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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:

e Frequency parameters;

¢ Voltage parameters;

e Reactive Power requirements;

e Load-frequency control and system balancing;

e Short-circuit current;

e Protection requirements including protection settings;
e Fault-ride-through capability; and

e 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;

¢) 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
Technical Report on ENTSO-E NC RfG vii 12 November 2013
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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 nhumber 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.

04 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 (PGFOSs) 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
e 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.

e 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:

e Section 1 — Introduction

e Section 2 — Task Description

e Section 3 — Context of NC RfG for Power System Operation

e Section 4 — Stakeholders’ Views

e Section 5 — Assessment of Technical Requirements

e Section 6 — Non Technical issues

e 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 2012*. 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.

! 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 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:

e Frequency parameters;
e Voltage parameters;

o Reactive Power requirements;

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

e Short-circuit current;

e Protection requirements including protection settings;
¢ Fault-ride-through capability; and

o 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 3" 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
¢) 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 securely®. 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
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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
guaranteed®. 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/b9c403656feach5348257a28006af4a0/$file/ FACT S%20t0%20facilit
ate%20AC%20grid%20integration%200f%20large%20scale%20wind%20generation. pdf;
http://mww05.abb.com/global/scot/scot256.nsf/veritydisplay/26ab4cdOecbe3bcbc1256b9d004a7c88/$File/statcom.pdf; or
http://www.energy.siemens.com/hg/pool/hg/power-transmission/FACTS/SVC_PLUS_The%?20efficient%20Way.pdf
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both frequency and voltage. However, all TSOs will require that the asynchronous
generating units® will provide sufficient current injection during system fault conditions to
ensure the operation of protection systems.
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Figure 2: Cumulative installed capacity of renewable energy for power generation6

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.

® For the avoidance of doubt, asynchronous generators can also include synchronous electrical machines that are connected to
the system by means of a converter.

® Source: Bundesministerium fur Umwelt, Naturscutz und Reaktorsicherheit, Langfristszenarien und Strategien fiir den Ausbau
erneuerbarer Energien in Deutschland, 11055 Berlin, August 2009. Available at: 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;

¢) 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

Technical Report on ENTSO-E NC RfG 14 12 November 2013



pNv]

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.

42.1 Technical Issues

The technical issues raised by stakeholders include:
a) Frequency Ranges;
b) Active Power Output with falling Frequency;
¢) 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;
i) Operation of NC RfG for LV connected generators;
k) Conflicting requirements relating to the operation of protection systems;
I) 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

5.1.1

Frequency related issues

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.

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.

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.

Technical Report on ENTSO-E NC RfG 21

12 November 2013



pNv]

Since frequency is shared by all | Such a case for retrospective application
equipment connected in and to | must be made throughout the synchronous
the network, the extended range | zone in which it is to apply. Without this,
of frequency and voltage cannot | TSOs do not have ability to use the
be used by TSOs unless a case is | extended range until current power plants
made for retrospective | are retired. Many plants have an expected
application. operational life of around 60 years.

51.1.1 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 deviations’. 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 . I . .
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.
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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 occurrence®.

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.

Technical Report on ENTSO-E NC RfG 24 12 November 2013



pNv[

095 088 100 102 X 0.85 098 1000 102

) T

Koy
Xaxis frequencyp.u 1 zone A
Yaxis voltage p.u. 2 zone B (outside zone A)

3 rating point

Figure 11 - Voltage and frequency limits Figure 12 - Voltage and frequency limits
for generators for motors

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).
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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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o 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,
50Hz+4% /-6 % (i.e. 47 Hz... 52 Hz) during 100 % of the time,

o for systems with no synchronous connection to an interconnected system (e.qg.
supply systems on certain islands):

50 Hz £ 2 % (i.e. 49 Hz... 51 Hz) during 95 % of a week;
S50Hz + 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 Frequency® but it is not clearly indicated to what value, i.e.
Frequency Range within Time to Restore Frequency™ value is not defined. On the other
hand, the same Table 1 of the NC LFC&R does not define Time to Recover Frequency™, 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 Code'). Ideally, at least one pair of

o 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;

0 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;

1 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 11.B.3.3.1.23.0of 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 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

and

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 s
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 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

operation
vessels.

of  pressure

to operate in a specific manner | at ENTSO-E’s proposed extended high
if power output is to be | frequency range.
maintained. This issue is

. . . As in the case of the issues raised by EU
discussed in section 5.1.1.

Turbines, this requires clearer definition than
contained in the NC RfG as currently drafted.

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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--- Typical GT power output (Unit specific)

Figure 6 — Active Power Output of a Typical Gas Turbine with falling Frequency®®

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.

| ESPP oS Rk e R

Output at Reduced CC633 - For vanatons in System Frequency
System Frequency exceedng 0.1Hz within a period of less than 10
seconds, the Active Power output is withn 20.2% of
the requirements of CC.63.3 when monidored at
prevailing external ar temperatures of up 1o 25C,
BC3.5.1

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 | To allow the control of system frequency, | For most generators, this

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.

EU  Turbines
traditionally,
have been exempted from this

note that,
CHP schemes

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

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
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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.

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.

solution allowing reasonable expectation of
system stability.

The argument for or against randomised
disconnection of small wunits 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™®, 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.

14 ENTSO-E: Dispersed Generation Impact on CE Region Security, Dynamic Study Final Report, Brussels 22 March 2013
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5.13.1 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 ‘randon?’
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
modification procedures
being followed, since

future

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

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”.

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.

5211

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 (0O < k < 1), the overfluxing shall be
limited in accordance with the following formula:

— x 100 = 110 — 3K (%
- =
- =X (%40

If the transformer is to be operated at VV/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.” 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.

% 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 Stakeholders Commenting EUR; Thermal
6.2, and 13.2.b.2 Generators;
Stakeholder Comment Analysis Proposal

Bothn  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
Both drew
attention to the results of a
Cigré study which
that 42% of transformer faults
were related to failures of or
within OLTCs.

installations.

indicated

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 enough
equipment had been retired to allow a realistic
CBA to be positive.

until

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 Stakeholders Commenting EUR; Thermal
6.2, and 13.2.b.2 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 Analysis Proposal
Comment
Stakeholders comment | The stakeholders | The drafting should be modified to allow the existing Figure 7

that the limits proposed | comment is valid in all | to continue to be used in TSO areas where it is currently
by ENTSO-E for | cases where on-load | standard practice for on-load tap-changers to be used

reactive power | tap-changers are not | provided it is normal to employ a sufficient tap range. In other
capability are outside | used. TSO areas, the figure should be amended as shown'®.
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Figure 8: Voltage/Reactive Power Profile without OLTC

5.23.1 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.

% 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.

U-Q/Pmax profile
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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

e 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.

5.24

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, respect, it
appears fair 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

in this
and

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 s
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 Stakeholders Commenting EU Turbines, EUR, Thermal
Figure 3 and Generators
Table 3.1

Stakeholder Comment Analysis Proposal
All  stakeholders’ comments | Forcing a generating unit to remain | This article should be
relate to what they see as the | connected to a network under fault | amended such that 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 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.

of

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
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
Sso.

remainder  of

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

ranges of permissible fault
clearance times are
distinguished by voltage level
and, particularly at 400kV, by
synchronous 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.

area.
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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 application'’ 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.

1 Retrospective application and derogations are addressed in the following sections of this report.
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5.3.2

Power Park Modules types B, C & D

Fast Reactive Power Injection and Active Power Recovery for

NC RfG Articles | 15 and 16.2.a.1

Stakeholders Commenting

EPIA, EWEA, DSOs

Stakeholder Comment

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.

Analysis
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.

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.

requirements  will not
affect the safe operation
of their networks should
be guaranteed, taking
precedence over the
TSO’s  rights  under
Article 4.4.

53.2.1

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

¢) 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 (Y2 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:

e This is a relatively new issue and a similar requirement has been defined in only a
few national codes,

o Practical experience is insufficient to create a proper background for determination of
the NC requirement,

e 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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53.21.2 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 (tgear < 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 > tgear < 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
5331 Fault Ride Though and LV Network Connections
NC RfG Atrticles 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:

Synchronous Area maximum capacity
threshold from
which on a Power
Generating Module
is of Type B
Continental Europe 1MW
Nordic 1.5 MW
Great Britain 1MW
Ireland 0.1 MW
Baltic 0.5 MW

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
networks;

operation of

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
approach is
knowledge

time. ENTSO-E’s
based on best current
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
reasonable

situation, the only
approach must be to

proceed with the NC RfG as

drafted but

opportunity

ensure that the
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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5.3.34

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

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

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.

been made that this is a
transmission voltage.

the decisions made by the DSO in
the operation of their networks

5.3.34.1 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.

54 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 | Analysis of the issues covered in | Clarification of compliance
which  would be resolved by | the compliance sections of NC | requirements is essential and TSOs
unambiguous drafting of | RfG together with sections that | should be required to produce a
compliance requirements. | would potentially be affected by | clear, unambiguous and detailed
Particular compliance issues were | clarity in the definition of the | statement of all requirements that
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NC RfG Articles

34-40,9,8.1e

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.

stakeholders
the significant
risk that the current

Some  generator
commented on

commercial
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
arrangements
conduct of tests.

compensation
for the

should be subject to the approval of
the NRA operating in conjunction
with other NRAs.

Technical Report on ENTSO-E NC RfG 58

12 November 2013




pNv]

541 Background to the Issue

There are several valid issues regarding the compliance arrangements, including:
a) The actual requirements are not stated unambiguously:
i. Atthe 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

¢) 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.

54.1.1 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

Technical Report on ENTSO-E NC RfG 60 12 November 2013



pNv]

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

Technical Report on ENTSO-E NC RfG 61 12 November 2013



pNv[

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)'. 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 process'®. ENTSO-E should also consider if
this is required in all the NCs.

'8 Although Monitoring seems like a one-way process, common title containing tasks and responsibilities for both NROs and
PGFOs should be more appropriate.

9 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 8,9, 10, 12, 13, 15, 24, 25, 26, Stakeholders COGEN Europe,
Articles 27, 34, 35, 36, 37, 38, 41, 42, Commenting DSOs, EU
45, 46, 48, 52, 53, 54 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,
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.

as the

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

b)

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.

The ability of
manufacturers to
represent PGFOs in
respect of:

All  power generation
modules operated by

consumers; and

All other power
generating modules
where the manufacturer
is appointed to address
any issue or issues by
the PGFO.

5511

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.

Technical Report on ENTSO-E NC RfG 64 12 November 2013



pNv]

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 Arrété 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 électrique®.

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 I’ Arrété 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

% 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://mww.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000018697930&fastPos=1&fastReqld=455432160&categorie
Lien=cid&oldAction=rechTexte
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consequences are allowed.” However, Svenska Kraftnat operates a regulation and general
guidance on the design of production plants (SVKFS 2005:2)?, in which further details of the
fault ride through requirement for large power plants is shown as Bilaga 3, reproduced here

as Figure 10:
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Figure 10: Fault Ride Through Requirements for Large Power Plants in Sweden

Also included in Svenska Kraftnat’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:
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Figure 11: Fault Ride Through Requirements for Small and Medium Sized Power Plants in Sweden

When asked, ENTSO-E advised that “Svenska Kraftnat 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

2 Available at: http://www.svk.se/Global/07_Tekniska krav/Pdf/Foreskrifter/SYKFS2005 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 Finland®.

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 Arrété 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

2 5ee Appendix F.

Technical Report on ENTSO-E NC RfG 67 12 November 2013



pNv]

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 11% 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:

e net present value;

e return on investment;
e rate of return; and

e 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.

% 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/
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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:

e 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.

e 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.

o 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 shown®.
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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.

# 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

Technical Report on ENTSO-E NC RfG 85 12 November 2013



pNv]

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 maodifications

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 madified 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:

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

¢ Inthe 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.

e 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

Al 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
Ines de la Barreda, REE

For the European Commission Matti Supponen

For DNV KEMA Robert McVean

Bozidar Radovié¢

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
guantitative 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 % 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

Bozidar Radovi¢

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:

e 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;

e 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;

e 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,

o 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
gualify 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 I'lmperatrice, 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
Bozidar Radovic

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;

e Impact on Protection Schemes;

o Responsibility Gap

o 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
guestion 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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Network Code Requirements for Generators
DSO Associations Views

Jacques Merley,
Chair of DSO TF Grid Connection Codes

Brussels, 25th April 2013
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Key Issues That Need Improvement

1. Compliance monitoring & testing
2. Fault-ride through

3. Impact on protection schemes

4. Responsibility gap

5. Parameterization of the voltage level for
transmission (ex Sweden, GB)
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1. Compliance & standardization

A clearly defined procedure for compliance testing is missing:

* Risk of unenforceability of requirements without proper
standards describing test procedure in place

* Risk of complications in implementation including legal disputes
& widespread use of derogations

ENTSO-E proposal of third party certification (art. 35.5)
only partly addresses the issue!

» Proposal: investigate a so-called ‘New approach’ (EU regulation defining
requirements to be filed out by standards defined by CENELEC) should be
investigated (see example of Machinery Directive 2006/42/EC)

VA eurelectric Gl

CEDEC
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1. The Relevant Network Operator shall regularly assess the
compliance of a Generating Unit with the requirements under
this Network Code...”

Total compliance costs estimation for the EU by
2020: ~ 2,9 billion €

The compliance tests are not the same as in the network codes
on system operation ! - THE COSTS ADD UP!
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2. Fault-ride through requirements for Type B

(<110 kV & PGM_,, 2 max. capacity threshold)

» Necessity of LV FRT in particular (may

Synchronous Area | maximum capacity

fall under type B in some countries) is | .t
< Generating Module
questionable ot Type s
Continental Europe 1MW
» LV FRT can be needed only for faults at HV level ™ s
k Ireland 0.1 MW T
» To ask for LV FRT only for new generators would [e osmw

increase the immunity to voltage dips of the
global generation park in a negligible manner

» Transmission network reinforcement should be
considered as preferred alternative for solving
transmission network problems
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2. CBA on LV FRT

Italy today: 14 GW are connected to MV grid and 5 GW to LV grid
» In a very unlikely situation, MV- and LV-connected generation
of about 1,5 GW could be disconnected

2013-2022 period 6,7 GW will be connected in MV and 7,7 GW

will be connected in LV -> 4 GW of Type B generators

» Under the same assumptions, the worst case in 2022 can affect
a new MV-connected generation of less than 400 MW (< 10% of
newly-connected generation)
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2.CBAon LV FRT

The cost of an integral retrofitting of MV- and LV-connected
generation: 4,75 BILLION EUROS
-> WOULD HELP AVOID DISCONNECTION OF THE EXPECTED 1,5 GW

The cost of installing LV FRT-capable inverters on new Type B
PGMs only: 80 MiLLION EUROS
-> NO IMPACT ON THE SECURITY OF THE SYSTEM
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» Equivalent analysis should be performed for all EU
countries and methodology for the main issues
addressed should be provided before introduction of
such new requirements

» Similar analysis are difficult to be performed by other
DSOs due to absence of access to Transmission
Network data
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3. LFSM-0O & -U & Risk of Undesired Islanding
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3. LFSM-O & -U & Risk of Undesired Islanding
* The NC proposes moderation of protection
systems by weakening frequency and voltage
based protection settings c
* Possible negative consequences:
» An unacceptable increase of electrical risk in
distribution networks in some countries
» Damages to generators and consumer appliances
(under islanding operation)
»The network code should not preclude technical solutions that would
ensure the quality and safety of networks operation (currently in a
demonstration phase)
» DSOs offer their contribution to the CBA on this requirement
ﬂ eurelectric EDSO *
CEDEC b e GEDE

England

Awstia | Belgum France |Gemmany| Ireland raly

& Wales Ireland

]
Scotland

Frequency ranges
Rate of change of frequency withstand capabili

Active ntrol Range
"mited Frequency Sensitive Mode (overfrequency)
< Limited Frequency Sensitive Mode (under-frequency)
sensitive mode
Simulation models
Black S tart Capability
Voltage Ranges
Maximum Power Reduction at under-frequency
Reactive Power Capability atMaximum Active Power (synch)

Reactive Power Capability below Maximum Active Power (synch)
Reactive Power Capability atMaximum Active Power (PPM)
Reactive Power Capability below Maximum Active Power (FPM)
Fault-Ride Trough capability (synch ~type 8 and C)

Fault-Ride Trough capability (PPM - type B and C)

Requirement not existing in current code, impact unknown

Existing requirement

Minor deviation E

Majordeviation
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3. Protection schemes are at risk with massive LV
dispersed generation

» LV Machines are required to be

» more resilient to system perturbation (frequency, voltage,
FRT)

» able to compensate perturbations (frequency and voltage
droops)

» Local MV network defaults will be harder to detect for LV DG
» Local undesired islanding probability will increase
» Unwanted disconnections and not executed
disconnections will increase
» The network will suffer more from additional stress during
faults (increased short circuit power)

% -eurelectric EDSO '~
CEDEC —— wacmary ron turors GE DE
3. Protection schemes are at risk with massive LV

dispersed generation (ctnd)

» Local LV anti-islanding detection devices have no proofed
operational background with massive dispersed generation

» LV and MV Protection schemes modification is needed

» Costs will depend on solutions

» From several hundred euros per generator (simple resetting)
(100s to 1000s millions € in EU system)

» To a few thousand euros per generator (remote control)
(1000s to 10 000s millions € in EU system)
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4. ‘Responsibility gap’ because of unclear determination

of requirements at the connection point(s)

» Clear definition of requirements for
generators at the grid connection
point(s) to the grid are key for safe
grid operation.

\

» RfG definition of CP is unclear

» Review of definitions and related
procedures for compliance is ;
necessary (need for well-defined i

. Grid Connection Point
compliance tests)

Power Generating Facility

Point of transfer

Grid Transformer

Power Generating Unit

Generating Unit Transformer (not a part of the
unit)
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5. Parameterization of the voltage level for
transmission (ex Sweden, GB)

> In countries with 132 kV distribution:

» unclear what is defined as transmission and what is required from
downstream DSOs and connected production

» Production units of type B can be defined as type D, and consequently
associated with requirements for type D, which in turn will affect the
relevant DSO
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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 Bbéger, 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
Bozidar Radovié¢

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:

o Power Output vs Frequency

¢ Frequency Response vs Time

e Fault Ride Through

e 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
requirement®

* 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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EUTurbines

EUTurbines’ views on NC Requirements for
Generators
Brussels
23 of April, 2013
EUTurbines
E WHO we are
ALSTOM € ... SIEMENS

__‘:." f @sHooR  cooon rowes
"/ AnsaldoEnenga m

DRESSERRAND  [ii Rolls-Royce  Solar Turbines

# Ewptier Crmpeny

70.000 employees in the sector
Business Volume 25 billion €

More than 6 billion € purchase volume in Europe (mostly to SMEs)

Burgpaan Ass0daBan of G35 and Si2am Turbine Manulacirars Pageial I
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S EUTurbines
B What EUTurbines stands for...

»  Understanding TSO's needs
« Converting into generating products

= Explaining technical challenges
behind grid stability or balancing
CONCems

« Proposingtechnical solutions

EUTurbines’role:
Active on the underlying technical challenges of NCs.
Monitoring the development of technical issues into socio-
_economical risks.

Suropean Assooianon Of 3t and S1aam Turoing Mo 23ed ol gy

Prazamiaion of EUTwtinas 2013-04-23

EUTurbines
B Our participation in ENTSO-E activities

In the past 3 years EUTurbines has been an active participant for:

— NCRIG
= NC LFC&R
== . andis established as an observer on other codes

More than 15 meetings were held with ENTS0-E, ACER, other
stakeholders . A position paper on the grid code has been edited.

