will be satisfied with the recommendations 

developed following this review. For some, they will be too hard, for others too soft.  

Operation of any power system involving multiple parties requires that all must operate together 

to ensure that the system can be operated safely, securely and for the benefit of all parties and 

especially, for the benefit of their customers, the electricity consumers. This means that some 

parties will incur costs for the benefit of the system and one issue to be addressed in analysing 

the current debate is separating those comments made because of genuine technical difficulty 

and those that are raised in an attempt at moving where these costs will lie. The ‘battle’ 

between system users and TSOs about the allocation and/or shifting of additional costs for 

system security is therefore likely to be a permanent feature of the market.  
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0.2 General Comments 

The adoption of European or International Standards in place of former National Standards has 

meant that equipment manufactured for use in the EU does not differ across national borders 

without added costs being incurred. However, the requirements established in the various 

national network codes are currently different reflecting the differences in both network and 

generation equipment practices between the different Member States and some continuing 

variations are necessary. Recognising the realities of introducing change and the principles of 

subsidiarity, the draft NC RfG relies on a number of significant issues being addressed at a 

Member State level, raising the question of the balance between a European wide code 

addressing cross border issues and the co-existence of national codes for internal operation of 

the same system as is required for cross border trade. The NC RfG establishes a common 

framework for the specification of issues related to the connection of generation plant to the 

network, but many of the detailed values are left to the TSOs to insert. ACER and ENTSO-E 

have both stated that they expect all TSOs to continue with the values that exist in their national 

codes on the date that the NC RfG is implemented. The effect of this approach is to minimise 

the impact that the adoption of the NC RfG will, by itself, have on any party. 

However, the implementation of the current national codes in each of the Member States differs 

because the legal status of the network code differs between Member States, the status and 

rights of both TSOs and network users are not identical in all Member States, also the 

commercial arrangements applicable to the connection to the network and operation of 

generating units differs between Member States. Historical development of networks requires 

different approaches and the level of interconnection of the Member State’s network with other 

Member States impacts the level of co-operation across borders. The varying levels of 

interconnection affect the support requirements that must be provided to the overall power 

system if it is to be operated securely for the benefit of all parties. In undertaking this review, 

several non-technical issues that may have a significant technical impact on network users in 

the transition from the existing arrangements to those of the NC RfG were identified. These 

have been addressed by considering: 

a) Whether the provisions are reasonable moving forward; and 

b) Whether any rights available to existing generators were adequately protected to ensure 

that adoption of the NC RfG is the minimalistic change that ACER and ENTSO-E intend.    

The move towards the greater dependence on RES-E and other generating units embedded in 

the distribution system, brings with it changes in the approach towards system security 

especially in the distribution network and at the interface between transmission and distribution 

networks. By the nature of their power sources, RES-E generators are often capable of less 

control than traditional generation plants and the growth in dependence on them will have an 

impact on the future operation of interconnected transmission systems which must filter through 

to a forward looking network code. The transition from large scale generating units to distributed 

generation also brings with it a transition from large synchronous generating units that 
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inherently provide some of the support requirements that the system needs to small 

asynchronous generators that must be forced to make these support requirements available. 

This is particularly the case where large numbers of uncontrolled RES-E generating units are 

affected simultaneously.  

These issues have clearly been a major focus of ENTSO-E’s work in drafting the NC RfG and 

this review has considered whether the approaches taken in the NC RfG to require these 

services from all generators are reasonable.   

Throughout, there is a need to cater for the ability for future technological improvements being 

made and introduced for the benefit of society as a whole. In this respect, ACER has guided 

ENTSO-E towards the approach of ensuring that the NC RfG does not introduce technology 

specific requirements but it is clear that not all technologies have the same capabilities and, as 

a consequence, mechanisms for handling any essential differences – known now or that impact 

future technological improvements – must be available. Along with this, there is a need to 

consider the issues raised by the introduction of technologies that allow the operation of 

generation plants by people or organisations who are neither expert in the field nor that it is 

realistic to expect them to hold the level of expertise traditionally encountered. 

Historically, the main power supply to distribution networks has been from its connection points 

to the transmission system and it is only recently that, in certain operational regimes, generation 

embedded into the distribution network has exceeded customer demand on these networks. In 

order to ensure the safe disconnection of faulted distribution networks, generating units 

connected to these networks have previously been required to stop generating in the event of a 

loss of voltage on the distribution network. This resulted in the safest situation for the general 

public, employees of the distribution system operator and for the network itself. It also ensured 

that restoration of supplies to affected customers could happen in the shortest possible time. 

The requirement to disconnect is still the safest position for faults affecting the distribution 

network but, with the increase in embedded generation, certain types of faults will not result in a 

loss of voltage, and therefore disconnection cannot be guaranteed. Where there is a net energy 

transfer from the distribution network to the transmission network, the TSO will wish this 

generation to ride through faults in the transmission network, while the DSO will wish it to 

disconnect for faults in the distribution network.  

The conflict between the different requirements of the two groups of network operators has 

been considered in undertaking the review of the NC RfG. As noted above, the nature of much 

of the change that ENTSO-E proposes in this area is inevitable if the objectives of the Third 

Energy Package are to be achieved, but the reasonableness of the proposals has been 

considered both in the short and longer term.  

0.3 Stakeholder Consultation 

The NC RfG is only a part of what is usually included in a network code, other parts being 

drafted by other drafting teams from ENTSO-E. Major issues for any system user seeking a 
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connection to the TSO’s network or already connected to that network at the time a new code is 

prepared will include: 

a) The technical connection requirements specified in the connection code; 

b) How the connection requirements translate into operational requirements both on the 

user and the TSO; 

c) How the code will be applied to their connection (both technical connection requirements 

and operational obligations) on day 1; and 

d) How (all parts of) the code will be modified over time.  

The NC RfG is the first part of what will effectively become one overall network code that will 

have been drafted by ENTSO-E. Viewing this in isolation has presented a major difficulty for 

stakeholders identifying exactly what the impact on them will be. This situation was exacerbated 

by examples of apparently conflicting requirements or statements between the various codes, 

particularly in the early stages of drafting.  

While stakeholders raised a significant number of technical issues, many of the concerns 

expressed by stakeholders on these issues have not referred to the technical requirements 

themselves but rather to what the technical requirements might become. What the stakeholders 

appear to be seeking is a robust amendment and approval procedure but they have not 

elucidated this and, on several points, are trying to make a case on the basis that any changes 

in the requirements of the code will not be simply enacted but should be subjected to proper 

review and consideration before approval is given. What hypothetically might happen in the 

future could not be a concern of this review. Therefore, where it is apparent that the lack of clear 

governance arrangements lie at the bottom of the issue raised, these concerns have not been 

considered as individual technical issues, rather recommendations are made on establishing 

appropriate governance arrangements.  

Another stakeholder comment concerns what is considered the unbalanced nature of the code 

in that it gives the TSOs rights and places all the requirements and obligations on the 

stakeholders – i.e. the generators. The code is entitled the ‘Requirements for Generators’ so it 

is only to be expected that the requirements would be placed on the generators. The obligations 

of the TSO should be clearly identified in other codes within the overall framework of which the 

NC RfG is a part. However, there are certain issues where the current drafting does appear 

unbalanced.  

The principle responsibility of the TSOs under the NC RfG is to ensure in operating the system 

that the generators can and do meet their obligations to provide support to the system so that a 

secure electricity transport network is available for all users. ENTSO-E correctly note in part (8) 

of the ‘Purpose and Objectives’ of the NC RfG that ‘... system security cannot be ensured 

independently from the technical capabilities of Power Generating Modules. Regular 

coordination at the level of generation and adequate performance of equipment connected to 
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the networks with robustness to face disturbances and to help to prevent any large disturbance 

or to facilitate restoration of the system after a collapse are fundamental prerequisites’. While 

the NC RfG places obligations on generators, a number of the other codes – particularly the 

Operational Security and Load-Frequency Control & Reserves codes – will have clear 

requirements for the TSOs to fulfil. For many of the technical issues raised, the difficulty for 

stakeholders is not the technical issue itself but it is the lack of clear harmonisation 

arrangements with other network code documents that together with the NC RfG will establish a 

more usual complete network code. Harmonisation is therefore an important non-technical issue 

with significant technical relevance. 

0.4 Conclusions and Recommendations 

The technical issues and non-technical issues with a technical impact that were raised by 

stakeholders or otherwise identified during the review were analysed in detail in sections 5 and 

6. Following this analysis, recommendations were developed in the context of a change in 

generation mix from large generating units, with a significant proportion of synchronous 

generating units providing inherent support to the wider electricity network at times of network 

disturbances, to a dependency on much smaller distributed generating units. So far, this change 

has affected some TSOs much more than others but, given that there is already evidence of the 

cross border effects of the operation of networks with a high penetration of distributed 

generation, it is recognised that the issues that some TSOs have been attempting to address in 

recent years are issues that will ultimately affect all European TSOs. The requirements of the 

NC RfG have also been considered with reference to the firm statements from both ACER and 

ENTSO-E that:  

a) changes in the current Network Codes of Member States will only occur in 

compliance with the current arrangements applicable in the Member State up to the date 

that the NC RfG would, if adopted, come into force,  

b) the technical parameters applicable in the Network Code of the Member State would 

be carried over into the NC RfG applicable in the Member State and,  

c) from the adoption date of the NC RfG, changes to the code would be subject to the 

change requirements contained in the NC RfG.  

In this context, it is concluded that the adoption of the NC RfG will, by itself, have very limited 

impact on current network users provided certain existing safeguards are maintained. Against 

this background, ENTSO-E appear to have generally addressed the issues of operating an 

interconnected network with Europe wide market capabilities in a reasonable and realistic 

manner while recognising that the principles of subsidiarity should continue to allow each 

Member State to set its own regulation wherever practicable. The approach taken should 

ensure that the impact of the NC RfG on all currently operating generating units and all 

generating units genuinely in course of development would be neutral. Additional requirements 

are placed on new generating units but these requirements appear to be no greater than would 
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be reasonably required to allow these smaller generating units to replace the large synchronous 

generating units that are currently in operation but that will be decommissioned in line with age 

profile and energy policy.       

However, in part to address the reasonable concerns of stakeholders affected by the transition 

that the adoption of the NC RfG into EU Law will bring but also to recognise that there are a 

number of technical issues that are not fully worked through into standards that would allow 

their implementation by affected stakeholders, a number of minor modifications and 

clarifications are recommended. These are outlined below and considered in full in section 7.  

0.5 Recommendations on technical issues 

0.5.1 Recommendations concerning frequency ranges 

It is essential that ENTSO-E determine quality parameters of the electricity network frequency. 

Recognising that the only obligation specified in the NC RfG is to remain connected and not to 

operate normally, it is proposed that the frequency ranges to be applied in the NC RfG should 

follow IEC Standards. 

To allow for the correct representation of these standards, consideration should be given to 

incorporating frequency and voltage requirements into a single diagram.  

For details see section 5.1.1. 

0.5.2 Recommendations concerning active power output with falling 

frequency 

The requirements should be more completely defined, particularly with obligations placed on 

TSOs and NRAs, when setting non-exhaustive parameters, to take account of the technical 

capabilities of relevant technologies. This could be achieved by extending the compliance 

section of the NC RfG. 

For details see section 5.1.2. 

0.5.3 Recommendations concerning LFSM-O and LFSM-U 

For most generators, the requirements regarding Limited Frequency Sensitive Mode – 

Overfrequency (LFSM-O) and Limited Frequency Sensitive Mode – Underfrequency (LFSM-U) 

should remain as drafted. 

LFSM-U settings for nuclear generators should be established when the business case is being 

developed and remain unchanged after the safety case has been finalised – unless a clear 

justification that takes account of the nuclear safety issues is later established. (LFSM-O is 

stated not to be an issue for nuclear generators). 
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In general, CHP schemes should be designed to allow compliance with the requirements as 

specified, but exemption should be permitted for the very small number of CHP schemes that 

cannot reasonably comply. This may reasonably be coupled with an obligation to disconnect as 

may be permitted where the equivalent CHP scheme would be adversely affected by system 

disturbances. 

For details see section 5.1.3. 

0.5.4 Recommendations concerning Voltage Ranges 

Four recommendations are made, without analysis by the Consultant, based on the apparent 

agreement achieved at the stakeholder meeting on 16 September 2013. 

1. Proposed duration of the additional overvoltage range of 1.118 pu – 1.15 pu for the Type 

D power generating modules in Article 11, Table 6.1 for Continental Europe, which is 

currently intended “... to be defined by the TSO while respecting the provisions of Article 

4(3), but not less than 20 minutes”, should be “defined by the TSO while respecting the 

provisions of Article 4(3), with a maximum time period in the range of 20 – 40 minutes”. 

2. Proposed duration of the additional overvoltage range of 1.05 pu – 1.0875 pu for the 

Type D power generating modules in Article 11, Table 6.2 for Continental Europe, which 

is currently intended “... to be defined by the TSO while respecting the provisions of 

Article 4(3), but not less than 60 minutes”, should be “defined by the TSO while 

respecting the provisions of Article 4(3), with a maximum time period in the range of 40 – 

80 minutes”. 

3. The additional overvoltage range of 1.0875 pu – 1.10 pu for the Type D power 

generating modules in Article 11, Table 6.2 for Continental Europe, should be deleted. 

4. Drafting should be introduced permitting the reinstatement of the additional overvoltage 

range of 1.0875 pu – 1.10 pu for the Type D power generating modules in Article 11, 

Table 6.2 for parts of the networks of individual TSOs in Continental Europe where it is 

required for network configuration reasons, as approved by the NRA, provided it is 

neither detrimental to the operation of the power system nor to the operation of the 

internal market. 

It is also recommended that consideration should be given to representing voltage and 

frequency arrangements together. 

For details see section 5.2.1. 

0.5.5 Recommendations regarding the use of On Load Tap Changers 

No changes are proposed but it is recommended that, where On Load Tap Changers (OLTCs) 

are required, this should be clearly stated and not left to be inferred. 
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NRAs should be required to ensure that the voltage ranges selected by TSOs correctly reflect 

current practice in the use of OLTCs, including the tapping range in normal application or that 

the appropriate change review is undertaken. 

For details see section 5.2.2. 

0.5.6 Recommendations regarding reactive power capability 

Where it is not currently standard practice for on-load tap-changers with an adequate tap range 

to be used, the drafting should be modified to exclude from the required voltage/reactive power 

profile those areas which are therefore not technically feasible.   

For details see section 5.2.3. 

0.5.7 Recommendations regarding provision of Reactive Power as 

Means of Voltage Control 

Provided the issue regarding reactive power capability is addressed, it is proposed that no 

further change should be made to the technical requirements. 

NRAs should be required to ensure that stakeholders are not materially disadvantaged by the 

operational demands placed on them by TSOs for the provision of Reactive Power for Voltage 

Control. 

For details see section 5.2.4. 

0.5.8 Recommendations regarding Duration of Fault Clearance Time 

This article should be amended such that the ranges of permissible fault clearance times are 

distinguished by voltage level and, particularly at 400kV, by synchronous area. The ranges 

provided should more closely reflect current practice except where alternative arrangements are 

required for network configuration reasons as approved by the NRA provided this is not 

detrimental to the operation of the power system or of the internal market. 

For details see section 5.3.1. 

0.5.9 Recommendations regarding Fast Reactive Power Injection and 

Active Power Recovery for Power Park Modules types B, C & D 

These issues should be clearly stated as non exhaustive requirements, specified only where 

Power Park Module (PPM) penetration is sufficient that they need to be addressed by TSOs. 

The requirements should be specified with greater precision and take due account of the 

capabilities of existing technologies.  

For details see section 5.3.2. 
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0.5.10 Recommendations regarding Fault Ride Through and LV 

Connections 

It is recommended that all generating units connected to LV networks should be exempted from 

the fault ride through requirements specified in Article 9. In addition to ensuring that all 

generating units connected to LV networks are treated equally, this addresses safety concerns 

associated with the operation of networks to which the general public have greatest access. 

For details see section 5.3.3.1. 

0.5.11 Recommendations regarding application to LV Connected 

Generating Units 

It is recommended that, in line with current standardisation practice and to ensure that all 

generating units connected to the LV networks operated by DSOs are treated equally, the 

threshold between Type A and Type B generating units is modified such that all generating 

units > 800W connected to public networks operating at less than 1 kV are considered as Type 

A units.  

For details see section 5.3.3.2. 

0.5.12 Recommendations regarding conflicts relating to the operation of 

protection equipment 

The conflicts between ensuring the correct operation of both transmission and distribution 

protection systems in the transition to embedded generation is the subject of a number of 

studies. In this particular situation, since the appropriate changes would only become apparent 

following completion of current studies and would be appropriate on a Europe wide basis, it 

would be appropriate to require that the NRA, in consultation with other NRAs apply suitable 

standards as the information to allow their development becomes available.  

As the NC RfG is currently drafted, there is no opportunity for any affected party other than the 

TSO to propose modification to the NC RfG. While it is to be hoped that TSOs would propose 

appropriate modifications, this restriction is very unusual. To allow NRAs to apply the results of 

this study and to allow more general review, it is also recommended that other stakeholders, 

and in particular the NRA, should also be able to propose modifications.  

 

For details see section 5.3.3.3 
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0.5.13 Recommendations regarding the application of transmission rules 

to distribution networks 

The Network Codes developed by ENTSO-E should be modified to allow an overlap of the 

application of transmission or distribution rules depending on whether the operator is a 

transmission operator or a DSO. 

Type A, B, or C generating units should only be deemed to be type D units where the operator 

of the 110kV or above network to which they are connected is not a DSO or Closed Distribution 

System Operator (CDSO). 

For details see section 5.3.3.4. 

0.5.14 Recommendations regarding compliance 

Clarification of compliance requirements is essential and TSOs should be required to produce a 

clear, unambiguous and detailed statement of all requirements that should be subject to the 

approval of the NRA operating in conjunction with other NRAs. 

For details see section 5.4. 

0.5.15 Recommendations regarding obligations placed on non expert 

parties 

The NC RfG should be redrafted to allow: 

a) Derogations for CDSOs and small DSOs from complex technical issues allowing DSOs 

the right to address those issues that do arise.  

b) The ability of manufacturers to represent Power Generation Facility Owners (PGFOs) in 

respect of: 

i. All power generation modules operated by consumers; and  

ii. All other power generating modules where the manufacturer is appointed to address any 

issue or issues by the PGFO. 

For details see section 5.5. 
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0.6 Recommendations on Non-Technical Issues with 

Significant Technical Impact  

0.6.1 Recommendations Concerning Harmonisation of Network Codes 

It is strongly recommended that ENTSO-E ensure harmonisation of the requirements among the 

individual ENTSO-E network codes and that mechanisms are introduced to maintain network 

codes harmonised at times of revision of any code.  For details see section 6.4. 

It is recommended that clear governance arrangements are established for the entire suite of 

network codes. 

0.6.2 Recommendations Concerning Cost-Benefit Analyses 

It is strongly recommended that ENTSO-E develop and present in the supporting documents to 

NC RfG a detailed methodology for: 

 Preliminary assessment of costs and benefits at the CBA preparatory stage, and  

 Full Cost-Benefit Analysis   

For details see section 6.2.3. 

0.6.3 Recommendations concerning derogations 

It is recommended that the following aspects concerning derogations from the requirements of 

the NC RfG are addressed: 

 In the Member States, there are number of generating units currently operating under 

derogations from the existing network codes and in some Member States the costs of 

the removal of such a derogation are socialised. In order to ensure that the 

implementation of the NC RfG is neutral, the NC RfG should contain a clause indicating 

that existing derogation rights continue and that, in the event that such a derogation is 

removed by the retrospective application of the NC RfG to these generating units, any 

existing rights for compensation would continue to apply. 

 The NC RfG should provide for the ability of the manufacturer or other technical advisor 

to make application for individual or class derogations, so that non-expert operators are 

not disadvantaged. 

0.6.4 Application to CHP Schemes 

Article 3 section 6 parts g) and h) appear to attempt to establish a reasonable compromise 

between the reasonable needs of TSOs and CHP operators in the situation where the 

proportion of small generating units is increasing. However, the current drafting does not quite 

achieve that and it is recommended that these parts are redrafted to ensure: 
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a) Smaller installations that should be exempted from the NC RfG requirements are not 

prevented from receiving these exemptions purely because they are embedded in 

industrial networks that are, in turn, connected to the public network at high voltage; 

b) Arrangements can be established to meet the requirements of TSOs and allow CHP 

schemes to be exempted from varying electricity generation where: 

i. The level of generation cannot be decoupled from the production of heat 

or steam to support an industrial process; 

ii. The generation of electricity is secondary to the support provided to the 

industrial process; and 

iii. The required change in electricity generation would result in a variation in 

the production of heat or steam that would have a material effect on the 

safe and economic continuation of that industrial process.     

0.6.5 Recommendations regarding emerging technologies 

In Title 6, the opportunity for NRAs, operating in conjunction with other NRAs where 

appropriate, to be involved at all stages should be recognised. In establishing timescales for 

notification of revocation of emerging technology status, the impact of short notice periods on 

the commercial risk profile of technology development should be recognised. 

0.7 Recommendations regarding Implementation 

1) It should be clear that the subsidiary codes prepared by the individual TSOs shall carry 

over existing values into the non-exhaustive values. Guidance should be prepared by 

ENTSO-E on the completion of all values and this guidance should be published and 

reviewed by ACER. 

2) The ranges quoted by ENTSO-E should be reviewed to ensure that they are entirely 

accurate. Where they are conditional on other issues, these should be stated. 
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1. Introduction 

1.1 Background 

The Directorate-General for Energy and Transport of the European Commission asked 

COWI Belgium, under the terms of the framework contract, to review ENTSO-E’s draft 

Network Code for Requirements for Grid Connections Applicable to all Generators (NC RfG) 

and provide a Technical Report detailing their findings. COWI employed DNV KEMA to 

perform the key technical review and this document forms the final report required as a 

deliverable under this project.  

In order to produce this document DNV KEMA has reviewed the draft version of the code 

published in June 2012 and has updated this review to take account of the version published 

in March 2013. They have also considered a number of other documents including ENTSO-

E’s review of the consolidated list of all the comments – some 6000 in total – that have been 

received, the ACER Framework Guidelines on Electricity Grid Connections and a number of 

submissions by individual stakeholders. In addition to this, communication with key 

stakeholders has resulted in a number of position documents being provided for 

consideration. 

1.2 Structure of this Report  

This Report sets out the key issues that DNV KEMA believed had to be considered in the 

review of the NC RfG. The structure of this report is as follows: 

 Section 1 – Introduction 

 Section 2 – Task Description 

 Section 3 – Context of NC RfG for Power System Operation 

 Section 4 – Stakeholders’ Views 

 Section 5 – Assessment of Technical Requirements 

 Section 6 – Non Technical issues 

 Section 7 – Conclusions and Recommendations. 

As far as practicable, this report uses the same terminology as is used and defined in the NC 

RfG. 
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2. Task Description 

2.1 History 

On 4 February 2011, the year 2014 was set as the target for the completion of the single 

internal market for electricity and gas in the European Union. The Third Package of 

Directives and Regulations, as adopted in 2009, for the further development of the internal 

market is an important step in this direction. However, further efforts have to be made to 

allow gas and electricity to flow freely across Europe. The network codes, which are 

foreseen by the Third Package, will provide some of the relevant rules for this further 

development. 

Together, the network codes will facilitate the achievement of the three objectives of the 

Third Package – the secure operation of European power systems; the integration of large 

volumes of low carbon generation; and the creation of a single European electricity market. 

The Network Code, Requirements for Generators (NC RfG) is the first of the network codes 

to be developed and proposed for adoption as a European Union wide code. Its 

development is based on Article 6 of Regulation EC/714/2009 and has been in process 

since July 2011 following the development by the Agency for the Cooperation of Energy 

Regulators (ACER) of non-binding Framework Guidelines on Electricity Grid Connections. 

The intended timetable for development is as shown in Figure 1.  

The European Network of Transmission System Operators (ENTSO-E) was mandated by 

the European Commission to develop the NC RfG based on the Framework Guidelines 

submitting a document to ACER in July 20121. The development process included a public 

consultation, as well as a number of workshops and meetings with EC, ACER and other 

stakeholders. ACER provided a preliminary opinion in October 2012, acknowledging that the 

document was in compliance with the Framework Guidelines, but recommending areas for 

improvement to meet stakeholders’ concerns. ENTSO-E later worked with stakeholders and 

ACER, issuing a revised document in March 2013 when ACER recommended its adoption 

subject to minor changes.     

 

                                                

1
 Submission date as recorded in the introduction to the ACER opinion. The date on the ENTSO-E document is 26 June 2012. 
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Figure 1: Process of adoption of Framework Guidelines and Network Codes (Source: ACER web site
2
) 

2.2 Context of Task 

At present all generators are bound by various rules governing the technical specification 

and performance requirements of the equipment that they connect to electricity networks. 

These are set out in national codes – grid codes etc – and connection agreements. Due to 

the impact of increased penetration of distributed electricity generation and the need for a 

more harmonised approach in an interconnected system and integrated markets, the 

desirability of bringing these rules into line has been widely recognised. Regulation 

EC/714/2009 provides for the adoption of legally binding codes in this area and it has been 

made a priority by the Commission. 

The Framework Guidelines on Grid Connection developed by the ACER sets out the high 

level approach to be taken in the development of such rules. In particular such rules should 

apply to significant grid users – considered to be grid users whose actions will have a cross 

border impact. The Framework Guidelines also specifies that the Code should define the 

requirements on significant grid users in relation to the relevant system parameters 

contributing to secure system operation. These include the following: 

 Frequency parameters; 

 Voltage parameters; 

 Reactive Power requirements; 

                                                

2
 http://www.acer.europa.eu/Electricity/FG_and_network_codes/Pages/default.aspx  

http://www.acer.europa.eu/Electricity/FG_and_network_codes/Pages/default.aspx
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 Load-frequency control and system balancing; 

 Short-circuit current; 

 Protection requirements including protection settings; 

 Fault-ride-through capability; and 

 Capability to provide ancillary services: 

The Framework Guidelines provides for special rules for wind, PV and distribution connected 

generation, although ACER have stated a preference that, as far as is practicable, the code 

should be technology neutral. There are additional sections in the Framework Guidelines 

setting out that the network code should also cover the treatment of existing grid users, 

compliance testing and information exchange. The work undertaken by ENTSO-E has 

resulted in the development of the NC RfG as the first draft European wide network code in 

electricity.  

ENTSO-E states that it has developed the draft NC RfG in order to set out clear and 

objective requirements for generators for network connection in order to contribute to non-

discrimination, effective competition and the efficient functioning of the internal electricity 

market and to ensure system security. They further state that the guiding principle of this 

network code has been to develop requirements for grid connection of generating units with 

the aim of maintaining, preserving and restoring the security of the interconnected electricity 

transmission and distribution systems with a high level of reliability and quality in order to 

facilitate the functioning of the European wide internal electricity market now and in the 

future. 

While ENTSO-E has had a high degree of stakeholder engagement, inevitably not all parties 

have been or will be satisfied with the resulting draft. The process has also revealed 

important disagreements between grid users and transmission system operators (TSO) on 

the appropriate rules that should apply to generators. These were clearly reflected in the 

consultation responses received by ENTSO-E in the process of development of the draft 

network code and a smaller number of these disagreements continue still. Operation of any 

power system involving multiple parties requires that all must operate together to ensure that 

the system can be operated safely, securely and for the benefit of all parties and especially, 

for the benefit of their customers, the electricity consumers. This means that some parties 

will incur costs for the benefit of the system and one issue to be addressed in analysing the 

current debate is separating those comments made because of genuine technical difficulty 

and those that are raised in an attempt at moving where these costs will lie. Inevitably, the 

‘battle’ between system users and TSOs about the allocation and/or shifting of additional 

costs for system security is likely to be a permanent feature of the market.  
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There are a number of other key issues to be considered in the review. The principle reason 

behind the Code is the implementation of the 3rd Energy Package and the facilitation of a 

single electricity market. In parallel with this, the adoption of European or International 

Standards in place of former National Standards means that equipment manufactured for 

use in the EU will not differ across national borders without significant cost being incurred. 

However, recognizing the realities of introducing change and the principles of subsidiarity, 

the draft NC RfG relies on a number of significant issues being addressed at a Member 

State level, raising the question of the balance between a European wide code addressing 

cross border issues and the co-existence of national codes for internal operation of the same 

system as is required for cross border trade.  

The move towards the greater dependence on RES-E in EU and Member State energy 

policies, brings with it changes in the approach towards system security especially in the 

distribution network, to which much of the RES-E generation is connected, and at the 

interface between transmission and distribution networks. By the nature of their power 

sources, RES-E generators are often capable of less control than traditional generation 

plants and the growth in dependence on them will have an impact on the future operation of 

interconnected transmission systems which must filter through to a forward looking network 

code. With increasing use of RES-E, where the power source is not within human control but 

impacts large numbers of RES-E generators simultaneously, it is likely that either greater 

control than has traditionally been required of RES-E generators will be required and/or that 

all equipment connected to power systems must be capable of operating successfully where 

the power system parameters are less controlled than has traditionally been the case. The 

application of the ‘new’ arrangements that, whatever is the chosen point on this balance, will 

require modifications to existing plant and must have an impact on the continued economic 

operation of that existing plant. Consequently, carefully staged or future managed 

arrangements will be necessary to maintain generation security during the transition 

process. Some of the issues associated with this migration from dependence on large 

thermal power stations connected to transmission systems towards small RES-E 

installations embedded in the distribution systems are considered initially in section 3.3 and 

later in the assessment of technical and non-technical issues in sections 5 and 6. 

Throughout, there is a need to cater for the ability for future technological improvements 

being made and introduced for the benefit of society as a whole. In this respect, ACER has 

guided ENTSO-E towards the approach of ensuring that the NC RfG does not introduce 

technology specific requirements but it is clear that not all technologies have the same 

capabilities and mechanisms for handling any essential differences – known now or that 

impact future technological improvements - must be available. Along with this, there is a 

need to consider the issues raised by the introduction of technologies that allow the 
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operation of generation plants by people or organizations who are neither expert in the field 

nor that it is realistic to expect them to hold the level of expertise traditionally encountered.  

2.3 Task Approach  

In undertaking the project to date, cognisance was taken of the intention by ENTSO-E to 

issue a revised draft code which became available in March 2013. Initially, work was 

undertaken based on the draft dated 26 June 2012 and updated where appropriate.   

It was recognised that throughout the development of the ENTSO-E draft NC RfG, there had 

been a consultation process in place and that it is undesirable to open dialogue on any 

matter which has been resolved between ENTSO-E members and the user group 

associations. The Project therefore mainly operated as a desk based exercise but 

consultation with key stakeholders was undertaken by any mechanism that appeared 

appropriate. The outcome of this consultation is considered in section 4, which addresses 

Stakeholder’s views and greater detail of the views expressed is included in the appendices. 

2.4 Deliverables 

The principal deliverable of the project was a preliminary report which included details of the 

evaluation/assessment criteria, preliminary findings and assessments and the proposed 

recommendations to the Commission. Where issues were outstanding at the time of 

submission of the report, the proposed mechanism for resolution was provided. The initial 

preliminary report was submitted in June 2013, with the opportunity reserved for a completed 

version to be submitted in July 2013. It was understood that, as a support to the Comitology 

process, the completed Preliminary Report would provide guidance on the technical 

requirements of the NC RfG. While seeking a technical report, the representatives of the 

Commission services made clear that no prior technical knowledge should be assumed of 

the prospective readership and that, as far as is possible, the report should be prepared in 

non-technical language. 

This final report is submitted following receipt of views expressed by stakeholders in 

advance of and during a stakeholder meeting held by the Commission services EC DG 

ENER in September 2013.  
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3. Context of NC RfG for Power System Operation  

3.1 Background 

Historically, integrated electricity utilities developed their construction and operation 

standards to suit their own requirements and the equipment that could be acquired in their 

particular environment. The development of national and later international standards was 

influenced by the requirements of both utilities and manufacturers and impacted both what 

manufacturers would build and how utilities operated. However, there were always options 

and integrated utilities did not need to be influenced by the actions of their neighbours. 

Interconnection required agreement on interconnection arrangements but, while each utility 

company only used the interconnection as a means of mutual assistance, the operation of 

their networks remained a matter for them. 

During this period, integrated utilities would ensure that they had sufficient highly efficient 

generating units to run constantly meeting the minimum constant load, with other units 

operating as required to meet increased demand throughout the day. Where costs dictated 

and geography permitted, they may have used pumped storage schemes to provide enough 

demand to keep base load plant operating at times of low load, releasing electrical energy 

back into the system to meet peak demands.   

With the development of unbundling and cross border trade this changed and some level of 

standardisation became necessary. With unbundling came the need for network codes to 

document the arrangements for the operation of the separate parts of the previously 

integrated utility and for dealing with any incoming organisation that wished connection to 

the network. They did not change anything of the equipment currently connected to the 

network nor, initially, the means by which the system operator would call on generating units 

to operate to support the network. They did establish how new units would be called on to 

operate and, only as competition increased, how the system operator ran its business. 

Initially, most network codes were effectively codes of practice and, legally, many remain 

codes of practice or subsidiary documents to commercial agreements even if it is possible 

for a regulatory authority to determine whether they are fair and whether parties have 

reasonably complied with their obligations under them. Only in some countries are they 

given the weight of law either directly or by including key parts, of what would normally be in 

a network code, into legislation. 