EUTurbines:
Duly considered ENTS0-E’s work.
Constructive discussions, part of Users’ Group.
Only some of EUTurbines’ queries were considered in
modifications.

Eurgpaan Assodalon of 535 and Sieam Turbine Manulaciurars Pagedal 27
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EUTurbines
B Why we want to meet today
Some key technical issues remain
Those concemns will incur
== Costincrease of power generation
== | 055 Of flexibility
== Risk of system stability (risk of black out)
== Risk of employmentin Europe
EUTurbines

HE Urgent Technical Concerns

- Power output vs. frequency

== Frequency response vs. time

== Fault Ride Through

== Applications for Combined Heat and Power plants
== Manufacturer's inputs on derogation process

Will describe today: Issues/ Risks/ Alternatives.
Will quantify costimpact at EU level.
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Prasamizlion of EUTurbines 2013-04-23

EUTurbines
B Poweroutput vs. frequency

— As-is

= More stringent than any current requirement
= Mo justification forthose parameters and needs
» Ignores well-known technical constraints of GT
= MNOT technology-neutral

— Risks/Consequences

« Meedto “derate” units to provide headroom for
a possibly never occurring event.

+ Higher €kW Capex for dead capacity, losing
best efficiency. Creates a 0.5 B€ cost.

+ Meedto develop and install compensation
mechanisms with inherent activation delay
times. Creates additional 0.1 B€ cost.

. - . » Risk on system stability. System may fully

- Typieal GT paweroutput(Unit=peciiic) collapse ifthose mechanisms fail. Risk of black

out: Several BE?!

Alternative:
Replace by intrinsic behaviour only (manufacturers to provide curves).
Adjus_! Iﬁqgg_sthgghd_i_n_g schemes through simulations.

S Aot o e

Dimmn T o

332

Presaniation of EUTurbines 2013-04-23

EUTurbines
B Frequency Response vs. Time

Art102.c. 5
Ea
[
e | Asis
oy »  Unexpected tightening of requirement.
» Reaches technological barriers... NOT a
technology- neutral rg't
Risk:
] » Redesign completely shaft lines toincrease time
Ink of response by 5 sec... may be =0.1B€ per GT-
vd— . " type

» Increase nisk of trip of power generating units
» What to do on existing units? Should they be
disconnected?

Alternative:
Keep existing requirements in members state.
Shutthe door to non-exhaustive rq't.

Swronggn dgencigion of Soc gnd Ciggm Tewning Lgmdorhrore

pu - ol e
=
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Prasanision of EUTwrbines 20130423

EUTurbines

B FaultRide Through

Asis

= EMNTSO-e justified need to get an FRT capability, but notthe
technical parameters of it.

+ Requirements... non-exhaustive, subject to misdinterpretation
and tightening

= Fault frequency of occurrence not defined.

Risk

= Owverredesign of equipment based on unclear requirements

= Toachieve 250ms FRT, need to increase SCR (increase gen. weight), increase shaft line
inertia (weight), increase ceiling factor (modify rotorinsulation and exc. transformer)... thus
requires hundreds M€ of development and installation

= Mo-type certification possible... Complex dynamic analysis needed for each project...and
then, what if the results are not satisfactory 7

= Nearly impossible to test..if units happen to be damaged, will impact generation capacity

Alternative
* Keep and define clearly existing requirements.
= Work with manufacturers to find optimal solutions (on generation OR transmission sides)

Extreme FRT interpretations violate physics and state-of-the-art.
Requirements shall be made technically-consistent.

Eurapean Assoclalion of G35 and Sieam Turing M anuiaciurars a3

Prasantaion of EUTuribines 2013-04-23

EUTurbines
B Combined Heat and Power Plants

— As-is
» CHP exempted from part ofthe frequency support, but
not all {(e.g. power output vs. frequency profile...)

— Risk:

« Put at stake plants reliability (may happen to
disconnect as not designed for frequency regulation

= Menace efficiency (design would provide freg
margin...not optimized for efficiencyl)... would cost
25kE per MWe installed...could be 4 BE total cost by
2020.

» Loss of opportunities/efficiency. Some industrial
customers would prefer derating and not exporting
power than to comply with this.

Alternative:
Clarify exemption for CHP on all relevant requirements.

Surapean Assoclaion of 535 and Siaam Turina Manudsciurarns 23
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Prasantalion of EUTurbines 2013-04-23

Derogation Process EUTurbines

How to get manufacturers’ input ?

— As-is:

= Partial harmonization only (non-exhaustive values)

»  Above requirements will incur mass derogation

» Plant operators cannot be in front line as less involved than manufacturers on the
design/capabilities of prime movers.

= Mo room for manufacturers to raise theirvoice.

— Risk:

= Get technical discussion between TS0 and plant operator without the technical
specialists of generating units.

= Mis.shape requirements and exemptions using emoneous technical statements.

» Lead to poor efficiency of the grid operation and bring significant risks on system
reliability (as may ignore technical limitations)

Alternative:
Define a role of "technical advisors® for the manufacturers in the
grid code evolution or derogation process.
Define process for manufacturers to apply & discuss over
derogations (hopefully with a pan-European process).

Burgpaan Ass0CaBon of G35 and Sieam Turbing Manulaciurars Page 1 of 7

Presantslion of EUTurbinas 2013-04-23

EUTurbines
HE Conclusion

These points need to be amended, because they jeopardize:
= System stability
== Generation flexibility
== C0st of electricity

* Theresidual gap can result in several billions € of development
and installation, and pollutant emissions

*  This will surely incur a loss of flexibility, increased cost of the
generating units and of electricity

+ Alternative solutions may be more cost effective and more
environmentally friendly !

As of today, there is as a risk for economic viability of manufacturing
businesses.

Burapaan Associalion of G35 and Si2am Turbing Manuiaciurars Pagei2 ar 7

Technical Report on ENTSO-E NC RfG 117 12 November 2013



L 1iree COWI

ssertaion of EUTurtines 20130623 EUTurbines
B Thankyou

Should you have any question, please contact the General
Secretariat of EUTurbines:

Florian Boeger

Manager of European Affairs
EUTurbines Brussels
+32(0) 2706 8211

florian.boeger@euturbines.eu

Eurgpaan Assodation of Gas and Sieam Turtine Manufaciurars
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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 Engstrom, Senior Specialist, Vattenfall AB
Hervé Meljac, Power System Engineer, EDF Energy
For DNV KEMA Robert McVean

Bozidar Radovié¢

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 natification 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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Parameter Proposed Value

39 - for CE
Active Power range related to
Maximum Capacity

Extendable to 5% - for smaller synchronous areas

Maximum full activation time 30s

Full Active Power Frequency Response

. ) ) 15 min
minimum sustainable time

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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The European Utility Requirements (EUR)

European Network Codes Working Group

EUR’s opinion on NC Requirements for Generators
Presentation to KEMA

Bru April 25t 2013

Working Group Mem

The EUR — Member Organizations
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European Uity Requirements page 2
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The EUR initiative

EUR initiative started in 1991 aiming at:

harmonisation and stabilisation of the conditions in which the LWR NPPs to be built in
Europe will be designed, built, commissioned, operated and maintained.

developing common specifications for new NPP designs to be proposed by Vendors
which can be licensed, built and operated in the majority of European countries, using a
standard safety case and standard design studies.

Harmonisation and standardisation over large geographical areas are of
benefit for:

Nuclear safety.

Competition between vendors, as well as between producers.

Overall cost effectiveness of projects, by spreading design costs over a number of plants
(fleet offect).

The EUR are the applicable technical reference for NPP design in Europe.

European Lkifity Requirements page 3

On ENTSO-E perimeter, 136 operating
nuclear generators in 15 countries

126,5 GW installed net capacity
—-13,6% of 928,3 GW total

885,6 TWh net generation
— 26,5% of 3 347,5 TWh total

European Utility Requirements page 4
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Specificity of Nuclear Generation

Costs and timescales:
Very long and costly developments of new designs (5-10 years)
Very long lead time to commissioning (10-15 years)

Very long lifespan (60 years basis for new designs)
High fixed costs, and low variable costs

Nuclear safety:

a nuclear reactor has the potential to cause serious harm to employees and members of
the public and cause widespread damage to the environment, if it is not safely controlled.

High dependency on grid:
NPPs use the grid to:
Xport en
g Y S [ o tio
The grid is the preferred source of power, becau

sources like diesels or gas turbines (Ref: IAEA NG-T-3.8, 10 CFR 50 Appendix A — 17,
IEEE 308-2001)

European Lkikty Requirements page 5

Existing NPPs and New Build NPPs

Where NC RfG deviates from current practice, there will be different impacts
oh existing and new build NPPs.

Impacts on existing NPPs if retroactivity is required:
Equipments replacement / modification
Safety case review
Early transient budget depletion leading to premature shutdown

Premature shutdown if required modifications not technically or economically
feasible

Impacts on new build NPPs:

Review of existing marketed designs which are compliant with existing standards
(EUR} but not NC RfG

Some vendors might decide not to market their design in Europe =» less competition
Cost of review will be supported by buyers =» increased costs
More onerous requirements =» increased costs

European Uity Requiements page 6
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Existing NPPs: is retroactivity only an option ?

Draft NC OS implements extended voltage ranges as the normmal operating
ranges for the Grid

Retroactivity of extended voltage ranges implicitly required for existing NPPs

Draft NC LFC&R frequency quality objectives are (mostly) aligned with current
practice at first, but should be revised at least every five years

Alignment of existihg NPPs capability with revised frequency quality objectives is
implicitly required

Therefore retroactivity of NC RfG requirements relative to waveform quality
(voltage and frequency) will de facto be mandatory.

European Ikifty Requirements page T

Key technical issues addressed by EUR

EUR has addressed key technical issues in a position paper issued April 12th,
2013:

Frequency ranges

Voltage ranges

Reactive power ranges
Frequency response capability
Fault Ride-Through

EUR specifications cover all these fields:
Are more onerous than current practice some synchronous areas, especially CE

Are based on experience of utilities, many of which operated the national grids
when most requirements where written (e.g. : Elia, RTE, Swissgrid, Terna where
created after EUR had written grid requirements)

EUR have been used extensively to create currently marketed NPP designs.

European Xty Requirements page
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EUR’s participation in NC BRfG process

EUR Working Group on Network Codes created in August 2011
25 WG meetings from August 2011 to April 2013, vast majority on NC RfG

3 position papers on NC RfG:
September 161, 2011
July 15, 2012
April 12th, 20123 (sent to KEMA)

2 Bi{or tri)-lateral meetings with ENTSO-E:
November 10th, 2011 (ENTSO-E NC R{G drafting team)
August 29t, 2012 (EUR — ACGER — ENTSO-E)

5 Presentations in public ENTSO-E and ACER meetings
February 15t, 2012
March 220, 2012
May 2, 2012
June 2gth, 2012
September 39, 2012 (ACER)

50 comments posted during Public Consultation

European Lkikty Requirements page 9

NC RfG requirement: Not in line with NC LFC&R:

CE Nordic Great Britain Ireland

Frequency Great Britain

Range [Hz)

47-475
47.5-48.5
AR5 =49
49-51
51-515

Thi, =30 min

TbD, =30 min

Unlimited
30 min

30 min
ThD, =30 min
Unlimited
30 min

0
30 min

ThD, =00 min

Unlimited
g0 min

Tk, 90 min
Unlimited
90 min

B, >30min |
ThO, »30 min |
Unlimited |

Nominal Freguency 50 Hz SO Hz 50 Hz 50 Mz

Standard Frequency
Range
Max. Instantaneous
Frequency Deviation
Max. Steady-State
Fraguency Daviation

+50 mHz

800 mHz

200 mHz2

=100 mHz 200 mHz

BOOmMHZ" 800 mHz

500 mHz 500 mHz

300 mHz

1000 mHz

500 mHz

Tho, >30min |

Time to Restore
Fragquency

15 minutes 15 minutes 10 minutas 20 minutes

515-52 - - 15 min

Assumes frequency will degraded over
time because of decreasing system
inertia, which is:
Not acceptable for grid users, especially
NPPs

Justified on the basis of IEC 60034 but:
Power plants are not just a collection of
electrical rotating machines;

Even when all electrical equipments are

IEC 60034 compliant, the plant as a
whole is not.

Evitable

Requirement should be a U/f diagram,
with maximum frequency of occurrence.

European Ltility Requirements page 10
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Consequences on new build NPPs

In theory new build NPPs may be compliant.

However this requirement would drive costs:
Review of designs based on EUR or current practice
More onerous equipments such as:

Pressure vessel
Fuel assemblies
Reactor coolant pumps

Therefore, impacts on:
Business case
NPP design availability
Licensing

European Udlky Requirements page 11

Safety cases to be revised and equipments changed, with impacts at least on:
Direct-driven pumps — their speed Is proportionate to frequency
Fuel assemblies in PWRs —increased lift forces

Picture: B NRC

Pciwgrl_tconverters cannot be used in safety systems because they lack
reliability.

Risk of premature plant shutdown if:
Inherent design cannot accommodate new requirement
Cost of redesign not economically sustainable

European Lkility Requirements page 12

Technical Report on ENTSO-E NC RfG 128 12 November 2013



Use a U/A diagram:
Showing maximum fraquency of occurrence for each zonhe
Not more onerous than EUR requirement
[49.5Hz - 50.5Hz] continuous operation in CE to reflect system strength

Figurs i: Valtage truency fiekd

Mitigate decrease of system inertia by requiring synthetic inertia provision or
equivalent by non-synchronous generators connected to the grid

European Ikilty Requirements page 13

NC RfG requirement: Not in line with current practice. E.g.
France:
On the 400kV grid:
unlimited range [0.95 pu - 1.05 pu];

5 minutes range [1.05 pu —1.10 pu] +
authorized delcading to 0.95 Pmax;

90 minutas range [0.85 pu - 0.95 pu].
On the 225 kV grid:
unlimited range [0.89 pu - 1.089 pu];

operation during 5 minutes in the range
[1.089 pu - 1.11 pl.g +authorized
deloading to 0.95 Pmax;

operation during 90 minutes in the range
[0.80 pu - 0.89 pu].

Not in line with horms (IEC 60071)
Not harmonized

Not in a U/f diagram

Forces uses of on-load tap changers

European Lliy Requirements page 14
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Consequences on NPPs

Forces use of OLTCs on:
Main transformers;
Auxiliary and stand-by auxiliary transformers.

Consequences:
Severe impact on reliability of transformers, therefore on availability of NPPs;
Drives costs:
QOverrating of transformers;
OLTC;
Modification of power evacuation platforms on existing NPPs

European Lkility Requirements page 15

Use a U/ diagram:
Showing maximum frequency of occurrence for each zone
Not more onerous than EUR requirement

ee pee 10 years

| idmc per 3 ears

e ™

Locally different voltage ranges can be defined if:
Need is properly justified;
Impacts on grid users are properly evaluated.

European Wility Requirements page 16
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EUR agrees on principle, not on
implementation:
Not hamonized within
synchronous area
Pot [y 100 ONerous
Possibility for 5 to change
droop 1 not acceptable

European Lkiliky Requirements page 17

-+ Symctronous Fower Generating Modiles: =

g e Wi Copocity

 Power Pk Mchies

| B it the otuc Active Peswir ot ot the srerment
the LFSM-Otheshold is meached or the Mauimum
CAILY, Gt b the Meleart T3, whike
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Requirement not necessary
{covers failure of TSOs to procure

FSM)

But useful in case of emergency —
no demand-side mitigation
possible.
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the L Pt veshald i5 reached tr the Masium
Copercity, i defined by tha Relevont TS, uivle
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Requirement not necessary
E:csovers failure of TS0s to procure

Very challenging for NPPs

In case of emergency, cemanck
sidle mitiggation is possible, already
implemented, and has already
proved to be efficient

Consequences on new build NPPs

FSM

39 Generation NPP designs compliant with NC RfG if parameters are not too

onerous

Design change required if parameters exceed design capability.

LFSM-O

No feasibility issue foreseen
Need to define probability of use

LFSM-U

Current NPP technology cannot accommodate this requirement

European Lkility Requirenients  page 18
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Consequences on existing NPPs

Existing NPPs have different capabilities depending on:

Technology
Nuclear Safety Authority requirements

Frequency Response capability deeply impacts plant design and safety case

Retroactivity cannot be reasonably envisaged

European Lkility Requirements page 10

FSM:

Parameters based on EUR:

Parameter Proposed Value

3% - for CE
Active Power range related to

Maximum Capacity

Extzndable to 5% - for smaller synchronous arees

Maximum full activetion Time

Full Active Power Frequency Response
minimum sustainabie time

Generator Owner approval to change governor droop

LFSM-O:
Define frequency of occurence

LFSM-U:
Remove requirement

Furopean Lkilty Requirements page 21
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Fault Ride Through and Reactive Power ranges

Non-exhaustive requirements which are too onerous in the maximalist
approach.

EUR recommends using EUR requirements:
More onerous than most current national standards
Feasible, even for very large synchronous machines

Grid voltage

Base: M0 KV = 1,00

European Lkility Requirements page 21

Conclusions

NC RfG requirements are:

In theory feasible for new build NPP but:
At considerable cost
Technology or supply chain not readily available
Not realistically feasible for existing NPPs, therefore:
Risk of premature plants shutdown
Risk to security of supply

Maintaining good and constant electricity quality on the Grid is essential for NPPs.

EUR considers insertion of RES in European Power System is achievable while
maintaining electricity quality

A decarbonised European Power System requires NPPs:
Large, stable and controllable power output
Massive inertia

Therefore NC RfG should not jeopardize safety, feasibility and business case

European Lkiliky Requirements page 22
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Thank you for your attention!

European Utility Requirements for future LWR plants

Get news at: http ://www. europeanutilityrequirements.org
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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
Manoél Rekinger, Technology Advisor, EPIA
For DNV KEMA Robert McVean

Bozidar Radovi¢

While EPIA and their members have a number of issues with the NC RfG as drafted, the
main issues centre around:

o The specification of the fault ride through requirements (for type B PPM), in
particular, the requirement for reactive current injection;

o Concern regarding the potential interaction of the various individual parameters that
may be set at a national level;

e Oversight of the setting of individual parameters in the national setting process;

e Approach to standardisation that may resolve the uncertainty that exists regarding
the interaction of individual parameters; and

e 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 BAEW 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:

e any real evidence that this capability (reactive current injection) is actually needed
during fault at the MV level; or

e 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
WGO03 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 I'lmpératrice, Brussels

Present:
For Eurelectric Generators Group  Giuseppe Lorubio, EURELECTRIC

Ton Geraerds, Essent

Eric Dekinderen, GDF Suez/Electrabel
Philippe Lebreton, EDF

Jorg Kerlen, RWE

For DNV KEMA Robert McVean
Bozidar Radovi¢

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:

e Fault Ride Through up to 250mS;

¢ Voltage Ranges and Frequency Ranges;

e Voltage Control Requirements;

o Classification of Significant Generators without reference to connection voltage; and

¢ Modification to the NC

e 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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POWERTECH

Draft ENTSO-E Network Code on
Requirements for Generators

Meeting with DNV KEMA, 23 April 2013
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Agenda

POWERTECH

eurelectric

DNV KEMA mandate: our questions

* Introducing EURELECTRIC & VGB major
issues on NC RfG

* Introducing a general methodology to assess
the costs generated by NC RfG

* Involvement of EURELECTRIC/VGB and
feedback on process

OEENR

DNV KEMA mandate

POWERTECH

eurelectric

» Content
» Steps, key dates, transparency

» Report/minutes: will those be publicly
available?

* Inputs expected from Stakeholders

» Deliverables for the comitology procedure

OAEAE
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EURELECTRIC & VGB MAJOR ISSUES

POWERTECH

eurelectric
1. Unbalanced allocation of responsibilities
between generators and TSOs
Massive impact on power generation costs
Threats to security of supply

Competition issues and investment appetite

Ui B o N

Lack of coherence between network codes

Supporting papers :

* letter EURELECRIC-VGB to EC dated 22 February 2013, VGB/FURFLECTRIC’s
generators RfG Network Code: Needs, Feasibility, Alternative Solutions and
Costs

* Joint Stakeholders letter to ACER, dated 17 July 2012

WGB PowerTech &3 [FOLIE 4 BD m

Massive impact on power generation cost

POWERTECH

1. Time duration at abnormal frequency eurelectric
(under-frequency)

2. Time duration at abnormal voltage

3. Reactive power: transmission option such as a capacitor bank
is
* Cheaper than generation (i.e. power plant)

= €7Mio. difference per 100 MVA

*  More available than generation
= 8,760 hours compared to power plants operating under
market conditions

4. FRT greater than 200ms is not technically feasible using
existing technology according to a major turbine
manufacturer

WGH PomerTech e\ |FOLIE 6 BD m
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Threats to security of supply

POWERTECH

eurelectric
1. Voltage ranges AL

* According to CIGRE 42% of transformer faults are
due to the OLTC

* Voltage above IEC limits at the connection point

2. CCGT: capacity increase by falling frequency
=> procedure without experience

3. Simultaneous over-voltage and under-frequency will
damage transformers, generators and motors

Combination of over-specified requirements can lead to
security of supply threats greater than the individual

cases specified above
WiB PowerTech el [FOLIE 7 ED m
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Competition issues and investment appetite

POWERTECH

: eurelectric
1. Non-exhaustive leCLric

requirements defined at Competition
national level distortion

2. Classification of

generators Lack o

competitiveness

3. Deviations with

international standards Lack of
investment
4. Requirements can
change every 3 years
WEB PowerTech e |FOLIE & ED m

Lack of coherence between network codes

POWERTECH

1. LFC&R =>max 15 min allowed to restore freqﬁgﬁ%{?qf@

vs. 30 min or more capability imposed in RfG

2. LFC&R => max frequency deviation allowed of 0.8 Hz
vs. 2.5 Hz capability imposed in RfG

3. DCC =>threshold voltage of 0.90 pu
vs. 0.85 puimposed in RfG

4. 0OS =>voltage ranges controlled by TSOs not defined
vs. capability to remain connected imposed in RfG

WEH PowerTech e\ [FOLIES BD m
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Cost Assessment

1

Identification of types of costs

Example of cost assessment on

some technologies
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POWERTECH
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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 -in person Reuben Aitken, Ofgem (GB)
ACER

- by teleconference Lena Jaakonanttii, Energimarknadsinpektionen (EN(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

Bozidar Radovic¢

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 3 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
Bozidar Radovié¢

EWEA advised that their principle issues with the NC RfG are:

e Fast Reactive Current Injection Requirements;

e Lack of overall framework to ensure interaction of parameter settings is achievable;
e 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 requirements®® 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 requirement®”.

% 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.

* 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
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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

EWEA
ENTSOHE NC R - Article 15 Technical rationale behind the EWEA
60 ms proposal

I viroduckion

With the final version of the upcoming ENTS0-E MCRFG Metwork C{MNC RFG) in June 2012,
EMNTSC-E allows the specification of & rise time of 10 ms in relstion to resctive curment
imjection during FRT events.

After = network code development process of seversl yesrs this fully unreslistic
requirement has been presented in the veny lest minute, without smy sort of motivetion or
documentstion (sssumptions, celculstions oranalsis) - and without any intersction with
the industry either directhy or through the estsblished stakeholder forums linked to the
code development process. Inshort - the industry saw the 10 ms rise time requirsment
far the first time when the very finsl code was published by ENTS0-E on June 26, 2012,

According to the opinion of the European Wind Industry represented by EWEA, including
&ll Europesn lesding manufecturars this new regquirement is technically non-viable, This
opinion of the wind industry hes been explained in previous papers:,

The purpcse of this paper i to provide further explanstions why the 10 ms i in jigelf
technically incomect and cannot be fulilled even with the best stete-of-the-art
techrology. At the same time, the peper describes the technicel motivetion behind the
“60 ms proposal” collectively suggested by the wind industry.

Current injpechon recuirernents in Europe valid at the moment

Abnief overview of the existing resctive current injection rise time requirements in Europs
i= given below. This 5 meinly & Europesn practice and = typicelly not sesn outside
Europe.

Dwring FRT events some countries give priorty to resctive curent injection (2.8
Germany, Spain, Greece), while others ge prionty to recoveny of sctive power (2.2, UK,
Ireland, Rumsenis). Hence, depending upon country priarity is given to either full (1 py)
resctive current injection or sctive power recoverny - but currenth not to both st the same
tinwe.

¥ Paosition Paper EWES EPLS Nowember 2012

hittpy ferae ewes one Milesdmingfiles library/publicstions/ position-
papers/EWES EPLA MNC FfS conoerns and sfternsthoe formulstions.pdf, svpismetony note EWES Fabamry

2013 Further explanations on the EWEA-EPLL sfermathe fonmulations on the BUTS0-NC RS, 7022012
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of the individusl wind turbine transformer, Altermatively it is in some ceses defined st the
H side of the wind turbine trarsformer (Figure 1)

Ll

Figue1_ Fossible points of mfemnce for mactive cument injsction in the singls lins
dizgram of the connected wind power plant. The following codes make refermnce to pont
1 {Gemany: EON 2008 TrRnsmission 2007, BdelW 2008, Tennet 2012 S0LWIndY, and
Spain) The Gempan SDLWIndY code allows point 2 o be used as opiion. Point 3
rmpresents the fypical Connection Point for a trmnsmission connected plant

In Spsin the resctive cument injection & in principle specified as 0.9 py valid for the
Connection Point. To be pregmetic, 1 py delivered st the L side of the wind turbine
transformer i considersd to be an equivelent fulfilment of the reguiremsent.

Sccording to best enginesnng practice, the rize time = normally mess ured with reference
to B0 % of the full response to be obtained (step response definitions ).

Irstesd of the more exsct term “rize time” the term “response time” is sometinmes used
which causes confusion, s response is & brosder term. Sometimes akso the term “time
for detection” or “sfter recognition” is used instesd of the nomslly used term “desd
time".

In ganeral, when an event coours it takes & certain definite time until the sctustor has
resched B0 % of the target value. Brosdly spesking, this time consists of ()} the tims
needed for computer slgonthms to celculste, (i) the communicetion delsy and (i) the
sctustor movement (physicel response).

An overview of the presently valid resctive current rise time regquirement in Europes is
gnvenin Table 1. The table Eves a brosd representstive of the requirements in Europe. In
Germrany thare are seversl codes with slightly different requirements. What = indicated
in the table for Germany can however be considered as representing current practice in
Germsary.
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Reactive current injection rise time regquirement in Europe — Mid-2013
Country Type of Character | Rise time incl. | Time for | Remark
currant of injecton | detection [me] | d=t=cton
cunrent [detecttrise] | assumed
in code=
Spain Pos. seq. Absolute= 150 Nat
defined
Germany Pos. seq. Additional | 50 {90 %] 20 20 ms iis to be found
[23+30] in one code | FGW),
and the 30 msin
another code
{SDLWind V]
D=nmark Mot defined | Mot 1ga MNat
defined defined
Ir=land Mot defined | Mot 100 {90 *] Introduced for the
defined first time in Dec.
2012
UK Requirement to max
reactive current
Greesce Pos. seq. Additional | 70 {100 %) 20
[20+50]
Turkey Notdefined | Mot 60 Nat Requirement to ma
de=fined defined reactive current
Ewrape — Pos. seq. Additional | 30 {90 %) nat yet Maost likely 20 ms wi
CENELEC TS defined | also be allowed for
{upcoming] detection
ENTSD-E Pos._seq. Additional | 10 {58 %] Hat Jun= 2012 NC RFG
defined

Ohvendew of best practice todsy eganding eactive cument injeciion fAse time

requremeants in Eumpe (2013)

Table 1 llustretes the differences regarding the type of curment, the charscter of the
current and the reguirement itsef throughout Europe. These differences are extramely
important when it comes to the sbility to fulfil & requirement or not. Inoreslity & brosd
palette of other code requirements metter also & kot in the full picture. But for sinplicity
these further sspects are l=ft out hers.

aniginally when the resctive curment injection reguirensent wes introduced in Gemany the
rise time requirement wes st to 20 ms. When this appeared insufficiently precise, the
wiording “sfter recognition” was sdded. This sdditionsll introduced & sort of informsl
best practice asllowing a further 20 ms for detection (recognition), i.e. intotal 20 ms + 20
ms = 40 ms. Later when the 30 LWindy ordinance was introduced the number changed
to & rise time of 30 ms (sctustor movemsent) and further 20 ms for fault detection

=

[positive sequence velus, FGW Guideling), i.e. 30 ms + 20 ms = 50 ms in total.

(25
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Mew specification and rumbers introduced by ENTS0HE

ENTSC-E hes introduced the following rse time requirement in the June 2012 NC RiG:

Connection Point / terminals of the individusl units

Positive sequence voltsge'current

Additional current

10 ms rise tinee

&6 % (2/3) of the sdditional resctive cumment {instesd of the nommesl B0 %)

Cemanding to fulfil such requirement s conceptuslly emonsous and physically non-
viable.

When an event occurs, tha first 20 ms = nesded just to calculste the positive sequencs
quentities. By definition, positive sequence s calculsted over one full fundamentsl oycle
= 20 ms. If for simplicity we neglect communication deleys, the sctustor then hes o
sccomplish the resporse which slso tekes & certain definite time (largs inductances).
Even in an exceptionsl case where positive sequence quantities are celoulsted st sveny
10 ms=, i.e at half cycle intervals, sctustor movemsant still hes to follow.

The fect thet it normslly takes 20 ms just to celoulsta the positive sequence quantities =
besic knowledge for electricel enginsers and power electronic professionals working in
close connection to this tvpe of technology and & large number of exparts can confirm
this.

Thus, EMTS0-E hes chosen such estreme requirsment renge thet the full availzble time
(10 ms) does not even alkow for the positive sequence calculstion to be performed - and
sub=equently then indeed does not allow time for sctustor movemsent either. If 10 ms s
considered =s an order of megnitude, then it sppears thet ENTS0-E hes moved the
requirenmsent approximately 5 orders of megnitude compared to one of the cumenthy most
stringent requirements (Gemeany}.

Hence this NT RfG requirement hes no chance of being implemented in any foressesble
tire framse.



EWEA
Technical proposal from EWEA

The explanstion above shoukd clarfy whiy it is sbsolutely necessany to change the 10 ms
requiremant to another best stete-of-the-art requirement. Such & proposal hes besn
developed ard collectively suggested by EWEA

Full reference to this information 5 £ven in footnote 1. For corvenience the propossl
suggssted by EWEA hes besn insersd balow.

It should be mentioned that the EWEA &0 ms proposal hes been composed structurslly
and wording-wise in such a way thet it should sllow & more or less direct transfer of &
“resdy for use text” into the NC RFG | ie it i directly prepsred to fit the ENTSO-E
document on the relevant spot.

B0 M5 ME3CTIVE CLVTBNT INJBCTION riSe Time proposal from EWEA  [Aroicle 15 23, 3)

The Powesr Park Module [..] shall b= capable of providing at least 90% of the additional reactiees
Current |positive sequence of the fundamentsl] within 3 time period specified by the Relevant TS0,
which shall not ke lzss than 50 milliseonds. The tanget value of this additional reactive Current [..]
shall b= reachad with an accuracy of -10%,4 20% within 100 millis=conds from the moment the
Voltaze deviation has ocouwrred as further specified [.]. Be=lowr 40 % retsined woltsge reactive
cumrent shall be supplied == far = technically feasible.

In the EWEA proposal the 100 ms represents what is nomeally called settling time,

To be on the safe side EWEA hes once maore consulted their members regarding the
techniceal vigbility to fulfill the 10 ms requirement suggested by ENTS0-E.

The following manufecturers heve confirmed in Mey 2013 thet the ENTS0-E propossl is
technicel norrvisble with todsy stete-of-the art technology:

Westas
GE
Siemens
Erercon
Repower
Gamess
Accions
AEE
Alstom




In the following the technical ressoning behind the EWEA proposal & expleined.

A balbnced proposal showld not eceed the most siringent of present requiremen ts

Even with the current most stringent valid reguirements (for example 50 ms in Germamnd,
wiired turbine menufacturers consider the values to be st the edge of whet i technically
possible. Important to note is also thet some countries have quite longer rise times e.£.
100 ms for Denmark snd reland.

In & normsal market environment it = logical to assume that not &ll manufecturers can
handle the most extreme requirements in a number of markets scross Europe. In this
context it is thus not retional thet & newly crested European code moves one of the most
compliceted requirements to the most extreme positions like for example in Gemsany (50
mis . Therefore one would expect the NT RFG to strivefor a certain balance in order not to
hurt too lerge parts of the industry. The &0 ms proposed by EWEA is st the edge of
present requiremsents, and s brosdly scceptable for the wind industry,

The rise time must be seen in technica | conted witth many oiher requirements in order
not to introduce excessive uncertainty

&= g corsequence of the ENTS0-E NC RfG & kot of sdditionsl uncertsinty is introduced
companed to todsy requirements. Dus to the intended harmonizing effect, many nstions|
gnd codes standing slone on their own indvidusl foundstion are suddenly put together.
Thus, requirgments which heve so far been standing slone are suddenly cosxisting st the
same time.

The 50 ms valid for Germany todsy i3 besed upon & welbknown set of boundany
conditions and mainky with pronty to resctive current injection duning FRT as the prinmsany
focus. The reguirement to recoverny of ective power sfter FRT B -withits 5 or 10 s - very
showi, i.e. it hes slmost no pricnty.

In UK the reguirement for sctive power recoverny i slso besed upon & very welk-known s
of boundany conditions. Dluring FRT events recoveny of sctive power has the main priority.
Mo requirement for the detection of the fault and the rse time of the inected resctive
current injection exists.

Mowi, due to code harmonisstion two distinct practices from different countries are
combined in the ENTSO-E NT RFG and suddenly & hithero single existing objective
becomes & double objective, i.e. & wind power plant now potentially hes to perform BOTH
ective power recoven AND current injection at the same time.

To parform both sctive power recoveny and current injection st the same time represants
&n extreme new challengs and by thet slso & new uncertainty (risk).
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ENTSC-E NC RfG slso introduces the following four unknown mechanizms:

1. Excessive more resctive power capsbility

2. Mumber values of venyimportant parameters are kept open or a2 unknown (2.2,
ective power recovery, sccepteble temporary overvolisge, desd time, settling
time=, gnd short circult level or short circuilt retio, resctive cument injection post
fault support time)

3. Requirements not existing in the ENTS30-E code meyywill occur in the Nationsl
codes but in & new context and with numbers difficult to predict

4, Irtroduction of conceptuslly new uns pecified requirements in the EMTS0-E NC RG
{zhort circuit level before and sfter fault, negstive sequence current inEction)

In prectice, what stared out being a reletively namow single objective hes ended up
being & very intsngible multiple oblective == many relevant peremeters now belong
somewherz inside & huge peremeter metrx and further new unspecified requirements
ey suddenhy show up.

In totel this hes substantislly incressed the risk of wind power technology not being able
to fulfil & £ven set of reguirements. When prepanng the EWEA proposal the wind power
industry hes included = minimum of sdditionsl meargin to cover for this new unknowin
uncertainty - i.e. the requiremsent hes been incressed from 50 ms to 80 ms.

Summary and final recommendation

The proposs| for resctive current injection with the present value of 10 ms in the NC RfG
is conceptuslh emoneous and physically nor-visble, Considering the definition of the NC
RfG it s furthermaore technicelly incomect. |t doss not allow for the besic operations
(calculstion, communicstion, sctustor movement) to be performed. Moreover there is not
the lezst piece of documentad technicel justification for the need. Meintsining this value
in the NC will heve a detrimental effect on the further development of FRT relsted gnd
code requirements in Europe.



The proposal for 80 ms, as put forward by EWEA = 2 balanced and forward kooking
shtemstive:
- Itis physicslly visble, as it allows time for the besic functionslities.
- |t provides & fast response, in line with sdvanced codes in major wind energy
markets (Gemany, Spein, Gresce, reland, Turksy, ste)
- It is brosdly supported across the Europssn wind industry becked up by the
lesding industry experts.

With this proposal, the industry besicelly sccepts to meintsin the current stete-of-the-art
techrobogical fi-point, in spite of the fact that the NC RS introduces conceptually new
reguirements and will cause = sudden cosxistence of formerly decoupled (individusl]
countny) requirements. However, it remains largely unknown st present whether it will be
technicslly possible in prectice, because of the huge smount of uncertsinty introduced by
the NC Rf5.

Bacause of the vary short remaining time, the complaxity of the subjsct and the nesd for
& safe fast-track solution to the chellenge it i recommended to follow the propossl
suggested by the wind industry. This proposal indeed can be considersd &5 & workdwides
stete-of-the-ar in this technicel ares - particularty considerning all the unknowns.

' The Swapaan Wind Enargy Assocaion (SWEA) ks M2 vaic2 of T2 wind Industry,
actvely pramating Te uMlsaton of wind powsar In Eurape and waridwide. Owar 700
mmmmm.mm.m.w

FWE /A, metiss. sssociaions, sscicly providers, fnance arganisatons and consuftans,
e Tars  maEes EWEA M2 wond's IangSst wind enangy newars.
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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 WGO03)

For DNV KEMA Robert McVean
Bozidar Radovi¢

CENELEC provided a presentation covering:

e the Context of Standardisation;

e CENELEC liaison with ENTSO-E;

e CENELEC TC8X WG03 documents — in general and in relation to NC RfG;
o CENELEC approaches

o 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. WGO03 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 WGO3 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. WGO03 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

@ ehi

COGEMN Fumas 1s Maaba g ekl

i o e

Frussels_, =" nay 2003

subject: Gose-benefit Anoly 5500 ermending the emerging technology ole ssifice tion in Tile Gend the
deroge fon gracedore in Title Saf the WC AT proposel

Dear fir. i viean,

Following your equest, the COGEM Eumpe and EHI Micro-CHP Joint wiorking Gmoup carned cost
b=nefit analyses [CEA] supportine the two mcommendatios for amendments to the NG RTG
proposal made by the Joimt working G roup.

The two CEAs attac hed malke @ stmng cse in fawor of adopting the proposak of the Joint wiorking
Gmup.

1

2]

The CBA on introducing @ minimum theshold in Titk § for emerging technolgies indi@Etes
increased inuestorcera3inty, with limited impactonthe grid.