The NC RfG is only part of an overall network code whereas network codes are normally 

prepared as complete entities. Its requirements must therefore fit with the remaining 

requirements in other codes in the ENTSO-E drafted suite and the overall suite should 
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include all the requirements expected in a network code. As the connection requirements for 

generators, it will outline the extreme requirements of TSOs and, elsewhere in the ENTSO-E 

drafted suite, the TSOs should specify how these requirements will be used. Somewhere, it 

would be usual to include details of how the arrangements for modification to the complete 

code would be carried out. Modifications are inevitable in the life of a network code and in 

the life of any network connected to the transmission system. The rights and responsibilities 

of all parties during the modification process would usually be stated, including the 

arrangements for consultation where that is part of the national process.  

3.2 System Operator Requirements 

For the system operator, there are a number of key requirements to maintain active and 

reactive power balance – crucial if system security is to be maintained: 

a) Frequency control; 

b) Voltage control; and 

c) Continued operation of generating units during system fault conditions. 

In addition, some other specialised system services are required to be able to restart power 

systems after blackouts. 

Frequency and voltage control are essential, both for system operators and for system users 

as much of the equipment used to construct the network and operated by users will be 

damaged by frequencies or voltages outside their design limits. Frequency drift from the 

nominal system frequency is an indication of imbalance between generation and active 

power consumption and control arrangements are established by system operators to 

ensure that the level of generation will follow the level of demand. This requires a level of 

control over generation that is easily achieved with enough traditional generating units to 

maintain system balance but which has not normally been required of smaller generating 

units generally and wind and PV installations in particular. As the penetration of these 

technologies has increased, those TSOs most affected have sought to apply control to allow 

the system as a whole to be operated securely3. As this is a relatively new requirement for 

                                                

3 Many of the issues that are now being addressed by TSO and result from the increased penetration of small RES-E 
installations connected to the LV network are outlined for PV in: Kaestle and Vrana, Improved Requirements for the Connection 
to the Low Voltage Grid, presented to the 21st International Conference on Electricity Distribution,  Frankfurt, 6-9 June 2011, 
and available at: http://www.iee.tu-clausthal.de/fileadmin/downloads/CIRED2011_1275_final.pdf   

http://www.iee.tu-clausthal.de/fileadmin/downloads/CIRED2011_1275_final.pdf
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smaller generating units, no standard arrangement has been established to address this 

issue.    

Continued generating unit operation during system fault conditions is essential for two 

reasons: 

a) To ensure that the system recovers once the fault condition has been isolated from 

the healthy portion of the system; and 

b) To ensure that the fault condition can be isolated by the protection systems. 

Almost all Power System Protection systems operate by monitoring current flows and using 

this information to detect abnormal conditions. This requires that abnormal current flows can 

continue until the protection system can clear the fault condition by causing the isolation of 

the affected network section. Failure to achieve this correctly will result in either a more 

widespread and extended duration failure in electricity supply or could present a hazard to 

equipment, to those working in the sector and to the general public. 

3.3 Impact of RES-E 

Traditionally, this continued operation was achieved by the inertia and dynamics of 

synchronous generating units and integrated utilities would ensure that sufficient 

synchronous generating units existed on their networks and were operating in the required 

locations. Unbundling removed the opportunity for system operators to influence the location 

or scheduling of synchronous generating units and the move towards RES-E has distorted 

the synchronous/asynchronous balance as, in addition to the possibility of hydro, biomass 

and biogas operated generating units being either synchronous or asynchronous machines, 

all wind and PV generating units are asynchronous in their operation. More recently, TSOs 

operating systems where there has been significant RES-E penetration have sought 

modification to their Grid Codes requiring that all generating units mimic enough of the 

inherent capabilities of synchronous generating units to maintain the security and safety of 

the electricity system. In the case of some TSOs this process commenced almost 10 years 

ago whereas, for others, the development of sufficient small generation to require this 

transition is yet to happen.  In some areas, this transition is extended in these codes, either 

by introducing what are effectively new obligations for some TSO areas or extending the 

application of obligations to smaller generating units. For some issues TSOs, whose 

networks have been affected by this transition, have developed requirements that address 

their own particular issues and, for several of these requirements, no single standard yet 

exists.     
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The need for this change in emphasis by many TSOs can be seen from the change in 

provision of generating units in Germany. As previously noted, in the past, integrated utilities 

would ensure that they had sufficient highly efficient generating units to run constantly 

meeting the minimum constant load, with other units operating as required to meet increased 

demand throughout the day. However, as a result of changes to market structures and in 

energy policy, this situation has been changing for TSOs. In more recent times, the 

increased penetration of RES-E installations has reduced the need for major base load 

plants and the growth of PV has ensured that generation by RES-E installations increases 

during peak daylight periods. The effect can be seen in Figure 2, which shows the cumulative 

installed capacity of RES-E installations. The minimum demand of the German electricity 

system is around 35 000 MW and Figure 2 shows that this level has been exceeded by the 

installation of RES-E capacity, with the result that there can no longer be any guarantee that 

any synchronous generating units would be operating. It will therefore become essential that 

all types of generating units are capable of delivering those system security features 

traditionally provided by synchronous generating units whose operation could previously be 

guaranteed4. For some TSOs, this is a current requirement that they have had the 

opportunity to consider to some point. For others, this will be a future requirement as yet 

unconsidered. 

The determination of a single definition for these requirements has not been attempted as 

part of the development of the NC RfG, the matter being left for resolution at national or 

regional level. This approach will, reasonably, result in differences between the 

specifications that will result. Operators of highly interconnected systems can, within the 

limits of their mutual support arrangements, rely on adjacent systems to assist with 

frequency support during fault conditions and therefore will predominantly seek voltage 

support to be developed from the asynchronous generating units. Operators of non-

interconnected or only lightly interconnected networks would also need to deal with 

frequency issues and therefore will wish to apply a specification that attempts to address 

                                                

4
 Some features like voltage and reactive power support can also be supplied separately from generating units, by FACTS 

(Flexible AC Transmission Systems) like SVC and STATCOM. These systems can be provided by either the relevant network 

operators or by the generators and, while each group would prefer the cost is met by the other party, examples exist of their 

provision by both groups. Network operators will provide them where they improve the cost effectiveness of the operation of 

their networks, generators will provide them where that allows their installations to comply with the requirements of the 

applicable Network Code. See for example: 

http://www05.abb.com/global/scot/scot221.nsf/veritydisplay/b9c403656feacb5348257a28006af4a0/$file/FACTS%20to%20facilit

ate%20AC%20grid%20integration%20of%20large%20scale%20wind%20generation.pdf;  

http://www05.abb.com/global/scot/scot256.nsf/veritydisplay/26ab4cd0ecbe3bcbc1256b9d004a7c88/$File/statcom.pdf; or 

http://www.energy.siemens.com/hq/pool/hq/power-transmission/FACTS/SVC_PLUS_The%20efficient%20Way.pdf 

http://www05.abb.com/global/scot/scot221.nsf/veritydisplay/b9c403656feacb5348257a28006af4a0/$file/FACTS%20to%20facilitate%20AC%20grid%20integration%20of%20large%20scale%20wind%20generation.pdf
http://www05.abb.com/global/scot/scot221.nsf/veritydisplay/b9c403656feacb5348257a28006af4a0/$file/FACTS%20to%20facilitate%20AC%20grid%20integration%20of%20large%20scale%20wind%20generation.pdf
http://www05.abb.com/global/scot/scot256.nsf/veritydisplay/26ab4cd0ecbe3bcbc1256b9d004a7c88/$File/statcom.pdf
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both frequency and voltage. However, all TSOs will require that the asynchronous 

generating units5 will provide sufficient current injection during system fault conditions to 

ensure the operation of protection systems. 

 

Figure 2: Cumulative installed capacity of renewable energy for power generation
6
 

Much of the RES-E capacity is provided by a large number of small generating units and this 

has the effect that: 

a) The sum of these relatively small units, whether co-located as part of a single large 

installation or distributed throughout the electricity networks can have an impact on 

cross border electricity flows that was previously not considered possible; 

b) While co-located units that form part of a single installation will usually be connected 

to transmission networks, many of the smaller installations are connected to 

distribution networks. Since the plant that they displace was predominantly 

connected to transmission networks, this change in the point of connection has an 

impact on forward looking requirements for the design and operation of electricity 

networks. 

That the connection of a large number of small installations sharing the same power source 

can have significant effect on cross border operation of grid systems is illustrated by an 

incident on 4 November 2006 considered in appendix D.   

                                                

5
 For the avoidance of doubt, asynchronous generators can also include synchronous electrical machines that are connected to 

the system by means of a converter. 

6
 Source: Bundesministerium für Umwelt, Naturscutz und Reaktorsicherheit, Langfristszenarien und Strategien für den Ausbau 

erneuerbarer Energien in Deutschland, 11055 Berlin, August 2009. Available at: http://refman.et-model.com/publications/1262  

http://refman.et-model.com/publications/1262
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3.4 Effect for Distribution Networks 

Historically, the main power supply to distribution networks has been from its connection 

points to the transmission system and it is only recently, that, in certain operational regimes,  

generation embedded into the distribution network has exceeded customer demand on 

these networks. To ensure the safe disconnection of faulted distribution networks, 

generating units connected to these networks have been required to stop generating in the 

event of a loss of voltage on the distribution network. This resulted in the safest situation for 

the general public, employees of the distribution system operator and for the network itself. It 

also ensured that restoration of supplies to affected customers could happen in the shortest 

possible time. The requirement to disconnect is still the safest position for faults affecting the 

distribution network but, with the increase in embedded generation, certain types of faults 

will not result in a loss of voltage and therefore disconnection cannot be guaranteed. Where 

there is a net energy transfer from the distribution network to the transmission network, for 

the reasons outlined in section 3.2, the TSO will wish this generation to ride through faults in 

the transmission network, while the DSO will wish it to disconnect for faults in the distribution 

network. The TSO will wish the distributed generation to contribute to frequency and voltage 

stability but it is this instability that is used to identify faults on the distribution network for 

which disconnection is required.  

Some of the impacts of the growth in distributed generation for DSOs and the effect of some 

of the TSOs’ requirements are considered in greater detail in appendix E. This appendix 

focuses on impacts on the distributed generation protection systems, distribution system 

protection and islanding and the fault currents that can be safely handled by the distribution 

networks.  For some of these issues, it is not currently possible to establish meaningful data 

on the potential impact of this requirement on distribution networks but, while acknowledging 

the benefit for TSOs, it must also be recognised that there is likely to be an impact for DSOs.     

As currently drafted, Article 15.2 b), dealing with fast reactive power injection, begins, “The 

Relevant Network Operator, in coordination with the Relevant TSO shall have the right to 

require....” and this approach should allow the DSO to ensure that its network can be 

operated safely. However, other sections are less clear on which network operator has the 

final say when other requirements are applied. In considering the TSOs’ requirements in the 

NC RfG, it is therefore essential for public safety that the DSOs’ requirements are also 

addressed in all cases.  

One particular issue raised by DSOs relates to the application of a fault ride through 

requirement for the relatively small number of Type B generators that will be connected to 

LV networks. Fault ride through is a necessary requirement for disturbances affecting the HV 

network and is undesirable for faults affecting the LV network. The DSOs have raised this 

issue on grounds of cost and issues related to the effect on protection systems and public 
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safety. In considering this issue, it is worth remembering that part of the LV distribution 

network enters all domestic and most other premises in the local area and any delay in 

necessary disconnection is therefore to be avoided wherever possible. It is worth also 

considering the normal clearance times of protection systems generally employed on LV 

networks. These are generally significantly longer than the clearance times to be expected 

for HV disturbances. 

Taking all issues into account, it would appear preferable not to apply fault ride through 

obligations on generating units connected to LV networks. In practical terms, this has no 

disadvantage for the TSOs as the protection systems used with generating units connected 

to LV networks are unlikely to operate within the clearance times for disturbances on HV 

networks. However, for DSOs and public safety, avoiding this requirement will mean that no 

unnecessary delays will be built into the clearance of faulted LV networks. 
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4. Stakeholders’ Views 

4.1 General 

In section 3, the context of the NC RfG in the operation of electricity systems has been 

outlined and some of the conflicts that need to be addressed between the objectives of the 

various stakeholders identified. It was noted that the NC RfG is only a part of what is usually 

included in a network code, other parts being drafted by other drafting teams from ENTSO-

E. This approach has presented stakeholders with a major difficulty in establishing exactly 

what ENTSO-E’s aims are and how the approach that has been taken will affect them. 

Major issues for any system user seeking a connection to the TSO’s network or already 

connected to that network at the time a new code is prepared will include: 

a) The technical connection requirements specified in the connection code; 

b) How the connection requirements translate into operational requirements both on the 

user and the TSO; 

c) How the code will be applied to their connection (both technical connection 

requirements and operational obligations) on day 1; and 

d) How (all parts of) the code will be modified over time.  

The NC RfG is the first part of the overall network code that was drafted by ENTSO-E. 

Viewing this in isolation has presented a major difficulty for stakeholders identifying exactly 

what the impact on them will be. This situation was exacerbated by examples of apparently 

conflicting requirements or statements between the various documents, particularly in the 

early stages of drafting. As noted in section 3.1, the connection codes may detail extreme 

ranges of some parameters, with operational codes detailing planned normal and extreme 

circumstances within these ranges. A significant consultation process was undertaken as the 

NC RfG was being drafted, but the lack of visibility of key issues for stakeholders made this 

a difficult process for them to accept that their particular concerns have been addressed. 

During the discussions with stakeholders undertaken as part of this review, all parties 

described the earlier consultation process as unsatisfactory although they were prepared to 

move on and discuss the issues that remained for them in the current draft. One group of 

stakeholders, however, specifically requested that the notes of a discussion with them also 

recorded their stated dissatisfaction with the consultation process and the approach of 

ENTSO-E during it and others commented unfavourably about the late inclusion or 
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modification of requirements without the opportunity for proper consideration and comment 

by stakeholders before submission of the draft NC RfG to ACER for their opinion. 

Appendix A contains the agreed notes of meetings held with: 

a) ENTSO-E; 

b) Micro CHP Generators, represented by COGEN Europe and EHI; 

c) DSOs represented by Eurelectric, CEDEX, Geode and EDSO for Smart Grids; 

d) EU Turbines, representing turbine manufacturers; 

e) EUR, representing the Nuclear Generators;  

f) European Photovoltaic Industry Association; and 

g) Thermal Generators, represented by Eurelectric and VGB. 

Appendix B contains notes of meetings with other stakeholders who have not, to date, raised 

any objection to the points drafted, but neither have they provided their explicit approval to 

the version of notes included. These stakeholders include: 

a) ACER, represented by the NRAs taking the lead role regarding connection codes; 

b) European Wind Energy Association; and 

c) CENELEC. 

Meetings, teleconferences and telephone conversations were also held with representatives 

of individual stakeholders who had requested the opportunity to present information that 

would be inappropriate for discussion within a trade association environment. This 

information was presented with notes of confidentiality and is not recorded in this paper. 

Further discussions were also held with ENTSO-E and other stakeholders as prompted by 

the review activity.  

Other stakeholders sought the opportunity to prepare and submit position papers for 

consideration. These papers and position papers received from stakeholders following 

meetings are (unless attached to the notes of meetings as clarification of material therein) 

attached in Appendix C. 
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4.2 Outcome of Initial Project Consultation 

During the consultation process with stakeholders and the later period during which further 

representation was made to the project team, the issues raised fell into two distinct 

categories: 

a) Technical issues; and 

b) Non technical issues with a technical impact. 

The requirement of this project is to provide guidance, in as non-technical a manner as 

possible, on the technical issues that are raised by the NC RfG. It was, however, permitted 

for comment to be made on any appropriate non-technical issues without recommendations 

being proposed. In the preparation of this report, assessment and comment has been 

restricted to technical issues and non-technical issues that have a direct technical impact. 

Because of their technical impact, some issues that may be viewed as non-technical have 

therefore been considered on an equal basis as entirely technical issues. Comment has 

been made regarding other non-technical issues that will have a material impact on the 

operation of the code but, in accordance with the instructions for this review, attention is 

drawn to these issues without recommendation being made. 

While stakeholders raised a significant number of technical issues, many of the concerns 

expressed by stakeholders on technical issues have not referred to the technical 

requirements themselves but rather to what the technical requirements might become. What 

the stakeholders appear to be seeking is a robust amendment and approval procedure but 

they have not elucidated this and, on several points, are trying to make a case on the basis 

that any changes in the requirements of the code will not simply be enacted rather than 

being subjected to proper review and consideration before approval is given. What 

hypothetically might happen in the future cannot be a concern of this review. Therefore, 

where it is apparent that the lack of clear governance arrangements lie at the bottom of the 

issue raised, these hypothetical concerns have not been considered as individual technical 

issues, rather the governance arrangements are commented on as a non-technical issue in 

section 6.2.  

Another stakeholder comment concerns what they consider is the unbalanced nature of the 

code in that it gives the TSOs rights and places all the requirements and obligations on the 

stakeholders – i.e. the generators. The code is entitled the ‘Requirements for Generators’ so 

it is only to be expected that the requirements would be placed on the generators. The 

obligations of the TSO should be clearly identified in other codes within the overall 

framework of which the NC RfG is a part. However, there are certain issues where the 

current drafting of the NC RfG does appear unbalanced and these issues are addressed in 

the relevant technical issues in section 5 and under certain non-technical issues in section 6.  
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The principle responsibility of the TSOs under the NC RfG is to ensure in operating the 

system that the generators can and do meet their obligations to provide support to the 

system so that a secure electricity transport network is available for all users. ENTSO-E 

correctly note in part (8) of the ‘Purpose and Objectives’ of the NC RfG that ‘... system 

security cannot be ensured independently from the technical capabilities of Power 

Generating Modules. Regular coordination at the level of generation and adequate 

performance of equipment connected to the networks with robustness to face disturbances 

and to help to prevent any large disturbance or to facilitate restoration of the system after a 

collapse are fundamental prerequisites’. In other words Power Generating Modules provide 

one of the tools available to TSOs in order to carry out their role and ensure system security.  

As previously noted, in the form that the network codes have been drafted, the NC RfG is 

one of a suite of codes that together establish the arrangements for the use of the 

transmission system. While the NC RfG places obligations on generators, a number of the 

other codes - particularly the Operational Security and Load-Frequency Control & Reserves 

codes - will have clear requirements for the TSOs to fulfil. For many of the technical issues 

raised, the difficulty for stakeholders is not the technical issue itself – for example, there is 

particular technical relevance, considered in sections 5.1 and 5.1.3, regarding the combined 

effect of the use of the specified frequency and voltage ranges, not shown in NC RfG but 

correctly a matter for other codes – but it is the lack of clear harmonisation arrangements 

with the other network code documents that together with the NC RfG will establish a more 

usual complete network code. Harmonisation is therefore an important non-technical issue 

with significant technical relevance and is addressed in section 6.4. 

4.2.1 Technical Issues 

The technical issues raised by stakeholders include: 

a) Frequency Ranges; 

b) Active Power Output with falling Frequency; 

c) LFSM-O and LFSM-U ; 

d) Voltage ranges and the possible need for on load tap changers where not currently 

employed; 

e) Interaction of voltage ranges and reactive power capability requirements; 

f) Provision of reactive power as a means of voltage control; 

g) Fault Clearance Times; 
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h) Fast Reactive Power Injection and active power recovery; 

i) Fault Ride Through requirements as applied to LV Networks; 

j) Operation of NC RfG for LV connected generators; 

k) Conflicting requirements relating to the operation of protection systems; 

l) Industry Structure and the application of transmission rules to distribution networks; 

a) Compliance Requirements, including: 

i. Specification of requirements;  

ii. Compensation arrangements; and 

m) Practical Arrangements for Addressing Obligations placed on non-expert Parties.  

These issues are considered in section 5, in which the technical requirements of the NC RfG 

are assessed.  

4.2.2 Non Technical Issues  

The non technical issues raised by stakeholders include: 

b) Format/Legal status of the document; 

c) Arrangements for future modifications of the NC RfG; 

d) Retrospective application, including: 

i. Cost benefit analysis methodology; 

ii. Carry over of derogations under existing Grid Codes; 

iii. Funding of necessary changes where retrospective application occurs;  

e) Cross Code Harmonisation, in particular: 

i. NC RFG requirements vs TSO obligations in the NC LFC&R; 

ii. Harmonisation with requirements of NC Operational Security; 

iii. Harmonisation with requirements of NC Demand Connection; 
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f) Use of and impact on International and European Standards. 

These issues are considered in section 6, in which some of the non technical issues that the NC RfG 

raises are addressed. A number of stakeholders requested clear and detailed explanation of a 

number of issues. All other ENTSO-E NCs have had their Supporting Documents issued together with 

the Code. ENTSO-e developed a number of documents in parallel with NC RfG, but the preparation of 

one single supporting document addressing those issues where there is a lack of clarity would be 

helpful for the commitology process. 

4.2.3 Implementation Issues 

From a review of stakeholders’ comments within the ENTSO-E consultation process on the 

draft Code and later discussions with stakeholders’ groups, it is clear that a major concern 

for stakeholders is the potential for a wide range of values to be chosen by different TSOs 

for certain parameters and both ACER and ENTSO-E were asked at an early stage to 

canvass members for a ‘without prejudice’ view of the likely values to be selected. Initial 

conversations indicated that this was unlikely to result in responses that might be helpful in 

the review, informal views being expressed on behalf of both groups that values would still 

be established after the approval of the final document to ensure compliance with its 

requirements.  

Later discussions established that both organisations expected changes from current 

practice to be subject either to the current national arrangements for review of network 

codes until the day before implementation of the NC RfG or to review in accordance with the 

revised review arrangements detailed in the NC RfG. This view was repeated during the 

meetings recorded and for which notes of meeting are contained in the appendices. For the 

purposes of this review therefore, existing values have be assumed to continue beyond 

approval and stakeholders’ concerns been considered against the arrangements for change 

of values and for the ongoing management of the Code. 

ENTSO-E has indicated that in each location in the NC RfG that a range is indicated for non-

exhaustive requirements, this range has been selected to allow the TSO to insert its current 

value. ENTSO-E has indicated that this is a position to which it will hold. An initial 

comparison of the ranges in the NC RfG with the values indicated in ENTSO-E’s paper, 

“Network Code for Requirements for Grid Connection Applicable to all Generators – 

Requirements in the Context of Present Practices” indicates that a further review would be 

appropriate before making any recommendation and this will be undertaken over the coming 

month. In some parts of the code it is acknowledged that currently used values are quoted 

but it is noted that some conditions associated with these values are not included. In 

addition, there is little or no justification provided to support the proposed ranges being 

developed using the most extreme limits in the current practice without proper assessment 
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or for the use of some of those extreme values as these are usually associated with, or 

defined for, specific operational circumstances . 

A number of stakeholders expressed concern about the extent to which the NC RfG 

requirements do not match existing international or European standards. Others commented 

on the need for the development of standards that would facilitate the implementation of the 

NC RfG. These issues are briefly considered in section 6.4.2. 

4.3 Later Stakeholder Consultation 

Following submission by the Consultants of a Preliminary Report, EC DG ENER invited 

comment from ENTSO-E and stakeholders’ European Associations and held a Stakeholder 

Meeting on 16 September 2013. Papers provided by stakeholders during this period are 

included in Appendix G and non-approved Notes of the Stakeholder Meeting are included as 

Appendix H. A significant number of comments were made immediately prior to the 

stakeholder meeting – and could not be taken into serious consideration in time – or were 

received following that meeting. Some of these comments largely repeat earlier positions, a 

small number express an unexpected interpretation of the recommendations in the 

preliminary paper and others provide new information. All have been considered in the 

development of the recommendations in this report.   
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5. Assessment of Technical Requirements 

5.1 Frequency related issues 

5.1.1 Frequency ranges  

NC RfG Article 8.1.b – Table 2 Stakeholders Commenting EUR; Thermal Generators; 

Stakeholder Comment Key Analysis Proposal 

While concerned regarding 

extension of frequency ranges, 

stakeholders’ main concern is the 

combined effect of frequency and 

voltage ranges and, at the time of 

commenting, the lack of visibility 

of TSOs’ obligations to maintain 

the range of normal operation and 

minimise the time of operations in 

ranges beyond normal 

operational range.  

In many Network Codes, frequency, 

voltage and required period of operation at 

particular points are specified together, 

making clear the actual effect on the 

connected users. NC RfG specifies 

frequency and voltage ranges separately. 

ENTSO-E reasonably state that there is 

some interaction reflected in the NC RfG 

since, at any frequency and voltage 

combination it would be the lower time 

period for which a generating unit is 

requested to remain connected. 

However, any graphical representation of 

NC RfG frequency vs voltage would result 

in a series of squares whereas, IEC 

standards, recognising the technical 

limitations of equipments, do not result in 

such a representation.  

Recognising that the only 

obligation for generating units 

specified in the NC RfG is to 

remain connected and not to 

operate normally, it is 

proposed that the frequency 

ranges to be applied in NC 

RfG should follow IEC 

Standards. 

To allow for the correct 

representation of these 

standards, consideration 

should be given to 

incorporating frequency and 

voltage requirements into a 

single diagram. 

One stakeholder commented that 

the TSOs’ use of IEC 60034-

1:2010 as the basis of the 

extended range is flawed since 

the standard only applies to 

rotating plant and does not take 

account of interacting mechanical 

plant.  

The stakeholder’s comment is valid and 

correctly records that TSOs cannot expect 

power stations to operate normally across 

the specified range. However the only 

obligation applied by NC RfG is to remain 

connected. 
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Since frequency is shared by all 

equipment connected in and to 

the network, the extended range 

of frequency and voltage cannot 

be used by TSOs unless a case is 

made for retrospective 

application.  

Such a case for retrospective application 

must be made throughout the synchronous 

zone in which it is to apply. Without this, 

TSOs do not have ability to use the 

extended range until current power plants 

are retired. Many plants have an expected 

operational life of around 60 years.   

5.1.1.1 Background to the Issue 

Frequency is the only common parameter for the synchronous area and, accordingly, this is 

the technical aspect whose quality concerns equally network operators and all grid users. 

Network operators and, at the top of the power system control hierarchy, TSOs, are the most 

responsible entities for power system safe and reliable operation, which first of all means 

stable frequency and voltage. This is especially the case with the growing penetration of 

renewables in the electrical networks at various levels and it is clearly understood why TSOs 

require generating units to remain connected to their electrical grids as long as possible in 

case of frequency deviations7. From that point of view, the requirement for a relatively wide 

range of unlimited operation at frequency deviations between 49,00Hz and 51,00Hz 

introduced in the NC RfG is understandable. The position of the stakeholders during the 

consultations was very supportive – most of the stakeholders that commented on this 

requirement understood the point of view of the TSOs (and ENTSO-E) and focused their 

concerns on frequency quality parameters, i.e. on determination of the duration and, 

possibly, frequency of occurrence, of operations at frequency values beyond Standard 

Frequency Range and/or Maximum Steady-State Frequency Deviation. 

The frequency range proposed in the NC RfG for unlimited operations is wider than existing 

solutions in most of the national grid codes. Behind this proposal there was no proper 

justification from ENTSO-E beyond noting that the range specified was that of IEC 60034-

1:2010 for rotating electrical machines (Part 1: Rating and performance). However there was 

no strong opposition either, concerns primarily focusing on the potential combined impacts of 

the frequency and voltage ranges. There are number of the existing Grid Codes in Europe, 

including those in Germany, Switzerland and Sweden, where frequency and voltage 

requirements are presented in a single diagram indicating clearly conditions for operations 

under synchronously disturbed normal voltage and frequency ranges. An example, from the 

                                                

7
 Unlike for voltage deviations, where network operators may use their own resources for voltage control, in case of frequency 

all the control “tools” are with grid users, either generators or demand customers. 
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Swiss Grid Code is shown in Figure 3 below. It is noted that, when these combined impacts 

are established in codes in the ENTSO-E suite, they should reflect current practice if the 

commitment made by ENTSO-E and ACER regarding the change process is to be met. 

 

Figure 3: Power Output, Voltage and Frequency requirements for Generating Units 

On the other hand, the proposal for frequency range for unlimited operations is technically 

feasible since it is fully compliant with the IEC standard 60034-1:2010. This standard allows 

for operations of the rotating machines between 47.5Hz and 51.5Hz (applied in the NC RfG 
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for all synchronous areas except for GB), under the condition that operations in this 

extended range are limited in extent, duration and frequency of occurrence8. 

There is a need for caution, not apparent in ENTSO-E’s documentation, in the application of 

the frequency ranges specified in IEC 60034-1:2010. EUR raised this issue in the terms of 

the situation where individual equipments in a power station meeting the requirements of 

IEC 60034-1:2010 will not necessarily mean that the station as a whole is capable of 

operating throughout the specified frequency range. 

The standard is only applicable to rotating electrical machines (alternators, motors) and not 

the equipment mechanically connected to them (turbines, pumps, fans, compressors). When 

frequency drops, then the speed of the mechanical equipment reduces. The performance 

(power, flows, pump head etc) will be reduced. Power station engineers will take this into 

account when designing the auxiliary systems of the power plant to avoid power generation 

being affected when frequency drops. Particularly in the case of existing installations, the 

extension of the frequency range will not be as easy to apply as ENTSO-E suggest if normal 

operation is required. However, the specified requirement in NC RfG is to ‘remain connected’ 

and it is feasible that generating units, even if affected (within reason) by the interaction of 

mechanical and electrical equipment affected by frequency changes should remain 

connected.   

                                                

8
 NOTE 1: As the operating point moves away from the rated values of voltage and frequency, the temperature rise or total 

temperatures may progressively increase. Operation – particularly over prolonged periods - at increased temperatures causes 

premature aging of electrical plant, and can, at worst, result in catastrophic failure. For this reason, operators must manage the 

operating temperature of their equipment. Continuous operation at rated output at certain parts of the boundary of the shaded 

area causes temperature rises to increase by up to 10°K approximately. Generators will also carry output at rated power factor 

within the ranges of ±5 % in voltage and +3/-5 % in frequency, as defined by the outer boundary of Figure 1 but temperature 

rises will be further increased. Therefore, to minimize the reduction of the generator's lifetime due to the effects of temperature 

or temperature differences, operation outside the shaded area should be limited in extent, duration and frequency of 

occurrence. The output should be reduced or other corrective measures taken as soon as practicable. 
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Figure 4: Voltage and Frequency limits according to the IEC standard 60034-1 

Since most of the conventional power generating units use turbine driven generating units > 

10 MVA, IEC standard 60034-3 is more relevant concerning frequency and voltage 

operational ranges (see Figure 5 below). 

 

Figure 5: Voltage and Frequency limits according to the IEC standard 60034-3 

Limitations concerning power system operations within extended frequency ranges are the 

concern of the TSO. Accordingly, they should be defined in the NC LFC&R, as a TSO 

obligation concerning quality of the network (power system) operations. From the technical 

standards point of view, power frequency quality is defined according to the CENELEC 

standard EN 50160 as follows: 

“The nominal frequency of the supply voltage shall be 50 Hz. Under normal operating 

conditions the mean value of the fundamental frequency measured over 10 s shall be within 

a range of: 
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 for systems with synchronous connection to an interconnected system: 

50 Hz ± 1 % (i.e. 49,5 Hz... 50,5 Hz) during 99,5 % of a year; 

50 Hz + 4 % / - 6 % (i.e. 47 Hz... 52 Hz) during 100 % of the time, 

 for systems with no synchronous connection to an interconnected system (e.g. 

supply systems on certain islands): 

50 Hz ± 2 % (i.e. 49 Hz... 51 Hz) during 95 % of a week; 

50 Hz ± 15 % (i.e. 42,5 Hz... 57,5 Hz) during 100 % of the time.” 

This kind of frequency quality requirement determination is not unknown to national codes 

either. In the NC LFC&R, Article 11.4, Table 2 the Frequency Quality Target Parameter is 

clearly defined. This is the maximum number of minutes per year outside the Standard 

Frequency Range (e.g. for Continental Europe frequency deviation is +/- 50mHz, which is 

49,95 – 50,05 Hz).  

In the Article 11.3 Table 1 all Frequency Quality Defining Parameters of the Synchronous 

Areas should be defined but for some synchronous areas important parameters, or pairs of 

parameters defining frequency quality, are missing. For example, for Continental Europe, 

there is defined Time to Restore Frequency9 but it is not clearly indicated to what value, i.e. 

Frequency Range within Time to Restore Frequency10 value is not defined. On the other 

hand, the same Table 1 of the NC LFC&R does not define Time to Recover Frequency11, a 

parameter for which the target is very clearly defined (Maximum Steady State Frequency 

Deviation, which is, in case of Continental Europe, +/- 200mHz). Any other frequency quality 

criteria or defined limits for operation under the frequency beyond normal ranges may also 

be acceptable (see example from the Polish Grid Code12). Ideally, at least one pair of 

                                                

9
 Time to Restore Frequency means the maximum expected time after the occurrence of an imbalance smaller than or equal 

to the Reference Incident in which the System Frequency returns to the Frequency Range Within Time to Restore Frequency 

for Synchronous Areas with only one LFC Area; for Synchronous Areas with more than one LFC Area the Time to Restore 

Frequency is the maximum expected time after the occurrence of an imbalance of an LFC Area within which the imbalance is 

compensated; 

10
 Frequency Range within Time to Restore Frequency means the System Frequency range to which the System 

Frequency is expected to return after the occurrence of an imbalance equal to or less than the Reference Incident within the 

Time To Restore Frequency; 

11
 Time to Recover Frequency means the maximum expected time after the occurrence of an imbalance smaller than or 

equal to the Reference Incident in which the System Frequency returns to the Maximum Steady State Frequency Deviation. 