Hawimg @ stated minimum threshol in the NG RS, mather than dekeatine the @5k |
unbwounded] to T50s in eachsynchronos amea after the entry imo force of the petworkcod e,
wioul awoid costof immediate retmfitestimated at<€ o - € 11 millionforthe sector. Ths would
gko ersume imestor confidence & maintained, eWen that the atermatie of not lEvine a
minimum threshald kwel inthe NC RRG would tEmEEte into 8 fienc @l rek of an estimated
additioral Zyeardelbyon ROl

Intenms of costs, the technical amalyss shows that includine @ minimum threshald will not
trieger oresacerbate agrid dsturkance on the electricty network. The impact on the end of
the workine eroup's proposal of @ 0% minimum threshold for technologies with a
cumubtie betavior durine an underfrequency Brid ewent B equialent to bbsing 8 COGT
poweer unit in Continemtal Europe (200 ivvel] and a local small biomass power pat in G mat
Britain [50 hvsel]

The minimum theshald shoud reccgnee that faults are not pecessarly cumulate amone
different ememing technoleies and that differemt cumubtive behavious justify different
thmsholds.

The CBA on allowing the manufacture rof A meneEting units toa fordemgation on
t=half ofsmall senemting unit cwners indicates that substantialad ministrative costs @n be
guoided by both manufactures and network operatos

Includ ine the manufacturer of Type & senem@ting units as a stakeholer that can apply for
derogation on befalf of small ezpemmtine unit owners, such as howsehaders, will =ve a
manufacture r betwes n € 500 - € 1000 in adminstratite costs to supply the evidence toa oe0
that can formmally apply for demoeation. Ina country like Germmamy, which as 900 0e0s, &
manufacture r would benefit from between €05 - € 1 millioninawided costs from beime ablke
to pursue anapplication on its own.
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The curmnt MCRFG proposal whem the householder & the appropriate party to pusue a
derceation & simply unworable. The &5 a partk ubBrconcern for microCHP products which are
already established onthe market but will mq uire access toa demeation process.

The results of the CBAs are descrbed in mom detail in the two documents ateched. The doimt
wiorking Group & committed to addes all inquires in thet mspectand prowide further fact-based
information to support DY Kema in its 8ssessment of costs and benefits.

fours sincerely,
~
Fa

[ G
%/-m Sk, TP e
r |

v
¥

Fiona Riddoch DanaPopp
IWanaging Direcor Public Affairs Manager
COGEN Eurppe Assodation ofthe European Heating Industry
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Cost-Ben efit Analysis (CBA) on allowin g the mannfa ctnrer of Type A
generatin g units to apply for derogation on behalf of sinall generating
it owmners

=" iy 2013

Intrododion of asks

In the btest MG RRGE proposal, from 8™ of Mamh 2003, only owners of power BeneEting nits or
network operatos are permitted to apply for derceation in respect of ope or more requirements of
the mMetwork Code. The COGEMN Europe and EHI laint Micro-CHE Working Sroup proposes that

manufacturers of Type & gepzEting modules shoud be alkowed to apply for 8 dercmation on

betalf of the cwmers of existing and pew units, who ae often householders with little or no

espertise 1o complete a demgationapplimtion,

The CBA analyss mesults indicate that an amended demaation proced ue allowine manufactures of
smallgeneatine units to app by for demeation on bzhalf of howseholders can kad o sienificant cost
=vimes interms of avoided ad minstrative costs for manufacturers to imte@ct with an imemedany
DE0 (&S00 - «1000 par 050 and the cumubtive cost of mplicatine the pmcess foreach 090 ina
country (€ 0.5 - €1 million ina country like Gemany], awoided costs of possibly closing down

ope@Etions (€ 2- €5 million), awoided ad minstative costs fora 0RO (€500 - €1000] [see Annes ).

Froma legal point of wiew allowing manufacturers to apply for demeation, would emsue that the
demaation pmced ure & nondsimiratory, as equird inthe Framewo i G oidelines 1o the MG RRG

[see Annex ).
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Sormmary of cost-benefit analysis resnlts forallowing mannfaclorersto
apply for derogation on behalf of Type A seneratingnnit owners

The msults of the CEA& amalysis show thet substantal costs can be awoided by both manufacturers
and the mlevant network ope@tor (D205 in this case] if the manufacturerof Type A Bene@Eting units
& allowed to app by ford e meation:

Firsthy, in case a manufacturerof a Type & unit & inthe sitEtion wher the Bepeating unit does not
comply with ope or more equirments of the NG RS cument text applies [thee is no clkar

proced ure erabline the company toapply ford e meation], there are two posible couses of action:

The manufacturerensaees in a costlyand uncermin process of no fieed timescake to comeince the

Metwo i Ope rator [DE0] 1o init@te 8 demeation proce dum fora class of B2 ne Etine units.

+ Wwhilk the cost of collectine the evidence insupport of a dercaation & in the mmee of € Z000-
£ 5000 par manufacturer, the administ@tive costs of imeractime with the DO, the
uncertainty of the process and replicatine the process for each mlevant 050 could reach
&S00 21000 per D50 and forall oeos to €05 - €1 million ina country like Gemany which
has 900 0e0s.

+ |If the fist step faik the costs grow arithmetically & the attempts and the market position of
the pmoduct becomes mom nsky. I at some point the manufacturer asseses the wholk
proxcess as too reky, the pmoduct will b withd @wnsince 8 product nonrcomplant with the
NC RS cannot be put on the market. Cost estimates forths mmee fom € 2- €5 million in

closinea complkte opeEtion.
szcondly, the D50s imeoked inthis process will ako be incurrine hiehoosts including:

+ Costs of hund eds of DS0s across Eumpe [Semmany alone MEs 900 OE0s] procesing the
same application, since the cument NC RFG popo=l only allows for a Metwork Opeator to
apply fordemeations for cBsses of Bene@ting units connected to their network. The cost
thateach 00 will incur & estimeted at €500 - 1000 per OE0

+ Costs ofa complexadminist@tive procedure, includine req uiring input from manufacturers.

FaEe | 2
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AmmexI - Cost-benefit Analy<i= on allowing Type A generator mannfaduorers
toapply for derogation nnder Artide 52 of NCRIG

The exiting proposal in NG RFG only allows Generating Unit Swners and System Qpe@tors to apply

fora demeation procedure under Titke 5. Gb@inine a demeation fora clas of sepe@tors can only be

intiated by @ Metwork Ope@tor. The class demeation application can only be pursued in each

country sepa@tely. Inthis situation, the manufacture rfaced witha costlyand uncerain de maation

proced ure will certainly perceie a8 hieh rsk in puttine the prodwct on the market, and may eval\te

the riskas too hieh tocontinue.

The COGEN Europe and EHI Joimt Workine G moup pmposes anamendment to the NG RS to make

prwBiors inthe case of Type & Geperatim Modules for manufactures of the mspective units to

apply for demeationon behalf of the owners of the units at the synchmonows area kvel.

Farties Ciosts Benefits
Technolay | One-time  cost | Awoided costs fora manufacturer:
imiestors of prodwcine the L . L . .
avidence nl * admlngtmtr.'e Costs E:f !nrt.a.tlrg a demaation to the matiomsl
Authority prcedur via indiwidual o505
favor  of a o adminktratie costs of bringine the isue to the attention of
demeation fora an imermedary, the Metwork Opemtar (€ 500 - €100 per
clas oif C=0
penergton. € cost of uncerminty linked to the absence of a formal
3000- & 5000) procedure to purspe @ chss demeation including the
possibility ofanappeal
cost of replicating the pmoces foreach oe0 ineachcountry of
a 5ync hmonows area (g8, £ 05 - €1 million only for Gemmamy
that has up to 90 DE0s]
* costofo ksingdowndus touncer@inty (€2 - €5 million)
Met wark fwoided costs:
O pa@tor L o
e + 2Ad minist@tive costs of further complesity linked to the
dercgation procedume for classes of Bene ators
+ pAvoided costs of pmoeessim a  lame number  of
dentical applications
Household Aoided:
ercorsmall o . . .
higiness + administ@tive costs and complesityof multipke ownes fnon-
competent deroaationapplicatiors ethertlanasimle
cuaner manufacture rapplication
+ lamertosak
EUenamy Enablime the completion of the Eumpean Imtermal Electricity Market.
and climate o o ] ]
objectives Contributionof the msidental heating applEnce to educe oo,
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Annex I - Framework Goidelin es

The Framework Guidelines setclkar rquirements according to whichthe derogation process shall b

nonrdiscrimiratory.

The MC FiG is clearly discimimatory against small Type & eeneratie moduk owpes who ae
effectively excluded from benefittine fmom a derceation, as they are uneasommbly Equied to
undertake the same steps inapplying fordemeation as owners of much bigeergenemting modules.
Home owners Wwho eplace their heating boiler with @ mic o CHPE prod uct do not hawe the technical
expertEe and undest@anding to be capable of applyine for demeation. Ths & an ueccepable and
unjstified burden that will only mesult in koss of sales. &5 well as being dscrimiratory, ths
di proportionate mquirment can have a8 negat e impacton the good functioning and completion of
the imermal ekctricity market, as it will create inequality in the nehts of small distrbuted power

prod Lcers.

A5 wnitten, the MC RAG does not allow manufactures of Type & modules [sold to howsehaolds for
exg@mpk] to pursve demeation fora spec ific, “type certfied”, module on bekalf of small e2nerating
moduk owners. 45 sueBested by EMTSOHE in prewiows exchamees, them is an unwntten assumption
that the manufacturer can pursue an application for demeation on belalf of a group of howse hold
Bener@tors thmoueha 150, The & an imporamt E5u0e and the absence of 3 clkar sEtement covering
how small type & eenerators stall partticipate in the code mmaims a senificam @ndicap to the Ty pe
Apene@toremup owners, whichae de facto uable to ope@te under the curent prowsion ofthe

N RTG.

In add ition, the MG RAG creates a precedent forallocatine respomsibilities to parties not defined by
the FRmMework Guidelines as withinthe sco pe of the Network Code, by allowineg isRElkes of Type &
Benerating units o fill in the IEEllation Document required inaArticle = on bz e lfof the owner. This
prow Bion meoognises that small eenerating unis owners may not lEve the expertse to complete
complex technical prcedurs, which should not impade them fromowning and irs@lline such unit.
The same principle applies 1o the demgation process, which equires simiar if not moe technical

skills thanfilling inthe InstalBtion Document.

Ghenthatthe N RAG gives the possibility toact to other third parties, sw has isEllers, ths should
b= extepded to include manufacturers of type & produwcts. The manufactuer will prowide the

information forthe demeationand Wwhemr approprigte prowide numbs s for senificance.

FEe | 4
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BUrape

Cost benefit amalysis on introducing a mininmm threshold valuein
Title & of the NC B for emerging technologies

=™ may 2003

Introdoclion of asks

Title & in the WC RfE delemates the decsion on s=ttine the values of the “macimum level of
cumubtive MEXiMUmM Capacity of Power eene@tice Moduks foremereing technoloeies” [herin
mfemed toas “theshold*] to national T50s in @ sync hmnows area. To pmoeide cBrityand cerainty
far the industry and inwestors in emerging technologies, the Joint micm-CHP [MCHR] Warking

Group proposes that the NC RFS includes 8 minimumthmeshold inTitle 6 (see &Anney 1),

The wiorkine Group d @ws the atkention of the European Commission to the d iferent nature of the
rsk to the grid from different kinds of fault or “non-complance” from ememing technoke ks
corespond i to different belavioural sroups. Since the effect of differmt belavioual emups
[undefrequency fault': stiding engine MEHP or ovedfrequency fault™ fuelcell mEHE, Stirling engine
mCHF| & noncumulatiee, the ememging technology minimum thresbold shoul be set with ths in
mind. The joint warking eroup & satherimg furthe rimformationinthis reeam.

The CBA amalbysis results indicate thatamendimg the NC RfG proposalto include a8 minimum thres hold
woul kad to imporEnt benefits linked to improwed investor cerminty for ememing technologes,
whike lavime a limited cost interms ofgrid ml@bility.

# Tec hnology imvestors would benefit from the avoided cost of immediatety imeesting in re-
des@n estimated to amount to € 9 - € 11 million for ememing technokey stirlime based
mCHP. Including @ minimum theshold walue in the MG RAG would help prewvent the
particulardy destabilising effect of @ delay in marketimpe products. Havimg a minimum
threshald level inthe NG TS would reassum imvestors, who misht otherwise not be ready to

tale on an expected firmncial iskequivalent to an additional 2 wears on RO Moreower, the

" Thes= technologi= cannot comply with the requirement to say conn=ct=d during grd und=rfrequancy
conditioms, = 5. switching off on frequency « 85 Hz

¥ Thasza ca nnot comply with the r=quirement to sty connectsd during grd owerfrequency conditions to
operate aboye 505 Hz or to prform the droopas required = 5. due to reduced frequency @ nge of o peration
aordue to red uced dynamic ca mahilitie.
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cosumer will benefit from welbprced, lowcarbon and enemy effcient space heater
tec hnobogies that will b2 present on the market [see annex 1.

# Interms of grd reliability, inc lud ing @ minimumtheshold forthe ememeine technologies will
not trigeer orexacerkate a snd disturbance [see annes 1. Inthe event of an unde rfreq uency
erid disturbance the |loss of power assoc@ted with the minimum pro posed theshold of 0.1%
and hence the associgted cost to the gnd s equivalent to bsinga OCGT poMer unit in

continental Eumpe [200 Mivve () and a local small biomass powerplBm in Great Br@in 50
hawvel].

F‘age|2
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Erusmels, 7 June 2013

Subyect: Propasel o amend acticle B1) in the WC &G 0 elow for 0 “rendoms sed disconn ec tion ' af
i - 0P durin g over freg cen oy condy fons

Dear i wian,

COGEM Eumpe and EHI micro-CHP Joimt wworking @moup would like to dEw wour attention to
“andomEeed deconnection” as an attemative solution to add ess an exsting s8p in the MC RG with
mspact to the active power eduction requirement which applies to micro-CHP units during ower-
frequency arid conditiors.

Asdescribed in the document atached , the present NG BTG daft offers no flexibility with respact to the
mequirement forind widuB| unis to red woe active power within 25 durng owvefrequency end cond itiors.
whilk micmo-CHF units, which reby on combustion processes and hawe inherent delay times related to
ez transport, @mmbustion processes and heat tramsfer, cannot comply with thE requirment
individually, 38 “Endomied d sconnection® of the units & a group would ensume that the needs of the
trAmmEsionsystem are fulfilled.

The paper attached shows that the “rendomEeed deconnection” approach hes been successfully
impkemented in Gemmamy & part of the German Application Rule wDE-AR-N 4105:2011 and in the
etmofit pmemmme forapproximately 10 Gw sene@ting capacity from the PV sector [Syss@EV]. G en
the prowen be nefits of ths atte mat e solution in terms of siahility tothe erid and improwved flexibility to
mckk the capabilities of d fferent genem@ting technologies, the COGEN Eumpe and EHI propose that the
NG RS s amended accordingly [see atacbed document]. The solution can be achiewed by a simple
compontent calib@tion durine manufactue and represents a wery cost effective approach.

COGEM Eurcpe and EHIstmomely beliewe that the “rmndomised d Boonnection appmac hskallbe inc luded
in the MC RFG & an alermative solution to meet the mquirements of Article B[1)c onthe bass of the
evidence prowided in the atEched document. The loint working Gmoup & awaibble 1o offer further
clarificatioms onthi isue.

ours sincerehy,

- i | L\_;_\,__,fﬂ“-" ey
mﬁy’?’lﬂ‘z& = ':.-P—rf!"-._d_ ;

’

Fiona Riddac h Card Fopp
fanaging Director Fublic Affairs MErager
COGEM Europs Associgtion of the Eum pean Heating Ind Bty
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E CI' E E N Bz Haaling l-l.:-..-:
BUra e

Proposal to amend NCRfG Artide 8(1 )c:
Allowing br "randomized disconnection" of ncro - CHP

in Limited Freqonency Sensitive Mode - Overfreqgunency (LFSM-0)

o of June, 201 3

Introdoction tothe is=ne

The metwaork code Ffe dmft from 8™ of march 2003 requims in article 8 (1) an actie power
ed wction of each gepemtor within @ maximum inital dely of 2 5 in case of overfrequency
conditions. Tec hnologies suchas micm-CHR cannot comply with this mquirement when comsidered
indi idually [see Annex []. In cont@st with purely powerelectronic based Py system, micm-CHP rely
on combistion pmcesses whichdo hewe inherent delby times relted to gas tAmpot, combustion
processes and heat tamsfar. Even if the micro CHP isable to red woe power, the maction time may be
too skow in case of major disturbance. Themfome, the COGEM Eumpz and EHI micm-CHP Joint
wiorkine G mup proposes the altermative solution of “randomized dsconnection” which ensumes that
mic - CHP units can ac hiewe within is entie im@lled popubtion a kind of “eroup-droop® for ac the

power eduction and comt ibuting to grid sEbility underLFsM-0 conditions.

Ths altematiwe solution to mest the requirememt in the WC RRG Artkcke B[1)c conssts of a
randomized disconnection of sineke MCHP Beneratars within a lame popultion of the same type of
applances instead of performine the dmop within the required time on each individ &l moHR
Bepergtor. Ths function & aleady implemented in the daft Eumopean standards prEM 50438 and
prTs 50644 to be adopted later ths year. The same technique is used with positive msuls in the
German Application Rule WDE-AF-M 4106:2011 and in the retrofit pmoe@mme forabout 10 SWw

Bepergting capacity from the Py sector [Sysstaby] which sared induby 2002 [see Annex 1]

Despite the substamial ewvidence that this approach MBs been soocessful in Germany and the
comers s eached at the EU kewel workon preM 50438 and prTs 50540 draftstandands, ENTSO- E bas
dismesed the “rmndomieed dBconnection” durine the sEleholder comsul@ation on the nC RfG
without prowiding sound argume ntation forths decision'. Tha COG EN Eumpe and EHI Joint working

! “ENTE0-F simies thot rondomined disconnec fon introd wes an edditione! comgexity. (n oddfiian it is nat
considarad @ fong- erm Jotene-iook ing salwtiaon. Aso Moddes ore effowed 0 &g @5 000 @5 the minimom
OpE e ing i e s reoched.” sam e 7 in: TATSOE I Lier Saowp meeting on “Metwon: Cooe for Bog dramants
farGrid [banec fan e pdicebie ta el Seneretoes™ (W CERG ) 2 My 2022 - 10230 h -3 700 A FINAL MYN LTES".
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Group believe the comtrary. wie find strome support in prEM 50438 and prem 50549 for includine the
"randomized d Bconpection® appmac h into the MG RAG as an alkematie for mic o-CHP complance
With the active power reduction requirement in Artick 81 0], Momower, it 5 in line with ENTSO-E's

IstificationQutlines from 26™ June® which emphesize:

Yooe ta their immedie B crossbarder impect, frequenoy req oirementsneed @ be harmon ised
25 murh 05 passble. 1 order 0 consoder egomicEly the copebilities of generoton
technogie s some fexibiity sl hes o remwein for setting the freqoency ohveshold of

ortivatian, the draopand the initiol deloy af octive ton * [ENTSO-E, 267" June 2002, page 4).

Atthoueh ENTSO-E did not lermonise the d mop setting within sync hmnous zones as a wholke, the
flexible approach for fulfilling the needs of the temEmEsion system was not accepted during several

LEEr B Mo Up meetings.,

Proposal tomodify the NCRG Artide 8(1)c

The COGEN Europz and EHI Joint wiorking G mup propose that artic ke B[1)c is amended to @ke into
account the “mndomieed disconnection” approach aleady implemented a5 mentioned abowe, in

arderto eac hcompliance withanamended MNC RIG.
2dd at the end of the first paraer@phand just before Figune 1 the followinge text of Artick E[1)c:

“if the Power GEneroting Modoe cannat fallow the Actve Power Frequency RESpEnsE o5
individoe! genereter in the reqoired e, provisons shell be implemented in soch Power
agnersting Modiles, thet they pedform on o larger popo'e fon of the some Power @Enereting
Meodiles o rencoried disconnes fon resuting in e "groop-dioop® 5o thet the oo ss border
behe o iscon sideced e ool 0 performing 0 droop e sindivdoe! genece tar.

lustification: This feature & mor bensficial to the srid than the cument set of requimments
concerning LEsht 0. The cument version of article &[1)c allows to runat mMinimum Feeubtion Lewel
no matter which level of cwerfrequency fas been mached. Generating units with a Minimum

Feeulating Level equal to nomimal powerwill not reactat all to ove rfrequency.

TENTSO0-E, 26" Juna T2 Matwork ode for Eag wnamaen i for Gnid Conaec fon Aopicedia o ol Ganarsors.
Justifice fon Cwaines™. e v d from.: h oy waew.ooe e crope. e o Wl diad Y ews Coc cvmen t,/2 206 2 6% A0-
20N CR2 OEG W A0- B0 ws tificetfon B2 Do ing = odf
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Annex | Micro-CHP techni@l specifimtions in reBtiontodrticle B[1 )c require me nts

The technologies s ed for migao-CHF, such & Intemal Combustion Engine, Stiding Engine and
Fuel Cell, rely on mmbustion processes which hase inherent delay times related to g=
transport, combustion processes and heat transfer. They need a certain readion time whid is
significant longer than the time required by the NCRfG to respond to the adive power reduction

due to owerfrequenacy.

Furthermore some micro-CHPs are designed to operate with hieh effidency in asingle operation
mode, so0they are not able to reduce adive power output based on frequency @mnditions & an

indridual applian ce.
Anne: | Detdikd descrptionofthe “mndomeed d sconpection® solution

In Germary, the WDE-AR-M 4105:2011-02 appliation rule wa adopted for genem@tors to be
mnnectzd and operating in parallel with the public I[oe-woltaze distribution network. Acaording
to this rule, presented here & astate of the art s olution, non-variable power generating systems
are permitted to dsconned from the network in the frequenay range 50,2 - 51,5 He for active
power redudion at owerfrequency. In that @se, 8 uniform dstribution of the dsconnedion
frequency in maximum inoements of 0,1 He emulates the effects of a droop curve, up to the

max imum operating frequency, whic may be lower than 51,5 Hz.

The German regulation on system stability (Systemstabilt @swerordnung — SysStaby) was drafted
with the help of the four German T50s and initigted in Jubs 2012 the retrofit of more than
200.000 PY systems. Tht dedee stipulates in artide 4(2] a dismnnection at randomised
thresholds between 50.25 Hz and 51.0 Hz for low wolt age units. Systitaby' makes dear that the
retrofit shall preferabby implement admoop controlled power redudion, but allows a endomised
dEconnection in ose of techni@l restridions at the generating unit level This shows that
sy5tem stability & not endaneered if almost 10 GW of detributed eenermtion is dismnnected
glready at 51 Hz and that randomised dismnnection & 8 method to improvwe system stability in

owe e quency situations.
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C.2

Bundesverband Kraft Warme Kopplung

EHAYE - MedgmimimBeib - 0F1011T Bedin

An
Machrichtlich:
KEM & Consulting GmbH Brvyi —Reflll B 2
Kurt-=chumacher-Str. 5 Bmll —RefEIl4
BMetza,
53113 Bonn

Bedin, den 4.06.2013

Politikiolgenabschatzung zum Hetwork Code
"Requirements for G enerators"

Sehr geehde Damen und Herren,

der B versteht sich als Interessensvertretung, die sich fir eine
efiiziente Energiesandiung mit Krat-wWammedopplung einsstz,
unabhéngiy won  wensendeten Brenndoffen, Techniken und
Anlagengrdlize. Wir sind die nationale |ntereszensvertretung v
ki unter dem Dach won COGEM  Europe. In diezem
Ausmmmenhany machten wir zu dem  aktuellen Entwurf des
Metwork Codes "Reguirements for Generators’ Stellung nehmen,
deszen Inkratzetzung in Form eines Komitologieverfahrens in der
maeiten Jahreshalte 2013 garten soll.

Zum einen mochten wir ung den Ausfihrungen (siehe Anlage)
anachlielzen, die won einer gemeinsam en Arbeitsgruppe zur Mikro-
Kk der europdizchen Dachverbdnde COGERM Europe & EHI
erdelt wurden. Die ACER-Rahmennchtlinie FE2011-E001 gkt
war, dass der Metwork Code nur fiir svstemrelevante Metanutzer
geften =oll. ARy grid user not deemed to be & significant gid user
shall not fall under the regquirementz of the network codel=)")
Bidang fehlt eine klare Definition im Metwork Code, anhand derer
ersichtlich ist, ob eine Erzeugungsanlage als nicht sysemrelevant
bzw alz nicht signifikanter Metmutzer einauordnen ist, fir die der
Metwork Code nicht gilt.

Wiziterhin igd der Auzschiuss von Herdellern im Arntragsverfabren
um eine Auznahmegenehmigung (Artikel 221 bei kleinen Typ A
Anlagen, wenn nicht sogar auch bei mittelgrozen Ty B Anlagen
ein Hemmniz fir die dezertrale Krat-wWannedopplung. Ez ist zu
ervarten, dass die notwendigen Anderungen der Procdukteicen-
schatten im Rabmen der normalen Innovationszyklen der KWk-
Anlagen eingepfiegt werden. Daher wird in Einzelfillen davon
ausgedangen, dass manche Klauseln des Metwork Codes erst
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Bundesverband

Koraft -Wiirme Kﬂuplung )

nach der Ubergangszeit won drei Jahren in techno-dkonomisch

tragharen Schritten umzusstzen i, Die KWHK-Branche i Gber-

wiegend durch mitteldandizche Unternehmen gepragt. Sollte ein BN K Bundsmsrband
WK -Anlagen-Hersteller nicht  zelber das Recht haben, eine K IEme-Kepphing e,
Auznahmegenehmigung zu beantragen, sondem muss dies der

Anlagenbetreiber =elber tun, waren =sine MAK-Anlagen unver- Wertigr rkensim e 56
kdufich. Ohne die Option, dsss Hergeller selbat aktiv werden  BW117 Bedn

dirfen und mit eigener Motivation den versatunggechnizchen T+ [0 2T 1925 B
Auteand eines Genehmigungsverfahrens gemmen, id damit zu Feoe 0 [0 270 1925 19
rechinen, dass der Straul: an Ankietem und Techniken dedtlich

kleiner wird und die erfolgreiche Entwicklung der Hocheffizienz- wn bibank.
technologien aus dem Feld der Kratavarme-Kopplung beein- b bk de
tr& chiti it wird.

. . . ys e . R&=ident
“on unzerer Seite aus ist eine klare Typ-Definition ndtig. Gemdan Opl-Keun. Exrhol Milkr-Urbub

der jetzigen Ausfibrung missten etliche Agaregste je nach
Bestimmungdand bzw. Synchronzone eine unterschiedliche Zedif-
Zemng aufneizen. Daher schlagen swwir eine Differenzerung
oodachen Typ & und B entlang der Spannungzgrenze wan 1 kY wor,
wide es auch in wielen Landern Gkbliche Praxis ist und im Rahmen
der europdizchen Momnung auch hamonisiet werden zoll (TS
S0549-1 Miederspannung, TS S0549-2 Mitelspannung). Aus
technizcher Zicht ig diese Trennung zu begrinden, da sich MNieder-
und Mittelspannung bei der Schutdechnik, den Schadeffekten won
Fehlern und dem Kabelautbau (4 vz 3 Leiter) deutlich unter-
scheiden. Zudem empfiehlt auch die Rabtmenrichtlinie won ACER
die Orertiemung am Spannungsnivesy [ shall take into account the
wioltage [evel &t the ghid uset's connection poirt”, 5. 8).

Zum anderen izt neben den wvon Cogen Europe ¥ EHI erarbeiteten
Kritikpunkten auf ein Thema hinzuweizen, das eher groterse BHEW
und Gadurbinen betrift. Der Metwork Code [&s=st die Forderung
nach einem o4 durchfahrenden Spannungseinbilch von biz zu 250
mz zu. Diez mag im Einzelfall bei grozen und damit tragen
Tutbozdtzen won Dampkratwerken moglich =ein, fiir Blockheiz-
krattwerke am Mitelspannungznetz sowie Gagdurbinen i diese
Anfarderung konagruktiv nach bisherigem Stand der Technik nicht
erfillbar. Diese Anlagen haken eine hohe Leistung bei geringer
Traghet (&nlaufzeitkonstarten von bspw 1 = statt 10 =), dh. die
zynchrongeneratoren beschleunigen schnell und  werlieren  die
chnamizche Stakilitd, wenn kein Metz die genererte Elektroenergie
abnehmen kann. Wir verneisen daher auf den bei der Mittel-
spannungstichtlinie gefundenen Konsens, auf MS-Ebene nur 150
mz hiz zu einem Einbruch auf 30% der Nennspannung zu fordem.
Aralog solten die Anfordetungen fir Typ B oim Metwork Code
gedatet werden und bei den Typen C & D die 250 m= nur in
jenen Synchronzonen zulfdssig sein, wo diesse won den lokalen
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Bundesverband

Kraft-Wiirme Kﬂuplung £N

Ubertragungsnetzbet reibern unbedingt bendtigt werden. Ansonsten
wird es flir Herdeller schwer werden, den europdizchen Markt
gleichm alig zu bedienen. BN K Burdemaerband

¥ Eme-Kepphing £,
Genetell id bei Kundenanlagen mit Eigenvedrauch, bspwe ein
industrigller Metmutzer mit Eigenerzeugung, der ausschlieliche Wark g rfenrim B 56
Bezuy der Anforderungen auf den  Metzverknipfungsaunkt D W7 edin
prn:ubh_ematlsch il se_hen. Hier Etfglbt gich nicht nur ein theoretischer Tl < (00 2T 1925 ¥
Korflikt aus den nicht abgestimmten Regelungen des Metwork Feoe -+ [0 270 1925 B9
Code G und DCC, sondem die praktische Fragestellung, wie die
Anfarderungen durch die E rzeugungsanlage am Metzverkndpfings- bbb d
punkt zu erfillen ist, wenn die etbrauchercharakteristik  der inflbbuk:.de
Kundenanlage dberwiegt. Fir den Fall der Prozumerzelle mit
Mizcheigenschaten aus Erzeugern und “erbrauchem zind daher Rsident
Freirdume zu schaffen, um  sinnvolle  nationale  Ldsungen Opl-Kewkn. Berhe Milkr-Urbub
UTUls ==en.

Ahzchliezend wollen wir noch zeei Dinge im Umfeld des Metwork
Codesz ansprechen, die nicht in ihm ==lbat, aber begleitend geregelt
werden missten. Der Metwork Code nutzt Anlagenzedifkste als
Konformitatsnadchweis, Wir gehen davon aus, dass die europaische
Kommission auf bedehende Prif- und Zedifizerungzinfrag rukiuren
aurickgreifen will und nickt eine MNetwork Code  spezifische
Zedifkate-“erwaltunyg aufhauen mochte. Daher nehmen wir an,
dasz Fedifkate authauend auf technizchen Momen ausgestelft
wetden sollen. Es ist noch unklar, we die Konformitét einer solchen
Monn mit dem Network Code hestatiot werden wird, Wir machten
hierzu anregen, dazs die Kommission auf Basiz eines werab-
schiedeten Metwork Codes alz EU-Yerordnung eine mandstiete
Marm in Auttrag gibt.

Gez. iA Wulf Binde
Geschatsstellenleiter
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C.3 EU Turbines
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EUTwlves — Poetmesthg actions 3k rdecazsion wkh KEMA

EUTurbines

EUTurbines: Post Meeting Actions after Discussion with

KE M&
Brussek, 6% of June 2013

With reference to the meeting between ETurbines and KEMA DHW aboutthe ENTS0-E NG
Efix in April 2013, please find below supplementany information from EUTurbines on three
questions that weere raised during our discussion:

Lyestion:

Sonre of ENTSO-E NC RFG reguientenfs will SFect generafion and will resuwlf in
derafing of same wwifs. Whaf is fhe inpacf of derafing in fernrs of efficiency losses
and entisEion s

SLzwer

One may consider a5 ptio 1 pt Sficiency loss for 3 9% derating on a8 Combined Cyola
zas Turbine (CCGT).

The impact of this loss of efficiency on emision could be up to 28tons of COZ per year per
rAYY in=talled, bazed on the assumptiore used in the calculation below. Assuring 40
plarts of S00MW would be impacted by derging across Burope, this may incur =
production penaty of S20000tons of CO2 per year.

Farl Lasd Perfarmance
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EU Larbnua Ewcpmn hmacavhcn — Guw und Lyonm Hi.13 Chamanl Buking
Shadnn | urkEinu M wsurera AE3A Frankwilkan Eoulmvad A.Fwymia X
FPixmdanl Cmmany 030 B4 um bn, Bml pum
O . Mool Wolmsm Fhonm 143 EIEADOS-! F a3 Flum T2 rmazn
Tmelay Genm s Fx 149 EEIAAOS-ZT i3 Fan 17 rmazm
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EUTH olvex — Poztmes g actoss arerdiecrssion wit KEMA

Justification:

Efficiency: Some public inform ation & available through EFAL For instance the below cunve
of efficiency wersus load of a gas turbines depicts the above statement.

Ernission: For the sake of simplicity we assume a S00wAN CCGT plant with a perfect
combustion of pure methane. For each molecule of CHS in reactant, a molecule of CO2Z will
be produced.

A state of the art CCGT of this sze consumes around 17kges of CHG (1000 maols). This
produces around S0kgis of CO2, Therefore, an approximate 1pt loss of efficiency incurred by
5% derating weould cause an extra 0.5 kgds CO2 production.

Azzuming a FO00hMyear operation, vwwe end up with 123,000 more tons of CO2 per wear per
plant of SO0, anly due to efficiency loss because of derating. [28 theean W)

e azsume that the mentioned derating (missing 25 M should be compensated by other
paner generation technology (presumabhy not carbon neutral). If this & a coal plant, firsthe the
LHW of fuel & loweer, and secondhy the efficiency i lower (~-15pt). CO2 emission can be
doubled for this residual 25000 power to be produced [can increase COZ emission by
23 000 tAre ar for this pamer, on a single plant). Assuming again that 40 plants of this size
are impacted, the CO2Z emizsion could be 3,720,000 thyear.

Furthermore, same CCGT plants not onhy provide electrical output ta the grid, but alzo steam
or heat. In this cas e, the compens ation of the missing heat generated by much less efficient
means (e.q. boilers.. ) clearly incre ases the carbon footprint.

Tebde AL | Aegpsmned sl wll hentie e of LOA2of BHG amembon fioan deridy pasmtion ssdhiakgpes 45 dpdared |0 Tipuss 90 00,5y EWA)

-~ Salar P I T r—

e power | oy | oir | By [T fnwgy | Eemyy | Eeewgy | o Leal
[T & 5 1 [3 i ] H i ) il L=
Bk = n [T " 3 P 1 ] T i [
iy

i ® i n i i i 7] I = B0 Wl
iy

s ;1 i it W 1 ' Y & i w e
Ummm B m | m H 1 i ] m 0 1 W
05 mn Tkl [+ ] &l
gt R e 1K

Heix [0 = Corbon capta = and wicoae, F = Ploiovakain, [P = Con oot ing ol praest

Figqure 2 - COZ emission per genaeraion technologies
Source: Imtergowernmenta Panel On Cli mate changes - bttp dsrrendipoc-
wgddefreportAIPCC _SRREM_Annesx_|l.pdf ]

Mote: ©O2 adder bewween CCGT and Coal (p50) & 53290 O2%wh, thus 92000tons far

25k O00h
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S lurkine Munu-usmrery H53 Frankluliban Eouwaid & .Feyma 30
Fiaxdanl Camany 1090 Buxmb, Balgum
O .Meobs Youlmeys Fhonm Ii3A3BAAO3-1T743 Fhonm 1332 mBaz 1l
Taosby Cermia Fx. IigEIBEBRO3-2r43 Fx 1922 mBaz o
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EUTH blves — Postme s tig actons aterdieciss oo with KEMA,

Huestion:
EXNTE0-E NC BFG includes arerou s Faulf Ride Though (FRET) reguirentenfs. What is

fhe impact of poferfial modificafions fo meef FRT in fernt of efficiercy loss ard
EATIE S TS

Arsier:

Direct efficiency loss of an option (not=suitable for all poveer plants).

Intheany, plant inertia can be increased insome spacific cases using fhawhe el system.

A non-synchronows fhawheel has a typical total efficiency of 25% and in general it can be
considered that the owerall loss of efficiency can be higher than 2.5% for plant. The COZ2 will
proportionalhy increase of by 25% for the related plant.

Flease note that the above wvalues do not take into consideration the huge initial inwes tment
(fhawheels are not an ine<pensive technology). Moreower the awvailable fhawheels are limited
tod gy in terms of maxmum poveer, often macing this option not even possible for a specific
plant configur ation, operating condition and grid characteristics.

Indirect efficiency lo=ss:

In addition to the abowe merntioned iEsues, any future technical salution will require
cornsistent modification of the generating unit.

The associated indirect loss can be barehy estimated; it can be expected to result at leastin a
decrease inthe overall efficiency ofthe system of 1% due to

] Additional passive loeszes due to increased installed components
[Friction losses, additional ventilation, less efficient interfaces, etc)

" Additional manufacturing activities

" C o=t of transportation

Cost:

FRT can leadto major damage on the generating unit and grid black-out of an affected area
as a worst cas e scenario.
The related cost ofsuch scenarios considers:

] Cost to repair the generating unit (gearbos, genarator, other components)

] Cost of energy not produced due to related doawntime
[Dowrtime can be reduced with spare present at =site, with increasing of related
finanial

] Cost impact to the industrial process if the generating unit & connected (prodoction of

heat by uzing boiler instead of highe efficiency CTHFE plant).

The cost to repair the generating unit is related to units iEef and depends on technology,
components, size, etc. The cost of the energy not produced again = a factor depending on
the connection agreement.

The cast impact on the industrial process has been estimated bazsed on information collected
during major bladk- out events in the past. For instance the August 2003 black-out in Narth-
America has been estimated as a 6 billion USD loss according to the U5, Depatment of
Energy.(See: hittphown.elcon.ongs/Documents/Economiclmp acts OfAoqus 2003 Bl ack out pdf).
Cost related to design modifications (f possible) and lead time to hawe them a= a reliable
technology are weny difficuft to be estimated and therefare are not considered inthis arswer.

EdlurbBnuuy Eurspuun Lucoubhenc- Cuuund Lyonm .13 Cvamanl Bukdnpg
S lurkine Munyuwsureras W33 Frankulikan Eouwaid & .Feyma 30
Fimxxinn Cammny 1090 Byuzmb, Ealgum
O .Menbx ¥onl meym Fhonme IL13B3IAAOS-1T4] Fhonm 1322 mBaAz 11
Taosbiy Cermial Fx. igpIBEEO0a2rda Fx 1322 meaz o
e mi Ialmnpm i o s rm g v o oeg oion hoepensulsbnes sy
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EUTHblher — Postmeethg actoss Frerdiecizzion with KENML

Question:

EMTESO-E WC BAT hears concerns for indusiiia [CHP) cosforvers. Whatf are fiey in
fernts of effciency loss and or ofher isswe frefzbilify, ogerafions consfrains... )7

EUTurbines members hawe provided an explanation on adverse impack along with the Z3rd of

April meeting (impact on industrial production, loss of efficiency, and risk on plant reliability... ).
EUTurbines members have ako discussed with some industrial companies, being our end

customers.