12 Article II.B.3.3.1.23.of the Polish Grid Code from 2010: “The generating units should have the option of operating within the 

frequency range from 49,0 to 48,5 Hz continuously though 30 minutes, a total of 3 hours per year; from 48,5 to 48,0 Hz 
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parameters for each synchronous area should be defined in the NC LFC&R, Article 11.3, 

Table 1: either Time to Recover Frequency and Maximum Steady State Frequency 

Deviation, or Time to Restore Frequency and Frequency Range within Time to Restore 

Frequency. The best possible option is to determine both. If these quality parameters and 

targets for the TSO were clearly defined, Table 2 in Article 8 of the NC RfG, as currently 

proposed, would be more acceptable to stakeholders. It is however recognised that possible 

changes to the NC LFC&R are outside the terms of Reference for this review but it is noted 

that the interaction of the various codes is important for stakeholders and should be 

considered by NRAs when approving codes introduced by TSOs. 

5.1.2 Active power output with falling frequency 

NC RfG Article 8.1.e Stakeholders Commenting EU Turbines, EUR, 

Thermal Generators 

Stakeholder Comment Analysis Proposal 

This issue has been introduced 

into national network codes by 

some, but not all, TSOs and is a 

particular issue relating to 

penetration of (relatively light) 

CCGTs lacking the inertia 

associated with traditional 

synchronous generating units. 

EU Turbines note that this is 

maintained as a non-exhaustive 

requirement. Different TSOs 

have taken different approaches 

to specifying what are similar 

requirements and that the 

overall effect of complying with 

the full ranges as specified 

would result in significant 

derating of equipment. EU 

Turbines effectively seek the 

detailed specification by the 

This issue is valid for TSOs with higher 

penetrations of CCGTs on their networks. 

Ideally, a common approach should be taken 

by TSOs to what is a common problem. 

The proposed ranges in the current drafting do 

not guarantee that the intrinsic operational 

characteristics of CCGTs will be taken into 

account in setting non-exhaustive 

requirements. 

Greater detail is required to clearly identify the 

actual requirements in a manner that can be 

met by equipment designers.  

Thermal generators operate by producing 

steam used to operate turbines. To maintain 

the flow of steam requires that the flow of 

water to boilers is maintained at the 

appropriate rate. This requires the operation of 

boiler feed pumps whose mechanical ability 

will be affected by the falling frequency applied 

The requirements should be 

more completely defined, 

particularly with obligations 

placed on TSOs and NRAs 

to take account, when 

setting non-exhaustive 

parameters, of ambient 

temperatures and the 

technical capabilities of 

relevant technologies. This 

could be achieved by 

extending the compliance 

section of the NC RfG in a 

manner similar to that of the 

GB Grid Code to more 

clearly define the required 

characteristics of gas 

turbines operating at falling 

frequencies, but must also 

take account of the need to 

safely manage the 

                                                                                                                                                  

continuously through 20 minutes, a total of 2  hours per year and within the range from 48,0 to 47,5 Hz through 10 minutes,  a 

total of 1 hour per year”. 
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manufacturer of what is 

achievable by a particular 

machine and for the TSO to 

take account of this 

specification in system 

operation.  

Other stakeholders raise the 

issue of the effect of frequency 

on the operation of electric 

motors connected to 

mechanical equipment required 

to operate in a specific manner 

if power output is to be 

maintained. This issue is 

discussed in section 5.1.1.  

to their electric drives. 

This is one of the frequency related issues that 

has to be taken into account by designers at 

the initial development stage, and may make 

retrospective applications difficult if not 

impossible.  This issue cannot be decoupled 

from ENTSO-E’s wish to extend upwards the 

maximum frequency range. A pump operating 

to ensure sufficient pressure to meet ENTSO-

E’s wish for active power to be maintained at 

low frequencies will produce higher pressures 

at ENTSO-E’s proposed extended high 

frequency range. 

As in the case of the issues raised by EU 

Turbines, this requires clearer definition than 

contained in the NC RfG as currently drafted. 

operation of pressure 

vessels. 

 

5.1.2.1 Background to the Issue 

The definition of requirements for maintaining active power output with falling frequency is 

one of the newer issues included in several grid codes but not yet all.  As noted in section 

5.1.1, there can be concerns regarding this requirement depending on how the specified 

frequency ranges for power stations as a whole interact with the standards applicable to 

individual power station elements. 

In addition, this is an area where the ENTSO-E approach of defining requirements for all 

technology types without discrimination may inadvertently result in discrimination. 

Representations were made by EU Turbines regarding the potential impact of this 

requirement on the efficiency of operation of gas turbines where the unqualified limits shown 

in the NC RfG may require a significant derating of plant to meet what is an infrequent 

requirement. EU Turbines provided the figure included in Figure 6, which shows how the 

power output of a typical unit would vary according to frequency and ambient temperature.         
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Figure 6 – Active Power Output of a Typical Gas Turbine with falling Frequency
13

 

The turbine manufacturers propose that details of the intrinsic operational features of each 

unit are provided to the TSO, leaving the TSO to address all the issues relating to the 

operation of the unit in abnormal circumstances – precisely the time it will be least able to do 

so. However, they also note that the GB Grid Code, which they identify as including the most 

stringent requirement in this respect, includes additional details of the compliance 

requirements that are not included in the NC RfG. CCGTs installed in GB during recent 

years have had to comply with this requirement and the manufacturers have been 

developing technical measures to compensate the physical output drop as detailed in the 

more extensive compliance specification included in the GB grid code as shown in  Figure 7. 

 

 

 

 

 

 

 

Figure 7: Compliance Criteria for Active Power Output with Falling Frequency 

                                                

13
 Source: EU Turbines. The temperature curve applicable to the operation of a gas turbine is unit specific. 
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Recognising: 

i. That the open ended specification currently included in the NC RfG is 

a genuine concern for turbine manufacturers; 

ii. That TSOs with a significant gas turbine penetration in the generation 

mix genuinely require an obligation of this type; 

iii. That the proposal that TSOs manage the disparate variety of units’ 

behaviour during times of disturbance is considered impracticable; 

iv. That the turbine manufacturers have managed to comply with a fuller 

definition of compliance requirements; 

it is recommended that a more complete definition of requirements should be introduced 

taking account of the technical capabilities of existing technologies, particularly at different 

ambient temperatures. This could be achieved by extending the compliance section of the 

NC RfG in a manner similar to that of the current GB Grid Code to more clearly define the 

required characteristics of gas turbines operating at falling frequencies.    

5.1.3 LFSM-O and LFSM-U 

NC RfG Article 8.1.c, 8.1.e, 10 Stakeholders Commenting COGEN Europe; EUR;  

EU Turbines; 

Stakeholder Comment Analysis Proposal 

EUR note that Nuclear 

Generators have traditionally 

been exempted from Limited 

Frequency Sensitive Mode 

operation for both 

Overfrequency and 

Underfrequency and the ability 

– in article 10.2.b.1 – for TSOs 

to require changes to settings 

without reference to other 

parties is a major issue. These 

settings are considered as 

part of the safety case for 

operation of nuclear power 

plants. 

To allow the control of system frequency, 

requirements similar to those in the NC RfG 

have been applied. Recognising the overall 

generation mix, and that this is not essential 

from all generators, nuclear generators and 

smaller units have traditionally been exempted, 

the obligation falling on larger thermal and 

hydro-electric generators. 

As the generation mix has changed, TSOs 

have been forced to reconsider these 

exemptions – evidenced by the introduction of 

randomised disconnection of micro CHP units 

as a means of exercising some LFSM-O 

control. However, while this is a stage better 

than no control whatsoever, it is a one way 

operation which requires real frequency control 

by other generators. As the generation mix 

changes further, this is not a sustainable 

For most generators, this 

requirement should remain as 

drafted. 

LFSM-U settings for nuclear 

generators should be 

established when the 

business case is being 

developed and remain 

unchanged after the safety 

case has been finalised – 

unless a clear justification 

which takes account of the 

nuclear safety issues is later 

established. (LFSM-O is 

stated not to be an issue for 

nuclear generators). 

In general, CHP schemes 

should be designed to allow 

EU Turbines note that, 

traditionally, CHP schemes 

have been exempted from this 
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requirement and compliance 

would cause considerable 

difficulty for CHP operators 

where the main purpose is the 

operation of industrial 

processes and the input 

required by these processes is 

closely related to the control of 

electricity generation. 

solution allowing reasonable expectation of 

system stability.  

The argument for or against randomised 

disconnection of small units must be 

considered from an overall system 

perspective, taking account of the operating 

regime of small generating units already 

connected to the system. In a study on the 

impact of dispersed generation on overall 

system security
14

, ENTSO-E record the work 

being undertaken in some Member States to 

retrofit basic frequency controls to existing 

installations and outline the need for this to 

continue. In currently foreseeable conditions, 

system stabilisation could require the operation 

of first stage load shedding and therefore it is 

considered prudent that future installations 

(which, following current energy policy, will be 

the major contributor of new capacity) should 

be required to more effectively contribute to 

overall frequency control.    

The number of nuclear plants likely to be 

constructed in the immediate future is small 

and the practice of exempting this requirement 

in deference to the nuclear safety case is 

appropriate and can be handled by derogation. 

NC RfG allows the possibility of exempting 

those CHP schemes disadvantaged by other 

requirements of the NC RfG and consideration 

should be given to extending this exemption to 

these requirements for the very small number 

that would be genuinely disadvantaged. This 

can be handled by derogation, and it is 

recommended that greater clarity regarding the 

ability for this approach to be adopted should 

be included in Article 3.6.g or Article 3.6.h of 

the NC RfG. 

compliance with the 

requirements as specified, 

but Article 3.6.h should be 

modified to allow exemption 

from LFSM-O requirements 

for the very small number of 

CHP schemes that cannot 

reasonably comply. This may 

reasonably be coupled with 

an obligation to disconnect as 

may be permitted by Article 

3.6.g where the equivalent 

CHP scheme would be 

adversely affected by system 

disturbances.  

COGEN Europe note that a 

much simpler arrangement for 

micro CHP sets to disconnect 

randomly where frequency 

increases and the operation of 

LFSM-O is required has been 

introduced for some TSOs 

and this solution has been 

ignored by the TSOs. 

 

                                                

14
 ENTSO-E: Dispersed Generation Impact on CE Region Security, Dynamic Study Final Report, Brussels  22 March 2013 
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5.1.3.1 Background to the Issue 

A number of representations were made regarding the requirements for Limited Frequency 

Sensitive Mode operation at Over-frequency and Under-frequency, and this can be a fairly 

complex area. At the level of principle, this is a reasonable requirement and the 

requirements specified in the NC RfG are reasonable when compared with the requirements 

of existing grid codes. With modern controls on new equipments, it is expected that the 

range of requirements specified in the NC RfG should be capable of being met. A major 

issue is the possibility of their application to units that have previously been exempted. 

One group that have historically been exempted from at least parts of this requirement are 

nuclear generators and EUR have made representation based on the opportunity contained 

in the NC RfG for TSOs to require changes to settings without reference to other parties.  As 

the applied settings are taken into account in the development of the safety case for nuclear 

stations, clearly this is not appropriate and the most that TSOs should reasonably expect is 

the ability to specify general settings applicable for nuclear stations prior to the business 

case for their construction being developed. EUR is concerned that TSOs may require 

retrospective application of this requirement to existing nuclear installations, but it is 

considered that any reasonable review process would ensure that such a proposal would 

fail. 

CHP schemes have often been exempted from this requirement but the drafting of the NC 

RfG applies this requirement to CHP schemes. While recognising the TSOs’ reasonable 

need for extending the applicability of requirements of this type to previously exempted 

installations as the proportion of large synchronous generating units decreases, whether or 

not it is appropriate and reasonable to apply these requirements to a CHP scheme depends 

entirely on the nature of the specific scheme. The applicability of the NC RfG to CHP 

installations is considered more fully in section 6.3.  

A proposal has been made for the modification of the LFSM-O requirements as applied to 

micro CHP schemes to allow the random disconnection of such units as frequency rises. 

The concerns raised by the proposers of this change regarding the applicability of the NC 

RfG active power control requirements, with a large droop range and threshold and settings 

to be determined by the relevant TSOs, to micro generating units are recognised. It is also 

recognised that the random disconnection of many small units will simulate a droop 

characteristic for the total group. However, adopting this approach, the ‘random’ 

disconnection settings would still need to be managed to achieve the linear power-frequency 

curve as a group and it is not clear how this would realistically be achieved. 

One major disadvantage of the proposed arrangement is that it is unidirectional: 

disconnection at a certain frequency but not reconnection with the same active power 

immediately when the frequency drops and this would impact the ongoing stability of the 
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power system. The proposal refers to VDE-AR-N 4105, applicable in Germany, which states 

that “non-variable” power generating systems are permitted to disconnect…a uniform 

distribution and to the German SysStabV which “…allows…randomized disconnection in 

case of technical restrictions at the generating unit level”. Having considered this issue it has 

been concluded that this proposal does provide an improvement over what has previously 

generally existed but, as a unidirectional operation it does not present a long term solution to 

the issue which has faced ENTSO-E in drafting the NC RfG – the need, to ensure stability of 

the overall power system, that many small installations, previously exempted from 

obligations relating to stabilising the system must in future be capable of contributing to the 

system support requirements. For these reasons, it is recommended that the NC RfG 

requirements in respect of LFSM-O should apply to CHP units as they are specified where, 

as considered in section 6.3, it is appropriate that the CHP scheme is not exempted.   

5.2 Voltage/Reactive Power related issues 

5.2.1 Voltage ranges 

NC RfG Article 11.2.a.1 Tables 6.1 

and 6.2 

Stakeholders Commenting EUR;  EU Turbines; 

Stakeholder Comment Analysis Proposal 

Stakeholders have 

concerns regarding the 

increase in the upper 

voltage limits proposed 

by ENTSO-E for all of 

Continental Europe and 

the extended duration of 

possible overvoltage that 

generating units would 

be required to withstand.  

Stakeholders note that, 

without retrospective 

application which has 

been ruled out without 

existing or future 

modification procedures 

being followed, since 

voltage is shared 

between multiple 

connections, the 

application of ENTSO-

All equipment is designed with a 

particular upper voltage withstand value 

for normal operation and a frequency 

operating range. These are clearly stated 

in international standards. These 

standards are also clear that operation 

outside of these parameters at some 

point is inevitable, but that deviation 

should be limited in value, and duration 

and frequency of occurrence. 

Applying ENTSO-E’s proposals as stated 

will have an adverse impact on 

generating units. Establishing a 

meaningful cost would require some 

information regarding the frequency of 

excursion from current normal practice 

and this is not available from the ENTSO-

E documentation. Indeed, the ENTSO-E 

drafting would allow significant deviation 

indefinitely, and this is clearly not in the 

interests of transmission equipment 

1. Proposed duration of the additional 

overvoltage range of 1.118 pu – 

1.15 pu for the Type D power 

generating modules in Article 11, 

Table 6.1 for Continental Europe, 

which is currently intended “... to be 

defined by the TSO while 

respecting the provisions of Article 

4(3), but not less than 20 minutes”, 

should be “defined by the TSO 

while respecting the provisions of 

Article 4(3), with the maximum 

period being in a range of 20 – 40 

minutes”.  

2. Proposed duration of the additional 

overvoltage range of 1.05 pu – 

1.0875 pu for the Type D power 

generating modules in Article 11, 

Table 6.2 for Continental Europe, 

which is currently supposed “... to 

be defined by the TSO while 
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NC RfG Article 11.2.a.1 Tables 6.1 

and 6.2 

Stakeholders Commenting EUR;  EU Turbines; 

Stakeholder Comment Analysis Proposal 

E’s proposals cannot 

take effect until all 

existing equipment has 

been retired. 

owners or other stakeholders.   

ENTSO-E has provided no information 

regarding the benefit of the proposal 

beyond stating that there are TSOs in 

Continental Europe that already apply the 

higher voltage limits. However, if there 

are TSOs where the higher limits are 

applied, this is a justification for their 

continued application by these TSOs, not 

for Continental Europe as a whole. 

ENTSO-E has indicated that a derogation 

to allow those TSOs where the higher 

limits are used – and for which equipment 

is currently designed to operate – to 

continue to apply existing conditions 

without the same rules being capable of 

application by other TSOs, unless cost 

justified, would be unacceptable. In this 

situation it is appropriate that the 

ENTSO-E proposal is rejected and the 

conditions specified in international 

standards applied. 

At the stakeholder meeting on 16 

September 2013, an amendment to this 

section was proposed that was not 

approved during the meeting, but neither 

was it rejected.  The consultants have not 

undertaken any analysis on this proposal 

beyond noting that it more generally fits 

both with appropriate standards (which 

are not absolutely consistent) and with 

established practice. It is therefore 

proposed as a solution on the basis that it 

appears to have acceptance. 

respecting the provisions of Article 

4(3), but not less than 60 minutes”, 

should be “defined by the TSO 

while respecting the provisions of 

Article 4(3), with the maximum 

period being in a range of 40 – 80 

minutes”. 

3. The additional overvoltage range of 

1.0875 pu – 1.10 pu for the Type D 

power generating modules in 

Article 11, Table 6.2 for Continental 

Europe, should be deleted. 

4. Drafting should be introduced 

permitting the reinstatement of the 

additional overvoltage range of 

1.0875 pu – 1.10 pu for the Type D 

power generating modules in 

Article 11, Table 6.2 for parts of the 

networks of individual TSOs in 

Continental Europe where it is 

required for network configuration 

reasons, as approved by the NRA, 

provided it is neither detrimental to 

the operation of the power system 

nor to the operation of the internal 

market. 

Representing voltage and frequency 

arrangements together as outlined in 

section 5.1.1 should also be 

considered. 

 

5.2.1.1 Background to the Issue 

The draft NC RfG proposes voltage ranges for mandatory continuous or time limited 

operations separately for different classes of grid users (different connection point voltage 
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level) and for different synchronous zones. ENTSO-E used a standard approach by trying to 

accommodate most of the existing requirements from the national codes in the proposed 

operational voltage ranges.  

The proposed voltage ranges for unlimited operation and for limited operation in the 

undervoltage zone are more or less standard and in line with the existing requirements, both 

in terms of voltage magnitude and time duration. On the other hand, the proposed ranges for 

operation in the overvoltage area seem to be beyond current practices, in particular for the 

400kV voltage level. The main concerns are not related to voltage levels but rather to the 

duration of overvoltage that generating units could be exposed to. The proposed 1.05 pu - 

1.10 pu overvoltage range with a duration greater or equal to 60 minutes is relatively high 

and may have significant impact on generating units.   

In principle, voltage ranges for operation of the “...AC transmission, distribution and 

utilization systems and equipment for use in such systems with a standard frequency of 

50Hz having a nominal voltage above 100 V...” are determined according to the technical 

standard CENELEC EN 60038:2011. Section 3.9 of this standard specifies the highest 

voltage for equipment with respect either to insulation or to other characteristics which may 

be linked to this highest voltage in the relevant equipment recommendations. Based on this 

document (Article 4.4 Table 4 and Table 5), the maximum voltage for equipment is 123kV at 

110kV nominal voltage (1.118 pu), 245kV at 220kV (1.1136 pu) and 420kV at 380kV nominal 

voltage (1.10526 pu).  

Similarly, IEC standard 60034-1:2010 (Part 1: Rating and performance, Page 34, Figure 11) 

is rather strict concerning limitations of voltage fluctuations for rotating machines (see Figure 4 

above). This standard allows unlimited operations under voltage fluctuations of +/-5% from 

the rated voltage and time limited operation under voltage fluctuations between +/-5% and 

+/-8% from the rated voltage.  

The standard IEC 60034-3, which is applicable to gas and steam turbine driven generating 

units with P>10 MVA (the most common conventional power plants), is even more restrictive 

concerning voltage excursions as is shown in Figure 5 above. A frequency excursion limit of 

49-51 Hz continuously, and 47,5-51,5 Hz should be possible but limited in time and 

occurrence. The difference with the other two figures is that the voltage is limited to +/-5% 

instead of +/-8%. 

On the other hand, the ENTSO-E justification (offered in the document ‘Requirement in the 

context of current practice’) that EN 60034-1/3 refer to the generator voltage in contrast to 

the NC RfG where the voltage range is defined at the Connection Point, which is the correct 

location for network code obligations to be determined. For transmission and distribution 

networks of more than 20 kV, generating units will be connected by means of step-up 

transformers. Reactive power flows will result in additional voltage variations at the 
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generating unit terminals on top of the voltage variations at the Connection Point. When on 

load tap changers are installed on the step-up transformers, these variations can be 

compensated during operation.  

The explanation given in the ENTSO-E document ‘Requirement in the context of current 

practice’, based on the Cigré report ‘WG 33.10, Temporary Overvoltages: Withstand 

Characteristics of Extra High Voltage Equipment, Electra No.179 August 1998, pp. 39-45’, 

shows a maximum overvoltage of 1.15 pu for 20 minutes based on the test results (these 

results are, however, for electrical equipment other than generating units). Also, it is unlikely 

that overvoltage on an overhead line may damage the power line equipment. On the other 

hand, insulation on HV XLPE-cables, which are frequently used for internal connections in 

generation plants, should not be exposed to overvoltages beyond limits determined by the 

relevant standards (and individual manufacturers) for an extended time period. Operation at 

440kV is not a problem for alternators in new plants because they are connected to step-up 

transformers and one can choose the voltage ratio accordingly. However, for existing plant 

and also for the transmission grid itself it will not be acceptable to operate at this level, 

unless special provision has been made in equipment design and construction to 

accommodate higher voltages than are normally specified. Most of the relevant network 

equipment (circuit breakers, transformers etc) ratings are based on IEC maximum voltage of 

420 kV.  
The basic approach in this assessment is that system users (mainly generators) and network 

operators should, at the system level, contribute equally to voltage control, subject to the 

circumstances at individual connection points. Similar to the frequency, the voltage level at 

the connection point is an issue of the power system performance quality. For power system 

security reasons, generating units must be capable of withstanding certain voltage 

deviations, either for an unlimited or for a limited period of time. Also, generators are usually 

obliged to offer and provide voltage control at the connection point to the electrical grid, with 

or without compensation. Once all the voltage control measures based on contributions from 

generators are exhausted or when the generating unit is out of operation for any reason, the 

voltage level at the connection point is solely the responsibility of the TSO and other 

available voltage control ‘tools’ must be employed. Unfortunately, this issue is addressed 

only in the NC Operational Security, Article 10 but without clear determination of the TSO 

obligations concerning time limits for restoration of voltage at the connection point.   

IEC standard 60076-1:2011 for Power Transformers in section 5.4.3 specifies ‘Operation at 

higher than rated voltage and/or at other than rated frequency’, and its conclusion means 

that at rated frequency the voltage should not be higher than 105% of its rated value. 

Therefore, 110 % and 115% require special arrangements. This is not only applicable for 

step-up transformers but also for other transformers in the grid. 
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The details of this section 5.4.3 are presented in the text below: 

‘Methods for the specification of suitable rated voltage values and tapping range to 

cope with a set of loading cases (loading power and power factor, corresponding line-

to-line service voltages) are described in IEC 60076-8.  

Within the prescribed values of Um, for the transformer windings, a transformer shall 

be capable of continuous operation at rated power without damage under conditions of 

'overfluxing' where the value of voltage divided by frequency (V/Hz) exceeds the 

corresponding value at rated voltage and rated frequency by no more than 5 %, unless 

otherwise specified by the purchaser.  

At no load, transformers shall be capable of continuous operation at a V/Hz of 110 % 

of the rated V/Hz.  

At a current k times the transformer rated current (0 < k < 1), the overfluxing shall be 

limited in accordance with the following formula:  

 

 



If the transformer is to be operated at V/Hz in excess of those stated above, this shall 

be identified by the purchaser in the enquiry.’ 

The above mentioned limitations to overfluxing are clearly limited to a maximum of 105% at 

full load. This means that at rated frequency the voltage should not be higher than 105% of 

its rated value. Therefore, 110 % and 115% require special arrangements and shall be dealt 

with when specifying and ordering transformers. This is not only applicable for step-up 

transformers but also for other transformers in the grid. 

Based on the considerations presented above, taking into account explicit definitions of the 

international standards and with respect to the justification and exemption raised by ENTSO-

E in the ‘Requirement in the context of current practice’, the following conclusion was 

reached: 

 Voltage stability is a common benefit for network operators and grid users, 

therefore all involved parties should employ their best efforts and available resources 

to maintain it within acceptable limits,  

 There is a reasonable and justified need by the TSOs that generating units 

remain connected to the grid beyond normal operational voltage ranges,  
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 Long and/or frequent operation under significant overvoltages may seriously 

damage generating units and/or associated electrical equipment; therefore, network 

rules have to limit overvoltages beyond standard values not only by their magnitude 

but also by time of their duration and frequency of their occurrence, 

In the existing NC RfG text, maximum sustainable overvoltages for unlimited operation of 

Type D power generating modules, as defined in the NC RfG Article 11, Table 6.1, for the 

generating units connected at voltage levels between 110kV and 300kV (excluding 300kV), 

and in the Article 11 Table 6.2, for the generating units connected at voltage levels between 

300kV and 400kV, are within the limits of international standards except for the Baltic States, 

which operate in a different interconnection. The critical issue in this regard is the time limits 

for operations beyond standardised values for sustainable voltage, in particular Table 6.1. 

which prescribes an additional overvoltage range of 1.118 pu – 1.15 pu for Type D power 

generating modules for Continental Europe, with the duration to be defined by the TSO while 

respecting the provisions of Article 4(3), but for ‘not less than 20 minutes’, which opens the 

possibility for determining a longer, possibly unlimited duration. There is a similar case in the 

Table 6.2, again for Continental Europe, for additional overvoltage range 1.05 pu – 1.0875 

pu for Type D power generating modules for Continental Europe, with the duration to be 

defined by the TSO while respecting the provisions of Article 4(3), but for ‘not less than 60 

minutes’, which again opens the possibility for determining a longer, possibly unlimited 

duration, of the overvoltage. Both these values are beyond existing international standards 

and, even if a TSO, viewing the issue, might wish a requirement for generating units to be 

able to withstand certain overvoltages from the system security point of view, such a 

requirement utilised on a regular basis is clearly contrary to the interests of the generator. 

IEC 60034-1 and IEC 60034-3 both acknowledge that in practical applications and operating 

conditions, it may be necessary to operate a generating unit outside the recommended limits 

but that such operation should be limited in extent, duration and frequency of occurrence but 

that corrective measures, specifically reduction in output, should be taken as soon as 

possible.15  This is the approach taken, for example in the Swiss Grid Code as shown in 

Figure 3 above, where the maximum voltage to be sustained is 1.15pu for at least 30 minutes 

at normal frequency but with the withstand duration and output power significantly reduced 

outside the normal frequency band. Where on load tap changers are used, as considered in 

section 5.2.2, this issue becomes one of transformer overfluxing which, as discussed above, 

is a result of the combined effects of frequency and voltage.  

                                                

15
 See IEC 60034-1, section 7.3, Note 1 and IEC 60034-3, section 4.6, Note 1. 
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Currently, NC RfG does not consider the combined effects of frequency and voltage 

variations on the operation of the generating unit. When determining the duration and 

acceptable frequency of occurrence of overvoltages alone, TSOs cannot apply the same 

maximum values as may reasonably be selected where voltage level, frequency and power 

output are viewed in combination. Initiating a change to declared operating ranges now, 

without declaring retrospective application, would mean that they cannot be used effectively 

until sufficient existing generating units are decommissioned as would allow an appropriate 

CBA to be positive. However, where it is demonstrated that these extended operating ranges 

are currently used, it is reasonable to include provisions that allow the investment in non-

standard equipment to be utilised.  

5.2.2 On Load Tap-Changers 

NC RfG Articles 11.2.a.1 Tables 6.1 and 

6.2, and 13.2.b.2  

Stakeholders Commenting EUR;  Thermal 

Generators; 

Stakeholder Comment Analysis Proposal 

Both EUR and Thermal 

Generators raised concerns 

regarding the drafting of 

sections of the NC RfG which 

inferred that the provision of on 

load tap changers (OLTCs) 

would be required at all 

installations. Both drew 

attention to the results of a 

Cigré study which indicated 

that 42% of transformer faults 

were related to failures of or 

within OLTCs. 

The source of this issue is the extended high 

voltage range specified for RGCE in Tables 6.1 

and 6.2 relating to Article 11.2.a.1 and the format 

of the voltage vs reactive power profile shown in 

Figure 7 and relating to Article 13.2.b.2. To meet 

these requirements in full would require the use 

of OLTCs at all connections.  

Currently, OLTCs are in normal use in some 

Member States but they are not used in other 

Member States. However, in the Member States 

where OLTCs are used, the transformers would 

generally need to be replaced by transformers 

fitted with OLTCs having an extended tapping 

range, when compared with those that are in use, 

because of the extended voltage range that had 

been proposed. 

As voltage is shared at a local network level, the 

requirement would need to be retrospectively 

applied or its use delayed until enough 

equipment had been retired to allow a realistic 

CBA to be positive. 

ACER and ENTSO-E have both indicated that 

the values to be used in the NC RfG should 

match the equivalent requirements on the day the 

NC RfG enters into effect or a full proposal 

As the arrangements which 

would concern 

stakeholders have been 

ruled out by both TSOs 

and NRAs, no changes are 

proposed. However, it is 

recommended that, where 

OLTCs are required, this 

should be clearly stated 

and not left to be inferred. 

NRAs should be required 

to ensure that the voltage 

ranges selected by TSOs 

in Article 11 correctly 

reflect current practice in 

the use of OLTCs, 

including the tapping range 

in normal application or 

that the appropriate 

change review is 

undertaken. 
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NC RfG Articles 11.2.a.1 Tables 6.1 and 

6.2, and 13.2.b.2  

Stakeholders Commenting EUR;  Thermal 

Generators; 

Stakeholder Comment Analysis Proposal 

developed for the introduction of new 

arrangements and that this would be subject to 

regulatory review. No such proposal has been 

developed and therefore the arrangements 

established by the TSOs much match existing 

arrangements. Provided this position is held, the 

issues raised by the stakeholders cannot 

therefore arise. 

5.2.2.1 Background to the Issue 

A number of stakeholders commented on the need for the installation of On Load Tap-

Changers (OLTCs) if the voltage ranges proposed by ENTSO-E were to be met. Some 

commented on the findings of an old Cigré study that concluded that over 40% of 

transformer faults were tap changer related. While no evidence has been reviewed, it is 

acknowledged that the findings of this report are probably still an appropriate conclusion but 

it is also anticipated that transformer faults are not the major cause of non-availability of 

generating units. Currently, OLTCs are generally used in some Member States but not in 

others. ENTSO-E and ACER have made it clear that the voltage range values to be used in 

each Member State will be those ranges currently applied and, for so long as this position is 

maintained, there is no need for any change to current practice.  

Therefore, an analysis of the proposals concerning voltage ranges and AVR devices did not 

develop any need for amendment to the existing NC RfG requirements and it is proposed 

that the existing text in the NC RfG is maintained. In doing so, the implications for the 

drafting of the NC RfG in respect of reactive power capability considered in section 5.2.3 are 

recognised. 
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5.2.3 Reactive Power Capability  

NC RfG Article 13.b.2 Figure 7 Stakeholders Commenting Thermal Generators, EUR and 

EU Turbines 

Stakeholder 

Comment 

Analysis Proposal 

Stakeholders comment 

that the limits proposed 

by ENTSO-E for 

reactive power 

capability are outside 

the physical 

capabilities of 

synchronous 

generating units  

The stakeholders 

comment is valid in all 

cases where on-load 

tap-changers are not 

used. 

The drafting should be modified to allow the existing Figure 7 

to continue to be used in TSO areas where it is currently 

standard practice for on-load tap-changers to be used 

provided it is normal to employ a sufficient tap range. In other 

TSO areas, the figure should be amended as shown
16

.   

 

Figure 8: Voltage/Reactive Power Profile without OLTC 

 

5.2.3.1 Background to the Issue 

The requirements for reactive power capability are determined for synchronous power 

generating modules of types C and D for operations at maximum capacity. Similar 

requirements are determined for power park modules also of C and D types but separately 

for operations at maximum capacity and below maximum capacity. The reactive power 

capability at maximum capacity is defined in the U-Q/Pmax diagram, while reactive capacity 

at the power output below maximum capacity is given in the P-Q/Pmax diagram.  

                                                

16
 This figure is the alternative figure proposed by Eurelectric Thermal Generators that reflects the extremes proposed by 

ENTSO-E. To ensure that there could be no claim of discrimination, Eurelectric proposed a similar alternative figure for Power 

Park Modules. While recognising that this is a desirable approach, since the change recommended here is based on the 

capabilities of a technology, extending the change to other technologies has not been considered. 
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Being aware of the importance of this issue for power system operations and security, the 

stakeholders appear only to have commented on areas in these diagrams where there are 

significant technical constraints preventing operation of their PGMs or where operation under 

those circumstances may jeopardise their safety provisions or have serious impact on 

operational or design (or R&D) costs. The fact is that standard generating units cannot 

supply high reactive power at high grid voltages because of the too high generator voltage 

caused by the impedance of the step-up transformer and too high excitation current. Also, 

the absorption capability of reactive power by the generating unit at low grid voltage is less 

than required because the generator voltage would be too low. Consequently, operation of 

those generating units in lower left and upper right areas of the proposed envelopes is not 

recommended by equipment manufacturers as shown in the voltage/reactive power profile in 

Figure 9 and recognised in the requirements currently contained in the different national 

codes, presented for justification by ENTSO-E in the document ‘Requirement in the context 

of current practice’. Compliance with the requirements shown in the NC RfG, and included in 

red in Figure 9, is possible with the use of on load tap-changers with sufficient tapping range, 

which are not always available even where it is normal practice to install on load tap 

changers.  