Enclosed is a letter from one of our costomers (INDAWER). Contact details of KEMA have
been passed to other companies and they will hopefully provide maore details upon impacts. In
the case KEMA does not receive any response soon on those poink; EUTurbines will be

pleas ed to follow up on thos e companias.

EUlurbnua Eurcruen Aaoicaubcn o Gua wnd
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INDAVER

hr. Horst Peters

MAN Diesel & Turbo SE

Division Process Indusiry
Instruments & Controls IWDI-HBG
Engineering MARC Steam Turbines
Harmann-Blohm-Stresse 5

20457 HarnburgiGarmany

your message of your relefence our reference date
IND-MEATH-ELE-LET-001 2013-05-29

contact parson
&. Coppans

Dear Mr. Peters,

Herawith some feedback information on the frequency response as provided by the turbine
generator in the Meath Waste-to-Energy plant since Movernber 2012;

= Fraquency responge bo under-requencies is limiled, as (he boiler is always running at
“100%:°, without substantial buffer capacity. The "100%" output is variable as it
corfressponds with the actual waste throughput at that moment (varialble calorific value),

B Frequency response to over-frequencies |s effeclively 1aking place, by partial opening of
Ihe steam by-pass valve, The destruction of this by-pass sbeam due to over-frequency
amaunts to 2.19% (B.42 MWhe losses over 8 total of 384 MWhe). This was trended and
measured over 8 24 h period,

On a yearly basis, the loss of steam due to over-frequencies is thersfore 11064 G.liyear,
which comesponds b an increase of C0; emissions of 1903 whnes!year

rds,
-

—

e

—t

Lead angineer Eiciricity &

Irdaver rv

Cijfa 173

BE-2600 Mechelen

tal =33 15 33 B0 77 - fax #3215 28 B0 86 - gsm 4322 474 ST 83
I,

i claver, be
T i BT, Cam
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EHTS0-E Hetwork Code Requirements for Generators (final, 8§:3:2013), Art
&1 ek

T’El:l'l'li[:ﬂl explanation for the comments made by EU Turbines and the
related suggested amendment

1. Cument requirement of Art. 8, 1e):

a] The Relvant TS9O shall defing while respecting the provisions of Article 4{3) admissible
Ective Power reduction from masimum output with falling Frequancy within the bound arfes,
glven by the full lines in Flgure 2

- Below 4% He falling by a raduction rate of 2 % of the Maximum Capacity at 50 Hz per 1
Hiz Fraguemsy drop:

- Below 495 Hz by a reduction rate of 10 % of the Maximum Capacity at S0 H2 per 1 Hz
Fraguency drop

Epplicability of this reduction is limited 1o a salection of affectad generation technologies
and may b2 subject to further conditizns dafined by the Kelevant TS0 while respecting the
prowisions of Article 4(3).

A graphical representation and a compani=on with =ome cument national requirements is given n
Fig. 1:

These requirements shall
ensure  that under
extremely disturbed grid
condions, with a lack of
generation exceeding the
dezign  condiions  for 1m —
narmal Tequency I o /|
responz=e, the Stuation is |
not getting worse duato a ==
further autput reduction of
the generation facdlities
connected to the grid and f—TT
operated at full output. i — EIFCEmay
iz at the =ame time = — ez
common  understanding — Potrd
that the prenailing - Wk
objectie in much case is
to remain connected to
the grd in order to =
s@bilize it by ineria, as @ W5 4 &5 & &5 g @S
well as by actiwe and o HE

regctive ouput.

COufputatiovr fequenoe s

1E

oulputEy
H

Figure 1: Requirerment

It hasto be noted that in UK the cument requirement is limited to an ambient tempergure of 26°C
and ©r CCGT modulesto 3 time duration of § min in case frequency is below 48 2 Hz.

There exist furthermore zome dyramic shot term requirements (2.0, Germany, Austia and
Hungarylto keep the plant on nominal output ewen if the fequency Gllsto 49 Hz (resp. 48 He in

Pu=tria) for a limited ime (@approx. 20 =)

IEWIENS Energy
F ES EM PTEC PEZ, Tomzchi
Rew. 1, 20130415
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This requirement theretore applies
- if 3 generating wnit i= operated at ft= cument masimum output (which is depending on
ambient condiions 1 without intinsical odpot headroom
under extremely disturbed condition= with a large drop of frequency when the system is
not far froma total black out.

2. Physical bhehaviour of a gas turhine at low frequencies

In contrast to 2.3. 3 caal fired power plant, where steam generation is independent of the
frequency (the small effedt in the steam wrbine at lower fequencies is negligible), a gas turbine
shows 3 reduced air mass flow aza direct and immediate consequence of the decreasing grid
frequency and hence the turbine rotational speed.

In addiion, in order to hawe stable combustion condtions and not to rsk any combostion
disturbance with a consequent trp, the frbine outlet temperature i= kept constant, adapting the
fuel mass fow to the reduced airmass {ow .

Both efiects lead to a neary immediate output reduction ofthe turbine in pamllel to the frequency
drop.

Thi= behawoir is highly nonlinear, and also strongly depends on the ambient condiions. K o
parameters (in this case ambient temperature and fequency) dewiate largely fom design
canditions, the efiectis overawed.

The ®llowing fgure shows 3 typical behawviour ofa utility size gas turbine (detail walues depand
on the individual machine) withoot gy addtional compensation eaturez and  withoot
considergtion of the Combined Cyde efiect which reduces the output drop by appma. ane third
due to the wirually constant output ofthe steam turbine.

GT poweer outpot

102 i

101 4

100

Gl czuding paawer %]

g q--~---"T-"7T""7""-T

]
EH

Gl oapaad ||

Figure 2: Gas Turbine behawiaur

SIBWMENS Energy
E F ES EN PTEC PEZ, Tomschi
Rew 1, 20130415
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Additionally 1o the compressor themmodynamics, operation of the compressor is limited by the
protedtion scheme against compressor pumping, which has to be awided in any case and
theratore limits the underfequency aperation at wery high ambient temperatures.

3. Handling of the requirement in the past

The most sringest requirement in Buropeto be applied to GT based plants so far can be #ound in
UE(CCE.23. ofthe Grid Code]. k iz onlythere where alzo specific tests are defined which shal
demonstrate compliance with the requirement.

k iz obvious that such tests can not take place under real condiions, because the real grid
frequency can not be reduced 3= required and also the real reduction ofbase load output ofthe
plart can not be seen. The test thereore just allows to show the possible adivation of
countermeasures, tiggered by 3 suable signal (eg. simdated fequency decreass), and
possiblythe effect of 2ome output ncrease.

CCGT=in=stalled in UK during the past wears had to comply with this requirement and theraione
the manufacurers hawe been deweloping technical measures to compensate the physcal ouput
drop.

Despite the @ct that manufaciurers hawe been mentioning this izsue in other countries sevweral
times for speciic pmjects, there has been and =il is no dear statement and dednition under
w hich condiion= complianc: hasto be ensured and how it should be demonstrated.

Only in the last wery £ wears the focus ofthe T50s has bean shiting more towards disturbed
condiions, but in our perception only in countries with 3 significart #3action of GT based
gqenergtion this is being seen az a rdevant topic.

The prinziples of technical countermeasures range fom increasing the fame temperaturs (j.e.
increasing the enthalpy difierence awvailable in the turbine]), o increasing the mass fow by further
opening the inlet guide wanes thigher air mass flow wih consequent increaze of fel gas) o
injecting =team or water to the compressor (combined efiect of total mass 1ow increase and
cooling)l. Often one measure iz not auficient and a auiable combination has to be foreseen.

4. Concems ahout the current NC RfG requirerment
Acvabor fwme

Meither in the K Grid Code nor in other national reguations in Burope (except the additional
more stringert dynamic requirement 3= mentioned in Chapter 27, nor inthe HC RiG, there iz a
definition within which time fame such possble countemeazures hawe to be adivated and haw
to reach the required compensation lewel.

Inthe view of network s3bility, it can be expected that the actwation should take place within wery
few seconds, in particular in case of fast fequency drops. Howewer, for some countermeasures
(n particular temperature increase, adiwation of water or steam injection through speciic
additioral systems) reaching the required output lewel and at the same time ensuring sable
operation takes more than several seconds and therefore wil be too late for the desired effed.
Countermeasuras with a very short or negligible acivation time are cumendy not awailable.

Ant bierd ber peatue ndalion
The cument limiation in UK to 256°C ammbient temperature is beneicial regarding the capability of

compliance for the turbine (see Chapter 2. Howewver no ratiorale can be sean whythe grid is not
neading the capability abowe 25°C with the same stricness at it is bdow 26°C. Inthe NC R1G

SIBWEMNS BEnergy

E F E5 EM PTEC PEZ, Tom=chi
R 1, 201304015
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there is no such limition, which is reasonable fom grd stability point of view, but it makes
compliance much mone difficult.

Relabilty of covrdemieamies, w3 of i

A= mentioned, many of the additional measures ae being ns@lled only for the purposa of
complianca with the requirement and are not uzed under nonmal operation. Additionally, as also
already mentioned, the test ofthe system is done only once and not under realistic conditions.
Theratore manufacturers can not ab=solutely ensure the comed Onction and effectivty in case of
a real frequency drop.

Even more, such estremely disturbed fequency condiions are not easy to be handled and
contralled by 3 complex sy=tern like 3 gas wrbine ewen without addiional measures. Theretra
thers iz 3 nat negligible sk of causing a p ofthe machine by activaion of such system a@cty
in that moment when all efforts should ocus on keeping generation reliably copnectad to the grid.

Unertunaelythers iz absolutzly no statistical data awailable about reliabiltyduring such incidents
(thewy are estremely rare], but with the knowledge about the senEtity of gas wrbine combustion
syetems reganding disturbances we see quite 3 probabilityto cause 3 frip, being then possibhythe
reazon ©or the inal back out ofthe syetem.

Cos of com pliarmoe il equiesent om gemeradion S

The existing addiional system:= and measures to compen:sgate the output drop (bt with the abowe
mentioned limiation=N require addiional hardware with a cer@in investment wiome.

Ary rther development in this area will be =till only an addiional measure to compensate a
physica behawour of a3 wery waluable grid component with the =ame principle restrictons as
mentioned abowe.

A= 3theoretical attermative, GT based power plants might be obliged to limit their output all the
time in normal eperation o 3 walue far below their cument masimom oupat in order to hawe a
reliable headmom for compliancs with the equirement %or a hypothetical siuation which possble
never oczurs. bis obwous that the cost of this theoretical option, considering the necessany
flexiblityend efficiency of CCGTs, can not be accept@able by no side.

A. Suggested amendment of the NC RIG

In order to maintan the system safely in operation under disturbed fequency conditions, we
recommend to consider an atemative approach:

The major objectve of remain connected to the grid =should prenail for power pbnts. The
expectad behawour of specic power plants is bnown and can be dizdosed and considered for
network simulations. The summarized outpat drop of the connected plarts will causze the
frequencyta drop with 3 predictable rate, which is more accuate in case the real behaviour ofthe
plants is incorporated. This can be @ken into account in measures on network side, eg. for
implemerntation inte demand diszconne dion schemes,

Theratore we recommend to amend the requirement in At 2, 1e) as follows:

ith regard to underfrequency masimum power capability redudtion %or some genergtion
technologies, some sychronous generaion technobgies inberently deliver falling mechanica
power with Blling frequency. For grid sability reazors, beirgthe main objective under 2uch
corditions, the gerersting unit raber should stay cornected than bearing the risk of a
total trip due to the necessany fast activation of power compensaion messures. The
gererating urit cwner provdes dets to the relevart TS0 abost the expected ootpot
behaviour with frequency arnd other relevant pararmeters (e g. ambient ternperature ).
Aocept@ance ofthis reduction is limited to 3 salection of atiected generation technologies decided
byrthe Relewvant TS0 pursuant to Aticle 4030

SIBWENS BEnergy
E F ES EM PTEC PEZ, Tom:=chi
Few. 1, 20130415
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COST-BENEFIT ANALYSLS OF INTROGUCTI ON OF
LOW YOLTAGE FAULT RIDE THRO LKGH CAPABILITIES FOR GENERATORS

1. SUNMMARY

This document presents a possible structure of @ Cost-Benefit Analysis [CBA) related to
implementation of Low Voltage Favlt Ride Through [LWFRT) capabilities as described in the RfG
[Requiretnent for Generators) issved by ENTSO-E

LWFRT will be firstly analyzed as a possible countermeasure against undesired systerm events, such
as massive disconhection of network vsers in case of large voltage dips, and its real effectiveness
will be discussed.

Secondly, an ex-post analysis, based on data made available by Italian NREA's project assessing
Fower Quality, will be exposed. It will investigate past events which have been systermatically
recorded in order to detect possible evidence of voltage dips cawsing disconnection of large
amounts of generatioh sufficient to endanger the whole interconneded systerm. The Power
Ouality rmeasurements will be clustered in order to give evidence whether voltage dips cavsed by
events on EHW, UHY or HW grids, have or hot produced sivmilar effects in different netw ork areas.

Finally, an impact evaluation and a cost compatison will be performed with other possible
interventions [for instance on transmissioh network) alternative to introduction of LWFRT
capabilities for generators in the two extreme scenarios:

— massive retrofitting of all M- and Lv-connected generators;

— introduction of requirements on by for new plants = 1 kW

2. WHY 1S LWERT ASKED

LWFRT can be defined as the capability of a network vser to retmain connected during avoltage dip
of given characteristics.

Fegarding voltage dips and the events that give rise to thetm, a clear distinction must be made

between:

al Shott circuit [single phase, twor or three-phase) on EHY, UHY of HY netw ork;

b] Poblphase fault on MY Distribution networks [in case of solid earth ed nevtral point operation,
also single phase faults).

o) SRhort circuit (single piosa, fee- or Bitres-pitse] o HY TR siiEsion ne ok

In case of a short-circu it on a transmission line, voltage may drop dramatically at the defavit
point before protection systerms trip. This voltage dip affects also all networks at lower
pperational voltage [distribution ohes) connected to the trahsmission systemm. Precise effects
[residual voltage value, involved geographical area, etc), anyway, depend on the kind of fault?,
oh the short-circuit poawer in the faulty point and, finalky, on HW/RY transformers’ group.
Structure and operations of distribution network [Fadial, meshed, ete) may also influence the

" Howeavar, balrg mastly sald aathed apaiatad, a zingla phasa fault on transmiszon ystem & not so diffacant fiom

a thraa phaza ana,
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overall effect on the voltage. Anyway, to perform this evaluation we consider the worst
situation, i.e. @ 3-phase fault on transmission system and a radial operated MY distribution
network.

In the surroundings of the default point, the voltage al=o falls to values lower than the nominal
one within a span that varies according to the “strength” of the network (how much the
tranzmizsion network is meshed and interconnected): as a matter of fact, the highest is the
short-circuit power in the point of the network in which the evert occurs, the smaller is the
“electrical” extension of the woltagpe dip. Correspondence between “electric” extenzion and
“reographical” one depends on the physical structure of both transmission and distribution
networks on the ground; anyway this has no importance with reference to the present
evaluation.

By comparing LWFRT curve and Interface Protection Relay minimurm wvolta pe settings with the
voltage dip (residual voltage a= a function of “electric” extencion) it is possible to calculate the
maximurm amount of OG (in terms of generated active power) who would disconnect and to
compare this to the maximum tolerable generation loss for the tranemission systern near the
fault location.

To be conzervative, it would be preferable to sum the power of all generating units on
distribution networks, avoiding to take into account the random intrinsic nature of RER [i.e., in
the case of a fault during night, LWFRT capability of PV inverters would be of no use).

TGN in the ohowve descriied evelugtion three simoitoneows “worst” condition hove fAeen
F5EUIED.

To avoid that a very large voltage dip may give rise to a disconnection of generation so huge
that may eventually endanger the whole interconnected EU-system, in the RfG it is asked that
the new generation units of type B, C and DO, according to RfG classification, may withstand
voltage dips according to a voltage-against+ime profile at the connection point. Type A
generating units are excluded from this requirem ent.

Thiz provision deserves some additional conziderations.

First of all, in case of a voltage dip due to a short circuit, both generation and load disconnect;
therefore avoiding disconnection of generation units only do not necessarily increase system
ctahility, the opposite could also result. LVFRT is an imrmunity requiremert, but in order to
result in an increase of the stability of the system, if needed, it should be extended to passive
load as well, as nowadays all appliances’ and apparatus’ immunity characteristics must be
ronsidered strict Iy coincide rt with voltage operation rarge (09 pou + L1 p.u. ).

Secondly, existing generation units, even large ones, do not generally provide this capability, as
ywell 3= most of existing penerating units connected to distribution netaworkes.

Ar for synchronous generators of large wunits, the impossibility to fulfill LWFRT curve it's not
necessarily related to the generator itself, but mostly to the prime mover.
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In fact, generators must be able to withstand a short circuit at their clamps, as well as
transformers, and can therefore eventually surpass a voltage dip; obviously, the control system
haz to be designed in such a way to allow the “hardware” to continue operating.

But prime movers may not be able to do the =ame. In caze of a short circuit, therefore a
voltage dip, first a synchronows generator is subject to the back swing, immediately after to
the accelerating torque. The effect is that the turbine damage or the disconnection through
the break joints happens within 40-60 ms, whichis 3 time inwhich existing circuit breakers are
not able to perform fault clearing.

The =pecific behavior depends on type of turbines. & hydro turbine or an alternative engine
may be able to, but a gas turbing, especially if derivative from aircraft technologies [most
common situation on distribution networks, sometimes also in HY network up to some MW or
few tens MY cannot generally withstand a deep voltage dip (masimum torque is about 4
times nominal one for aeronautic derivative gas turbines, 25 times or more for expressly
designed generation gas turbines).

Thiz seems to contradict the fact that some synchronous HY-connected existing plants result in
being compliant with these requirements. However, testing of LWFRT cannot be done in real
operation [a real 3-phase short circuit would be necessany), while in laboratory the upper limit,
with expensive apparatus, may be around 1 MW or a3 little higher.

Apynchronous generators, from their side, are not able at all to have LVFRT, unless they are
equipped with proper power electronics.

Finalby, generating units of any rated power connected through an electronic interface (AC/AC
converter, OC/AC converter, etc) could be able to be compliant with 3 LWFRT cunve, it depends
only whether the requirement was or not integrated in the design and settings of the inverter.

50, if this requirements was absolutely needed for the security of the system, it would imply
amassive retrofitting activity besides the application to all new generators to be effective; in
case not, the conventional generation and the static generation not retrofitted or not
required to have LVWFRT capability of any size, which could be disconnected in case of a
voltage dip, would largely exceed the total amount of new static generators from type Bto D
included.

bl Polvphose fewlt on 04V Distribution networks (i cese of solid eorthed nevirel point operetion
glso single phose foults)

If such an event happens, the amount of DG which can be disconnected is undoubtedly
negligible compared to the threshold of critical events on HY network and cannot put system
stability at any rizk.

Az LVFRT requirement is of no interest for D50s as well (it can also be dangerous, due to the
fact that increases possibilities of asynchronous reclosing operations), there's no reason at all

to ask for it.

Resurming:
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— LWFRT can be needed only for faults at HY level;

— the extension of a voltage dip, i.e. the fact that he is able to affect a significant part of the
network, strictly depends on the network conditions themsehes, and in particular on its
configuration and its components' characteristics;

—  most of existing generators are not able at all to be compliant with this requirement, with the
consequence that, in the last ten years, a massive GUs' disconnection may and might have
happened already, to a much higher extent than the critical threshold for the transmizsion
systemn security. To ask for LWFRT only for new generators would increase the immunity to
voltage dips of the global generation park in a negligible manner.