 

Figure 9: Voltage/Reactive Power Profile of a Typical Synchronous Generating Unit   

 

The justification by ENTSO-E that the position of the inner envelope provides for a flexible 

approach was obviously not sufficient to overcome the stakeholders’ concerns. In reviewing 

this requirement full cognisance was taken of the stakeholders’ concerns but also of the fact 

that the solution offered by ENTSO-E for reactive power capability is the most flexible among 
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the non-exhaustive requirements in the NC RfG. Also, looking at current practices, from the 

existing solutions in national grid codes, it seems unlikely that the TSOs will propose to the 

NRAs requirements that will impose on generators conditions that are not technically 

feasible. Before these can be applied to existing generating units and their associated 

equipment a full justification process, including a rigorous cost benefit analysis (CBA) will 

have had to be undertaken. 

Given the commitment from both ENTSO-E and ACER that new requirements would not be 

introduced by the transition to NC RfG itself a proposal for minor adjustment of the existing 

drafting is proposed 

 Where OLTCs of sufficient range are in normal use, Figure 7 of the NC RfG as 

prepared by ENTSO-E should continue to be used.  

 In all other areas, TSOs and NRAs should be required, when determining their own 

shapes, to ensure that the bottom left and upper right areas of the envelope should 

be avoided. 

5.2.4 Provision of Reactive Power as a Means of Voltage Control 

NC RfG Article 13, 16 Stakeholders Commenting Thermal Generators, EWEA 

Stakeholder Comment Analysis Proposal 

Stakeholders made comment 

regarding the obligation for 

generating units to be capable of 

providing or absorbing reactive 

power as a means of voltage 

control and the ability of TSOs to 

use network components for this 

purpose. Some existing operators 

indicated that they believed this 

section of the NC RfG should be 

redrafted to make clear that 

generators should only be obliged 

to provide reactive control to 

traditional limits. 

It is valid for stakeholders to note 

that other means of reactive control 

exist, but it has always been usual 

practice for generating units to 

provide this service. In the interests 

of the system and society as a 

whole, it is necessary for generators 

to be capable of continuing to 

provide this service. The NC RfG 

specifies the technical requirement 

for the capability of providing this 

service and, in this respect, it 

appears fair and reasonable, 

providing the issue discussed in 

section 5.2.3 is addressed. While 

the technical requirements for the 

capability of providing reactive 

power is correctly an issue for the 

NC RfG, the commercial impact of 

actually providing the service is 

correctly a matter for other 

Provided the issue considered in 

section 5.2.3 is addressed, it is 

proposed that no further change 

should be made to the technical 

requirements. 

NRAs should be required to ensure 

that stakeholders are not materially 

disadvantaged by the operational 

demands placed on them by TSOs 

for the provision of Reactive Power 

for Voltage Control. 
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arrangements. Currently, a mix of 

mandatory and market 

arrangements exist and, following 

the principle that the transition to the 

NC RfG should not, of itself, change 

existing arrangements, it is 

recommended that no further 

change be made to the NC RfG. 

 

5.3 Fault Ride Through 

5.3.1 Duration of Fault Clearing Time 

NC RfG Article Article 9.3.a.4 

Figure 3 and 

Table 3.1 

Stakeholders Commenting EU Turbines, EUR, Thermal 

Generators 

Stakeholder Comment Analysis Proposal 

All stakeholders’ comments 

relate to what they see as the 

possible increase in fault 

clearance times for network 

faults. Table 3.1 declares that 

the fault clearance time to be 

declared by TSOs in this non-

exhaustive requirement should 

be in the range 140 – 250 ms.   

The period that is required for 

each network is a feature of the 

quality of power system 

protection devices utilised by 

the network operator with longer 

fault clearance periods being 

possible with less expensive 

protection equipment. Longer 

network fault clearance times 

can have a serious effect on 

generating units.   

Forcing a generating unit to remain 

connected to a network under fault 

conditions is necessary to ensure the correct 

operation of power system protection 

devices to ensure the disconnection of the 

faulted section with minimum effect on the 

remainder of the system. However, 

depending on network conditions, the longer 

this period the greater is the likelihood of 

significant damage to generating units. The 

strength of the grid connection and the 

location of the fault are relevant factors in 

determining whether a generating unit would 

be capable of remaining connected. While 

the ENTSO-E drafting allows these factors to 

be taken into consideration when 

establishing fault ride through requirements, 

it does not require that TSOs and NRAs do 

so. 

Within ENTSO-E RGCE, the declared fault 

clearance time at 400kV is 150ms, although 

longer periods often apply at lower voltages.  

The Nordic Grid Code requires that 

generating units will remain on circuit for a 

This article should be 

amended such that the 

ranges of permissible fault 

clearance times are 

distinguished by voltage level 

and, particularly at 400kV, by 

synchronous area. The 

ranges provided should more 

closely reflect current practice 

except where alternative 

arrangements are required for 

network configuration 

reasons as approved by the 

NRA, provided this is not 

detrimental to the operation of 

the power system or of the 

internal market. 
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fault clearance time of 250ms for a fault at 

the network terminals but, because this is not 

always practicable, alternative requirements 

appear to be imposed by the TSOs.  

5.3.1.1 Background to the Issue 

Considering the impact of fault clearance time on generating units there are two aspects: 

one is pole slip (loss of synchronism) and the second is high mechanical stress upon voltage 

restoration. The maximum fault clearing time without pole slip is expressed as critical fault 

clearing time (CFCT). For large CCGTs calculations show a CFCT of approximately 250ms.  

However, 250ms may be too long when addressing risks of mechanical damage (and in 

such a case generating units will trip anyway). Statements were made by the stakeholders 

indicating that for a fault clearance time of 250ms, as proposed in the NC RfG, the forces 

caused by phase angle deviation between generating unit voltage and grid voltage at the 

moment when the grid fault is isolated and the voltage at the connection point recovers will 

break couplings. To overcome this problem they stated that a significant modification would 

have to be made to the dimensions of the coupling flange. While recognising the possible 

need for significant modification to meet this requirement, it is considered that, as a general 

description, this appears to be exaggerated. This issue depends on the specific situation 

including the following: phase angle at the moment of fault clearance, residual grid voltage 

during the fault, the impedance between fault and generator, the short circuit level of the grid 

etc. Therefore, it can be assessed only on a case by case basis. 

In its proposal in the NC RfG, ENTSO-E appears to have tried to harmonise fault clearing 

time requirements over all synchronous zones (although harmonization of these 

requirements was not the objective of the ENTSO-E NCs), taking as the base value the most 

extreme requirement that exists at the highest voltages only in the Nordic synchronous area. 

From the discussion with numerous stakeholders, including ENTSO-E, it has been 

concluded that these requirements have, in many cases, not been implemented nor proved 

by simulations even in the Nordic countries and that this problem has usually been solved by 

derogations. With this approach of ENTSO-E one of the basic principles has been violated – 

viz significant deviation from existing practice has been made without proper justification. 

These facts open two possible solutions: 

1. To maintain the proposal as it currently is, with an option that the fault clearance time 

can be reduced when the PGM owner makes clear by calculations that the 

generating unit could be damaged depending on the residual grid voltage. 

2. Split the requirement for fault clearance time by voltage levels and between 

synchronous areas in a similar way to the requirements for the frequency and voltage 

operational ranges. In such a way, for each synchronous area fault clearance time 
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could be defined similar to the current requirements in the national grid codes (e.g. 

for Continental Europe the most common fault clearance time is 150 ms). This 

approach can even allow the TSOs to define, if necessary and appropriate, higher 

fault clearance time values for specific network configurations. 

The fault clearance time issue raised a lot of concerns among existing generators with 

respect to potential retrospective application17 and/or derogation from this requirement, 

especially by the owners and manufacturers of the large conventional thermal generating 

units. Most of them were related to operations in the synchronous area of Continental 

Europe, where existing requirements in national codes were far below the higher ranges of 

the current proposal in the NC RfG. Having all this in mind it was concluded that there was 

not sufficient justification behind the proposal to harmonise the requirement for the fault 

clearance times among all synchronous areas and it was decided to propose that ENTSO-E 

consider a minor revision of the current NC RfG drafting in accordance with option 2 

presented above. This requires, in NC RfG Article 9, obligations regarding fault clearance 

times should be split by voltage level and between synchronous areas in a similar way to 

requirements for frequency and voltage operational ranges.  

Following circulation of the preliminary report, the Thermal Generators acting under the 

auspices of Eurelectric presented very detailed proposals that are included in their paper 

attached in appendix G.3 . The principle of their proposal appears reasonable but the detail 

contains concessions that may not be acceptable to all other stakeholders. 

                                                

17
 Retrospective application and derogations are addressed in the following sections of this report.   
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5.3.2 Fast Reactive Power Injection and Active Power Recovery for 

Power Park Modules types B, C & D 

NC RfG Articles 15 and 16.2.a.1 Stakeholders Commenting EPIA, EWEA, DSOs 

Stakeholder Comment Analysis Proposal 

Stakeholders expressed concern 

regarding the new requirement to 

provide fast reactive current injection 

and, in particular, the requirement to do 

so in a time period specified by the 

TSO of “not less than 10 ms”.  

EWEA and EPIA fear that TSOs in 

general and particularly those who 

have no experience of the issue, will be 

encouraged by the definition used by 

ENTSO-E to simply choose 10ms. 

Many Power Park Modules are 

connected to distribution networks and 

DSOs are concerned about the 

potential impact of the fast reactive 

power injection requirement on the fault 

breaking capacity of their switchgear.    

Type 1, 2 and 3 wind turbine 

generating units have a direct 

connection between the stator 

winding of the rotating generating unit 

and the grid. As a result, a voltage dip 

will automatically cause a reactive 

current injection without delay. The 

amplitude will depend on the 

generating unit characteristics and will 

decline within a few hundred 

milliseconds which should support the 

operation of fast acting protection 

systems. Type 4 wind generators and 

PV systems are connected to the grid 

through invertors and the fast active 

current injection must be created 

through the operation of the power 

electronics. The possible requirement 

for these to act in less than one cycle 

(20ms) is a technical and commercial 

issue for manufacturers. That reaction 

is fast, at least matching that of fast 

reacting protection systems, is an 

issue for TSOs. 

It should be stated more 

clearly that the drafting 

intends that these are entirely 

non exhaustive requirements, 

specified only where PPM 

penetration is sufficient that 

they need to be addressed by 

TSOs. The requirements 

should be specified with 

greater precision and take 

due account of the 

capabilities of existing 

technologies. In the more 

precise drafting: 

a) the intent that the 

combined effect of the 

requirements would not 

impact equipment 

specification should be 

ensured.  

b) the ability for Relevant 

Network operators to 

ensure that the 
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Stakeholders are concerned about the 

definition of the requirement to provide 

post fault active power recovery where 

these requirements are not clearly 

defined. They have concerns that 

TSOs without experience of the issue 

may choose parameters that are not 

feasible. 

Article 15.3.a allows: “....the Relevant 

TSO shall specify....magnitude and 

time for Active Power Recovery the 

Power Park Module shall be capable 

of providing”. No range is suggested 

that can act as a guide to 

stakeholders and TSOs regarding 

appropriate values. Article 16.2.a.1 is 

also vague. 

This is currently an issue for a 

relatively small number of TSOs but 

may become more significant for 

others as the penetration of PPMs 

increases. As a consequence, not all 

TSOs would have first hand 

experience of the issue and the 

stakeholders’ concerns are 

understandable unless clear guidance 

is available. 

requirements will not 

affect the safe operation 

of their networks should 

be guaranteed, taking 

precedence over the 

TSO’s rights under 

Article 4.4. 

Stakeholders are concerned about the 

possible impact on equipment ratings 

of addressing both of these 

requirements simultaneously for what 

should be a very infrequent event.  

As previously noted, the definition of 

these requirements is very vague 

and, if taken in isolation, there is 

nothing to prevent a TSO from 

specifying values that would have a 

significant affect on equipment 

ratings. From discussion with 

ENTSO-E, it is clear that this is not 

their intention but the concern is a 

result of the imprecise specification of 

the requirements. 

5.3.2.1 Background to the Issues 

For Stakeholders, there are three main issues: 

a) The imposition of new requirements, 

b) The detail of the specified requirements which are, in some cases, difficult to meet, 

and  

c) The combined effect of the requirements to provide both fast reactive power injection 

and the provision of active power following a fault ride through event.   
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5.3.2.1.1 Fast Reactive Current Injection 

The requirement for fast reactive current injection is very important for system operators, 

especially with respect to the expected significant growth of the RES generation. Without the 

provision of reactive currents during system fault conditions, protection systems will not 

operate correctly to remove faulted network sections from the system. This current must be 

provided by generating units operating and connected to the system at the particular time. 

With the higher penetration of Power Park Modules, it has become necessary to look to 

them to provide these currents. 

Consequently, ENTSO-E have proposed in NC RfG Article 15.2.b)2) the requirement for B, 

C and D power park modules to provide fast reactive current injection in cases of a fault. The 

requirement in the current ENTSO-E draft of the NC RfG, according to the representatives of 

the industry, differs from the solutions that have been discussed in the public consultation 

process. ENTSO-E faced strong opposition from the most affected stakeholders, EWEA and 

EPIA. They commented on the specification of fast reactive current injection during FRT, 

stating that the values proposed in Article 15.2.b) 2) are not based on a proper assessment 

and calculation and that they have not been supported by the industry. Accordingly, 

industrial associations offered an alternative proposal for this NC RfG article.  

Type 1, 2 and 3 wind turbine generators have a direct connection between the stator winding 

of the rotating generating unit and the grid. By nature of this connection, a voltage dip will 

automatically cause a reactive current injection without delay. But the amplitude depends on 

the generator characteristics and will decline within a few hundred milliseconds. Type 4 wind 

turbine generators are connected by a converter, without direct connection between the 

network and the rotating generating unit. The converter has to produce a reactive current 

based on network voltage measurements. This requires measuring, calculation and control 

time. The 10ms response time (½ cycle) is not currently possible for type 4 wind turbine 

generators. Reaching the target value with an accuracy of 10% within 60ms is also 

ambitious but may be feasible. 

There is another very serious issue that was also highlighted by the DSOs. Some DSO 

requirements limit the reactive current injection in such a way that Type 1, 2 and 3 wind 

turbines cannot be connected. The reason is that short circuit power is supplied from the 

transmission network and additional short circuit power from power generating modules 

would raise the short circuit level over the capability of the switchgear. This needs to be 

compensated by reduced transformer capacity and therefore the capacity of the distribution 

grid. Type B and type C Power Park Modules are mainly connected to distribution networks, 

therefore an exemption for reactive current injection must be possible. However, ENTSO-E 

has drafted this section such that the requirement to provide fast reactive power injection is 

the right of the “Relevant Network Operator in coordination with the Relevant TSO”. 
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Providing the decision of the Relevant Network Operator takes precedence over the wishes 

of the Relevant TSO, the safety issues related to fault levels can be properly addressed. 

This issue is considered more fully in Appendix E.3. 

While discussing this issue with stakeholders and ENTSO-E, as well as from the support 

documents to the NC RfG, it was concluded that even inside the ENTSO-E drafting team 

there were no sufficient facts to support such an important proposal/requirement. The 

alternative proposal submitted by the industrial associations has not been the subject of 

public consultations so, before it could be adopted, it would have to be proved and be 

subjected to public consultation. It cannot simply replace the existing proposal. Taking all 

this into account makes this a complex and serious issue for the following reasons: 

 This is a relatively new issue and a similar requirement has been defined in only a 

few national codes, 

 Practical experience is insufficient to create a proper background for determination of 

the NC requirement, 

 There are no relevant international standards in place, and 

 There was no proper investigation, analysis and consultation with the industry prior to 

the development of the NC RfG requirement and therefore no firm justification behind 

the proposal. 

At the same time, CENELEC have stated that a technical committee has been created and 

that the relevant working group started its work on the development of European technical 

standards in this area. Based on the above it is proposed that instead of the existing, 

apparently mainly exhaustive requirements, this should clearly become a non-exhaustive 

requirement defined with greater precision than at present. Accordingly, those TSOs where 

this requirement is relevant either have it defined in their national codes or they should 

define it in the process of harmonisation and implementation of the ENTSO-E NCs. Where 

this requirement is not relevant at present – ie low penetration of RES, in particular power 

park modules – then this issue should remain open. Once the overall development of RES-E 

generation from PPM units reaches the next stage, international standards should be agreed 

based on appropriate requirements that have been fully reviewed and accepted. Even if 

CENELEC standards are not developed in the near future then practical experience from 

RES-E integration should provide sufficient data to enable the determination of the 

appropriate requirement.   

To address the safety issues related to the potential impact of fast reactive current injection 

on system fault levels, the decision of the Relevant Network Operator must take precedence 

over that of the Relevant TSO.  
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5.3.2.1.2 Active Power Recovery after Fault Ride Through 

In the NC RfG Article 15.3 ENTSO-E proposed an entirely non-exhaustive requirement for 

PPM capability concerning active power recovery after fault ride through. While TSOs 

operating in a highly interconnected system can expect frequency support from neighbouring 

networks, TSOs operating less interconnected systems must look for active power recovery 

from generating units to return the system to stable conditions without significant load 

shedding. Where the generating units available (operating and connected to the system at 

the particular time) are increasingly power park modules, this support must come from these 

units. 

Similarly to the situation with fast reactive current injection, industrial associations and other 

interested stakeholders were concerned that, at the national level, a wide range of values 

can be proposed and adopted and this can seriously complicate further development and 

integration of RES-E. In order to overcome potential problems EWEA/EPIA provided an 

analysis and a justification and proposed the solution that an exhaustive requirement with 

predefined ranges of values should be specified instead of the non-exhaustive requirement 

proposed by ENTSO-E:  

a) With regard to post fault Active Power recovery after fault-ride-through, the 

Relevant TSO shall specify while respecting the provisions of Article 4(3) the 

magnitude and time for Active Power recovery that the Power Park Module shall be 

capable of providing. 

EWEA/EPIA’s proposal adds to this section, so that it becomes: 

a) With regard to post fault Active Power recovery after fault-ride-through, the Relevant 

TSO shall specify while respecting the provisions of Article 4(3) a maximum recovery 

time for the Active Power to reach at least the level of 90 % of the pre-fault power, 

measured from the time the local voltage has recovered above 90 % of the pre-fault 

nominal voltage value. The maximum recovery time shall be specified to a value 

chosen within the range of 0,5 seconds and 10 seconds for faults that are cleared 

within 140 ms (tclear < 140 ms) and within a range of 1 second and 10 seconds for 

faults that are cleared in a longer time than 140 ms (140 ms > tclear < 250 ms). 

However, the importance of supplying the network load with active power as quickly as 

possible following a fault clearance in order to avoid under frequency load shedding must be 

recognised. The proposed active power recovery time ranges of 0,5 – 10s and 1 – 10s 

therefore appear to be too wide. If the EWEA/EPIA proposal is adopted, the lowest figures 

proposed would appear to be more appropriate, i.e. 0,5s and 1s respectively. 

Stakeholders also indicated particular concerns in that in the NC RfG there is a simultaneous 

requirement for the provision of fast reactive current injection and of active power recovery 
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after the FRT and this may have a significant impact on the design (and price) of future 

generating units for PPM. So far, in national codes neither fast reactive current injection 

requirement, nor active power recovery after FRT requirement have been specified, 

depending on the critical issues in the relevant interconnection (frequency, for smaller 

interconnections, or voltage for larger interconnections). That there is the potential for two 

separate requirements depending on the interconnection type is reasonable. For 

stakeholders, this would be more acceptable if it was made clear that only one requirement 

can be specified in each synchronous area. 

Taking into account the same reasoning as for fast reactive power injection, mainly related to 

the lack of practical experience and relevant standards, it is concluded that the ENTSO-E 

proposal should remain unchanged, allowing national TSOs to determine this requirement in 

accordance with the actual requirements of the relevant power system. In reaching this 

conclusion, it is recognised that the growth of RES-E installations will make this an important 

issue for TSOs that they must resolve. However, according to the commitment given by 

ENTSO-E and ACER, values inserted by TSOs for all non-exhaustive requirements must 

match current values and therefore the exact nature of this requirement must be developed 

in accordance with the requirements of either the current or the future review process. 

It is concluded that, except for introducing greater precision to its definition, the existing 

proposal in the NC RfG document should not change, i.e. this requirement should remain 

non-exhaustive but TSOs for whom this should not be an issue should be discouraged from 

requiring the application of this provision and TSOs for whom it has not yet been an issue 

should only introduce it following appropriate cost benefit analysis subject to NRA review. 

5.3.2.2 Combined Effect of the Requirements 

Throughout the discussions with stakeholders, concerns were raised about the combined 

effect of these requirements as drafted and the impact on the rating of equipment for what is 

an infrequent event. In the discussions with ENTSO-E, it was clear that ENTSO-E did not 

intend that the combined effect of these requirements should affect the specification of 

equipments in the manner understood by the stakeholders. This should therefore not be as 

significant an issue as it has become, possibly as a result of misunderstandings of the real 

meaning of the less precise wording of these requirements. As a result, it is recommended 

that the precise requirements should be more clearly defined taking account of the genuine 

requirements of the affected TSOs and the genuine limitations of technology.     
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5.3.3 Issues Related to the Impact on Distribution Networks 

5.3.3.1 Fault Ride Though and LV Network Connections 

NC RfG Articles 9 and 3.6b) and Table 1 Stakeholders Commenting DSOs 

Stakeholder Comment Analysis Proposal 

Article 9 defines the fault ride through requirements 

for Type B power generating modules, the thresholds 

for Type B units being defined in Article 3.6b) and 

Table 1: 

 

Based on this Table, it is clear that a number of type 

B units would be connected to LV networks.   

For reasons of safety to the public, utility staff and the 

network, it is undesirable for generating units to be 

forced to hold on the system during distribution 

system faults while it is acknowledged that they 

should be remain connected for faults on the 

transmission system. Unfortunately, it is not possible 

for current protection systems to tell the difference. 

Safety is a particular issue at LV as many LV 

protection systems will operate more slowly than 

those at higher voltages. LV networks are closest to 

the public as LV networks enter most properties and 

certainly domestic and small commercial premises.  

The analysis presented by 

DSOs is considered to be well 

founded. The maximum 

MV/LV transformer rating 

threshold generally applied is 

in the range 1 – 2 MVA and 

therefore, in most networks, it 

is possible that Type B units 

would be connected to the LV 

network. 

The public are much closer to 

distribution networks than they 

are to transmission networks 

and it would be undesirable for 

LV networks to remain live in 

the event of a distribution 

network fault.  

It is recommended that 

all generating units 

connected to LV 

networks should be 

exempted from the 

fault ride through 

requirements specified 

in Article 9. 

5.3.3.1.1 Background to the Issue 

The issues related to the application of fault ride through requirements on generating units 

connected to LV networks are addressed in section 3.4. Recognising both the public safety 

issues related to forcing LV connected generating units to stay on the system and the 
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relatively slow operating times of traditional LV protection systems, it is recommended that 

no additional fault ride through requirements should be applied to LV connected generating 

units. 

5.3.3.2 Application to LV Connected Generating Units 

NC RfG Articles 8.1, 9.3 Stakeholders Commenting DSOs 

Stakeholder Comment Analysis Proposal 

As noted in section 5.3.3.1, the 

DSOs identified that it is possible 

for units that will be classified as 

Type B units to be connected to LV 

systems and subject to other 

requirements compared to the 

majority of generating units 

connected to LV systems. In all 

standardisation arrangements, 1kV 

is a fundamental threshold 

establishing a difference in the 

operating requirements imposed. 

Similarly, in many regimes, the 

safety procedures in operation at 

1kV and above are different from 

those below 1kV. Two different sets 

of requirements – for Type A and 

for Type B - for generating units 

connected below 1kV creates 

confusion to the operation of these 

networks. 

The issues raised by the DSOs 

are valid in terms of both: 

a) Standardisation; and 

b) Safe operation of 

networks; 

  

It is recommended that, in line with 

current standardisation practice and 

to ensure that all generating units 

connected to the LV networks 

operated by DSOs are treated 

equally, the threshold between Type 

A and Type B generating units is 

modified such that all generating 

units > 800W connected to public 

networks operating at less than 1 kV 

are considered as Type A units.  
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5.3.3.3 Conflicts Relating to Operation of Protection Equipment 

NC RfG Articles 8.1, 9.3 Stakeholders Commenting DSOs 

Stakeholder Comment Analysis Proposal 

The increase in the number and 

overall capacity of small generation 

units connected to distribution 

networks results in significant 

changes to the direction of normal 

power flows in distribution and 

transmission networks. 

This issue is recognised separately 

from the development of the NC 

RfG and a number of pilot studies 

have been undertaken to attempt to 

address the issues involved. 

NC RfG focuses on the ideal 

situation from the perspective of the 

TSO without considering the impact 

on distribution networks. 

 

The issue raised by the DSOs is 

valid, but the approach adopted 

by ENTSO-E is also valid at the 

current time. ENTSO-E’s 

approach is based on best current 

knowledge but it is also known 

that greater knowledge will be 

available in the medium term as 

the results of the pilot studies are 

known. 

In this situation, the only 

reasonable approach must be to 

proceed with the NC RfG as 

drafted but ensure that the 

opportunity for improvement is 

available once further information 

is available.    

As the NC RfG is currently drafted, 

there is no opportunity for any 

affected party other than the TSO to 

propose modification to the NC RfG. 

While it is to be hoped that TSOs 

would propose appropriate 

modifications, this restriction is very 

unusual. It is recommended that 

other stakeholders, and in particular 

the NRA, should also be able to 

propose modification.  

In this particular situation, since the 

changes that would become 

apparent following completion of 

current studies would be appropriate 

on a Europe wide basis, it would be 

appropriate to require that the NRA, 

in consultation with other NRAs 

apply appropriate standards as the 

information to allow the development 

of these standards becomes 

available. 

5.3.3.3.1 Background to the Issue 

The issues related to the operation of distribution protection systems and the conflict 

between the DSOs’ wish to have embedded generation disconnected as soon as possible 

for faults on the distribution network and the TSOs’ wish that they remain connected for long 

enough to allow transmission protection systems to operate correctly are discussed along 

with anti-islanding requirements in section 3.4 and Appendix E.  
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5.3.3.4 Application of Transmission Rules to Distribution Networks 

NC RfG Articles 3.6 Stakeholders Commenting DSOs 

Stakeholder Comment Analysis Proposal 

DSOs note that the NC RfG has 

been drafted such that all high 

voltage circuits operating at 110kV 

or above are effectively deemed to 

be transmission circuits whereas 

many DSOs operate networks in 

this voltage range, currently 

operating under the Distribution 

Network Rules of the Member 

State. 

This has the particular effect that all 

smaller generating units are 

deemed to be type D units subject 

to additional requirements purely on 

the decisions made by the DSO in 

the operation of their networks  

In several Member States, DSOs 

operate high voltage circuits, 

having designed their networks 

using higher voltages to ensure 

losses are controlled as effectively 

as is possible. However, the 

network design tends to follow 

distribution rather than 

transmission practice. 

As the NC RfG is drafted, a type 

A, B or C unit becomes a type D 

unit purely on the basis that it is 

connected to a 110kV network, 

the apparent assumption having 

been made that this is a 

transmission voltage. 

The Network Codes developed by 

ENTSO-E should be modified to 

allow an overlap of the application of 

transmission or distribution rules 

depending on whether the operator 

is a transmission operator or a DSO. 

Article 3.6 should be modified such 

that Type A, B, or C generating units 

are only deemed to be type D units 

where the operator of the 110kV or 

above network to which they are 

connected is not operated by a DSO 

or CDSO. 

5.3.3.4.1 Background to the Issue 

In most Member States there are regulations, the application of which relates to voltage of 

operation. Many standards are similarly focused. However, there are also rules established 

for the operation of transmission or distribution networks as appropriate. While all networks 

operating at 110kV will be built to very similar standards, the manner of operation will differ 

according to the focus of the operating company. Because of differences between Member 

States in the definition of transmission and distribution networks, in some Member States, 

networks operating at 110kV and above are firmly part of distribution networks whereas in 

other Member States these would be considered to be part of a transmission network albeit 

not part of the main transmission system.   

As a result, the application of the ENTSO-E Network Codes to all circuits operating at 110kV 

and above, arbitrarily imposes transmission operating rules onto what are parts of 

distribution networks operated by DSOs. The affected DSOs would then be required to 

operate different parts of their networks under different regulatory regimes applying different 

rules to different classes of network user. DSOs have not been party to the drafting of the 

ENTSO-E Codes and, as currently drafted, are prevented from proposing changes to the 

codes under which they would be required to operate their networks if the ENTSO-E NCs 

take precedence over current national arrangements. 
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To ensure that DSOs would be required to operate under only one regulatory regime, it is 

proposed that an overlap of application of transmission and distribution rules should be 

allowed, the application of transmission or distribution rules to networks being dependent on 

the status of the operator of the network. 

The current definitions in the NC RfG also have an impact on network users because of the 

requirement that all generating units are classed as Type D because of their connection to 

circuits operating at 110kV or above. This definition allows TSOs to treat all generating units 

connected to their networks in the same manner. 

However, this definition also prevents DSOs operating networks at 110kV or above from 

treating all similar generating units that are connected to their networks in a similar manner. 

It is therefore proposed that the definition of Type A, B, C and D units should be modified 

such that a unit is not classed as a Type D unit purely because it is connected to a network 

operating at 110kV or higher that is operated by a DSO.  

Several stakeholders suggested that a combination of the operating voltage and rating 

should be used to determine the obligations falling on the operator and this would go a 

significant way to address this situation. For the manufacturers and installers of mass market 

equipment, this is a reasonable proposition and the existing threshold of 1 kV often applied 

in European standards may be worthy of consideration. However, any proposed change 

must be balanced by the needs of the TSOs to ensure that the opportunity does not exist for 

a person or organisation to claim that a large power park is simply a large number of small 

installations that coincidentally operate at close to the same location and are therefore not 

subject to the more onerous requirements that would reasonably apply.  

As noted in section 6.3 below, this issue would also be of significance to the operators of 

small CHP plant who, as the NC RfG is currently drafted, lose the benefit of the exemption 

contained in Article 3.6 h) purely on the basis of the point of connection selected by the 

DSO. 

5.4 Compliance 

NC RfG Articles 34 – 40, 9, 8.1.e Stakeholders Commenting DSOs, EU Turbines, 

Thermal Generators, EUR 

Stakeholder Comment Analysis Proposal 

Most stakeholders made comments 

which would be resolved by 

unambiguous drafting of 

compliance requirements. 

Particular compliance issues were 

Analysis of the issues covered in 

the compliance sections of NC 

RfG together with sections that 

would potentially be affected by 

clarity in the definition of the 

Clarification of compliance 

requirements is essential and TSOs 

should be required to produce a 

clear, unambiguous and detailed 

statement of all requirements that 
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NC RfG Articles 34 – 40, 9, 8.1.e Stakeholders Commenting DSOs, EU Turbines, 

Thermal Generators, EUR 

Stakeholder Comment Analysis Proposal 

raised by EU Turbines relating to 

active power output requirements 

with falling frequency and this is 

discussed more fully in section 

5.1.2. EUR, EU Turbines and the 

Thermal Generators made 

comment relating to the genuine 

compliance requirements for fault 

ride through and these are more 

fully addressed in sections 5.3.1 

and 6.1.1. 

DSOs made comment regarding 

the initial and ongoing compliance 

requirements in terms of the lack of 

clarity in the requirements, the 

conflicts with established practice 

developed with experience gained 

over several years, conflict with the 

legal obligations many DSOs have 

under existing legislation to connect 

users and the possible cost of up to 

€ 2,9 billion by 2020 depending on 

what the vague specification of 

requirements actually means. 

Some generator stakeholders 

commented on the significant 

commercial risk that the current 

drafting posed in relation to both 

the cost of undertaking compliance 

tests and reviews and the 

opportunity costs of their inability to 

generate while undergoing routine 

retesting. In some Member States, 

the frequency of significant 

retesting is effectively controlled by 

obligations placed on TSOs to pay 

compensation during retesting 

where ongoing compliance is 

proved.  

compliance requirements shows 

that the stakeholders’ concerns 

are valid in relation to: 

a) The actual requirements are 

not stated unambiguously: 

i. At the commissioning stage; 

or 

ii. As an ongoing requirement.   

b) Clarity around the part that 

can be played by certificates 

issued by others; 

c) The frequency at which 

ongoing tests can or should 

be undertaken; 

d) Payment or compensation 

arrangements for the 

conduct of tests. 

should be subject to the approval of 

the NRA operating in conjunction 

with other NRAs.  
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5.4.1 Background to the Issue 

There are several valid issues regarding the compliance arrangements, including: 

a) The actual requirements are not stated unambiguously: 

i. At the commissioning stage; or 

ii. As an ongoing requirement.   

b) Clarity around the part that can be played by certificates issued by others; 

c) The frequency at which ongoing tests can or should be undertaken; 

d) Payment or compensation arrangements for the conduct of tests.  

The Compliance requirements are specified in Title 4, it being assumed that Chapter 1 

(articles 34 – 37) refers to all generating facilities. Article 34 details the overarching 

responsibilities of the Power Generating Facility Owner and are generally applicable. An 

exception may be the obligation in Article 34.3 which requires the reporting of all incidents to 

the relevant network owner. For Type B units upwards, this is perfectly reasonable. For what 

are effectively household appliances that also generate electricity, it may not be. While at a 

principle level, the NC RfG can be viewed as a reasonable and appropriate mechanism for 

establishing the future requirements of PGFOs in a highly distributed generation 

environment, the issue consistently open to question is the reasonableness of applying 

organisational requirements appropriate for organisations, which have or could reasonably 

obtain expert support, onto non experts and particularly householders. In practical terms 

here, the only organisation that could report incidents as required in article 34.3 would be the 

repair organisation assuming the owner chooses to have a repair undertaken. 

Article 35.1 places the responsibility for tasks on the relevant network operator, “The 

Relevant Network Operator shall regularly assess the compliance of a Power Generating 

Module with the requirements under this Network Code throughout the lifetime of the Power 

Generating Facility.” While this drafting clearly places responsibility on the relevant network 

operator, it is much less clear what is expected – or reasonably permitted. For DSOs, to 

whose networks the vast majority of installations are connected, this is a concern both in 

establishing requirements and in addressing the work activity. Calculations undertaken by 

the DSOs based on an estimate of the numbers of units of 5kW and above the compliance 

costs that may fall on them could be of the order of €2.9 billion by 2020 assuming that 

consistent and realistic test requirements are established.  

For major generators the section 1 obligation and the rights introduced by section 2, “The 

Relevant Network Operator shall have the right to request that the Power Generating Facility 

Owner carries out compliance tests and simulations ..... repeatedly throughout the lifetime of 

the Power Generating Facility” combine to raise the issue of ensuring that the frequency of 
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tests and simulations and the duration of any resulting interruptions to their ability to 

generate are proportionate. In some Member States, TSOs currently have the right to 

request compliance tests at any time with compensation paid to generators both to cover the 

costs of the tests themselves and also the costs of the lost opportunity to generate. This 

arrangement ensures that the TSO compliance programme is proportionate and that it 

causes no disproportionate loss to the generators. 

The NC RfG, at Article 5, ensures that network operator’s costs are covered, but is silent on 

the handling of the generator’s costs, and this causes some stakeholders concern that the 

NC RfG will result in an adverse change to their risk profile. It is however noted that Article 

5.4 of the Network Code Operational Security requires: “TSOs or DSOs shall develop the 

methodology for recovering the costs of test of compliance foreseen by this Network Code.” 

adding to the confusion for stakeholders regarding ENTSO-E’s intentions towards 

generators. 

For both those focused on small units and those concerned about the operation of traditional 

large power plant, there is therefore a lack of clarity regarding: 

a) Commissioning documentation, the place for certificates provided by others; 

b) On site tests required at commissioning and ongoing; and 

c) The hierarchical structure that ensures requirements are proportionate at all plant 

sizes.  

As has been noted in section 5.1.2 and 6.1.1, there are situations where the lack of 

specification of the conditions under which compliance is to be determined can have a 

significant effect on whether a generating unit or power generating module is capable of 

meeting the requirements specified in the NC RfG. To address this issue, it is recommended 

that the conditions to be applied to tests and simulations should also be specified in the NC 

RfG.  

5.4.1.1 Test Details 

Testing requirements required by the TSOs are not entirely clear. The proposed text 

contains a number of clauses where certain obligations of the PGM Owners are defined but 

none explicitly states that a PGM Owner is obliged to prove compliance of their generating 

units with all the requirements listed in different articles of the Title 2 “Requirements”. 

Chapters 2, 3 and 4 of the Title 4 list certain tests that should be done, indicating their 

contents and expected results, which is very important and helpful. Where they are 

applicable, these tests have been considered to have a potential cross-border impact.  

However, some other tests that may have significant cross-border impact have not been 

included in the list of the tests explicitly indicated and described. For example, in the area of 
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the general system management requirements there are a number of requirements (listed in 

Article 9.5 for PGM type B, in Article 10.6 for PGM type C and in Article 11.4 for PGM type 

D) that are important for power system operation and may have a cross-border impact, such 

as control facilities, protection schemes and information exchange.  

The proposed testing framework should explicitly state all mandatory tests for the PGMs, 

including those addressing the general system management requirements such as control 

facilities, protection schemes and information exchange. 

5.4.1.2 Use of Equipment Certificates  

The use of equipment certificates is a crucial one at a number of levels. Currently, several 

Member States make use of certificates provided by manufacturers and installers according 

to well established standards as the entire compliance proving mechanism for generation 

connections to certain parts of their LV and MV networks and a significant part of the 

compliance proving mechanism for others. ENTSO-E has attempted to reflect this 

arrangement in the text: “The Equipment Certificate may be used instead of part or all of the 

tests below, provided that they are provided to the Relevant Network Operator.” This 

appears in Article 38.1 (for Type B), Article 39.1 (for Type C) and Article 40.1 (for Type D). 

However, Article 26.3 (for Types B, C and D) contains the text: “The Equipment Certificate 

cannot indicate total compliance, but can be used as validated information about 

components of the Power Generating Module.”  

These two statements are contradictory. The approach of using Equipment Certificates 

instead of all tests for certain PGMs or certain tests for others is reasonable and may 

contribute to efficiency of the testing/compliance process. On the other hand, the solution 

proposed in NC RfG to use Equipment Certificates instead of all tests, regardless of PGM 

type is not appropriate. 

5.4.1.3 Ongoing Compliance Monitoring  

Compliance monitoring is crucial for the successful implementation of any Network Code, 

especially in the NCs that determine requirements for grid connections, such as the NC RfG 

and the NC DC. Concerning the NC RfG, the proposed Compliance Monitoring framework 

virtually does not exist. Nowhere in the NC RfG is it defined what should be monitored, who 

will execute the monitoring, how will reporting, publishing and general transparency be 

achieved, etc. Under the name Compliance Monitoring (Title 4, Chapter 1) in the NC RfG are 
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defined responsibilities of the parties involved in the compliance process (interestingly in the 

NC DC this same Chapter is titled ‘General Provisions on Compliance’). 

Moreover, in the general provisions for compliance of the NC RfG the only parties listed are 

the Power Generating Facility Owner (PGFO) (for list of responsibilities) and the Relevant 

Network Operator (RNO) (for list of tasks)18. With respect to the role of the TSOs in 

development of the NC RfG, as well as the general approach to determination of the detailed 

requirements at the national level, it is essential to determine roles for the TSOs and NRAs 

in the compliance monitoring process. Consequently, ENTSO-E and ACER should play a 

major role in overall coordination and monitoring of the NC RfG compliance. 

Within the arrangement developed, the position of non-expert operators of small generating 

units should also be recognised, ensuring that only the monitoring requirements strictly 

relevant for this group are demanded and that arrangements are established that ensures 

the non-expert operator is able to meet his obligations.  

ENTSO-E should amend the NC RfG to define the roles of the TSOs/NRAs and ENTSO-

E/ACER in the NC RfG compliance monitoring process19. ENTSO-E should also consider if 

this is required in all the NCs. 

 

 

 

 

 

 

 

                                                

18
 Although Monitoring seems like a one-way process, common title containing tasks and responsibilities for both NROs and 

PGFOs should be more appropriate. 

19
 There is no doubt that NRA plays a major role in this process concerning actual activities, but there should be an “umbrella” 

role of the higher hierarchical levels in the system operation structure, firstly in determining detailed approach and methodology 

(partly on association level and partly on the national level, because this is how requirements are determined), and secondly in 

reporting and publishing of the Compliance Monitoring results (with all the respect, of course, to confidentiality issues). 
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5.5 Obligations placed on Non Expert Parties 

NC RfG 

Articles 

8, 9, 10, 12, 13, 15, 24, 25, 26, 

27, 34, 35, 36, 37, 38, 41, 42, 

45, 46, 48, 52, 53, 54  

Stakeholders 

Commenting 

COGEN Europe, 

DSOs, EU 

Turbines  

Stakeholder Comment Analysis Proposal 

All commenting stakeholders 

expressed concern regarding the 

ability of non-expert Power 

Generating Facility Owners (PGFOs) 

to comply unaided with the 

requirements of the NC RfG as 

drafted, this drafting specifically 

preventing manufacturers and others 

from representing PFGOs or relieving 

PFGOs of any of their obligations. 

DSOs also expressed concern about 

where obligations would lie in the 

situations where private networks 

interfaced between the generating 

unit and the point of connection with 

the public networks. DSOs were 

concerned in case they, as the 

owners of the connection points for 

these networks, would shoulder the 

liabilities under the NC RfG, without 

the ability to address the issues. 

They were also concerned about how 

realistic it is to expect that all CDSOs 

would have the knowledge to be able 

to address all the issues that will 

arise in these interface areas.  

Throughout the NC RfG, obligations 

are placed on Relevant Network 

Operators, which may be TSOs, 

DSOs or CDSOs. All of these 

obligations should be within the 

normal technical ability of all TSOs 

and all larger DSOs but some may 

be beyond the reasonable ability of 

small local DSOs and particularly 

CDSOs. 

Since the threshold for Type A units 

starts at 800W, this results in what 

are effectively normal domestic 

appliances falling within the scope 

of the NC RfG, with obligations 

placed on the Power Generation 

Facility Owner being beyond the 

technical capability of the typical 

consumer. As drafted, the NC RfG 

specifically prevents the 

manufacturer from representing the 

owner in addressing any issues with 

the NC RfG. 

In considering significant technical 

issues relating to particular plant, it 

is normal for even large generators 

to call on the manufacturer for 

assistance. 

The NC RfG should be redrafted 

to allow: 

a) Derogations for CDSOs 

and small DSOs from 

complex technical issues, 

the obligation being placed 

on the network operator to 

whose network the 

network of the CDSO or 

small DSO is connected. 

This would also allow 

DSOs the right to address 

those issues that do arise.  

b) The ability of 

manufacturers to 

represent PGFOs in 

respect of: 

i. All power generation 

modules operated by 

consumers; and 

ii. All other power 

generating modules 

where the manufacturer 

is appointed to address 

any issue or issues by 

the PGFO. 

5.5.1.1 Background to the Issue 

The NC RfG places obligations on Relevant Network Operators and on Power Generating 

Facility Owners that are, in the main, appropriate and relevant where these parties are 

appropriately skilled to undertake them. 
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However, setting the lower threshold for Type A units at 800W – for good reason as 

discussed in section 3.3 and Appendix D – brings individuals who may not possess the 

relevant skills to ensure compliance with the requirements into the category of Power 

Generating Facility Owners. The issues relating to the difficulties faced by this group in 

applying unaided for derogations is discussed at length in section 6.2.4. 

The definition of a Relevant Network Operator will result in operators of closed distribution 

systems becoming responsible for a wide range of actions, from establishing whether 

generating units connecting to their networks should be required to provide fast reactive 

current injection – an issue that has not yet reached all TSOs – to the ongoing compliance 

responsibilities outlined in section 5.5. 

It is recommended that non expert parties should be able to seek a derogation from the 

application of the NC RfG obligations on them directly, with other appropriate (expert) parties 

identified to implement the relevant obligations. These could be the equipment 

manufacturers in the case of Power Generating Facility Owners or the DSO or TSO to 

whose network the network of a CDSO or small DSO is connected. 
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6. Non Technical Issues 

6.1 Legal Status of the Document 

The step now being taken of establishing a network code as a Commission Regulation and 

therefore directly applicable on all parties under civil or administrative law is a significant 

change in the minds of many of the stakeholders with whom the authors of this report have 

engaged in consultation. For these stakeholders, network codes have been documents to be 

adhered to as far as is reasonably practicable but the NC RfG will be a document that has to 

be complied with without exception.  

The drafting style adopted by ENTSO-E is that of a traditional network code rather than that 

of network code requirements applied as legislation. An example of a legislative document 

containing some of the issues addressed in the NC RfG is Arrêté du 23 avril 2008 relatif aux 

prescriptions techniques de conception et de fonctionnement pour le raccordement au 

réseau public de transport d’électricité d’une installation de production d’énergie électrique20.  

6.1.1 Fault Ride Through Requirements 

The technical issues surrounding fault ride through requirements have been considered in 

section 5.2.4. However the handling of this issue provides a useful demonstration of the 

importance to stakeholders of the drafting style employed by comparing the handling of fault 

ride through requirements in both the NC RfG and l’ Arrêté du 23 avril 2008. Fault ride 

through requirements were raised by almost all stakeholders who are concerned about the 

possible application of a fault ride through requirement of 250ms without limitation.  

ENTSO-E advise that the NC RfG recognition of this requirement is based on the 

requirement in the Nordic Grid Code where it is specified that: “Thermal power units shall be 

designed so that the turbine generator set can withstand the mechanical stresses associated 

with any kind of single-, two- and three-phase earth or short circuit fault occurring on the grid 

on the high voltage side of the step-up transformer. The fault can be assumed to be cleared 

within 0.25 sec. Neither damage nor need for immediate stoppage for study of the possible 

                                                

20
 Original version is available in full at: http://www.journal-officiel.gouv.fr, journal no 98 of 25 avril 2008, texte 7. Current version 

is available (in part with references to sources of current data that must be inserted) at:   

http://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000018697930&fastPos=1&fastReqId=455432160&categorie

Lien=cid&oldAction=rechTexte  

http://www.journal-officiel.gouv.fr/
http://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000018697930&fastPos=1&fastReqId=455432160&categorieLien=cid&oldAction=rechTexte
http://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000018697930&fastPos=1&fastReqId=455432160&categorieLien=cid&oldAction=rechTexte
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consequences are allowed.” However, Svenska Kraftnät operates a regulation and general 

guidance on the design of production plants (SvKFS 2005:2)21, in which further details of the 

fault ride through requirement for large power plants is shown as Bilaga 3, reproduced here 

as Figure 10: 

 

Figure 10: Fault Ride Through Requirements for Large Power Plants in Sweden 

Also included in Svenska Kraftnät’s regulation is an alternative fault ride through requirement 

at Bilaga 4, applicable to small and medium sized power plants, and this is reproduced 

below as Figure 11: 

 

Figure 11: Fault Ride Through Requirements for Small and Medium Sized Power Plants in Sweden 

When asked, ENTSO-E advised that “Svenska Kraftnät applies the network fault (3-phase to 

ground) at the nearest meshed transmission substation when simulating the FRT 

requirement. The fault is applied and then taken away without disconnecting any equipment 

                                                

21
 Available at: http://www.svk.se/Global/07_Tekniska_krav/Pdf/Foreskrifter/SvKFS2005_2.pdf  

http://www.svk.se/Global/07_Tekniska_krav/Pdf/Foreskrifter/SvKFS2005_2.pdf
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which means that the grid is fully intact before and after the fault.” ENTSO-E has 

subsequently advised that a similar approach is also followed in Finland22. 

The grid condition, point of application of a fault, residual voltage and generating unit inertia 

(larger machines generally have greater inertia) are material factors in determining whether 

a specified fault ride through requirement will be met by any particular generating unit, and, 

as shown by this example, the approach applied by the TSO cannot be determined in 

advance from the wording in the Nordic Grid Code. Stakeholders have expressed concern 

over the adoption of requirements specified in the Grid Code format into legislation with 

direct application via a Commission Regulation when it is known that the specified 

requirements are not operated in practice.  

The Arrêté du 23 avril 2008, which also includes 250ms fault ride through requirements in 

certain situations, recognises different grid conditions by separately specifying fault ride 

through requirements for generating units connected at mesh substations and those 

connected by radial feeder. It also recognises different fault clearance times associated with 

different nominal voltage levels on the system. Only some stakeholders recognised the 

existence of the fault ride through requirements in France but none who were aware 

expressed concern over the approach followed there.   

The NC RfG, as currently drafted, allows the TSO to provide either specific requirements for 

each connection point which may be different from those required at any other connection 

point and can therefore take account of grid conditions but lack clarity that non-discrimination 

is maintained or to provide generic values which have clarity that non-discrimination is 

maintained but cannot take account of grid conditions at the location. As the latter approach 

is that generally followed by TSOs in network codes, stakeholders are concerned that this is 

taken over into what they see as a document with a firmer legal standing without due 

account being taken of the material issues that ENTSO-E note are, in practice, being taken 

into consideration by the TSOs.  

6.1.2 Legal Status of TSOs 

The legal status of TSOs is also relevant when considering the legal status of the document. 

The TSOs in several Member States are state controlled organisations with a clear 

obligation to operate in the general interest of society at large. In some cases, the TSO is 

effectively permitted to establish relevant regulations without significant oversight. This fits 

with its public service duty enshrined in the legislation of the Member State. In other Member 

                                                

22
 See Appendix F. 
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States, TSOs are limited liability companies which, while subject to regulation, are obliged to 

operate in the interests of their owners. As currently drafted, NC RfG provides both types of 

TSO with the same rights. 

In the private discussions with individual stakeholders, two generators operating assets 

connected to networks operated by both state controlled and privately owned TSOs made 

comment relevant for this issue. One specifically stated that they were unconcerned about 

the manner in which the NC RfG would be implemented by the state controlled TSO, while 

raising a number of concerns regarding the drafting of the document. The other drew 

attention to areas where a TSO would be able to make use of the rights, provided 

exclusively to TSOs in the current drafting, to improve its revenue stream. This stakeholder 

noted that this is one of the obligations of the management of a privately owned company. 

While it is recognised that the stakeholder should have the opportunity to involve the NRA in 

the resolution of these issues, it is noted that the rights of the NRA to do so are also not 

recorded in the document as currently drafted.     

6.2 Grid Code Modifications 

Modifications to the manner in which users – and TSOs – are affected by the application of 

the Network Code arise from a number of interacting factors and a number are considered 

here.  

6.2.1 Governance 

In any Network Code it is certain that there will be changes, updates and amendments and 

probably many of them. For this reason there has to be a clear process for proposing, 

reviewing and recommending amendments to the code. While there is no single approach to 

this arrangement, this process often takes into account the requirement for a CBA followed 

by a public consultation before the final recommended changes are made. The final stage of 

this process would normally include the approval by ACER and/or the NRA to provide 

comfort to all stakeholders that the TSO cannot simply make changes unilaterally. However, 

it is the case that in at least one Member State, the TSO does indeed make regulations 

regarding access to the transmission network and effectively determines what the Grid Code 

requires without oversight. 

Although the steps detailed above as the normal process are set out in the ENTSO-E 

document ‘Frequently Asked Questions’ – FAQ11 – they are not detailed in the NC RfG. It is 

not clear whether this is due to oversight or to deference to those TSOs with absolute rights 

on this issue. 
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For those stakeholders more accustomed to the ‘consultative’ process, the current drafting of 

the NC RfG raises a number of concerns: 

1) The only party permitted to propose changes to the Network Code is the TSO.  

a) In those Member States where the Grid Code has the effect of a commercial 

agreement, stakeholders are accustomed to all parties having the right to 

propose amendments to that agreement and they perceive that the approach 

drafted by ENTSO-E removes their current rights.  

b) In most Member States, the NRA, acting independently in the interests of fair 

competition and with responsibility for consumer protection is entitled to 

propose modifications to all industry procedures and this right appears to be 

removed by ENTSO-E’s drafting.  

2)  There is no specification of a robust consultation and impact assessment 

process. There is a reference to CBAs – considered in more detail in section 

6.2.3 – but no clear definition regarding how it should be carried out. 

Apart from the processes for making and approving changes, it is normal for there to be a 

clear system of document control for codes drafted in the format selected by ENTSO-E. At 

present the only evidence of any form of document control is a date on the first page. 

6.2.2 Retrospective Applicability 

The arrangements for retrospective application are of great importance for stakeholders with 

all current generators and most manufacturers’ trade associations raising concerns 

regarding this issue. Previous technical rules (e.g. UCTE Operational Handbook) did not 

have full mandatory enforcement on one hand but on the other were applicable to all 

transmission grid users unless a specific derogation was sought by the user and permitted 

by the TSO and/or NRA. As has been made clear by both ACER and ENTSO-E, Grid Codes 

in each Member State can change at any time, and the effect for stakeholders faced by the 

possibility of retrospective application of provisions of the NC RfG is no different. However, 

for stakeholders, this does not address all the issues: 

1) Some stakeholders advise that they have lifetime exemptions from meeting 

some of the requirements of the current Grid Code in their Member State. For 

these stakeholders, the current drafting of NC RfG does not provide comfort that 

these derogations will carry over to the new arrangements, changing the risk 

profile for their companies, in some cases very significantly. 

2) Some stakeholders advise that where a derogation is issued under the Grid 

Code in their Member State, the costs of meeting any necessary upgrade 

resulting from the subsequent withdrawal of that derogation is societised. For 
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these stakeholders, the current drafting does not provide comfort that a change 

required in the best interests of society at large will result in costs being met by 

society at large, changing the risk profile for their companies. Some of these 

stakeholders are particularly concerned that the inclusion of statements 

regarding the funding of network operators’ costs in Article 5, coupled with 

silence on the mechanism of funding all other parties’ costs, infers that their 

current situation will be changed to their disadvantage. 

3) Some stakeholders advise that they are only required to meet the requirements 

of the Grid Code in their Member State at the time a network connection is 

made. Should any future change be made to the Grid Code, they believe they 

are guaranteed a derogation or the funding of any change required by others 

within a reasonable asset life of their plant. For these stakeholders, the current 

drafting does not provide sufficient comfort that their risk profile will not be 

adversely affected. 

4) The proposed text in the NC RfG concerning retrospective application is 

unclear. It is not obvious whether TSOs are obliged to assess the advantages of 

the NC RfG applicability to existing power generating modules or not. Reading 

carefully Article 33.1 of the NC RfG, it appears that this is solely a decision for 

the TSO and, intuitively, this should not generally be the case. While it is 

acknowledged that in some Member States the TSO has the right to make 

regulations regarding network access, in many Member States, changes to the 

current Grid Code only takes place following a significant review process 

involving representatives of all parties and a decision by the NRA acting as an 

independent authority. For some stakeholders, retrospective application has a 

similar effect.   

However, from discussions with ENTSO-E and ACER, it is clear that there is no intention 

that this should be the issue that it is perceived. It can never be stated that all users will be 

exempted from the effects of changes to Network Codes just as it can never be said that no-

one will be adversely affected by any other change in legislation. However, it may be 

possible to modify the current drafting to make clear that the implementation of the NC RfG 

itself will not materially disadvantage those stakeholders affected by the issues outlined 

above.   

6.2.3 Cost-Benefit Analyses (CBA) 

During the consultation meetings with the stakeholders, there was almost unanimous and 

very explicit opposition to the proposed methodology for determining the possible NC RfG 
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application on existing PGMs. The more general issues are considered in section 6.2.2, but 

the text related to CBA which is currently in the NC RfG also raised significant concern.  

There is no clear methodology defined for the preliminary assessment (the so called 

“preparatory stage” described in Article 33.1 of the NC RfG which required that the TSO 

undertakes a “qualitative comparison of costs and benefits related to the requirement under 

consideration for application to Existing Power Generating Modules taking into account 

network-based or market-based alternatives, where applicable”) nor for the full CBA 

(required by Article 33.2-7) that should be undertaken by the TSO prior to submitting a 

proposal to the NRA for retrospective implementation of the NC RfG, or its individual 

requirements, to existing PGMs.  

For stakeholders, the vague nature of the qualitative comparison of costs required in Article 

33.1 and described in FAQ 1123 is not sufficiently robust to form any part of the decision 

making process that may result in an extensive review. Similarly, the description in Article 

33.4 requiring that “The Cost-Benefit Analysis shall be undertaken using one or more of the 

following calculating principles:  

 net present value; 

 return on investment; 

 rate of return; and 

 time to break even.” 

without any definition of what would result in acceptance of a proposal could result in users 

being required to implement significant investment projects based on a less robust analysis 

than their internal governance procedures would permit for disciplined investment included in 

their business plans. For stakeholders to be in any way supportive of the proposed 

arrangements, a clear business based definition of a cost-benefit analysis procedure would 

need to be established. 

                                                

23
 See: Network Code for Requirements for Grid Connection Applicable to all Generators Frequently Asked Questions, ENTSO-

E, 19 June 2012; available at: https://www.entsoe.eu/major-projects/network-code-development/requirements-for-generators/   

  

 

https://www.entsoe.eu/major-projects/network-code-development/requirements-for-generators/
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6.2.4 Derogations 

The issue of derogations has already been touched on in this document concerning 

retrospective application to existing grid users in section 6.2.2 above. Unusually, the 

approach in the drafting of the NC RfG is effectively to provide an automatic derogation at 

the NC RfG implementation date for all existing generating modules and all in a sufficiently 

advanced stage of development will automatically be exempted from meeting the 

requirements of the code where unable to do so. 

In any technical or network code that includes technical requirements a derogation 

procedure is essential. In any code there will always be more stringent requirements such as 

greater accuracy, shorter or longer timescales, different frequency or voltage requirements 

etc. than can realistically be implemented for all existing plant. Some stakeholders with 

existing equipment will be unable to meet the new requirements although their equipment 

will have fully met the requirements that were in force at the time that the equipment was 

installed. The derogation procedure must be easily understood and logical with a clear 

process to be followed. The responsibilities of the various parties, the formats of the 

submissions and the timescales for the different action steps should all be clearly set out. 

General derogations should be for specific cases and usually derogations should be timed 

i.e. they should not normally be open-ended. However the overall approach and Title 5 – 

Derogations in particular is somewhat confusing.  

Some of the specific issues that are somewhat contradictory include: 

 The provisions of Title 5 apply equally to new and existing generators with the only 

difference being that existing generators have to make an application for a 

derogation – but not necessarily be granted one – 12 months from the day the 

requirement, with which it is not compliant, becomes applicable. It is elsewhere in the 

NC that the requirements on both New and Existing generators are set out, Article 3 

stating that the requirements of the NC RfG shall apply to all new generating 

modules and only to existing modules where the NRA determines that shall be the 

case.  

 Article 52 (1) states that ‘Only the Power Generating Facility Owner shall have the 

right to apply for derogations for Power Generating Modules within its facility’ but 

Article 52 (2) states that ‘It shall apply as well to Network Operators when applying 

for derogations for classes of both existing and new Power Generating Modules 

connected to their Network.’ The approach of leaning towards the owner – or 

operator – of the module to make the application for a derogation is the traditional 

approach where obligations fall on such owners or operators experienced in the 

operation of electrical plant. However, with a significance level set at 800W, what is 

generally looked on as household goods now falls within the scope of the NC RfG. 
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While accepting that, at least in some cases, this is reasonable, it is unreasonable to 

expect householders to accept responsibility for managing compliance with the NC 

RfG unaided as the current drafting requires.  

 Article 54 (2) states that, in assessing the request for a derogation, the NO may carry 

out a CBA. It had been implied by the key parties that, except in exceptional 

circumstances, derogations would only have to be applied to existing generating 

units and that, before establishing the retrospective application of the code that would 

require an existing generator to apply for a derogation, the NO would have been 

required, if requested, to have carried out a CBA. Consequently, conducting a CBA 

for a derogation should be an exceptional event. 

The stakeholder comments to this Title 5 include a number that suggest confusion between 

the issue of a derogation and the right of the NO to apply the requirements of this NC RfG to 

existing generators. The NO has the right to request the application of the requirements to 

existing generators requiring a full analysis and assessment including the possibility of a 

CBA, however the request has to be approved by the NRA. This process unless it is applied 

to a whole class of generating units, or all the relevant facts have not been taken into 

consideration, should make any subsequent derogation request unsuccessful. The TSO 

does not have to apply for derogations as the process above can be invoked. 

There is also confusion over the rights with regard to the CBA. Generators must provide 

information if requested by the TSO but the TSO has no absolute requirement to request it. 

Since, if the TSO requests information and it is not provided, the process as drafted stalls, 

the logical approach for a TSO is not to request information and not conduct an efficient 

CBA. 

The issue of how to deal with large numbers of derogations if they arise may be something 

that should be considered by NRAs. The requirement for a householder to apply for a 

derogation in respect of household equipment will only exacerbate this situation. In the 

current drafting, there appears to be an attempt to follow relatively standard derogation 

arrangements that would be operated by industry professionals without real consideration of 

the effect of requiring household equipment to be compliant with the requirements of the NC 

RfG. The design and manufacturing arrangements for such equipment are very different 

from those applying to 1GVA generating units where design and construction takes years 

and it is realistic to establish a date from which equipment should comply. Large volumes of 

the household equipment to be affected by the requirements of the NC RfG will leave 

production lines every day and it is on these large volumes that the resources required to 

design the next generation will depend. Already produced items will be at all stages in the 

supply chain with equipment installed tomorrow being taken from the installer’s shelf 

possibly months following manufacture. Stakeholders operating in the microgeneration 
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sphere, who have generally not been previously affected by the TSO’s requirements for the 

connection of generating units to the network have strong concerns regarding the 

applicability of the scheme developed for establishing when the requirements of the NC RfG 

should apply to the equipment they manufacture and install and indeed whether ENTSO-E 

has thought through the impact of the derogation process on consumer confidence and the 

ability of Member States to achieve their RES-E targets.  

6.2.5 Unforeseen Circumstances 

As a code governing operation in real circumstances, it is normal for some arrangement to 

be established for dealing with circumstances unforeseen when the document was written. 

This issue has two parts. Firstly, providing authority to the organization responsible for 

dealing with the situation at the time and secondly determining how arrangements are 

established for dealing with the previously unforeseen circumstance should it be repeated.   

6.3 Application to CHP Schemes 

A number of stakeholder comments were raised regarding issues relating to the operation of 

CHP schemes which, historically, have been largely exempted from an obligation to 

contribute to system support in many Member States. While power systems were based 

around large controllable generation plants, this was an appropriate approach. In the 

transition to smaller, largely RES-E and CHP dependent systems, it must be recognised that 

this situation will change. Looking forwards, CHP schemes will contribute a more important 

proportion of the synchronous generating units connected to the network. 

CHP schemes are usually installed in industrial, agricultural (greenhouses) or large 

commercial premises to provide heat or steam in support of industrial processes or space or 

water heating for commercial use. Electricity generation has traditionally been viewed as a 

by-product which is mainly used on site with surpluses exported to the network and shortfalls 

met by import. However, in some cases, the balance has changed and the opportunity to 

produce electricity for market trading may be as important as the production of heat or 

steam. For the TSO, to exempt these units from any part of the NC RfG is a significant issue 

which will grow as distributed generation increases. For more traditional CHP supporting 

industrial processes, the focus for the operator will always be the support of that process and 

having to consider the needs of the electricity network in any way would be problematic. 

ENTSO-E appears to have made a reasonable attempt at addressing both sides of this issue 

in the drafting of Article 3 section 6 parts g) and h), but it must be accepted that it is unlikely 

to fully satisfy either side. That, in itself, does not make the approach flawed. 
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Part g) allows an agreement to be made – which would be subject to review by the NRA if 

required – that, where the CHP scheme is crucial to the operation of an industrial process, it 

and its associated electrical load may disconnect in the event of a disturbance on the 

electricity network irrespective of size or connection arrangements of the generating facility. 

This approach appears to be a reasonable compromise between protecting industrial 

processes from the effects of disturbances on the electricity system where they require that 

protection, and ensuring other plants where that protection is not essential are available to 

contribute to providing the necessary system support through network disturbances. 

Part h) provides that, where smaller units are crucial to the operation of industrial processes 

and the production of electricity and provision of heat or steam for the process cannot be 

separately controlled, they are exempted from the requirements to modify active power 

generation except to the extent required by the provisions relating to LFSM-O and LFSM-U. 

However, there are two problems with the approach adopted by ENTSO-E in this part. 

Firstly, small units connected to an industrial network where the point of connection is at 

110kV or above cannot qualify for this exemption and, particularly from the perspective of a 

CHP operator, the reason for this is not clear, especially where the HV circuit is part of a 

distribution system, as considered in section 5.3.3.4 above. Secondly, the application of the 

LFSM-O and LFSM-U obligations to all installations, irrespective of the impact on industrial 

processes is unreasonable. It can be argued that the need to vary power output to comply 

with the LFSM-O and LFSM-U requirements is a response to a disturbance on the electricity 

system.  

It is recognised that, given the transition from large to small generating units, it is reasonable 

that CHP schemes should no longer be generally exempted from the requirement to provide 

support to the power system as a whole. However it is also recognised that CHP schemes,  

a) where the generation of electricity is clearly secondary to supporting an industrial 

process; and 

b) where modifying the electrical output from the CHP scheme, would have a significant 

impact on the operation of that process; 

should be exempted from all aspects of support for the power system, including LFSM-O 

and LFSM-U. This may require that they be disconnected on detecting a LFSM-O change 

requirement. 

These exemptions are more likely to be required where steam pressure is managed as part 

of the operation of an industrial process and the general requirement to contribute to 

frequency control would still fall on most CHP schemes whose purpose is to produce heat – 

although some industrial processes require heat to be produced in finely controlled 

temperature ranges and may need partial exemption. This is best addressed on an individual 

basis, with the opportunity to reach agreement for exemption that is allowed in part g) also 
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applying to part h). It is expected that this facility would also be used to allow the exemptions 

to apply to small schemes in industrial sites that are only classed as Type D units because of 

the point of connection to the electricity network of the site in which they are situated.          

6.4 Harmonisation  

6.4.1 Harmonisation between ENTSO-E Network Codes 

Harmonisation between ENTSO-E Network Codes is a complex issue that needs to be taken 

care of all the way through the development of the entire set of the ENTSO-E Network 

Codes. In order to make sure that requirements in different NCs are, and will continue to be, 

coordinated and harmonised, ENTSO-E should introduce an inter-Code harmonisation 

methodology and appoint responsible person(s) to take care of it, particularly since all the 

Codes are in different development stages and will be adopted at different time frames. 

ENTSO-E has advised that the strategy concerning harmonisation among Network Codes, 

adopted in the beginning of the process, was to cross-refer only towards the Network Codes 

which have already been adopted, or at least towards the Network Codes that are expected 

to be adopted earlier than the Code containing the cross-reference. If implemented, it means 

that there should be no cross-references to other NCs in the NC RfG, NC DC could contain 

cross-references to NC RfG only, etc.  

While understanding the logic in trying to only refer to something that already exists, the 

various parts of what will be, in operational terms, a single overall network code and the 

interdependency of the various sections, it can be argued that this approach of not 

recognising this interdependency with something, which will follow, is the real source of 

many of the stakeholders’ concerns. As the package has been presented, they have first 

seen a significant increase in the scale of their obligations in isolation, having been 

presented with all of the extreme cases and only later have they seen any indication that 

these extreme cases may be tempered in practice. That the extremes indicated in frequency 

and voltage ranges, for example, may be tempered in practice is both positive and negative 

for stakeholders. Where extremes are specified in the NC RfG with the frequency of 

application clarified in other codes, this allows stakeholders to make the necessary technical 

and economic decisions in the implementation of their plants. Where there is no evidence 

that the extremes will be used, this questions the validity of the requirements specified in the 

NC RfG.  