Massive disconnections of generation units, if amy, are inevitably linked to specific areas and
possible countermeasures cannot be extended to the whole system. To say it differently: even if
effects [massive disconnections] should eventually be cross-border. if their causes [network
weaknesses] are |ocal, it makes no sense to impose cross-horder remedies.

IVFRT, in addition, depends on the features of both transmission and distribution networks in a
certain area, besides features of generators in the area itself. To state a general curve would
result in asking for the worst possible situation present in EU, which could be present in a very
limited area and could also be solved by acting on the particular area with a different approach.

Under this respect, the provizion of the Code that this requirement is not exhaustive and needs
being specified at a national level by the TS0 is still unsatisfactory: the applicability of the
requirement itself should be technically and economically justified at national or even regional
level.

This is even truer when we reflect on the fact that this specific criticality strongly depends on
insufficient transmission network development and the most obvious way to solve it is local
network reinforcement andfor increase of interconnection: as imposing this requirement on all
generators can be seen as a way to transferring T30s' costs on other Operators, itis of paramount
importance that its consistency is made crystal clear.

3. AMALYSIS OF PASTWVOLTAGE DIPS DCCURRED IM ITALIAM ELECTRIC SYSTER

Since 2007, Italian BA “Autorita per I'energia elettrica e il gas" has decided to start a Power Quality
monitoring prograrm.

The monitoring equiprent has been installed in about 20% of existing HW/MY substations,
rionitoring more than 10% of individual MY busbars (namely: 360) ard data have been collected

b RSE, an Italian Research association belonging to “Gestore dei Senvizi Energetici' (G5E).

To perform this (sample) analysis it has been decided to use the voltage dips data (date, time,
volta ge value) which have been meazured at WV busbars.

The period examined dates from Februany to May 2012, In this time period the monitored busbars
were 275.

Data have been sorted and ordered according to their date and time: then they have been
erouped, assuming that voltage dips occurring at approsimately the same time have been caused
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by the =ame event. In order to consider — again — the worst possible condition, the time lag
between two events for being labeled a= one has been assumed twice as long than defined by
[talian MRA while dealingwith Power Quality izsues.

The MW buzbar in which the lowest voltage value was recorded has been assumed as the “center”
of the event: then the span of the event has been determined as the peopraphical distance
between the center and the furthest busbar inwhich the event was significa ntly measured.

The events invalving less than 4 WY busbars have been neglected.

The severe events, representing those in which more than & MY busbars have been involved, have
been examined in detail.

Events have been divided into four peographical clusters (Morth-West, Morth-East, Center, South)
and for each one of the clusters the following indicators have been calculated:

—  Mumber of elementary volage dips;

—  Mumber of severe events;

—  Mumber of busbars with voltage = 90% inthe most severe event;

—  Mumber of busbars with voltage = 80% in the most severe event.

Data are surmmarized in Table 1.

R ME CE 50 TOT
Murmber of individun! eeents (=4 MY bushars ) 17 1E 128 a1 bk )
Mumbar of sopers apants (> 5 M bus bars) 4 1 30 20 B&
Murnbar of busbors ¥ < Q08 it most severe grent 19 11 2B 149
Mumbar of busbor s 1% < S05 it st sopers spent q g E 12

Tebie 1: Refevont dote ohout voltege dips in (toly (Februons-tioy 2012)

First of all, it can be easily seen that the distribution of events is unbalanced as virtually most of
them fall into the clusters defined a= “Center” and “South”. This seems to indicate that, while the
transmizsion network structure in Morthern Italy is robust enough to avoid propagation of voltage
dips, the peninsular part of the grid needs structural reinforcement in order to perform at the
came level.

Secondly, the numbers of busbars involved even by most severe event i= quite small (<10% of the
cample at its maximum), and the number of bushars in which the volage fell below 80% is even
emaller (around 4%). Arcording to those data, it s quite likely that Lv-connected generatars didn't
gven experience the valtage dip, and also MV-connected generators

4. IMPACT OF VOLTAGE DIPS OM DISTRIBUTION-CONMECTED GEMERATIOM

Currenthy, the power connected to MY4LY prid in taly is about 19 GW: in detail, 14 GW are
connected to MV grid and 5 GW to LW grid.
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If we assume that:

— penerators are connected uniformly through italian territory

— all generators are producing at full power during the dip

— all MV-connected generators are affected by voltage dips in caze of v < 9%
- all lW-connected generators are affected by voltage dips incase v < 8%

we can imagine, under this —again —very pessimistic hypotheses, the worst caze ever can affect a
MY- and Lv-connected generation of about 1,5 GW. This amount should be compared with the
critical threshold for system security, keeping in mind that being voltage dips — even wide ones- a
local phenomenaon, it is unlikely that they occur at the same time in many different parts of the
interconnected systen.

As for newly-connected generation, it has been assumed that in the 2013-2022 period & 7 GW will
be connected in MY and 7,7 GW will be connected in Lv; different results can be chtained simply
changing this assumption and modifying the results accordingly.

As Type B generators are defined as = 1 MW, under this hypothesis we can reasonably assume
that Type B generators which will be connected during the 2013-2022 period account for 4 GYW.

Under the same hypothesis listed abowve, the worst case ever [in 2022) can affect a new MV-
connected generation of less than 400 MW [< 10% of newly-connected generation); if we assume
an homogeneous growth in the same period, the yearly contribution to system security of the
requirernent will be of avoiding an “incremental™ disconnection of 40 MW, which is absolutely
reglipible compared to the existing situation which until now has not been described as
endangering the whaole system.

Furthermore, it can be expected that in ten years appropriate network reinforcements in the
tranzmission network will have been put in place; in caze not, either voltage dips are not
cignificart in endangering the whole interconnected systerm or they will hawve an effect
notwithstanding the provisions of RfG.

As for TM-connected and HY-connected generation, it must be said it didn't change significantly in
these last years, it never had requirements about LVFRT and in the past no evidence of
conventional power plants endangering the whole system in case of voltage dips haz been
provided.

5 COST-BEMEFIT AMALYSIS

Having defined the maximum amount of generation that could eventually disconnect in case of a
severe event, possible countermeasures can be investigated.

The =mall am ount of MY- and LWconnected generators which are likely to be affected and the fact
that, in the time frame which has been examined, significant everts have been concentrated in a
few geographical areas, makes it clear that possible problems are related to the inherent
weaknesses of the transmission network and not tothe generation itself.

It can be therefore expected that solutions implying massive retrofit of generation plarts should
be much mare expensive than netwaork reinforcements: on the opposite, differential costs of using
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LWFRT-capable inverters only in new plants should be much more sustainable but its effect should
be negligible.

To perform a cost comparison between alternatives, the following elements have been assumed:
— all the MV=- an LW~ generators are connected through imverters:

— all prime movers do not need retrofitting:

— retrofitting consists only of changing the inverter;

— fulfilling RfG requirements for 8 new plant requires simply buying an uperaded inverter:

— cost of a new inverter is 20€cert/ VA for the componert and 5 £cent,/Va for the installation:
— differential cost for a LWFRT-rapable imverter is 2 £cent/Va.

The cost of an integral retrofitting of M- and LV-connected generation is, under these wery
optimistic assumptions:

75 x 19 10° £100 = 4,75 Billion Euros

This expensze at its best will avoid the disconnection of the expected 1,5 GW which in addition,
according to considerations of chapter 2, i= very likely not to bring any significant improvement on
syt erm serurity issues.

An alternative solution could imply network reinforcement in the Central and Southern Italy
Regionz. Assuming all reinforcements are obtained through underground 380 k¥ lines and 380 kv
substations (the most expensive ones), the same amount of money will allow the construction of
about 1.200 km of HHV cable lines and 170 HHVYHV substations.

These figures make it clear that it is likely that the investrment needed to properly reinforce the
network are much smaller than these ones. Furthermore, the two solutions are not at all
equivalent, as the certainty and the degree of control of the TS0 are much bigeger in caze of
network reinforcement.

The cost of installing LWVFRT-capable irverters on Type B new generation plants anly, under the
sameverny optimistic assumptions, is.

Zx4x10° /100 = BD Million Euros

The rate of expense i much lower and therefore sustainable: as it is diluted through the 2013-
2022 derade, we can assume it accounts for 8 M€ per year, but will have virtually no impact on
the security of the system (at least in 1taly) for 8 very long time, 3z the amount of the power
currenthy under installation is much smaller than in the last years.

In theze conditions, it is of the utmost evidence that LYFRT requirement, for new Type B plants
only, would have definitely not a cross-border impact in Italy and cannot be justified for being in
the Code.

The amount of money - no matter how small - related to the widespread diffusion of LWFRT

capabilities in inverters would be better invested in network reinforcement, focused in the areas
inwhich transmission network appears already to be inadequate interms of short circuit power.
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B COMCLUSIONS

The analyzis performed shows that LWFRT for hWy- and Lv-connected generators makes inprinciple
little sense and, according to past events, may bring negligble benefits, at least in Italy, while
imphyring somehow huge, and abaays Lnnecessary, costs.

The arabysis also shows that the disconnection of generators in case of a voltage dip mosthy
depends on specific transmission network weaknesses and cannot therefore pive rise to EU-wide

prescriptions.

In amy case, transmission network reinforcerment can be still considered the preferred alternative
for sohving transmiszsion network problems.

Itis therefore suggested to exclude this requirement from the Code.

Technical Report on ENTSO-E NC RfG 198 12 November 2013



)

C4 EWEA

\__/,
s al

EWEA

THE ELROPEAN WIND ENERGY ASSOCUATION

28 May 2013

Robert McVean
Senior Consultant
KEMA Consulting GBH

During our bilateral meeting on 24/ April /2013 it was requested to EWEA to provide additional
support information of its proposed amendments to the NC RfG? 2. The aim of this note is to provide
such information specifically on the EWEA proposal on reactive power requirements (Arts. 16 & 17) of
the NC RfG.

EWEA has proposed a distinction between reactive power capability requirements for Type C and D on
the basis that current provisions impose a significant increase of such capabilities without considering
differences in voltage level and consequently violating the ACER Framework Guidelines® and that
would require installation of additional reactive power compensation equipment, such as STATCOMS
and/or increased dimensioning of electrical equipment in the wind farms.

The additional investment is mainly driven due to the fast response time requested (Article 16, 3d, 2)
that needs additional reactive power compensation equipment. This will lead to considerable
investment costs without a prospect of cost recovery, having a negative effect on the economic
feasibility of wind energy projects. For example, based on current prices* and assuming additional
(fast) 3-4 MVAr needed for a typical 10 MW wind energy project, this would imply additional costs of
approximately 400-500 k€ for such project size.

In addition to the need for reactive power compensation equipment the current rating of the entire
electrical subsystem would need to be enhanced to cope with the large voltage ranges in which the
reactive power compensation has to be provided. In fact, a proper solution involves a complete
redesign of the entire electrical system of wind turbines, including major parts like transformer, cables,
switchgear and converter. The related costs are not only due to the new hardware but also to
significant R&D efforts and other aspects like certification. Furthermore, the major burden of these

1 position Paper EWEA EPIA November 2012 http:
papers/EWEA EPIA_NC_RfG_concerns_and_alternative formulaglons pdf

2 Explanatory note EWEA February 2013: Further explanations on the EWEA-EPIA alternative formulations on the
ENTSO-NC RfG, 7/02/2013

3 “The minimum standards and requirements shall be defined for each type of significant grid user and shall
take into account the voltage level at the grid user’s connection point” - ACER Framework Guideline on grid
connection, page 8

4 system Service Provision: An independent view on the likely costs incurred by potential System Service
Providers in delivering additional and enhanced System Services. DNV-KEMA 2013

THE EUROPEAN Wi
ENERGY ASSOCIATION asbl/vzw
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costs will be borne by low and medium voltage connected projects, raising serious commercial
concerns and competition issues.

As an example, and noting that a more in depth analysis would be needed, for a typical 10 MW wind
energy project (type B PPM connected to MV level) the NC RfG requirement for reactive power
capability would lead to additional investment costs in the order of 5%5. To this picture one must add
the additional variable costs over a 20 year period for electrical losses, inspection and maintenance
and repair costs.

These costs are of particular concern for manufacturers, developers, operators and investors given the
lack of documentation for the real need for or physical possibility to utilise excessive amounts of
reactive power (e.g. due to voltage profiles in distribution grids). In this sense, neither technical nor
economic documentation for these requirements has been provided by ENTSO-E. Consequently, large
amounts of reactive power capacity will be installed on locations where there is no technical need,
notably in distribution grids.

To this end, EWEA proposed amendments aim to strike a balanced allocation of capabilities between
generators, distribution and transmission in view of the lack of transparent and public documentation
that justifies the need for such increased reactive power across the entire network and without a
proper way for cost recovery.

Hence, EWEA has called for an in-depth cost/benefit analysis prior to decide which player (grid or
generator) should provide these reactive power performances. A proper comparative evaluation
should compare the solutions of implementing the required reactive power capabilities (a) centrally at
network level (b) decentralised at individually connected PPMS.

Furthermore, when assessing costs at PPM level, there are factors that highly depend on each
individual PPM situation. Hence, EWEA recommends in any cost evaluation of the consequences of the
NC RfG should include site and project specific characteristics such as:

- Voltage level of the line;

- Distance from PPM to the Connection Point;

- Distance how far the reactive power has to be moved (for evaluation of Q losses);

- Impedance of the transformer ;

- Voltage operational ranges for the reactive power provision (depending on local requirements);

- Steady state reactive power capability of the wind turbine (to be specified as function of
operating active power at rated voltage), which depends, amongst others, on wind turbine
technology (for example WECC wind turbine type).

EWEA believes that such assessment is absolutely necessary before imposing excessive requirements
that will clearly affect negatively the market growth of wind power and will cause serious damage the
wind energy sector.

EWEA believes that this note provides the further information needed by KEMA to facilitate its
assessment and is committed to support this process.

5 Assuming 1000 €/kW installed capacity and not including the upgrading/redesign of the electrical installation
of the PPM as described above.
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EWEA and EPLA main aoncems end proposals for solutions

ENTSOE Metwork Code for Reguirements for Grid Connection
applicable to all Generators

lanuary 2013

1. Intraduetion to principal concerns of EWEA and EPIS with the MCRRS. ..
2. FRT Requirements for Tepe B P PM o et et e e
Reactive Curment Injection during FRT - Article L5, 2B 2] e

Do Do ko

Aotive poer reaoweny [Articke D53)

3. Resactive power capability requirements for MY connected PPM Type Cand Type D |4 rticles
BT I O O OO PP TP UYp U RO TP PPRTPPORNY - |
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1. [oirevductivo to priocipal cooceros of EWEA aod ERLA with the
NC RfG

The European wind industry represented by EWES has together with EPIA assessed the EMTSOE
Metpark Code for Requirements for Grid Conrection applicable to all Gersratars |MNE RRE) and
the ACER reasoned opinion and has prepared this joint association paper as construstive inputin
Vi of the currently oregoing revision process of the NC RAG.

This daoument summarises signifizant technical congerns that EWES and EPLA want to highlight
gonzzrnirg the MG RRG published in June 2012, and subsequently amendad in light of the AZER
reasoned opinion published on 153 Ootober 2012, These concarns ane:

s FRT requirements: "Fast reactive current ingction” and "Post fault active power recovery”
v oltage/resctie pover ranges for capa bility requirements for MY connected PPM.

The first item on FRT requirements is directly linked to the deficit in the M2 dentified by ACER in
its reasoned opinion |Missing justification in partioukar of the FRT specifications for type B units].

EWEA ard EPLY reject the present concept of FRT specification in the MG RES that inclodes
inadequate requirements for fast reactive current ingsetion and post-fault actie powser reoovery.

The second tem of conzern on woltage and reactie power ranges i relgted inoa broader way to
the concern of 42ER regarding deviations from present practices and leading o unjustified cost
inareases. We baliewa that if the EMTS0O-E ME RS 5 not amendad on these tems, it will hindar
rather than faciltate security of suppl and further wind power integration in the Europsan
netwark: for the following reasons:

s Trade of wind power technolkogy will be ham pered because in some markets grid code
requirements will go beyond state-of-the-art technoboay, Locally imposed minimum yvalues
in requirements may put certain manufacturers and thair sub-suppliers at risk, because
they can only be fulfiled by cerain types of conwersion systems due to physical
et rictio rs of diffeme nt technologies.

s The above mentioned requirements are estimated to result in additional inwestments in
wind power g2 reration techno gy of more than €15 billion by 2020, The technical and
economic justification for these requirements is entirely absert; hence the resuolting
cwerall ine reased aost of power g2neration is totally unnecessany.

Thus, everall, the implementation of the MC RRG as it stands now forms a major econom ic threat
for the renewable enzm@y industry, and will most likely seriously affect the achievement of the
Europ=an Rerswable Energy targets by 2020, Morsower, a5 & secondany effect, Matioral
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Tl CUDETAM oy Rl DTN AR L L T S R P
Regulatory Authorities will havwe to cope with a multitude of derogation applications which may
ta ke years to sobe and are likely to result in numerous kgalchallerges at rational kvl

The two mentiomed issues |[FRT and resct ive o3 pability for MY ae of huge conczrn for the wind
and sokr PY industries as they have a dirsct and severe in pot on many ey design aspects of
the respective technologiss. The current proposal inthe NS RRG - both what 5 specified and not
specified - 5 unacceptable to both industries.

In order to facilitate the orrgoing review process, EWES and EPIA have proposed solutions in part
2and part 3 of this paper, for the above mentioned key technical concerns on the subsequent
pages.

2. FRT Regquirements for Type E PEM

‘With respect of the FRT requirements for Type B PPMs, EWES and EPL hawe two major points of
COnGE N, Nare

s Specification of fast reactivecurrent injection during FRT
v Aotive power recowvery afterthe fauk

In the follewing section, the concems ar explained, and proposed solutions are provided for the
related paragraphs in Aricle 15,

Reactive Current mjecticen during FRT - Articde 15.2.5)2)

In the process of drafting the June wersion of the MG teat, the formulation of Aricle 15, 2b,2was
introduced by EMTSOHE at the wery st minute, without tra rs paent 2 nd sufficient interaction with
the wind industry. Instead, ENTSOHE stated it had contacted some manufacturers, and proposes
this interaction &5 principal justification for the formulation. Wegquote the e mail from EMTSOHE to
E'WES |30th of July 2012):

. EMTEORE has checked 15 Saurces among ledding wind (LR MarWiaorss whsch has corfirmed
thal the change between the cansiied vermor aff @ single reqUIrsment wilh namow leranee [40ms
kLR 5% polsrancs) [0 @ SN Fequnsment ncluding @ fast comporent (a0 least 23545 oo 150
specified tee, pot foster thar 10mE)! aong kil O Bk S FEqUIreman L ith kider tolerancs [EDmE
ket 205 Laderapoey makers good sense i ey aft

b Spmrem roeds: Dalwver @ companert of fast cumrent contibupon for secure ceargnoe af
LRARERIEEAOR Sprem fawes dunng hgh RES prodicuon wihen Spmd hRRAUs QemeRaroes,
rormally rehed upor, ane displaced,

v Copobiiy af wend [wbans rechnologues [oarmiwlarly the porer conesrmars’: Less oght
[oderanees on the requirements. Mote that the 10 ms 15 @ boweer Wt [“shall not be less than
10 mhEscands® | Laking Lo aC CoURD Mk srent Aferenees i Eechnakagl 5.
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EWEN strongly contests that there has been s proper and sufficient interaction with the wind
industry on this particular point and striongly objects to this rarmow appreach by ENTSO-E in
assessing tezhnology capabilities. The wind and solar PV industry cannot acoept that an arbitrarg
requirement which s not underpinned by any cakulktion i imposed all over the ED throogh
Europsan k. Instead, this requirement appsars 1o be introduced in the ME perhaps from a
regionally bizsed perspectie suppored by informal contacts with 2 single wind turbine
manufacturer.