Requirements in different Network Codes are bilaterally interdependent to the extent that 

cross-references cannot be limited. The scope of individual Network Codes is different. The 

Parties on whom the principal obligations of each Network Code will fall is different. 
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Accordingly, following the segmentation approach to the preparation of the suite of codes 

means that each Network Code, while part of a suite, needs to be an independent and 

consistent technical and legal document, which further means that all general aspects of the 

Network Code (including cross-references where applicable) have to be defined for each 

Network Code at the time of its adoption. 

The network connection codes (NC RfG and NC DC) are basic level codes that apply to all 

system users and network operators. NC RfG is the more critical since it applies to 

generating units and may have significant technical as well as commercial impact especially 

having in mind the expected growth of distributed generation from RES. Accordingly, all 

other Network Codes whose requirements may apply to generating units will have to make 

references to the NC RfG.  

Concerning cross-references of the NC RfG to other Network Codes, it is limited since NC 

RfG is “basic level” Network Code (as indicated above). This documents sets requirements 

for generators and needs to be coordinated with the requirements for the connection of the 

demand (NC DC), simply in order to maintain non-discrimination concerning network access, 

which is a crucial attainment of the energy sector restructuring and liberalisation. Also, since 

the NC RfG determines requirements for grid users from the electrical network point of view, 

these requirements have to be harmonised (or at least coordinated) with the electrical 

network operational requirements and quality standards. In this sense, the NC RfG needs to 

be harmonised towards the NC Operational Security and the NC Load-Frequency Control & 

Reserves. The main topics that have to be checked for consistency are requirements 

concerning frequency, voltage, protection devices, system restoration, real-time data 

availability and exchange, and the arrangements for network code governance and 

derogations. 

The requirements of other ENTSO-E Network Codes are more related to network operators 

and parallel operation of individual power systems in the synchronous area, so from the 

harmonisation towards the NC RfG point of view they have not been included in this 

assessment. 

 

6.4.1.1 Harmonisation with the requirements of the NC LFC&R  

The NC LFC&R, among others, determines the quality standards for frequency in the 

synchronous area. These values are very important for all generating units and together with 

the requirements for generating units concerning frequency ranges they create a consistent 

and reliable operational framework for all grid users and network operators. This issue is 

considered and a proposal presented in the text concerning frequency issues in section 

5.1.1. 
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6.4.1.2 Harmonisation with the requirements of the NC Operational Security  

The NC OS, among others, determines the quality standards for voltage ranges that have to 

be maintained at electrical network nodes. These values are maintained by the joint efforts 

of the grid users and network operators. Operation of the electrical equipment and 

technological processes at voltages that are above and below standardised values may 

cause significant damage to equipment and interruptions of the electricity supply to final 

customers. On the other hand, stable voltage conditions provide a safe and reliable 

operational framework for all grid users and network operators. Voltage ranges that grid 

users’ equipment has to be able to sustain must be coordinated with the quality standards 

set for the voltage ranges at the connection point to the electrical network. This issue is 

considered and proposal is presented in the text concerning voltage ranges in section 

5.1.3.1. 

6.4.1.3 Harmonisation with the requirements from the NC Demand Connection  

The NC RfG and the NC DC are synchronised to a significant extent. Below are a small 

number of issues that should be harmonised in these two codes although all of them have 

already been considered more fully in previous sections of this report.  

The Network Code Demand Connection (NC DC), unlike the NC RfG, uses a voltage level of 

1 kV to distinguish between different grid user groups. This voltage level is commonly used 

in international standards and technical standards in general as a separation threshold. 

Equipment Certificates are used in the NC DC only “...instead of part of the tests...”, whereas 

in the NC RfG they are currently used “...instead of part OR ALL of the tests...” without the 

different conditions being identified. In both the NC RfG and the NC DC, there are situations 

where certificates should be capable of replacing all tests and, more commonly, situations 

where they can only replace some. The wording in these codes should be harmonised, 

identifying the situations where each approach is applicable. 

In the NC DC there is a provision for testing of compliance with the data exchange 

requirements. These requirements are also present in the NC RfG (Article 9.5 d) but there is 

no provision for similar compliance testing. Since data exchange may be critical for 

operational security, it should also be introduced into the NC RfG.  

The NC DC is more specific on Compliance Monitoring than the NC RfG, indicating some of 

the activities that should be undertaken. However in the NC DC this activity is incomplete 

since numbers of important tasks for compliance monitoring are missing, as well as the 

description of the duties and responsibilities of the different parties. 
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6.4.2 Harmonisation with/of International and European Standards 

A number of stakeholders have made comments regarding the separation between the NC 

RfG and international and European standards. In some areas, the existence of values in 

such standards is used as a justification for extending applicable ranges in the codes from 

normal practice but requirements in other current standards or standards under development 

are ignored. While others commented on the apparent rejection of work undertaken to 

establish revised standards currently in the approval process. These have been developed 

with the support of manufacturers and the TSOs that have been at the forefront of 

establishing the new requirements necessary to absorb the growing levels of RES-E and 

CHP installations.   

ENTSO-E’s view, supported in the discussions held with CENELEC, is that the NC RfG will 

establish the legal position and standards will be later developed or modified to comply with 

these requirements. ENTSO-E and ACER have recognised that the establishment of the 

non-exhaustive values to be implemented in each Member State will take some time – 

suggested to be of the order of 2 – 3 years following adoption of the NC RfG. This would 

then be the starting point for the development of any standards required to allow the 

established requirements to be met. 

ENTSO-E and ACER have also expressed the view that the non-exhaustive requirements 

specified by TSOs will be the same as those applicable the day prior to the implementation 

date. If this arrangement is enforced, it should ensure both that the number of revisions to 

existing or developing standards will be limited and that those standards currently under 

development will be those applied. 

However, it must be recognised that any delay in establishing any standards required by the 

development of the suite of network codes will impact on the ability of manufacturers to 

produce equipment that will comply. This must have an impact on the number of derogations 

required and is a relevant input to the consideration of the issues raised in section 6.2.4 

above. 

6.5 Support for Emerging Technologies  

COGEN Europe and others involved in the development of new technologies, particularly 

those involving power generation associated with energy efficiency, expressed concerns 

regarding the ability of developers to commercially progress the development of 

technologies that are currently in the design stage or are concepts that have still to reach 

this stage. They see issues with their ability to bring them to market and progress them to 

fully comply with the requirements of the NC RfG. As has been the case with the introduction 

of RES-E technologies that were developed without full compliance but without having a 
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serious impact on system stability until a certain penetration level is reached, they believe 

certain dispensations are essential if commercial progress is to be achieved in other areas. 

While welcoming the introduction of Title 6, manufacturers and their trade associations 

remain concerned about the development of maximum thresholds and revocation levels. 

Having considered the process outlined in Title 6, it appears to be reasonably structured and 

to have a reasonable process. However, it is surprising that there is no place for a review by 

NRAs acting together under the co-ordination of ACER of the development of threshold 

levels according to Article 58.  

The revocation – or threat of revocation – of a classification as an emerging technology will 

have a significant commercial impact on the producers of such equipment and this must 

have an effect on their ability to obtain commercial funding for the development both of the 

product and of the business. While it is not a function of TSOs or NRAs to protect the 

operation of commercial businesses, decisions implemented without consideration of 

commercial reality may have an impact on the availability of future generation products. In 

the development of the final version of the code, it may therefore be appropriate to consider 

the notice periods applied to decisions made under Article 61.     
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7. Conclusions and Recommendations 

The issues raised by the development of the NC RfG and the comments from stakeholders 

have been considered in the context of a change in generation mix from large generating 

units, with a significant proportion of synchronous generating units providing inherent 

support to the wider electricity network at times of network disturbances, to a dependency on 

much smaller distributed generating units. To date, this change has affected some TSOs 

much more than others but, given that there is already evidence of the cross border effects 

of the operation of networks with a high penetration of distributed generation, it is recognised 

that the issues that some TSOs have been attempting to address in recent years are issues 

that will ultimately affect all European TSOs. The requirements of the NC RfG have also 

been considered with reference to the firm statements from both ACER and ENTSO-E that:  

a) changes in the current Network Codes of Member States will only occur in 

compliance with the current arrangements applicable in the Member State up to the 

date that the NC RfG would, if adopted, come into force,  

b) the technical parameters applicable in the Network Code of the Member State 

would be carried over into the NC RfG applicable in the Member State and,  

c) from the adoption date, changes to the code would be subject to the change 

requirements contained in the NC RfG.  

In this context, the adoption of the NC RfG will, by itself, have very limited impact on current 

network users provided certain existing safeguards are maintained. Against this background, 

ENTSO-E appear to have generally addressed the issues of operating an interconnected 

network with Europe wide market capabilities in a reasonable and realistic manner while 

recognising that the principles of subsidiarity should continue in order to allow each Member 

State to set its own regulation wherever practicable. The approach taken should ensure that 

the impact of the NC RfG on all currently operating generating units and all generating units 

genuinely in course of development would be neutral. Additional requirements are placed on 

new generating units but these requirements appear to be no greater than would be 

reasonably required to allow these smaller generating units to replace the large synchronous 

generating units, currently in operation, but that will be decommissioned in line with age 

profile and energy policy.       

However, in part to address the reasonable concerns of stakeholders affected by the 

transition that the adoption of the NC RfG into EU Law will bring but also to recognising that 

there are a number of technical issues that are not fully worked through into standards that 

would allow their implementation by affected stakeholders, a number of minor modifications 

and clarifications are recommended.  
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7.1 Recommendations on technical issues 

7.1.1 Recommendations concerning frequency ranges 

To make the operational frequency requirements for generating units, as presented in the 

Article 8, Table 2, acceptable as currently proposed, it is essential that ENTSO-E determine 

quality parameters of the electricity network frequency. Recognising that the only obligation 

specified in the NC RfG is to remain connected and not to operate normally, it is proposed 

that the frequency ranges to be applied in the NC RfG should follow IEC Standards. 

To allow for the correct representation of these standards, consideration should be given to 

incorporating frequency and voltage requirements into a single diagram.  

For details see section 5.1.1. 

7.1.2 Recommendations concerning active power output with falling 

frequency 

The requirements should be more completely defined, particularly with obligations placed on 

TSOs and NRAs, when setting non-exhaustive parameters, to take account of ambient 

temperatures and the technical capabilities of relevant technologies. This could be achieved 

by extending the compliance section of the NC RfG in a manner similar to that of the GB 

Grid Code to more clearly define the required characteristics of gas turbines operating at 

falling frequencies, but must also take account of the need to safely manage the operation of 

pressure vessels. 

For details see section 5.1.2. 

7.1.3 Recommendations concerning LFSM-O and LFSM-U 

For most generators, this requirement should remain as drafted. 

LFSM-U settings for nuclear generators should be established when the business case is 

being developed and remain unchanged after the safety case has been finalised – unless a 

clear justification that takes account of the nuclear safety issues is later established. (LFSM-

O is stated not to be an issue for nuclear generators). 

In general, CHP schemes should be designed to allow compliance with the requirements as 

specified, but Article 3.6.h should be modified to allow exemption from LFSM-O 

requirements for the very small number of CHP schemes that cannot reasonably comply. 

This may reasonably be coupled with an obligation to disconnect as may be permitted by 

Article 3.6.g where the equivalent CHP scheme would be adversely affected by system 

disturbances. 
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For details see section 5.1.3. 

7.1.4 Recommendations concerning Voltage Ranges 

Four recommendations are made, without analysis by the Consultant, based on the apparent 

agreement achieved at the stakeholder meeting on 16 September 2013. 

5. Proposed duration of the additional overvoltage range of 1.118 pu – 1.15 pu for the 

Type D power generating modules in Article 11, Table 6.1 for Continental Europe, 

which is currently intended “... to be defined by the TSO while respecting the 

provisions of Article 4(3), but not less than 20 minutes”, should be “defined by the 

TSO while respecting the provisions of Article 4(3), with a maximum time period in 

the range of 20 – 40 minutes”. 

6. Proposed duration of the additional overvoltage range of 1.05 pu – 1.0875 pu for the 

Type D power generating modules in Article 11, Table 6.2 for Continental Europe, 

which is currently intended “... to be defined by the TSO while respecting the 

provisions of Article 4(3), but not less than 60 minutes”, should be “defined by the 

TSO while respecting the provisions of Article 4(3), with a maximum time period in 

the range of 40 – 80 minutes”. 

7. The additional overvoltage range of 1.0875 pu – 1.10 pu for the Type D power 

generating modules in Article 11, Table 6.2 for Continental Europe, should be 

deleted. 

8. Drafting should be introduced permitting the reinstatement of the additional 

overvoltage range of 1.0875 pu – 1.10 pu for the Type D power generating modules 

in Article 11, Table 6.2 for parts of the networks of individual TSOs in Continental 

Europe where it is required for network configuration reasons, as approved by the 

NRA, provided it is neither detrimental to the operation of the power system nor to 

the operation of the internal market. 

It is also recommended that consideration should be given to representing voltage and 

frequency arrangements together as outlined in section 5.1.1. 

For details see section 5.2.1 

7.1.5 Recommendations regarding the use of On Load Tap Changers 

As the arrangements that should concern stakeholders have been ruled out by both TSOs 

and NRAs, no changes are proposed. However, it is recommended that, where OLTCs are 

required, this should be clearly stated and not left to be inferred. 
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NRAs should be required to ensure that the voltage ranges selected by TSOs in Article 11 of 

the NC RfG correctly reflect current practice in the use of OLTCs, including the tapping 

range in normal application or that the appropriate change review is undertaken. 

For details see section 5.2.2 

7.1.6 Recommendations regarding reactive power capability 

The drafting should be modified to allow the existing Figure 7 to continue to be used in TSO 

areas where it is currently standard practice for on-load tap-changers to be used provided it 

is normal to employ a sufficient tap range. In other TSO areas, the figure should be 

amended as shown24.   

 

Figure 12: Voltage/Reactive Power Profile without OLTC 

For details see section 5.2.3. 

7.1.7 Recommendations regarding provision of Reactive Power as 

Means of Voltage Control 

Provided the issue considered in section 5.2.3 and recommendation 7.1.6 is addressed, it is 

proposed that no further change should be made to the technical requirements. 

                                                

24
 This figure is the alternative figure proposed by Eurelectric Thermal Generators that reflects the extremes proposed by 

ENTSO-E. To ensure that there could be no claim of discrimination, Eurelectric proposed a similar alternative figure for Power 

Park Modules. While recognising that this is a desirable approach, since the change recommended here is based on the 

capabilities of a technology, extending the change to other technologies has not been considered. 
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NRAs should be required to ensure that stakeholders are not materially disadvantaged by 

the operational demands placed on them by TSOs for the provision of Reactive Power for 

Voltage Control. 

For details see section 5.2.4. 

7.1.8 Recommendations regarding Duration of Fault Clearance Time 

This article should be amended such that the ranges of permissible fault clearance times are 

distinguished by voltage level and, particularly at 400kV, by synchronous area. The ranges 

provided should more closely reflect current practice except where alternative arrangements 

are required for network configuration reasons as approved by the NRA provided this is not 

detrimental to the operation of the power system or of the internal market. 

For details see section 5.3.1. 

7.1.9 Recommendations regarding Fast Reactive Power Injection and 

Active Power Recovery for Power Park Modules types B, C & D 

These issues should become non exhaustive requirements, specified only where PPM 

penetration is sufficient that they need to be addressed by TSOs. The requirements should 

be specified with greater precision and take due account of the capabilities of existing 

technologies. In the more precise drafting: 

a) the intent that the combined effect of the requirements would not impact equipment 

specification should be ensured.  

b) the ability for Relevant Network operators to ensure that the requirements will not 

affect the safe operation of their networks should be guaranteed, taking precedence 

over the TSO’s rights under Article 4.4. 

For details see section 5.3.2. 

7.1.10 Recommendations regarding Fault Ride Through and LV 

Connections 

It is recommended that all generating units connected to LV networks should be exempted 

from the fault ride through requirements specified in Article 9. 

For details see section 5.3.3.1 
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7.1.11 Recommendations regarding application to LV Connected 

Generating Units 

It is recommended that, in line with current standardisation practice and to ensure that all 

generating units connected to the LV networks operated by DSOs are treated equally, the 

threshold between Type A and Type B generating units is modified such that all generating 

units > 800W connected to public networks operating at less than 1 kV are considered as 

Type A units.  

For details see section 5.3.3.2. 

7.1.12 Recommendations regarding conflicts relating to the operation 

of protection equipment 

The conflicts between ensuring the correct operation of both transmission and distribution 

protection systems in the transition to embedded generation is the subject of a number of 

studies. In this particular situation, since the appropriate changes would only become 

apparent following completion of current studies and would be appropriate on a Europe wide 

basis, it would be appropriate to require that the NRA, in consultation with other NRAs apply 

suitable standards as the information to allow their development becomes available.  

As the NC RfG is currently drafted, there is no opportunity for any affected party other than 

the TSO to propose modification to the NC RfG. While it is to be hoped that TSOs would 

propose appropriate modifications, this restriction is very unusual. To allow NRAs to apply 

the results of this study and to allow more general review, it is also recommended that other 

stakeholders, and in particular the NRA, should also be able to propose modifications 

For details see section 5.3.3.3 

7.1.13 Recommendations regarding the application of transmission 

rules to distribution networks 

The Network Codes developed by ENTSO-E should be modified to allow an overlap of the 

application of transmission or distribution rules depending on whether the operator is a 

transmission operator or a DSO. 

Article 3.6 should be modified such that Type A, B, or C generating units are only deemed to 

be type D units where the operator of the 110kV or above network to which they are 

connected is not operated by a DSO or CDSO. 

For details see section 5.3.3.4. 
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7.1.14 Recommendations regarding compliance 

Clarification of compliance requirements is essential and TSOs should be required to 

produce a clear, unambiguous and detailed statement of all requirements that should be 

subject to the approval of the NRA operating in conjunction with other NRAs. 

For details see section 5.4. 

7.1.15 Recommendations regarding obligations placed on non expert 

parties 

The NC RfG should be redrafted to allow: 

c) Derogations for CDSOs and small DSOs from complex technical issues, the obligation 

being placed on the network operator to whose network the network of the CDSO or 

small DSO is connected. This would also allow DSOs the right to address those issues 

that do arise.  

d) The ability of manufacturers to represent PGFOs in respect of: 

i. All power generation modules operated by consumers; and  

ii. All other power generating modules where the manufacturer is appointed to address 

any issue or issues by the PGFO. 

For details see section 5.5. 

7.2 Recommendations on Non-Technical Issues with 

Significant Technical Impact  

7.2.1 Recommendations Concerning Harmonisation of Network 

Codes 

It is strongly recommended that ENTSO-E ensure harmonisation of the requirements among 

the individual ENTSO-E network codes and that mechanisms are introduced to maintain 

network codes harmonised at times of revision of any code.  For details see section 6.4. 

It is recommended that clear governance arrangements are established for the entire suite of 

network codes. 
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7.2.2 Recommendations Concerning Cost-Benefit Analyses 

It is strongly recommended that ENTSO-E develop and present in the supporting documents 

to NC RfG a detailed methodology for: 

 Preliminary assessment of costs and benefits at the CBA preparatory stage, and  

 Full Cost-Benefit Analysis   

For details see section 6.2.3. 

7.2.3 Recommendations concerning derogations 

It is recommended that the following aspects concerning derogations from the requirements 

of the NC RfG are addressed: 

 In the Member States, there are number of generating units currently operating under 

derogations from the existing network codes and in some Member States the costs of 

the removal of such a derogation are socialised. In order to ensure that the 

implementation of the NC RfG is neutral, the NC RfG should contain a clause 

indicating that existing derogation rights continue and that, in the event that such a 

derogation is removed by the retrospective application of the NC RfG to these 

generating units, any existing rights for compensation would continue to apply. 

 The NC RfG should provide for the ability of the manufacturer or other technical 

advisor to make application for individual or class derogations, so that non-expert 

operators are not disadvantaged. 

7.2.4 Application to CHP Schemes 

Article 3 section 6 parts g) and h) appear to attempt to establish a reasonable compromise 

between the reasonable needs of TSOs and CHP operators in the situation where the 

proportion of small generating units is increasing. However, the current drafting does not 

quite achieve that and it is recommended that these parts are redrafted to ensure: 

c) Smaller installations that should be exempted from the NC RfG requirements are not 

prevented from receiving these exemptions purely because they are embedded in 

industrial networks that are, in turn, connected to the public network at high voltage; 

d) Arrangements can be established to meet the requirements of TSOs and allow CHP 

schemes to be exempted from varying electricity generation where: 
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i. The level of generation cannot be decoupled from the production of 

heat or steam to support an industrial process; 

ii. The generation of electricity is secondary to the support provided to 

the industrial process; and 

iii. The required change in electricity generation would result in a 

variation in the production of heat or steam that would have a material 

effect on the safe and economic continuation of that industrial 

process.     

7.2.5 Recommendations regarding emerging technologies 

In Title 6, the opportunity for NRAs, operating in conjunction with other NRAs where 

appropriate, to be involved at all stages should be recognised. In establishing timescales for 

notification of revocation of emerging technology status, the impact of short notice periods 

on the commercial risk profile of technology development should be recognised. 

7.3 Recommendations regarding Implementation 

3) It should be clear that the subsidiary codes prepared by the individual TSOs shall 

carry over existing values into the non-exhaustive values. Guidance should be 

prepared by ENTSO-E on the completion of all values and this guidance should be 

published and reviewed by ACER. 

4) The ranges quoted by ENTSO-E should be reviewed to ensure that they are entirely 

accurate. Where they are conditional on other issues, these should be stated. 
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A. Agreed Notes of Meetings with Stakeholders 

A.1  ENTSO-E 

Project: Technical Report on ENTSO-E Network Code – Requirements for Generators 

Stakeholder Meeting: 24 April 2013 

Location: ENTSO-E, Avenue de Cortenbergh 100, 1000 Bruxelles 

Present: 

For ENTSO-E  Edwin Haesen, Senior Advisor, ENTSO-E 

Marta Krajewska, Legal Advisor, ENTSO-E 

Helge Urdal, National Grid 

Ralph Pfeiffer, Amprion GmbH 

Wilhelm Winter, Tennet TSO GmbH 

Mark Norton, EirGrid 

Ineś de la Barreda, REE 

For the European Commission Matti Supponen 

For DNV KEMA Robert McVean 

Božidar Radovič 

 

Retrospective application 

ENTSO-E advised that their clear intention for the NC RfG is that it applies to new plants. 

Existing plants do not have to comply a priori with the requirements of this code. The code 

could only apply to existing units, provided that the procedure outlined in article 33 is 

followed. ENTSO-E stated that they had explained this procedure to be followed, including a 

quantitative CBA, public consultation and NRA approval, in the FAQs (8-9-11) prepared as 

supporting document in June 2012. 

Non-exhaustive requirements and national implementation 

ENTSO-E stated that the code is developed based on a reasonable time horizon and 

credible future scenarios. ENTSO-E advised that the code provides balance between 

exhaustive requirements and requirements where national processes will cover specific 
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implementations to cope with local system needs at minimum cost, avoiding where possible 

adding unnecessary cost for all. ENTSO-E expects that all countries already have adequate 

processes in place for grid code revisions. These processes are closely linked to the national 

implementation of Directive 2009/72/EC, and in particular its Articles 5 and 37 covering NRA 

tasks and responsibilities in the field of grid connection. Based on mutual understanding 

between ENTSO-E and ACER, the code should not provide any further restrictive details on 

how these national processes should be organized (see ACER Opinion, and ENTSO-E’s 

response to ACER Opinion). It was also clarified that any change from current values – 

including the setting of values for provisions not currently in national codes - would need to 

go through the initial national process. It is expected that many parameters will be those 

existing in Member States today. It cannot be excluded that some will change – as would be 

the case anyway under the current arrangements. It was always ENTSO-E’s position that 

any change to existing arrangements would be subject to further involvement of affected 

parties (e.g. generation owners). ENTSO-E observed that network codes have never been 

static documents and have changed as circumstances have required. ENTSO-E noted that 

some countries are already discussing in a public forum how to proceed with the 

implementation of network codes, including public consultation. ENTSO-E stated its intention 

to continue working, together with stakeholders and NRAs, in preparing the implementation 

of the code before it enters into force. ENTSO-E acknowledges the benefit of clarifying 

national processes and possible national choices, and believes that the EC shares their 

view. 

The approach of allowing for parameters to be set at the national level is a result of the 

entire process. ENTSO-E has drafted the NC RfG to meet the objectives of the third energy 

package and has set specific details (including values) where appropriate. For other 

parameters where local conditions are relevant and where otherwise implementing the most 

severe requirement uniformly would entail unnecessary costs, the principle of subsidiarity 

applies and ENTSO-E has left the setting of parameter values to national processes. 

ENTSO-E stressed that both exhaustive and non-exhaustive requirements are driven by 

their impact on cross-border flows and market integration. Even when local system 

characteristics require a different implementation, the NC RfG ensures that the requirement 

is covered across Europe in an appropriate manner and by adequate, transparent 

processes.  

FAQ 18 clarifies ENTSO-E’s understanding that if the NC RfG in a non-exhaustive 

requirement provides a range of values, a national implementation cannot result in a value 

which is more onerous than this range as this would not be compliant with the requirements 

of the EU network code. ENTSO-E believes that the EC share this interpretation. 

ENTSO-E does not consider the development of a fully harmonized set of requirements to 

allow generator manufacturers to reduce the number of versions of available equipment an 
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objective of the third energy package. ENTSO-E noted its belief that this interpretation has 

been confirmed in past discussions by ACER and EC. 

Fault ride through requirements 

ENTSO-E recognised that many stakeholders are concerned by the implied 250ms value for 

fault clearance time in the fault-ride-though (FRT) requirement available in the code and 

believes the concern is a result of misunderstanding of the requirement and/or mistrust of 

national processes. A considerable investment was made in Nordic countries following an 

incident in Southern Sweden/Northern Denmark approximately 10 years ago causing black 

out of half of each of the countries. A fault was not cleared in the normal manner and time 

due to the failure of one circuit breaker. The failure was instead detected by the circuit 

breaker fail protection giving a very long clearance time which caused the disconnection of 

more than one very large nuclear generator. Following this major incident investments were 

made to prevent a repeat in future including faster circuit break fail protection, to give the 

world’s fastest circuit breaker fail back-up clearance times of 250ms. The fault ride through 

requirement was then introduced to generators to remain stable (ride through faults) to cover 

the operation of this form of back-up protection. The 250ms requirement therefore covers the 

time to clear a fault even when a circuit breaker fails to operate and the next in line circuit 

breakers have to clear the fault. ENTSO-E indicates that 250ms of fault clearance time is not 

an a priori fixed requirement but the upper limit of the range. ENTSO-E expects decisions to 

be taken in the frame of the relevant national procedures to reflect geographical and 

topographical network design differences. It is also noted that a fault clearance time in itself 

does not provide the full extent of an FRT requirement; it is key for the national 

implementation (as stated in the code) to also specify appropriate pre- and post-fault 

conditions. ENTSO-E does not consider it appropriate to split FRT requirements by 

synchronous area to relieve stakeholder concerns. ENTSO-E also stresses that in today’s 

practices national specifications could consider values beyond 250ms even, whereas the NC 

RfG would put a constraint on this rather than drive to the most extreme values. ENTSO-E 

stated that until now the 250ms requirement has only existed in the Nordic region, taking into 

account specific pre-fault conditions. The Nordic countries however require the least 

challenging pre-fault conditions by requiring FRT capability only for very limited pre-fault 

operating conditions of a generator where as others (including GB) require the most onerous 

pre-fault operating conditions (including full reactive import). Therefore 250ms FRT 

requirement in one country may be no more onerous in terms of stability to deliver than 

150ms in another, once all parameters as preconditions are taken into account. 

Specific requirements for non-synchronous generation 

ENTSO-E is aware of concerns expressed by stakeholders on some system support issues, 

as they relate to non-synchronous generators, in the NC RfG. As synchronous generators 
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are displaced by RES-E generation, the support that is inherently provided to the system by 

synchronous generators must be obtained in other ways, either via grid investments, 

operational measures or additional grid connection requirements for RES generators which 

at times substitute synchronous generators. Synchronous generators can only support the 

power system when connected and operating. Therefore, if support cannot otherwise be 

obtained, it is likely that RES-E (higher merit) generators have to be constrained off, in order 

to allow synchronous generators to run. This can result in high financial and environmental 

costs and may jeopardize the achievement of the EU carbon dioxide emission reduction 

targets.  

Fast reactive current injection 

Comments have been made to ENTSO-E by some stakeholders regarding fast reactive 

current injection and technical constraints of providing 2/3 of the requested reactive current 

in 10ms. ENTSO-E pointed out that the actual wording is, “...time period specified by the 

Relevant TSO...which shall not be less than 10 milliseconds.”, and is deliberately set to 

ensure that no TSO shall require less. ENTSO-E has a confidential response from one 

manufacturer indicating that they have a design of equipment that can meet this requirement 

and regrets that the common voice of the industry ignores this. As the response is 

confidential, ENTSO-E is unable to provide details but were asked to approach the 

respondent to encourage them to confirm this position to the DNV KEMA team. 

ENTSO-E advised that, in 2005, National Grid implemented a requirement for fast reactive 

current injection during the periods of faults (typically 60-140ms). No time delay was allowed 

for in this current GB requirement. ENTSO-E after hearing about concerns from wind turbine 

manufacturers about meeting specific target values decided to split this requirement into a 

fast component (large kick) and slow component (relatively accurate delivery). The fast 

component covers a response of ⅔ of the maximum value in a time specified by the TSO as 

not less than 10ms, and the slower full response in 60ms. In Germany, the requirement is for 

full fast reactive current injection within 40ms of fault detection, with no specification for the 

fault detection time. Current protection systems have started measuring within 5ms and 

require this current contribution to ensure that the protection operates reliably and selectively 

within target clearance times. ENTSO-E with a need for ideally less than 5ms response time 

has due to concerns of manufacturers of converters (particularly full converters) decided to 

restrict the freedom of TSOs not to ask for anything shorter than 10ms. Due to the system 

need for a “crude substantial kick” (not an accurate value) there is no need in compliance to 

measure accurately the magnitude of the current delivered.  

Active power recovery after faults 

To ensure recovery from fault conditions, operators of small systems may suggest other FRT 

implementation priorities (bias) than the operators of large interconnected systems, due to 
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different levels of RES-E penetration at present. In large systems, a major issue is voltage 

stability as the interconnected network will assist in ensuring frequency stability. In 

Continental Europe (CE), therefore, it is expected that TSOs will focus on reactive power 

provision, although even in CE risks of losses greater than 3GW have been identified by 

ENTSO-E with real events shown to stakeholders and therefore frequency stability is still an 

issue. In smaller networks, such as Great Britain and Ireland, the TSO primarily needs to 

address frequency stability and therefore there is an expectation that these TSOs will 

request in their national process that generators capabilities balance differently the provision 

of real power to allow frequency recovery and reactive power to maintain voltage stability. 

ENTSO-E’s position concerning synchronous area requirements for active power recovery 

after fault and fast reactive current injection is that this combination, when implemented at 

national level, will not result in any requirement to oversize any equipment to provide support 

during system faults or fault recovery. 

Industrial CHPs 

ENTSO-E provided clarification on which units are addressed in Article 3(6)h which gives a 

few exemptions for industrial CHPs. One of the criteria given is that the “primary purpose of 

these facilities is to produce heat”. ENTSO-E’s intention and understanding is that ‘heat’ 

always includes ‘steam’ in this respect. 

Voltage withstand capability 

The NC RfG asks for a voltage deviation withstand capability in 400kV systems up to a 

maximum of 1.10pu. ENTSO-E mentioned that this is current practice in Spain and that the 

network (i.e. TSO assets) is designed to cater for this.  

ENTSO-E states that the code leaves it open to the grid user whether to comply with the 

voltage range requirements via an OLTC transformer or by other means. On the topic of 

reliability implications of an OLTC transformer, ENTSO-E considers the impact is small 

compared to the overall availability/reliability of an entire power plant.  

Frequency withstand capability 

The frequency range for unlimited operation is shown as 49Hz – 51Hz to cope with larger 

frequency sensitivity even in the largest synchronous area (CE), in part due to the lower 

inertia provided and in part the need for time to stabilise frequency during system splits and 

system recovery (e.g. from very rare black-outs). A main cause of this phenomenon is the 

increased number of RES-E connections. ENTSO-E noted that the unlimited and time-

limited frequency ranges as given in the NC RfG are present practice in many countries. 

Some countries (e.g. GB) at the start of RfG development had much wider (47.5 to 52Hz) 

frequency range (unlimited) which has been complied with by all types of generation plants 

including nuclear for decades.  
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Max active power reduction with falling frequency 

Concerning the requirement on maximum active power output reduction with falling 

frequency (Article 8(1)e), that has been challenged by the stakeholders because of the 

specification of a wide range of values, ENTSO-E stated that the code clarifies that this 

should be addressed across Europe for all generation (down to type A), and the range 

covers present practices. It is acknowledged that further details (cfr. GB grid code) are 

needed in national implementation. 

Transitional period 

ENTSO-E stated that the code provides for a 3 year transition period following its entry into 

force as an EU Regulation. Based on the procedure for units that are not yet connected at 

the date of entry into force (Article 3(4)), ENTSO-E acknowledges that national 

implementations will need to be completed in the first two years following entry into force of 

the NC RfG.  
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A.2 COGEN Europe and EHI 

Project: Technical Report on ENTSO-E Network Code – Requirements for Generators 

Stakeholder Meeting: 22 April 2013 

Location: Brussels 

Present: 

For COGEN Europe Dr Fiona Riddoch  

For European Heating Industry (EHI) Bob Knowles,  Technical Manager, BDR THERMEA 

For DNV KEMA Robert McVean 

 Božidar Radovič 

COGEN and EHI recognise the considerable change that has been made to the drafting in 

response to their concerns and appreciate the moves that have been made by ENTSO-E.   

They wished to discuss in this meeting, the impact of the code on Type A units which are 

effectively domestic white goods without any common drive source. The following points 

were made: 

 Manufacturers are prepared to adapt to meet the requirements of the NC RfG; 

 Time is needed to make the necessary design changes and manufacturers need to 

continue to sell to be able to afford to make the necessary changes; 

 Considerable investment has already been made and investors have not yet seen a 

return on that investment as products are still new to the market and low in volume. 

 Significance Test is not well enough designed, especially for small units without a 

common drive source; 

 Some manufacturers have stable product and sales, but innovative designs are being 

stifled because of the lack of stability to allow funding; 

 In this respect, the current wording on derogations and retrospective application has 

a process that theoretically should work, but is not firm enough to allow lenders to 

provide financial support for the necessary redesign work; 

 In respect of operators’ applications for derogations, this is not appropriate for micro 

CHP as generator owners are domestic home owners. The CHP product replaces 

their heating boiler. They do not have the necessary expertise and understanding to 

be expected to complete this process.  There should be an opportunity for 

manufacturers to make application for a class of generators on their behalf is 

necessary; 

 COGEN/EHI believe:  
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o ICE could comply but need 3+ years to make design changes (derogation by 

the manufacturer);  

o Stirling engines are commercially available emerging technology that should 

be allowed special rights up to 0.1% (deal struck in with NGET in GB) of 

connected capacity to allow continuing sales to fund redesign;  

o Nothing else is commercially available emerging technology and newer 

equipments should be designed to comply with the requirements of NC RfG 

from the outset.  

The 0.1% of connected capacity should be permitted for each technology classed as 

emerging. In the case of the members of COGEN and EHI, the only technology that would 

qualify is the Stirling engine.  

COGEN and EHI will provide some financial information to support their position. 

Regarding the impact of the changes on CHP sector as a whole COGEN Europe particularly 

highlighted  

 Fault ride through is now required for all generators whereas until 2008/9, all CHP in 

Europe were required to drop off during faults and not reconnect until network 

stability had been restored. These units have not been primarily made to produce 

electricity, but rather to produce heat. While recognising that the change in emphasis 

is inevitable, and has started in France and Germany, COGEN Europe have concern 

regarding the U-f envelope (voltage-frequency operation boundaries) – in particular 

the extremes they believe to be currently only applied in Nordic countries to non 

CHP plant – and the lack of a robust CBA process where design changes – 

especially retrospectively – are required. 

COGEN Europe indicated that this point and the wider sectoral concerns would be 

commented on further and separately. 
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A.3 DSO Associations 

Project: Technical Report on ENTSO-E Network Code – Requirements for Generators 

Stakeholder Meeting: 25 April 2013 

Location: Eurelectric, Boulevard de l’Imperatrice, Brussels 

Present: 

For  DSO Associations  Pavla Mandatova, Eurelectric 

 Jacques Merley, ERDF/Eurelectric 

Florian Chapalain, EDSO for Smart Grids 

Herman Poelman, Liander/CEDEC 

Marc Malbrancke, Inter-Regies/CEDEC 

Carmen Gimeno, Geode  

Johan Lundqvist, Svensk Energi /Geode/Eurelectric 

For DNV KEMA Robert McVean 

 Božidar Radovič 

DSO associations indicated that, while there are a number of areas in the NC RfG that give 

rise to concern, for the DSOs there are five key areas where improvement is required: 

 Compliance Monitoring and Testing; 

 Fault Ride Through; 

 Impact on Protection Schemes; 

 Responsibility Gap 

 Parameterisation of Voltage Levels for Transmission and Distribution. 

Using the attached presentation, DSOs discussed the implication for the NC RfG of each of 

these in turn. 

For DSOs, a major issue is the compliance monitoring obligation placed on them without any 

clarity about what is required, how it will be funded – TSOs have ensured that their costs are 

addressed, but no-one else’s are – or what will be achieved. In some countries, there must 

be a strong legal foundation which may require detailed rules before the compliance 

requirements can be enforced. In other countries, the right to connection to the public 

electricity network is enshrined in law and the opportunities for a DSO to refuse are limited. 

DSOs believe that, if they try to enforce these requirements without sufficient legal grounding 
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and the generator does not wish to comply, they can sue for connection access and would 

probably win. For there to be any success in implementing these requirements, standards 

must be developed very quickly, especially for mass market sets, so that compliance can be 

confirmed through certificated arrangements recorded during the connection process. 

Based on current projections of the number of units >5kW anticipated in Austria, Belgium, 

Germany, France, Italy and UK – 57% of EU population and a cost estimate of 250 – 500€ 

per installation to cover 0,5 day test + travel costs + test equipment costs + administration 

costs, DSOs estimate that the total cost to them of this obligation in 2020 could be up to 2,9 

billion €. DSOs fear that such a vague obligation as “The Relevant Network Operator shall 

regularly assess the compliance of a Generating Unit with the requirements under this 

Network Code...” without specifying what is required, what the objective is, what ‘regularly’ 

means into a market expected to number 7,7 million units by 2020 will merely result in DSOs 

becoming the scapegoat any time anything goes wrong. 

DSOs note that the draft System Operation Code also includes compliance obligations for 

the DSOs. These are different and they note that costs add up! 

Some countries already have certificate arrangements provided by manufacturers and 

installers in an attempt to address the genuine safety and network protection issues that are 

recognised to exist.  

DSOs note that Type B Power Generating Modules can be connected to the LV network and 

question the validity of the fault ride through requirements on these modules for the 

protection of HV networks.  Fault ride through at this level increases the likelihood of faults 

on the LV networks – to which the public have most easy access – not being cleared 

appropriately. To ensure that faults on distribution networks are cleared appropriately, DSOs 

wish fault ride through to be overridden in the event of a distribution fault. However, they 

recognise that, with the increase in embedded generation, for the security of the HV 

networks, larger installations most probably connected to the MV network may need to be 

able to ride through HV disturbances while tripping instantly for MV faults.  The DSOs 

provided evidence of the situation in Italy where currently 14GW of generation is connected 

to the MV network and 5GW to the LV network. In a worst case situation, without fault ride 

through, about 1,5GW of generation could be disconnected inappropriately. Forecast growth 

indicates that an additional 6,7GW will be connected to the MV network and 7,7GW 

connected to the LV network. Under the same analysis, a worst case position would see less 

than 10% of the new generation disconnected unnecessarily if fault ride through at LV is not 

required. On the other side, the probability of correct operation of LV protection systems is 

considerably increased. 

DSOs are concerned about the increased risk of undesirable network islanding as a result of 

the introduction of several requirements making generating units more tolerant to system 
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deviations or even self-stabilizing. The NC RfG requires generating units to maintain 

connection for a wider frequency and voltage bandwidth, and to try to correct deviations of 

these variables. The DSOs believe that Limited Frequency Sensitive Mode (Over and Under 

Frequency) operation, which is a major deviation from current practice in most countries, is a 

good illustration of the functions they believe will lead to an unacceptable increase in risk in 

some countries of undesired islanding. They believe that this will result in increased risk for 

public and workers as well as increased stress to DSO networks and connected customer 

equipment. The DSOs note that LV and MV distribution networks are generally much more 

accessible to the public than are HV networks and contact with them can be made by fishing 

lines and commonly used implements. DSOs believe that the NC RfG should be carefully 

drafted not to preclude the use of technical solutions, currently in the demonstration phase, 

aimed at ensuring safety and secure network operation. 

The requirement for LV distributed generation to be more resilient to system disturbances 

will have an effect for LV and MV protection arrangements. DSOs believe that instances of 

undesired local islanding, unwanted disconnections and failures to disconnect will all 

increase. In addition, distribution network components will suffer greater stress probably 

resulting in higher rates of failure. Currently, local LV anti-islanding detection devices are 

unproved and changes to protection schemes are inevitable. At the lowest end, this is likely 

to be of the order of a few hundreds of Euros per generator where simple modification of 

settings is sufficient up to a few thousands of Euros per generator where more substantial 

modification of interface relay protection is required. Given the total number of generators in 

the EU, this has an impact of at least 100s of millions of Euros up to 10 000s of millions of 

Euros. 

DSOs believe that there is a gap in the NC RfG relating to the definition of requirements at 

connection points. For generators connected to the distribution system via the consumer’s 

network, this is an issue for DSOs. Traditionally, after a connection has been made, DSOs 

only have the right to disconnect a grid user when its facilities, including internal network, are 

manifestly unsafe or where a disturbance is caused to other users. The DSOs are concerned 

regarding the obligations that they may pick up where a generator unit can be shown to 

comply but an issue between the unit and the connection point prevents compliance at the 

connection to the distributor’s network or at the point of connection between the distribution 

network and the transmission system. The obligations are not clearly specified, nor are the 

requirements. 

DSOs note that in some countries, for example England and Wales, Netherlands and 

Sweden, DSOs operate HV networks up to 150kV. The NC RfG can be interpreted as 

indicating that these distribution networks are part of the transmission system whereas the 

connection arrangements are those of distribution systems. If the definitions are followed 

through, a type B generator connected to a HV section of a distribution network becomes a 
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type D generator although its status in terms of effect on the transmission system or cross 

border effects has not changed. None of the affected DSOs have a seat at ENTSO-E nor 

have they had any opportunity to influence the drafting of documents which are not 

appropriate to distribution systems. DSOs believe that some national parameterisation 

should be allowed to address this issue.   

DSOs noted that, in the operational codes, TSOs push to have control over the operation of 

larger installations without regard to the effect this might have on the operation of the 

distribution networks to which they are connected. Rather than accepting the risks 

associated with splitting control over the same network, DSOs wish to retain full control over 

their networks, even if this means providing some form of guarantee to TSOs at the network 

interconnection point.  
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A.4 EU Turbines 

Project: Technical Report on ENTSO-E Network Code – Requirements for Generators 

Stakeholder Meeting: 23 April 2013 

Location: EU Turbines, Diamant Building, Boulevard A Reyers, Brussels 

Present: 

For EU Turbines Florien Böger,  EU Turbines  

 Maxime Buquet, GE  

Kevin Chan, Alstom 

Horst Peters, MAN Diesel and 
Turbo 

Luca Guenzi, Turbomach 

Ulrich Tomschi, Siemens 

For DNV KEMA Robert McVean 

 Božidar Radovič 

EU Turbines represents the 11 major gas and steam turbine manufacturers in Europe selling 

to utility companies and many SMEs and spoke to the presentation slides attached. The 

group have been engaged in the development of network codes most relevant to generators, 

trying to understand TSO’s needs and proposing technical solutions. Their involvement has 

resulted in some, but not many changes to the NC RfG. 

The technical issues concerning the group are: 

 Power Output vs Frequency 

 Frequency Response vs Time 

 Fault Ride Through 

 Application to CHP plants 

 Manufacturer’s inputs to the derogation process. 

On Power Output vs Frequency, EU Turbines believe that the envelop included in the NC 

RfG is more stringent than any existing requirements, showing a comparison of their 

understanding of the requirements in GB and Poland – which EU Turbines believe to be the 

most stringent – against the NC RfG requirements and a typical example of a GT power 

output (this being a unit specific) at various temperatures. EU Turbines noted that the GB 

requirement is limited to temperatures <25C. EU Turbines explained that this limitation to a 

certain ambient temperature can be helpful for complying with the requirement but 

acknowledges that it has no reasonable basis from system security point of view. To achieve 
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the required operating curves would require either the derating of machines with resulting 

increase in costs and emissions, the introduction of partially unproven compensation 

techniques (water injection, steam injection. EU Turbines agreed to attempt to provide some 

cost basis relating to this issue.  

Regarding the time actuation for frequency response, EU Turbines expressed surprise at the 

response time values set for frequency response for all generators and noted that this is not 

a technology neutral issue. For CCGT, this requires actuation of the gas inlet valve to be 

achieved in 2S and for the machine to ramp-up the maximum potential value setting within a 

time frame of significantly less than 10 s, which is not explicitly required but allowed by the 

network code. To achieve the ramp-up period would require the complete redesign of the 

CCGT rotor. 

For Fault Ride Through, the first issue is understanding the actual requirement. If increased 

time periods are required, the short circuit ratio needs to be increased, so there will be a 

need to increase copper in the windings to achieve a higher short circuit rating and an 

increase in the weight of the rotors to create higher inertia. This will have an impact on 

operating costs as greater weight = more fuel.  

The ability to comply will still depend on the PGM power output at time of fault, fault type and 

condition of the grid. A weak grid will make compliance much harder than a strong grid. 

250mS, is achievable in the Nordic countries, but not necessarily for a close up fault. 

Currently, this is a technical requirement, analysed, discussed and resolved on a technical 

basis. NC RfG, expected to be a regulation, changes this issue from being a technical issue 

for discussion to a legal requirement.  RTE, in France, also require 250mS in some 

locations, but solution is to tell RTE what is achievable at the machine location based on 

simulation and discuss resolution. For RTE, this is a requirement against specific conditions. 

As drafted, NC RfG is a general requirement without specifying the conditions that will apply. 

EU Turbines are also concerned about the manner in which the code relates to their CHP 

customers, whose primary focus is the support of industrial processes. In the paper industry, 

for example, the major issue is maintaining steam pressure to maintain set thickness of 

paper and the NC RfG requirements will affect the ability of paper manufacturers to maintain 

pressure. Similarly, in oil refineries, constant electricity supply unaffected by external 

influences is crucial as blackout can require many days recirculation of liquids before 

production can restart. EU Turbines agreed to attempt to identify industrial customers who 

will be affected by the NC RfG requirements who may be willing to provide supporting 

evidence. 

The restriction on manufacturers’ input to the derogation process is a concern for EU 

Turbines who note that manufacturers understand the equipment the make better than do 

the operators. This could be resolved by the adoption of a role for ‘technical advisors’. 
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The existing ‘worst case’ values in the NC RfG can result in a significant redesign cost, and 

less efficient operating regimes resulting in higher emissions and operating costs. EU 

Turbines agreed to try to quantify these effects. 

EU turbines requested clarification if circuit breaker operation time is included in the FRT 

requirement25  

    

                                                

25
 In the meeting with ENTSO-E the Consultants asked this question and ENTSO-E responded that 

circuit breaker operation time IS included in the FRT requirement. 
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A.5 EUR 

Project: Technical Report on ENTSO-E Network Code – Requirements for Generators 

Stakeholder Meeting: 25 April 2013 

Location: EDF Luminus, Markiesstraat/Rue de Marquis 1, 1000 Brussels 

Present: 

For EUR   Xavier Pouget-Abadie, Senior Safety Advisor, EDF 

 Johan Engström, Senior Specialist, Vattenfall AB 

Hervé Meljac, Power System Engineer, EDF Energy 

 

For DNV KEMA Robert McVean 

 Božidar Radovič 

Following introductions, the EUR representatives outlined the history of EUR in the 

development of the design specifications used since 1991 by the operators of all nuclear 

power stations in Europe and, using the attached presentation, outlined their concerns 

regarding the NC RfG as currently drafted. Chapter 3 of volume 2 of these specifications 

deals exclusively with grid connection requirements for NPPs. 

A very significant issue for the NPP operators is the safety case developed for the station, 

which has to be built up based on the probability of certain occurrences and the transient 

budget which governs the station life. In addition to exporting electricity to the grid, grid 

connections are crucial for the safety case as the grid is considered to be more reliable than 

any form of back-up power. 

Deviation in current practice is important to the NPP operators both in terms of the potential 

cost impact, but also in terms of the impact on stations’ safety case. Given the 60 year 

anticipated life of a NPP, the provision in the NC LFC&R requiring review every 5 years is a 

major concern. The absolute values established for the voltage and frequency ranges 

without considering their interaction is another significant issue.  Chapter 3 of Volume 2 of 

the European Utility Requirements for LWR Nuclear Power Plants includes the 

voltage/frequency operating diagram that has been in use since 2001 and shown as figure 1 

which was extended in 2001, when the specification was first used in the Nordic area, to 

allow for continuous operation at lower frequency than previously: 
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Figure 1: Voltage/Frequency Diagram for European NPP 

Assuming a grid short circuit level in the range 7GVA – 44GVA, a NPP connected at 400kV 

is designed to ride through faults and restart normal generation. For the design safety case, 

it is assumed that certain combinations of voltage and frequency will only occur very 

infrequently. 

NC RfG takes no account of the combination of events that is essential for all generators, 

and EUR believe that NC RfG should specify frequency and voltage operating ranges on a 

single chart because this is meaningful for the physics of rotating machines. While the EUR 

specification is more onerous than anything currently experienced, the NC RfG could 

present more onerous conditions on generators, and especially so when no information is 

given on the possible combination of events.  Over frequency is a particular issue for NPPs 

as the effect of over frequency on the coolant drives will be added pressure on the fuel 

assemblies. Theoretically, approval could be obtained for the use of power converters for 

‘normal cooling systems’, but they could not be used on any safety system including the 

coolant pumps used for fast shutdown. 

LFSM-U is a problem for NPP operators who are not convinced of the necessity, given that it 

infers a failure to procure adequate reserves and demand side measures are commonly in 

place. EUR is concerned that it may not be possible to fit LFSM-U within the safety case 

hypothesis for NPPs. NC RfG gives the right to instruct generators to change the droop 

setting, subject only to notification of this instruction to the NRA. For a NPP, this requires 

rerunning the station safety study as the droop setting is a relevant input. NPPs 

acknowledge that there may be a case for FSM and propose that, for NPPs the values 

should be set in line with the EUR as shown in Figure 2: 
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Figure 2: Proposed NPP Frequency Response Parameters as per EUR 

For LFSM-O, the NPP operators have no problem to deal with on individual case basis, but 

for safety case reasons they would prefer the probable frequency of occurrence to be 

defined. On the other hand, they would prefer the requirement for LFSM-U to be removed for 

NPPs.  

The overall voltage range specified is also a concern for NPP operators who note that the 

upper levels would require the use of on load tap changers (OLTC) which are not common 

practice in all countries. The Cigre report from the 1980s that indicated more than 40% of 

power transformer faults to be OLTC related was cited. The voltage range issue was noted, 

but it was agreed that should the operators wish to focus on the Cigre report for support, 

they would also provide details of the causes of all failures of NPPs in Europe to allow a full 

comparison to be made. 

The nature and possible duration of the fault ride through requirement is also an issue for 

NPPs. In the NC RfG, the voltage drop is shown to be almost to zero, inferring a fault at the 

station terminals. In Sweden, where a 250mS ride through requirement is applied, this 

should include faults up to the generator transformer terminals but no plant currently fulfils 

this requirement although all would meet the requirement of a 250ms fault ride through for 

faults at the first node out from the station and an appropriate solution to this issue is being 

investigated. In France, where 250mS ride through requirement is required in certain cases 

below 400kV, different values are shown for different connection voltages, network 

arrangements and technology types.  The ‘strength’ of the grid is a relevant factor in 

determining whether a station will ride through a network fault. In France, this is considered 

in terms of whether or not there is a meshed connection. In the EUR definition outlined 

above, it is determined by the fault level. The NC RfG makes no allowance for network 

conditions. There is also an interpretational issue to be considered regarding this 

requirement as TSOs have different approaches to the application of the voltage dip profile 

when determining FRT capability. Others interpret it as requiring the generators to remain 

connected to the grid. Again, the NPP operators envisage the adoption of the EUR values on 

a Europe wide basis, as the operators believe them to be more onerous than most national 

standards but within the capability of large synchronous generators. The NPP operators 
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adopt a similar position with respect to required reactive power ranges noting that the 

envelop shown in NC RfG is unachievable.  

At no point does the NC RfG make reference to the anticipated frequency of events. In 

establishing the safety case for a NPP, a figure is required as shown in Figure 1 above.  

While acknowledging the implicit derogation for all existing and planned generation plants, 

the potential for retrospective application is a major concern for NPP operators. The normal 

life of a NPP is 60 years and achieving this is crucial to the business case for development. 

It also means that almost all current NPPs and all under construction would need to be 

operating in 2030, the target date around which ENTSO-E declared NC RfG to be written. 

The operators believe that the continued operation of these plants and a realistic set of grid 

connection conditions to allow investment in future plants are essential for Europe’s energy 

supply. 

EUR believes the approach to future grid evolution, in particular increased renewables 

penetration, should be to keep power quality constant by implementing adequate mitigation 

measures to face intermittency and lack of inertia, rather than accepting power quality 

degradation and requiring TSOs and grid users to adapt to it as they perceive to be ENTSO-

E’s approach in drafting NC RfG.  
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A.6 EPIA 

Project: Technical Report on ENTSO-E Network Code – Requirements for Generators 

Stakeholder Meeting: 24 April 2013 

Location: EPIA, Rue d’Arlon 63, Brussels 

Present: 

For EPIA  Giorgia Concas, Policy Advisor, EPIA 

 Manoël Rekinger, Technology Advisor, EPIA 

For DNV KEMA Robert McVean 

 Božidar Radovič 

While EPIA and their members have a number of issues with the NC RfG as drafted, the 

main issues centre around: 

 The specification of the fault ride through requirements (for type B PPM), in 

particular, the requirement for reactive current injection; 

 Concern regarding the potential interaction of the various individual parameters that 

may be set at a national level; 

 Oversight of the setting of individual parameters in the national setting process; 

 Approach to standardisation that may resolve the uncertainty that exists regarding 

the interaction of individual parameters; and 

 Potential lack of standard approach to the setting of individual parameters and the 

impact on manufacturers meeting different requirements.  

In the process, EPIA have not seen any proper justification for all of the significant deviations 

in NC RfG from existing standards and requirements, especially for the FRT requirement for 

type B PPM in article 15.2.b) 2) to provide reactive current injection during FRT.  For the PV 

industry, the 10 ms measurement and operation timescale is the only real change impacting 

their technology and they do not therefore wish to take a stand against all the other 

deviations as they do not have a clear understanding of their possible consequences. The 

position in the ENSTO-E Briefing Note for the need to provide Fault-Ride-Through capability 

for type B generators is recognised and the principle is not questioned by EPIA. However, 

the PV industry is very concerned by the technical specifications described in this article. 

EPIA’s concern is mainly related to the fastest value which can be requested - 10 ms. 

Technically, an inverter cannot detect the fault and inject 2/3 of the specified reactive current 

within this time frame. Based on what EPIA see as a “badly designed” specification, specific 

settings at national level could lead to the specification of requirements that are not feasible. 

Inverter technologies that are currently available are in principle able to fulfil reactive current 
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injection but not as quickly as is required in the code. The actual requirement in the German 

Grid Codes (as stated in the BdEW MV guideline) in relation to this rise time aspect specifies 

30 ms plus a further 20 ms for detection, i.e. 50 ms in total. Apart from the fact that this 50 

ms value is not directly comparable to the 10 ms specified by ENTSO-E because of 

differences in detailed definitions.  EPIA believe that the values in the German Grid Code 

could also be challenged as they may not represent the best trade off between the system 

needs and the cost of providing the capability. As this is a new capability requirement, EPIA 

believe that the possible added value and the best way to specify the real requirement are 

not well understood. 

Voltage is defined in NC RfG as the positive sequence component and calculated over at 

least one period (a full cycle). This contradicts any requirement specifying a response time 

lower than 20 ms as this is already the time needed for the detection. Currently available 

technologies can detect a fault (by reference to a voltage dip) after having measured a full 

cycle. EPIA’s members are not sure that faster detection could be implementable.  This 

subject has never been verified in practice, but theoretically, when the generators are 

required to react in such a short period of time, no time is left to "sort out" the inputs (e.g. 

vector jumps or even simple measurement errors). This may cause incorrect triggering of the 

FRT modes in an erratic manner. 

EPIA note that the specification of this requirement was modified after the public consultation 

was finalized, without proper justification or any real opportunity for discussion or 

engagement with the industry. The solar industry believes that there is a very high risk of 

unintended side effects as a result of this requirement which they believe has been 

introduced without: 

 any real evidence that this capability (reactive current injection) is actually needed 

during fault at the MV level; or 

 any real evidence that such fast operation bring added value  at higher voltage 

levels. 

The way the requirement is currently described in the code introduces uncertainties about its 

implementation at the national level (especially with respect to the minimum threshold of 10 

ms). EPIA’s experience, in several countries, shows that system operators tend to 

copy/paste requirements because of a general lack of experience of PV integration. 

EPIA has raised the issue that PV can comply with this overall requirement in principle but 

not with the potential extremes being considered on several occasions with ACER, ENTSO-

E and the European Commission. ACER has advised that it is ENTSO-E which should set 

technical values. During discussion with ENTSO-E, it has been stated that there will be an 

opportunity to address specific values in the national setting process. EPIA believe that, at 

least in some countries, TSOs will set impossible values. 
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Accepting the need for some reactive current injection EPIA, together with EWEA whose 

members are similarly affected by the same inverter technology, proposed an amendment to 

Article 15.2.b)2) and wish to see this included in the adopted legislation. 

EPIA sees the absence of any reference to standards and/or the future availability of 

standards as a major barrier to the implementation of NC RfG. In particular the relationship 

between product development and manufacture, connection procedures, testing methods 

and the code has not been properly assessed during the NC drafting phase. For mass 

produced equipments, the use of European standards will be crucial in providing guidance 

for a progressive alignment of the national legal frameworks. It will also be necessary to rely 

on standards to ensure compliance with the Network Code, especially where they define test 

methods. The PV industry has repeatedly asked ENTSO-E to omit ranges from the NC and 

rely on the relevant European or International standards to avoid discrepancies, with no 

success. EPIA notes that ENTSO-E has not participated in the work of CENELEC TC8X 

WG03 which has been developing standards for micro generators, and other LV and MV 

connected generators. EPIA advocate the need for a proper recognition of the role of these 

standards by ENTSO-E and all the other stakeholders involved in the NC development 

process. EPIA believes that ENTSO-E should now support further work for the development 

of standards to support the implementation and compliance proving process at the national 

level. EPIA acknowledge that widespread connection of small PV units have an effect on the 

grid and accept that there is a need for requirements to be specified for relatively small units, 

but believe that there should be some reference to the connection voltage in determining 

what these should be.  

EPIA members are taking the approach that anything defined in NC RfG that is technically 

feasible would be accepted but are clear that CENELEC and ENTSO-E must be jointly 

involved to establish the actual detailed specification to avoid the possibility of badly 

designed requirements and the incompatible interaction of the various individual 

requirements during the implementation of the NC at the national level. Beside these mains 

elements , EPIA are however concerned with some less critical issues, such as the potential 

cost impact of the remote on/off controls specified in Article 8 for small, single phase type A 

units and of the simultaneous P/Q requirements specified for type B and C connected at the 

MV level.  

EPIA indicate that the cost of a communication device for remote on/off control would be 

lead to a 5 to 10 % cost increase for really small PV systems ( 3,68 kVA - single phase). 

EPIA does not question the need for this kind of requirement but is more concerned about 

the reality of its implementation. This will require the establishment of communication lines 

between TSOs/DSOs and these small units and EPIA questions whether these circuits will 

be implemented. They also question whether this requirement is the duplication of a 
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capability which could be provided by smart meters that are already generally in the course 

of implementation. 

While EPIA believe that the P/Q diagram can be delivered, the current specification will 

require the uprating of inverters. Because of the interaction of a number of parameters, 

particularly should the extreme values of the P/Q diagram be selected, EPIA indicated that 

they could not provide any meaningful indication of the likely costs involved.     
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A.7 Thermal Generators 

Project: Technical Report on ENTSO-E Network Code – Requirements for Generators 

Stakeholder Meeting: 23 April 2013 

Location: EURELECTRIC, Boulevard de l’Impératrice, Brussels 

Present: 

For Eurelectric Generators Group Giuseppe Lorubio,  EURELECTRIC 

 Ton Geraerds, Essent  

Eric Dekinderen, GDF Suez/Electrabel 

Philippe Lebreton, EDF 

Jörg Kerlen, RWE 

For DNV KEMA Robert McVean 

 Božidar Radovič 

The EURELECTRIC/VGB Generators Group has a number of issues regarding the 

requirements of the NC RfG.  Some of these are purely of a technical nature, while others 

are related to the economic impacts of technical specifications. The principle issues are 

related to: 

 Fault Ride Through up to 250mS; 

 Voltage Ranges and Frequency Ranges; 

 Voltage Control Requirements; 

 Classification of Significant Generators without reference to connection voltage; and 

 Modification to the NC 

 Process and cost balance issues as presented to the ACER workshop on 3 

September 2012 particularly, but not entirely, related to retrospective application. 

The discussion centred on the first 4 of the above issues: 

The Generators Group believe that all generator types ≤ 200MW should in general be 

mechanically capable of fault ride through up to 180mS. The limiting problem for smaller 

generators will be the fast acceleration of the turbine during the grid fault. As soon as the 

phase angle deviation between generator voltage and grid voltage goes beyond 90 degrees, 

it is physically impossible to remain in synchronous operation and the protection must 

disconnect the generator from the grid. For all thermal plants >200MW, the forces caused by 

phase angle deviation between generator voltage and grid voltage at the moment when the 
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grid fault is isolated and the voltage at the connection point recovers will break couplings on 

restoration unless a significant modification is made to the dimensions of the coupling 

flanges. This again will make it impossible to demount the rotor retaining rings for future 

maintenance. For all current plants, the physical space available in units will either make 

modification impossible or render plant incapable of future maintenance. As a result, the 

Generators had proposed a limitation in the NC RfG to restrict the possibility of a 250mS 

fault ride through requirement to the Nordic countries (i.e. to split FRT requirements by 

synchronous areas, similarly to the frequency and voltage requirements) where investment 

has been made to make this more practicable. However, while accepting that a 250mS fault 

ride through requirement is possible for hydro-electric generators, the Generators believe 

that, where a 250mS fault ride through requirement exists, thermal plants are generally 

operating with derogations.   

Generators Group are concerned that the voltage ranges specified in the NC RfG do not, in 

their view, fit with the voltage range requirements specified in IEC 60034. The Group believe 

that the maximum voltage in the range specified in IEC 60034 is 420kV for 380 kV grids, 

while they understand the maximum in the NC RfG is 440kV.To comply with the proposed 

range would require the replacement of HV equipment and of fixed tap transformers with 

transformers with on load tap changers (OLTC). A CIGRE study from 1983 showed that 42% 

of transformer faults were caused by OLTCs and they therefore are not used in many 

locations. In Germany, where OLTCs are normal, the ranges are not adequate to cater for 

the full voltage range specified in the draft NC RfG.   

In regard to Voltage Control, the Group believe that this is manageable by the TSO. From 

their standpoint, a generator operating at a power factor of 1.0 pu does not affect voltage. 

Voltage is affected by the reactive power, necessary for the TSO’s equipment and by the 

reactive power behaviour of the TSO and its customers. From the Generators’ perspective, it 

is the TSO who allows customers to operate with a poor power factor and who chooses its 

own equipment; therefore, it is the TSO’s task to manage its own voltage and reactive power 

requirements. The Group understands the historical development of the industry and 

recognises that, in that context it is reasonable for the generators to contribute, within limits 

specified in international standards, to the solution but they are of the view that the 

requirements of the NC RfG are excessive. They note that the simultaneous operation of 

generators at under-frequency and overvoltage will make the problem worse. Due to the 

extreme magnetic flux, this can be catastrophic for generators, motors and transformers. 

The Group notes that the corners of the U-Q/P diagrams in the NC RfG are not physically 

achievable and advise that the upper right corner and the lower left corner of the U/Q 

envelope do not make sense. Operating a generator overexcited when the grid voltage is 

already too high or under-excited when the grid voltage is already too low will only heighten 

the voltage deviation.  Fulfilling the extremely wide range of voltage as specified in the RfG 
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code is only possible by replacing existing step-up transformers with transformers with an 

On Load Tap Changers that may lead to a serious reduction of the reliability of the power 

plant. 

They also note that reactive power from synchronous machines is only available while they 

are operating and therefore that the displacement of synchronous generators by RES-E is 

an issue that the code needs to address given that this displacement is inevitable following 

current energy policy. The Generators Group indicated that reactive power provision by the 

grid is technically easier, can be located where the reactive power is needed resulting in 

better voltage management and lower grid losses originating from the transport of reactive 

power. This approach is much cheaper and permanently available. 

The Group note that the wide frequency range and unrealistically long operating times 

specified for under frequency conditions cannot be achieved with existing turbine 

technology. If the low frequencies as described in the RfG code exist during the specified 

periods, this may lead to simultaneous damage to all turbines of the same design. Due to the 

limited availability of spare parts, such as turbine blades, this, in turn, may lead to non-

availability of the Power Generating Modules for very extended periods. 

Generators Group believe that the classification of significant generators without reference to 

connection voltage is unrealistic and will lead to competition distortion, and assert that the 

impact of EN 50160 must be taken into account when establishing the voltage ranges to be 

experienced by generators connected to MV networks. It is their belief that both capacity and 

connection voltage are issues to be considered when establishing generator class, thereby 

complying with the classification set out in the ACER Framework Guidelines. 

An apparent lack of coherence between several Network Codes being developed was 

highlighted, especially the time durations at abnormal frequencies (outside the continuous 

band) and the frequency range (outside the continuous band) are exaggerated in NC RfG 

when compared with the Load Frequency Control and Reserves code.  

The change methodology is a particular for the group who recognise that network codes will 

change over time. All codes that the group were aware of had change management 

arrangements that included stakeholder representation and even the UCTE arrangements 

had some figures open for negotiation between TSO and plant owners. In this respect, the 

legal status as a regulation rather than a technical code is an issue for members of the 

group. 

The Generators’ Group specifically requested that attention be paid to the – in their view - 

unsatisfactory quality of the public consultation and stakeholder engagement by ENTSO-E. 

They believe that several answers do not fit the comment prepared by ENTSO-E and that 

this was demonstrated by EURELECTRIC at the ACER workshop in Ljubljana. The 

Generators’ Group insisted that, during the workshop, 14 stakeholders expressed their 
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frustration and unhappiness with the NC RfG and publicly stated their willingness to 

cooperate to come to an acceptable agreement that would satisfy all parties but that this had 

been ignored by ENTSO-E. The Group indicated that they intended to provide evidence 

supporting their position to DNV KEMA and would also provide it to the European 

commission on request. 
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B. Other Notes of Meetings with Stakeholders 

B.1 ACER 

Project: Technical Report on ENTSO-E Network Code – Requirements for Generators 

Stakeholder Meeting: 24 April 2013 

Location: CEER, Rue Le Titien 28, 1000 Bruxelles 

Present: 

For 

ACER   

- in person Reuben Aitken, Ofgem (GB) 

 - by teleconference Lena Jaakonanttii, Energimarknadsinpektionen (EI)(S) 

Elozona Uchu, Authority for Consumers and Markets (NL) 

Jakub Fijalkowski, Energie-Control Austria (E-Control) (A) 

For the European Commission Matti Supponen 

 

For DNV KEMA Robert McVean  

Božidar Radovič 

 

ACER has had a team of experts for each NC, responsible for preparing the Framework 

Guidelines and ongoing work on the relevant codes. Those present were members of the 

expert group for NC RfG. The principle of subsidiarity is crucial to the development of the 

codes and the Framework Guidelines have been drafted to ensure that those issues which 

have an impact on cross border network and market integration issues are addressed by 

harmonisation while those issues that do not have such an impact are addressed at a 

national level. In this respect, cross border network and market integration considerations 

have been limited to those concerning electricity.  

Changes to non-exhaustively defined parameters are a matter for the organisational 

arrangements that exist in the Member States. Some Member States already have review 

mechanisms that involve stakeholders, others delegate responsibility to the TSO with or 

without supervision by the NRA. However, according to Article 4(3) of the NC RfG the 

principles of transparency, proportionality and non-discrimination shall be respected when 
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national choices are made on the non-exhaustive requirements. Most NRAs expect that the 

NC RfG will be implemented using parameters as set at the implementation date but this is 

not guaranteed. The NC RfG may be used as a springboard to deliberately implement 

change. Any changes to currently set requirements will be subject to the review process 

currently applied in each Member State up until the day before implementation date of the 

NC RfG, and the modified review process established for the NC RfG, respecting the above 

mentioned high level principles, would apply from implementation date. All EU Regulations 

(and NCs will have that capacity upon adoption) have direct application. Individual NCs have 

different application timelines. A key role for ACER is monitoring NC implementation. The 

NRA carries out actual monitoring confirming or rejecting proposals from the TSOs for non-

exhaustive requirements. ACER can provide a platform to support NRAs in this activity. 

ACER is considering publishing all adopted/applied non-exhaustive requirements in each 

country, and requesting from NRAs a report about arguments/facts that were the basis for 

their decisions. 

The concern from stakeholders that a Member State may impose significantly stronger 

connection conditions to generators in the areas where decision has been delegated by the 

NC to the national level does not represent a significant change from the status quo, for the 

following reasons: 

- Currently NRA/Member States have all the power and may introduce any 

rule/requirement they deem appropriate, and with the NCs they will be significantly 

limited with ranges or limit values for non-exhaustive requirements; 

- According to the NC, a Member State can maintain or introduce measures that 

contain more detailed or more stringent provisions than those set out in the NC 

provided that these measures are compatible with the principles set forth in the NC; 

- Article 4.1 applied to non-exhaustive requirements guarantees that position of the 

stakeholders must be taken into account and that process must be transparent.  

In section 1.2 of the Framework Guidelines, ACER required that: “The network code(s) 

developed according to these Framework Guidelines take precedence over the relevant 

national codes and international standards and regulations. Where there are proven 

benefits, and if compatible with the provisions in the European network code(s), national 

codes, standards and regulations which are more detailed or more stringent than the 

respective European network code(s) should retain their applicability.” Translated into NC 

RfG, Article 7 states that: “This Network Code shall be without prejudice to the rights of 

Member States to maintain or introduce measures that contain more detailed or more 

stringent provisions than those set out herein, provided that these measures are compatible 

with the principles set forth in this Network Code.”, the statement concerning proven benefits 

being omitted. From ACER’s perspective, it is self-evident that any more detailed or stringent 

provisions would need to confer benefits, however the EC may intervene because in the 
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Regulation there are provisions (Article 21 of Regulation EC/714/2009 allows more detailed, 

but not more stringent measures…) to which Article 7 may not be fully compliant or this 

article may be seen as a tautology given the Regulation.  However this section is about the 

principle in EU Law that Member States are always permitted to impose more stringent 

requirements or require greater benefits to be provided to its citizens, if this is justified. This 

is the heart of the subsidiarity principle that NRAs and Member States will always defend. 

It was noted that NRAs are not explicitly foreseen to initiate a CBA and may wish to be 

proactive in implementing change to the overall benefit of all parties as is their duty.  

Overall, ACER notes the non provision of dispute procedures in the NC RfG. Although this is 

a legal issue, there was a recognition that problems may result. However, the basic principle 

is that all EC legislation in energy sector must be in line with the 3rd Energy Legislation 

Package. In this particular case, Article 8 from Regulation EC/713/2009 and Article 37.1.c 

from Directive 72/2009/EC should apply. All NRAs have a right to determine any dispute in 

the electricity sector. National procedures will apply for any dispute that does not have a 

cross border impact and will also be followed where a dispute relating to a cross border 

issue is referred to a NRA. In the case of cross border issues, NRAs have a duty to co-

operate and ACER has competence in ensuring NRAs act appropriately in the case of cross 

border issues falling under the scope of Article 8 of Regulation (EC) No 713/2009. An 

appropriate mechanism therefore exists although not explicitly stated in the NC RfG. Article 

4(3) is intended to ensure that NRAs retain their existing competencies after the adoption of 

the NC RfG as a Commission Regulation.    

In the determination of significant grid users, ACER is content with the intent regarding CHP, 

recognises that there are issues for smaller installations but these are covered by the 

transitional arrangements and expects that, in future, new generators will comply with the 

requirements of the NC RfG. 

ACER recognizes that acceptance of the NCs by the system users and stakeholders may be 

higher if there was no option for retrospective application. However, the NC is forward-

looking and there are clear benefits from having this option embedded as of the inception of 

the NC. For that reason, and at NRAs insistence, the procedure for retrospective application 

has been tailor-made, respecting the relevant high-level principles. Accordingly, TSO/NRA 

has to prove that there are clear benefits if a NC requirement is applied to an existing grid 

user. Discussions between ACER, NRAs and TSOs show that they expect only a few 

requests for derogations and all of them from new system users. Concerning coordination 

and monitoring of the derogation process, Articles 54.8 and 54.9 of the NC RfG deal with this 

issue, as well as Article 9.1 of Regulation EC/714/2009.   

ACER believes that the applicability of the requirements to existing installations is 

appropriate, with CBA required where later change is proposed. NRAs are expected to 
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always act on the basis that CBAs are to be undertaken on a societal basis with the society 

defined as the nation state. ACER does not see provisions of the NC RfG that could prevent 

type class derogations if possible and recognise that, particularly in the case of smaller 

installations, assistance to site owners by more expert agents would be appropriate. 
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B.2 EWEA 

Project: Technical Report on ENTSO-E Network Code – Requirements for Generators 

Stakeholder Meeting: 24 April 2013 

Location: EWEA, Rue d’Arlon 80, Brussels 

Present: 

For EWEA  Paul Wilczek, EWEA 

 Ivan Pineda, EWEA 

Frans Van Hulle, XP Wind 

Stephan Wachtel, GE 

Inga Skrypalle, REpower 

Frank Martin, Siemens 

Peter Christensen, Vestas 

For DNV KEMA Robert McVean 

 Božidar Radovič 

EWEA advised that their principle issues with the NC RfG are: 

 Fast Reactive Current Injection Requirements; 

 Lack of overall framework to ensure interaction of parameter settings is achievable;  

 Active Power Recovery Specification; 

 Reactive Power Supply Requirements 

The most important issue for EWEA members is the requirement for the provision of fast 

reactive current injection, the problem being the required speed of detection and response. A 

sub-cycle operation timescale is being sought and this is not feasible. One reason is that the 

reactive current is defined by ENTSO-E in the RMS domain, which inherently excludes the 

sub-cycle time domain. However, even if ENTSO-E had defined the reactive current 

requirements in the sub-cycle time domain, EWEA believe that the detection and desired 

response is technically not possible in 10 ms. 

EWEA indicated that state of the art to determine an RMS value is at least 20 ms to measure 

and evaluate a situation requiring reactive current injection only, then actuator operating time 

would be required before injection can take place.  EWEA do not consider that the ENTSO-E 

requirement sufficiently specifies the boundary conditions when such a requirement shall be 

required to be met. EWEA state that the opinion of 10 leading manufacturers is that an 
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overall figure of 60ms is the best that can be achieved under such insufficiently defined 

conditions. EWEA does not believe this requirement has been adequately justified and noted 

that the reference to Article 4(3) was added after the initial reasoned opinion from ACER and 

the message has been given by ENTSO-E that the requirement would only be asked for in 

exceptional cases. According to EWEA, any attempt at an impact assessment would be 

against a high uncertainty in the market and delays in implementation of new turbines. 

ENTSO-E has stated that one manufacturer has advised that they have a design to meet the 

NC RfG figures but EWEA has canvassed all manufacturers and obtained their best 

response values, none of which comply.   

Before being able to implement any change towards the ENTSO-E figure, a much clearer 

specification would be required. Best practice in Spain, UK, and Germany has developed on 

the basis of realities and specified differently. ENTSO-E have put all requirements together 

without considering the interactions of the various components. The specification is 

incomplete because it does not consider the effects of auto-reclosures and multiple fault 

rides through. In the non exhaustive requirements, TSOs have the ability to choose any 

combination of parameters without being given any guidance on the overall impact. EWEA 

believe that the least stringent impacts specified in the NC RfG, taken together, are more 

stringent than anything that currently exists. The combination of active power recovery and 

fast reactive current injection requirements26 with fault ride through and autoreclose requires 

significant inverter oversizing for use times measured in ms. EWEA believe that many 

countries have good detailed exciter specifications but what is included in NC RfG is weak. 

EWEA would be happy to enter into a structured approach with TSOs to develop the detailed 

interacting specification and view their experience with EirGrid to be positive. 

EWEA suggested that they would provide a document with a more detailed techno-economic 

justification for the alternative proposal – i.e. why 60 ms is the recommended figure to reach 

90% of additional reactive current – and this paper has been attached as an appendix to 

these notes. Also, EWEA undertook to survey its members to reconfirm the rejection of the 

fast reactive current injection requirement27. 

                                                

26
 In some countries there is an active power recovery requirement without fast reactive current 

injection, while in others there is a fast reactive current injection requirement without active power 

recovery. IN NC RfG both requirements are mandatory. 

27
 On 21 May, EWEA confirmed “We have enquired among our members on this in the meantime and 

can state: the manufacturing members of EWEA confirmed that the fast reactive current injection as 

specified in the NC RfG is technically not feasible. On this point, we as EWEA claim to represent with 

 



      

Technical Report on ENTSO-E NC RfG                              155 12 November 2013 

For Active Power Recovery, EWEA indicated that the risk with NC RfG is an incorrect 

specification in the national codes, and therefore EWEA proposed alternative, more precise, 

wording for this requirement. There is a high risk that the selected approach will clash with 

wind turbine recovery as it may hit the natural frequency of the drive train. The principle is 

that most numbers can be accommodated, but each would require a wind turbine redesign. 

EWEA proposed the figures adopted by National Grid in GB and, in the interests of ensuring 

that standard designs can be accommodated throughout EU, the development of 

appropriate standards accepted by TSOs is necessary. 

EWEA are concerned that the specification for Reactive Power Supply capability 

requirements will result in excessive costs to supply, especially for type C and D units 

connected to the MV network, without the technical need for such additional investments 

being justified. No difference is made in the NC RfG between the requirements for HV or MV 

connected installations and the effect of applying the same voltage control requirements on 

a transmission connected installation with OLTC and on a distribution connected installation 

without OLTC means that the full impact of reactive power provision over wider voltage 

ranges falls on the wind farms. 

 

 

 

 

 

 

                                                                                                                                                  

over 700 members the entire wind industry supply chain in Europe, including all relevant wind turbine 

manufacturers. Therefore, this survey outcome can be regarded as comprehensive.” 
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Appendix to Meeting Note: EWEA Rationale for 60ms Period to Reach 90% 

Reactive Current Injection 
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B.3 CENELEC 

Project: Technical Report on ENTSO-E Network Code – Requirements for Generators 

Stakeholder Meeting: 23 April 2013 

Location: CENELEC Meeting Centre, Avenue Marnix, Brussels 

Present: 

For CENELEC  Fahd Sultanem, RTE (CENELEC TC8X) 

 Marcus Merkel, EWE NETZ GmbH  (CENELEC BTWG 143-2) 

Wouter Vancoetsem, LABORELEC (CENELEC TC8X WG03) 

For DNV KEMA Robert McVean 

 Božidar Radovič 

CENELEC provided a presentation covering:  

 the Context of Standardisation; 

 CENELEC liaison with ENTSO-E; 

 CENELEC TC8X WG03 documents – in general and in relation to NC RfG; 

 CENELEC approaches 

 expectation of CENELEC/ENTSO-E collaboration 

 CENELEC is one of the designated European Standards Organisations charged with the 

preparation of voluntary standards which help facilitate trade between countries, create new 

markets, reduce compliance costs and support the development of a single European 

market. There are a number of Technical Committees including TC 8X which addresses 

system aspects of electrical energy supply. WG 03 works to this committee on the 

requirements for the connection of generators to distribution networks and has been the 

focus WG for the work with ENTSO-E on NC RfG. WG03 are concerned about the effort 

required in a very short time to address the issues that the NC RfG brings and believe that 

the Commission must issue a mandate similar to M/490 to focus on addressing the gaps in 

standards that exist. 

CENELEC has had discussions with ENTSO-E and ENTSO-E have answered questions but 

have not yet become involved in TC8X WG03 activities.  BTWG 143-2 has been established 

by CENELEC to address ENTSO-E standardisation activities. WG03 are currently working 

on standards affected by the NC RfG – LV connected generators <16A/phase, LV connected 

generators >16A/phase and MV connected generators. The scope of all of these documents 
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goes beyond that required by NC RfG, aiming to establish functional and technical 

requirements, evaluation criteria and test methods to demonstrate conformity. 

The NC RfG has a mixture of exhaustive requirements applying throughout the EU/EEA and 

non-exhaustive requirements which require national specification and implementation. Non-

exhaustive requirements are a problem for CENELEC since their objective is to create 

standards which help facilitate trade between countries, create new markets, reduce 

compliance costs and support the development of a single European market. Nationally 

specified and implemented requirements cut across this objective. WG03 intend to address 

this by establishing the requirements for a standard reference product with the possibility for 

some diverging requirements on a national basis. However, there are also some 

requirements where there may be a conflict with requirements established elsewhere. An 

example may be the power response to over frequency (Article 8.1.c) where the requirement 

may conflict with the operation of islanding detection methods in distribution networks. 

CENELEC view the development of the NC RfG to be formulated as a Commission 

Regulation as establishing the legal requirements that must be met. CENELEC will develop 

the standards necessary to define how these requirements will be met – and how generators 

will be proven to meet the requirements. CENELEC are concerned about the proposed 

implementation timescales and believe that clear action needs to be taken to ensure there is 

a possibility for standards to exist when they are required. In this respect, they believe that 

there needs to be a strengthening of ENTSO-E’s relationship with CENELEC and ENTSO-

E’s involvement in the standardisation process. 
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C. Stakeholders’ Information Papers 

C.1 COGEN Europe and EHI 
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C.2 Bundesverband Kraft Wärme Kopplung 
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C.3 EU Turbines
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C.4 EWEA 
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C.5 EUR 
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C.6 Thermal Generators 
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D. Incident on 4 November 2006  

D.1 Background 

In August and September 2003 there were, worldwide, four major electricity disturbances in 

what was a very short space of time. These disturbances occurred in the North Eastern part 

of North America affecting both the United States and Canada, the whole of Italy, parts of 

Sweden and Denmark and a significant area of London. None of these disturbances would 

have been prevented if the requirements set out in the NC RfG had been in place. In simple 

terms they were all basically due to either system operation or in the case of London 

transmission owner failings and in some of them an unwillingness to interrupt the market in 

order to ensure the security of the system.  

However on the 4th November 2006 virtually the whole of the UCTE interconnection was 

affected by a major system disturbance. Again the initial incident would not have been 

prevented by the requirements set out in the NC RfG but the consequential difficulties that 

were experienced could have been prevented or at least alleviated if all the generators had 

been bound by and conformed to the provisions of the NC RfG. 

D.2 The Incident 

On the evening of November 4 a double circuit 380kV line in Northern Germany was 

manually de-energised in order to allow a ship to transit the Ems River to the North Sea. 

This had been carried out successfully several times in the previous years.  

At the time of the disconnection of the 380kV line there were significant East-West power 

flows as a result of international power trade and the obligatory exchange of wind feed-in 

inside Germany. These flows were interrupted during the event. The tripping of several high-

voltage lines, which started in Northern Germany, split the UCTE grid into three separate 

areas (West, North-East and South-East) with significant power imbalances in each area. 

The power imbalance in the Western area induced a severe frequency drop that caused an 

interruption of supply for more than 15 million European households. 

In the Western Area where the frequency fell to around 49Hz due to a loss of import from the 

East and pump storage tripping, widespread load shedding was sufficient to stabilise the 

system after about 14s and within 20 minutes the system was back to normal although the 

impact for customers had been significant. 

In the South Eastern Area there was only a small imbalance and the frequency fell to just 

below 49.8Hz before gradually recovering and reaching 49.9Hz after 20 minutes. Sufficient 



      

Technical Report on ENTSO-E NC RfG                              276 12 November 2013 

generation reserves were available to allow the restoration of the frequency to normal and 

no load shedding took place. 

In the North Eastern area there was a surplus of generation and a high over-frequency area 

which was increased on this day compared with normal due to the high wind conditions in 

the North of Germany. The frequency rapidly increased to 51.4Hz which was reduced to 

50.3Hz by pre-determined automatic actions. However some minutes after the incident the 

frequency started to rise as wind generators that had tripped on the initial incident were re-

connected. This contributed to both frequency and loading issues. In general this 

uncontrolled operation of embedded generation – mainly wind and CHP – during the 

disturbance complicated the process of re-establishing normal system conditions. 

Full resynchronization of the UCTE system was completed 38 minutes after the split and the 

normal situation was re-established in all European countries in less than two hours. 

D.3 Causes 

The basic causes were two-fold: 

Firstly the failure to maintain the n-1criterion by the TSO directly involved in both its own grid 

and on some of its tie-lines to the neighbouring TSOs. Furthermore the resulting physical 

flow on one of the remaining 380kV interconnecting lines was so close to the protection 

settings at one end that even a relatively small power flow deviation triggered the cascade 

line tripping. 

Secondly there was insufficient inter-TSO co-ordination. The initial planning for the manual 

de-energisation of the double-circuit 380kV had it scheduled for 5th November from 0100 to 

0500 and all the studies were carried out on this basis. However the change of time was only 

communicated by the TSO to the other directly involved TSOs at a very late moment. It was 

also not sufficiently prepared and checked in order to ensure the secure operation of the 

system after the line de-energisation. The differing protection settings at the ends of one of 

the key lines – a critical factor because of the very high loadings – was also largely ignored 

by the TSO. 

D.4 Generator-related Issues 

During the disturbance, a significant number of generating units tripped in the Western and 

North Eastern areas of the UCTE area due to the frequency variations – both low and high – 

in these areas. This contributed to the deterioration of system conditions and to the delay in 

restoring secure normal conditions. However as most of these generating units were 
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connected to the distribution grid, most of the TSOs did not have access to the real-time 

data of these generating units.  

By far the most troublesome issue was in the North-Eastern area, where the uncontrolled 

reconnection of generating units induced very unpredictable conditions and the need for 

additional time to recover secure system operation. The uncontrolled and unexpected 

increase of generation causing the frequency to rise in the North-Eastern area had to be 

countered by a decrease in the output of other generation. However this caused critical 

network overloads. 

D.5 Other Issues 

The TSOs were also hampered by some DSOs reconnecting customers without coordination 

with their TSOs. This increased the difficulties for the TSOs with regard to the restoration of 

normal system conditions. 

The dispatchers were also hampered by the limited range of actions available to them for 

handling grid congestions due to a German requirement that requires when taking measures 

to secure the grid to also take account the effects that this has on the market. 
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E. Selected Distribution Issues 

E.1 Distributed Generation Protection 

The existence of a fault for which the distribution connected generating unit should 

disconnect has been detected by mains failure protection, often operating by measuring 

vector shift and the rate of change of frequency.  A vector shift device measures the length 

of each cycle of the voltage wave. At the moment a generating unit set becomes 

disconnected, the sudden change in load causes a sudden change in cycle length. The 

single cycle becomes shifted with time: it is either longer or shorter. The speed of sensing 

should be fast enough to complete the opening of the generating unit main circuit breaker 

before any auto-recloser on the distribution network completes reclosing. The ‘off’ time of an 

auto-reclose scheme depending on the system used by the DSO could be of the order of 

100ms to 1s although ‘off’ times in excess of 1s are commonly applied where it is known that 

distributed generation is connected. A rate of change of frequency device senses stability of 

the frequency of the combination of the generating unit network and the distribution network 

to which it is connected. A generating unit in routine operation will have a normal frequency 

excursion due to changing loads and the compensated fuel inlet. These frequency 

excursions are small. The rate at which the frequency changes inside these excursions is 

relatively high compared with those of a large network. The speed of sensing the difference 

between the relatively fast (but minor) changes in frequency resulting from the operation of 

the generating unit itself, the relatively slower changes resulting from disturbances on the 

network for which the generating unit should remain stable and the network disturbances for 

which the generating unit should trip must be fast enough to complete the opening of the 

generating unit main circuit breaker before any auto-recloser completes reclosing.  

However, especially for relatively non-interconnected networks, the transition from systems 

based predominantly around large synchronous generators to those based around 

asynchronous RES-E installations has an effect on the rate of change of frequency for which 

the unit should remain stable. In GB, this issue is still under consideration, but the TSO and 

DSOs have indicated to affected parties that the rate of change in frequency at which 

generating units should disconnect will need to increase from the current setting of 
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0.125Hz/s to a position that they should remain connected for a setting up to a figure still to 

be determined but likely to be between 1Hz/s and 2Hz/s28. 

E.2 Distribution Protection Systems and Network Islanding 

The complete issue of the need to modify distribution protection schemes to accommodate 

significant generation embedded in distribution networks has been recognised and there are 

trial schemes planned and in operation attempting to resolve this dilemma for DSOs as part 

of the analysis being undertaken for the introduction of smart grids. Traditional protection 

systems operate on the basis of load flows from transmission networks to distribution 

networks, but as noted above and shown in Figure 13 the load flow between transmission 

and distribution networks – in this case for a location in Italy – can now be in both directions 

during the day.     

 

Figure 13: CP QUARTO Power Flow during 19 August 201229 

During the period the power flow is from the distribution network to the transmission network 

it is probable that a traditional protection scheme would not operate correctly. When the 

network is operating around the balance point, the risks of the network continuing to operate 

as an island network are high. In this situation, there is a possibility of unusually high 

voltages existing on the island network presenting a hazard to equipment, the DSO staff and 

the general public. Unintended network Islanding is the nightmare scenario for distribution 

engineers, previously thought theoretically possible but unlikely to occur because of the 

                                                

28
 See: Open Letter from the Chairmen of the GB Grid Code and Distribution Code Review Panels available at: 

http://www.nationalgrid.com/NR/rdonlyres/13E717C8-DE42-4D8A-BF73-
B22BF4C07731/59204/OpenLetteronG83andG59protectionrequirementsv4.pdf  

29
 Source: Grid4EU Innovation for Energy Networks, dD4.1 Documentation for technical coordination, 30 October 2012. 

Available at: http://www.grid4eu.eu/media/6590/Grid4EU_dD4.1_DEMO4_Documentation_for_technical_coordination_V2.0.pdf  

http://www.nationalgrid.com/NR/rdonlyres/13E717C8-DE42-4D8A-BF73-B22BF4C07731/59204/OpenLetteronG83andG59protectionrequirementsv4.pdf
http://www.nationalgrid.com/NR/rdonlyres/13E717C8-DE42-4D8A-BF73-B22BF4C07731/59204/OpenLetteronG83andG59protectionrequirementsv4.pdf
http://www.grid4eu.eu/media/6590/Grid4EU_dD4.1_DEMO4_Documentation_for_technical_coordination_V2.0.pdf
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network topology and protection systems employed. This is no longer the case. See Louro 

and Cura: Network Islanding – A Real Event, CIRED 2012 for a description of one such 

incident30. Addressing the protection system issues introduced by the growth in distributed 

generation is a significant topic for smart grid demonstration sites. The new requirement that 

distributed generating units that would previously have disconnected in the event of a 

system disturbance are now expected by NC RfG to remain connected during a significant 

fault ride through period adds to this concern for DSOs.  

E.3 Impact on Fault Levels 

The impact of distributed generation on fault levels experienced by distribution networks has 

been considered an important issue for some time, but not one that should prevent the 

implementation of distributed generation31. All network equipment is susceptible to damage 

caused by the passage of excessive currents during fault conditions, but this is a particular 

issue for switchgear called to operate to disconnect the faulted network section. Studies to 

date have generally assumed that all generating units operating via power electronics 

modules – including all PV and many wind installations – would not contribute to fault 

currents at the time of interruption by the switchgear. Article 15.2 b) of the NC RfG attempts 

to change this situation and require these installations to produce current during fault 

conditions to aid the operation of protection systems. This is an important issue for TSOs as 

the contribution from large synchronous generating units decreases. However, the PGM 

control system will not be able to differentiate between faults on the transmission and 

distribution networks and will therefore now contribute to distribution network fault levels.  

The 2005 GB study, referenced in footnote 31, assumed no contribution to fault break 

currents from power electronics based generator modules and determined that there was 

significant headroom in most distribution networks for the addition of distributed generation 

looking forward to 2010. However, the introduction of a requirement for a contribution to fault 

break currents from these modules places this conclusion, correct in its setting, open to 

serious question for the future. Based on the data available in 2005, it could be concluded 

that around 20% of GB distribution networks could not accept distributed generation that 

                                                

30 Available at: http://www.cired.net/publications/workshop2012/pdfs/CIREDWS2012_0362_final.pdf  

  

31 See, for example, Report for UK Department of Trade and Industry New and Renewable Energy Programme TSG WS 5 The 

Contribution to Distribution Network Fault Levels from the Connection of Distributed Generation, 2005 available at: 
http://webarchive.nationalarchives.gov.uk/20100919181607/http:/www.ensg.gov.uk/assets/14_06_2005_dgcg0000200.pdf  

  

http://www.cired.net/publications/workshop2012/pdfs/CIREDWS2012_0362_final.pdf
http://webarchive.nationalarchives.gov.uk/20100919181607/http:/www.ensg.gov.uk/assets/14_06_2005_dgcg0000200.pdf
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would contribute significantly to fault break currents. Unfortunately, as will be seen from the 

stakeholder evidence, whether or in what form the NC RfG specification can be met is 

uncertain and indeed, while ENTSO-E have attempted to draft a document that is largely 

technology neutral, this may be an issue on which technology plays a significant part. It is 

not currently possible to establish meaningful data on the potential impact of this 

requirement on distribution networks but, while acknowledging the benefit for TSOs, that 

there is likely to be an impact for DSOs must also be recognised.     

As currently drafted, Article 15.2 b) begins, “The Relevant Network Operator, in coordination 

with the Relevant TSO shall have the right to require....” and this approach should allow the 

DSO to ensure that its network can be operated safely. However, other sections are less 

clear on which network operator has the final say when other requirements are applied. In 

considering the TSO’s requirements in the NC RfG, it is therefore essential for public safety 

that the DSOs’ requirements are also addressed in all cases.  
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F. Other Provided Information 
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G. Papers Following Preliminary Report Circulation 

G.1 Comment from COGEN Europe and EHI re Title 6 
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G.2 Comment from Acer  
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G.3 Comment from Eurelectric Thermal Generators  
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G.4 Comment from EUR 
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G.5 LFSM-O Obligations - Randomised Disconnection  
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H. Notes of Stakeholder Meeting 

Project: Technical Report on ENTSO-E Network Code – Requirements for Generators 

Stakeholder Meeting: 16 September 2013 

Location: European Commission, DG ENER Rue de Mot 24, Brussels 

Present: 

Registration was conducted by EC who advised that everyone who had 

registered also attended. The representatives from ACER Ljubljana 

attended by video link. The meeting was chaired by Tadhg O’Briain. 

The purpose of the meeting was to discuss the main technical issues that were outstanding 

in the review of the NC RfG, the proposals included in the COWI Belgium/DNV KEMA 

Preliminary Report and alternative approaches that may be proposed by Stakeholders. 

It was agreed that these issues were correctly identified in the Preliminary Report and were: 

 Frequency Ranges; 

 Active Power Output with Falling Frequency; 

  LFSM-O and LFSM-U; 

 Voltage Ranges; 

 Potential Requirement for the use of On Load Tap Changers; 

 Reactive Power Capability; 

 Provision of Reactive Power as a Means of Voltage Control; 

 Fault Ride through – Duration of Fault Clearing Time; 

 Fast Reactive Current Injection and Active Power Recovery by Power Park modules 

B, C and D; 

 Fault Ride Through on LV Networks; and 

 Effects for DSOs. 

Following a short introduction to the review by Bob McVean representing DNV KEMA, Ralph 

Pfeiffer responded on behalf of ENTSO-E. The technical issues were discussed with Bob 

McVean introducing the issue and the proposal submitted by DNV KEMA and Ralph Pfeiffer 

responding where appropriate with a description of ENTSO-E’s objectives and rationale for 

the initial drafting. A full discussion by stakeholders followed and for several issues an 

agreed position was reached. 
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Frequency Ranges Stakeholders repeated their concerns regarding the (as they see 

them) excessive safety margins applied and this was noted. It was 

determined that frequency ranges should follow IEC standards 

recognising that the requirement is to remain connected which 

should not be interpreted as normal operation where the operation 

of mechanical plant has an impact. 

Active Power with 

Falling Frequency 

The need for greater definition was acknowledged and drafting 

requiring that NRAs take account of ambient temperatures and the 

technical capabilities of existing technologies should be introduced. 

LFSM-O and LFSM-U It was accepted that derogations based on safety cases should be 

given where technology so required. The genuine issues related to 

industrial CHP should be addressed. COGEN Europe argued the 

case for randomised disconnection which ENTSO-E could not see 

operating. The reconnection issue was recognised and no action on 

this proposed. 

Voltage Ranges Time periods in the range 20 – 40 mins and 40 – 80 mins were 

proposed in place of both previous proposals. The form of IEC 

standards should be followed choosing outside ranges to fit. 

Drafting to be introduced permitting an opt out where required for 

network configuration reasons as approved by the NRA provided it 

is not detrimental to operation of the power system or the internal 

market. 

OLTCs and reactive 

power provision 

Drafting would be introduced making clear that where OLTCs are 

required, this must be specified not left to be inferred. Where 

OLTCs are required, figure 7 would follow ENTSO-E arrangement. 

Where OLTCs are not required, figure 7 would follow the 

arrangement in the DNV KEMA proposal. 

FRT – Clearing Times Where generic values are quoted, they shall be distinguished by 

voltage level and, at 400 kV by synchronous area, except where 

alternative arrangements are required for network configuration 

reasons as approved by the NRA provided it is not detrimental to 

operation of the power system or the internal market. 
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Fast Reactive Current 

Injection and Active 

Power Recovery by 

Power Park modules 

B, C and D 

Active power requirements should be specified with greater 

precision; fast reactive current injection should be specified with 

less precision recognising the current state of technology. The effect 

of the combination of these requirements should be recognised. 

EWEA and EPIA are working on this issue and will propose a 

resolution. 

FRT at LV The DNV KEMA proposal was accepted 

Effect for DSOs 

 

 

It was acknowledged that DSOs must be free to set values as 

required for safety. 

The power system protection issues should be dealt with after the 

results of current trials are known. To allow this, provisions should 

allow NRAs, operating in conjunction with other NRAs, to apply 

appropriate standards.  

The impact of DSOs operating 110 kV (+) networks should be 

addressed by allowing overlaps between application of T and D 

rules. POST MEETING NOTE: One part may be not to make it 

automatic that a unit is type D just because it is connected to a 

110kV distribution network.  

The ability for CDSOs to obtain derogations is required with 

responsibilities then falling on connecting RNO. 

Compliance issues were not resolved. POST MEETING NOTE: one 

solution may be to require the TSO to establish detailed rules that 

must be subject to NRA approval. Requirement for NRAs to 

establish best practice guidelines may also be appropriate. 

  

 

Bob McVean 

DNV KEMA 

19 September 2013 
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