EWEA and EPLS therefore propose the following solution for amending Article 15.2.0)2), page 40,
which closaly follows the form ulation in the MC RRS.

Tant of MT RS [warsion BAOE 2012}
Tha Powwa 1 Park Modula [] shall ba capabla of providing

at bazt 202 9004 «of the additional raactiva Curant [poslthie seguence of the funda mentalh

withina time panod spacfiad by the Rakvant 120, whie hzhall
nat ba Bz than 30 60 millsano nds.
Tha targat walue of this additknal reactra Cureant [ ] shall ba reachad
with anaccurady of LoSe-L0Sa+2006 [of Irated b
weithin &8 LoD millizacands
fram tha mamant the Waltaga daviation has accurrad as further spacified [ L],

Eelow 40 % retalned wo ltage reacthe current shall be supplledas far as technbealby feasible.

A FEW ADDMIOKAL COMM ENTS HOWETD BE MADE!

The 10 ms requirement introduced by EMNTSOE is unprecedentsd and beyond any current or
typical best industry practice |stateof the art]. The rise time aspect is only one of 2 pproximate ke
10-15 aspects needed for a full FRT specification. It B not acceptable for the wind and sokar
industry that such a crucial design impacting requirement can be introduced anly at the st
minute on a non-existing foundation or without an op portunity for discussion. Mo justfication has
be=n made publicly available, on the contrary:

»  The arguments, assumptions and methodolbgies used to assess the supposed need for
the 10 ms requirement are unknown to the industry because documentation s absent
andfor inaccessible. According to EMTSO-E statements no calcukstions have besn
performed to justify the need;
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s Potential norrintended technical disadvantages of implementing the equirment as
unknown ed, the risk of high TOW voltages |50 Hr temporany cvenoltages);

s The supposad meed currentl seems to be related to only ope rational system but the M2
willapplytoall of Europe,

s Many TS0 s seem to disagnes that there is 2 meed for this requirement in this moment;

s The potential edistence of technical albernatives s unknown and so ane the assooiated
o5t 2om parison for these atber rat es;

»  Therz is no gzreral consensus in the industry [manufactunsrs, TS0 5 etc.] reganding the
mzad or howr it 5 10 be specified properky.

Theactual requirement in the German Grid Codes in relation to this rise tine a5 pect specifies 30
ms plus a further 20 ms for detection, i=. 50 ms in total. Apart from the fact that this 50 ms
value s not directly comparable 1o the 10 ms specified by ENTSOE bezsuse of differsnces in
detailed definitions, it should be memarked that the values in the German Grid Code ans
debatable and lacking propzrly documented cakubktions of the meed.

In general, it bears 2 huge risk for the manufacturers when one parameter is moved scessweb
bt the full s pecifization can not be s=en at the same time. This apples to the cument MC ARG -
but it becomes even moe challerging during kBter mational im plementation where TS0 s may
start to combine many different s=ts of parameter waloes in an uncontrolied way. This will create
a huge uncartainty and risk for all stake holders insolsed ingnd integration and com pliance.

Beside the rise time walue, the accuracy requirement in the MO RRS is eacessive. The most
demanding requirement in present grid codes wwould b2 the German one which requies -
10% + 0% aczuracy. The ascuracy should b2 in elktion to the mted cument |not the targst
valusg], Contrarnily to ENTS0-E statements, the accuracy durirg the fault does not bawe an im pact
on possible postfault cverotages.

The requirement for curent ingEction for retained voltages bebow 10% should be escluded from
the FRT requirements in At 15, 2b, 2, and the requirement should be relzaed toa evel of 40%.
Problems mayarse with phase anglke detestion during very low woltages . Morecver, the in pact of
reactive curient contribution on the grid wltage for a retained wiltage below 10% 5 negligible.

Active power recovery [Article 15,3)

EWEA and EPI4 have significant concerms about the vague formulation of the requirement, maink
bizaause it will cause the actual specifiostions for actve power recowery behavioor to be
determined in a soattered way all ovwer Europe by local grid operators. This will most likely lead 1o
disarimination against aenain generator types and will cause a lot of consultation work for each
natioral TS0, Therefore it would be wery helpful f the MC RAS prowvides clear guidancs.
Fequirrments as to the wind turbine behaviour during acthee power recovery may havwe a
significant effect on the wind turbine mechanical kbads - and thersfore affect its structural
design. For esam ple, careless choice of recoverny time parameters may negatiely interers with
wind turbine drive train dynamics and result in eacessive wind turbine drive train kads. 4s 2
Qonseque nge, non-uniform grid code requirements througboot the EL will lead to different design
require ments and henoe to obstazkes in the free movwemnent of RES technologies.
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Taxt of NC REG [earsion 26062012} and amended taxt propasal:

Type B Power Park Modules shall fulfil the following requirements refering to robustness of
Porvar Generating Modukes:

a) ‘With regard to post faul Active Power recovery after fau k- rl:le throuzh, the Ftelewarrt TS0 shall
specrf;q' while Epe-:tlrg the provisions of Article 4E]

Ee:c'nd-s for fauhE that ane t:laared wlthln :I.d.':l S It_. = 140 ms and wlth ina ragg of 15EGE|I'||:|

and 10 seconds for faults that ae cleansd in 2 borger time than 1440 M5 1400 ms > ey & 250
mal.

3. Reactive power capability requirements for MY connected PEM
Type Caod Type [} (Artices 16 aod 17)

A major concern of EWEA and EP W with respect to wiltage and reactive power requirements s
1= lated s pecifically to the voltage range for reactive power capability requirement for Type & and
Type D wind farms connected to MY, a5 specified in the M RRS Srticle 16and 17.

The M2 RfE does not account for the difference in steady state woltage fluctuations betwesn HY
and MY voltage level when specifying the reactive capability requirements. In the case of plant
connected bloe 100 KV |medium woltage)] the stated reactive poter over woltage range resu s
in onemous requirements which cannot b2 met by even stateof-the-ant wind turbines, In the
absence of 2 proper justification for the presenoe of this reactive capability at MY kevel, Europe-
wide implementation of this requirement will result in a huge amount of unnecessany
inwast ments and ingreased aosts of power generation.

Moneover, the requirements in Articles 16 and 17 for MY connected plant conflict with the SCER
reasoned opinion |page 8] ° [.] However, the case js5 less clesr for wollsge misted jssues
ooTURAE &t dowear volts ges in the distribution networks. o particwar becsuse: 5 the jmpact is
ks kel to be propagated direct up to tenshission levelfomss border, wikess many sl
power genergting modules of the sane hpe ame affected by the megional voltzge profile
significamth, and b econoniic and efficient sctions to cormect voltage elsted jssues e kel to
vany significantly hetwesn distribution systen opestor aress, eflecting differences in topokgy,
hocal penerstion and demand, and approaches o network managenent Ghven this, justificetion
should he pmovided for mandsting periculer solutions with relstion to wolisge inposed diectly
on gnd users versus the shemsthve snorosch of randating voltsge relsted req wirenmemts st the
trananmissionddistibution houndane”
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Thefio ko ing, 2xplains why thess rguirements ane eioess e:

Figurz & of Article 16 spacifies that reactive capability shall b2 present over 2 wiltags rarge from
+H10 to -125%. In high voltage grids, a tap charger reduces the krge woltage flustustions.
Hiowwear, for medium woltage gonnected plant there 5 no such voltage rarge reduction. As a
consaguene, requinirg the same waltageoparating rarge for reactive power capability for PPM in
medium wtage networks will iesult in effectively wider volbage ranges than the equipment would
b designed for, and thus will lead to increased inwestment costs for the PPM. Because thee s
no teshnical neceasity for such a requirement, there will b= hardly any use for this extended
capability.  this MZ requirement s universally applied in Europe, a large amount of irvestrent in
reactive ca pability will beoome stranded.

In this contest, ane should bear in mind the wording from the AZER framework guideline: "The
FlninT wer stends s and requirennents shall be defined for esch fype of significant gid user and
sha)l take imto socours the voltsge lewel 31 the grid user's connection point” The reguirements in
Article 16 in the M2 AR do not fully take into account the possible situations with respect to
voltage lewel of the grid wsers, and thus do not respeat the FEL. The reguirements will in many
oases negat me by affect the business case of Type Cand Dwind plnts connected at MY evel
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Amended teat proposal:
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B Pt s e

Diurireg the public consultation of the draft M2 in Manch 2012, EWEA has proposed to EMTEO-E an
amendment of the M2 1o take the abowe considerations into account. The proposal was not
accepbed, and no sufficient justification has besn provided by EMTSORE for its rejection. The

proposal of Mah 2012 s theefore re-introduced here.

The proposed changes conaern:

v FRe=active power capability at masinum capacity: paragraph dricke 16.3 b)2), 1o 2dd the
graph FiEure Sbis and table 9bis, and to modify the text of the paragraph to inclode

proper refersnzes to this figunre and table.

v Readtive power capability below mazinum capacity: prragraph Aicle 16.3 ]2, o add
Figur= 9bis, and to modify the text of the paragraph to inzlude proper reference to the

For PPM with a Connestion
Point bualow 410 KY

figure.
Lip .
A Fxed Cuter Erwelope
1.10 —
7] [ Trver Evelipe —
1.06 — - ~
— Sy
Wolteg e Range
100 — ~ N
—] [¥Fy., Fange
0as — - -
oan — \ — — —
0.es =
| | | I | | I | I | | |
e + o o - = - o = e W LFy,
=] =] =] =] = =] = =] =] =] =]

Synch i no s Ared Mgz mu m ra rege of O Prac Maximum rarge of steady
state woltage lewel In FLU

Cantinantal Eurapsa 0. BB 0.175

Meiel i 0. EE 0.150

Graat Brtam O.BE 0100

Iraland 0.EBE 0. 175

Baltw Statas O.BE 0. 175
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Table 9bis: Parameters for the inner envelope in figure Sbis for PPM with 3 Connestion Point

P
; ' Cuter Erwvelops
Frer Erevslopes
na —
0E = ForPPMwitha
07 — Connection Point below
e 110 KN b o rrecirmum
0e — "
WP Fange Bt power
ns —|
04 —
0z — urdar-eudted gl dbed
[= == E- Ly -:\p-nrﬁm
“& v
01 —

I | | | | |
w W+ o o0y - o
(=] (=] (=] (=] (=] (=]

F'gure dbis - P Pmsee-profie of 3 F'Dwer Park I'-'Indule with a Conmection Point bk :L1.ll'.l k'l.-'

l:tual'-.'alue and the A=Al Tl l.."a i n I unn: |n5t thE mtn:i Df the Fbaacme Powsesr

For further inform ation pleasecontact: Paul'Wikzzk, EWES: pyidewsa o

(\EPIA

o Photwesl o bty oy dvvmidmn

EFl4 - the Buropean Phoowolzic lnduasty Assocdation —is the wice of the
photowobzic rndastry in the world's Brgest PY masket, with be mbers acive along the whole sokry PY
valee chain; fiom sicon, celk and module prodoction © sysemns developrment and PY e lecticity
gereraion as wellas matetngandsaks. EPIAS missionis 1o g its giobal me mbership 2 dstinet
and efective wiice inthe Baopean market, especally inthe ELL

The Baopezn Wind Erengy Assocation (EWEA) is the wice of the wind ndasty,
. active by promoing the ot isaion of wind power in Barope and workdeide | Cwer
| TO0 rne mbers fiom nearly @0countizs, insd ng manofae e | deve lopers,
tesaarch irstihies | associations, ekoticity prowdes | firance onganistions 2nd
EwEA coreulants, make EWEA the wor kd's lngest wind enengy netwoil,
WIND 1% POWER
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C.5 EUR

Network Code on Requirementsfor
Grid Cormection applicable to all G enerators

EUR's opinion on necessity, feasibility, costimpact and
alternative approaches of key requirements for nuclear generators.

April12t, 2003

norking & mup membems:
Joras Persson —wattenfall [c lair)
He ree Weljac — EDF [interim chair)
J=maklo Tuomsto - TV
Helge Resbar— EQN
Feintard Kaiinger — vattenfall
Lasse LinmEmeEa — fortum

DS Energy hes appointed DN KEMA toassist the Eumopean Commission in the assessment of the dmft
EMTS0-E Metwark code on Fequirements for Grid Connpectionapplicable to all Generators [NC RG] & part
of is mandate, the commultant shall prowide advice on the specificatiors and rulkes proposed in MG RRG
cowerime the fields of:

* Mecessity of the ukes and specifications;

+  Technical feasibility;

* Costsand benefits;

+  Ale mathe approaches.
The EUR was Wentified as an informal group represemative of nuckar gepemtors imeolved in the
comsultation with ENTS0-E during the dewelopment of the d mft MG RfG. EUR fully suppors the initigtive
and has accepted DMWY KEMAS invitetion to prwide the consul@nt with input on outstandine Gsues which
spacifically affect nuclear generators. The purpose of this memorandum is to highlight the main concerm
nuckareen: @tors fEve with the cument d @fted mquirememts in NC RAG . 1t covers both exsting and new
buid nuckear power pents. The structure of the document & meant to match the fields cited abowe,
ameh:
Mecessity;
Fedsibility;
Cost impact;
Altermative approac hes.

1430
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DEFINITIONS
abbreviation pefinition
ACER Aeency for the Coope@tion of Enemy Reeulators
CE& Cost Banefit Anahsis
CE cominenEl Eumpe synchmnols area
CIGRE comeil Intemational des GmEAds Reseaus Electrijues
EMTSO-E Eum pean Metwork of TRmsmission Syste mope @tors for Electricity
ELR Eum pean Utilities RFaq uinements
FCR Fraquency Containment Rese roe
FRT Fault Ride-Thmugh
F5hi Frequency S2nsitive Mode
HFF Hyd o Posear PEMT
1EC Imtemational Ekc trical Commission
I Imtention To Tender
LFC Load-frequency contral
LFShA-0 Limited Frequen: y SemGithe ode —Owe rfrequency
LF=ha- 11 Limited Frequen: y Semeithee Mode — Underfreq uency
LR Leht water Reactor
NC LFCER Network Code on Load-FrequencyComtroland Reseres
NG Os Network Code onQpeatioal Security
NC BTG Network Code for Requirements for Grid Connpection applicable toall Geneators
NPF N karPower Plant
MNRA Natioral regubtony Authority
NE55 Nw karsteam supply System
oLTC onload Tap Changer
PR Pressurged Water Reactor
RES Renzwabl Enemgy Soume
ThD To be Defined
T=0 Trars mesion syste m O perator
WEMNRA Wwiestemn European Mw kar Reeulators Assoc@tion
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1. INTR (DU CTION

1.1 The ETR

The Eumpean Ltilities Requirments omansation [EUR] was created inlool. i inwo kes all major European
utilities which ope@te nuckar powerstations. The purpose and main objective of the EUR & to lermonize
and stabilize the cond itions in which the sEndardsed Leht water Reactor [LWWE] nuckear power plants 1o
be built in Europe inthe fist decades of the 31" century will be designed and dewe bbped . This & expected
to impmwe nuckar safety, nuckear eperey competitivenes and public accep@ance in an elkectricity market
unified at Eumopean kwvel.

since it was mleased in 2000, the Revision C of the EUR specificatiors has been extensiely wed in the
development of new LwR desiens and projects, in particulr in the EPR desien with two units under
comtruction inGlkiluoto and Flamanville. Revision D fas been relkased in October 2002, 1t reflects the will
of EUR areaneation to continuowsly match the best nuclkear practice and adapt to the chemgine power
systememironment.

1.2, Noclear power plants in Enrope

In 2211, on the grds opemted by TAMmMEsion system Opem@tos [T50] members of EMNTSO-E, nuckar
powers pBnts Ewe accounted for

* EES 5E6GWhnet sene mtion— 26 5% of 3 247 445 Gwh 1J:|‘E||';

* 126 447 v net installed capac ity —1 3.6% of 0 28 312 K total ©.

cumently, on the zone covered by EMTSCO-E 136 nuclear genergtors are in oparation in 15 differnt
coumtres®.

1.3. Cost impart fienres

The ACER noted in its redsoned opinionon NS RRG thet stakehode s Eve not provided g Entiative da@
on the cost impact of the mquirements during public comukation”, thus maEkng ENTS0-E's assessment
ask maore diffic ult.

Howewer, under Eumpean Resubtion [@ick 81 of EC Teaty [B]], dtilities are not allowed to sham swch
date within oeanisations like EUR as it coul © eate competition dstort ion or be assimibted to prohibited
caoncerted practices. Therefomr, this memomnrdum doss not include any swch fisums, but it expbBis the
main cost-driving factoms.

The EUR recommends the comultant to rely on ind widwal utilities to set precise cost fieures. However, the
EUR notes that most requirements are kft to each individual T50 to define prec Eely under Article 4(3), and
ame therefore not know yet. Themfore it & d iffic ult for utilities to prowide ace urate cost figumes at this sEege.

I:T;-t:-un:e ENTS0- E— Sta tistica | Vaar boa k 2011 [6]

}Source ENTS0-E — St tistica | Yearboo k 2011 [6]

Tohunce Europ= n Nuclk=ar Society [10]

“Sounce ACER —Opinion ofthe 8CER Mo, 08 T 20f 13 October 22 on ENTS0-E's NE S — Page 3110 7]
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1.4, Impacts on existingnoclear power plants an d nesr boild

Accoming tothe definitioms of NG RRG, allexEting nuckar power pBnts [NPF] in Eumpe are sienficant type
O power penemting modules [MEximum capacity above TSROWIE. Inths memorandum we make the
assumption that all future nuc kear power plants will b2 inthe same categony.

Therefore, the equirements of NG RfS applicablke to type Dsynchmpows gene@tors will apphy to new boild
NPPs, accordine to Artick 3[1).

Atthoweh the application of NG RFG requirments to exEting MPPS can only be mquired under stricth
controlled cond itiors and if pmoperty backed up by 8 sound Cost Benefit Aralyss [CEA), this memarandum
expBims the impacts on exsting NPFs F WG RfG should apply to them. 1tako shows how e RfG impacts
existing MPPs throueh grid ope@tion, regardkess of the application of aricke 3(3).

1.5 Safety aspects

The power rid & the most rel@bk soure for auiliary coolant and safety systens in NPPs. Coolantand
safety systems come with wery stringent capac ity requirkments, and are highly sersitive to devigtions in
both woltage and frequency. Therefor, the safe opzration of NPPs & highly dependent on eocd power
quality in terms of woltase and frequency. From an EUR's point of view, the MNC allows depmded power
quality which will kad to difficulties when it comes to the safe operation of NPPs and to complicatiors with
Nuckearsafety Autharities.

In oder to stes thE Gsue, the vwestem Eumpean Muckar Pegubton Assoc@tion’ (WENRA] informed
ACER about incompatible requirments betwesn the MC and established safety regubtion ina kettardated
on gctoberd, 2002 [16] [@ko prowided in the Appendix]. In thi letter, the impor@nce of the powererid for
safe opemtion of NPFs is highlghted, & also ilst@ted by the accidents in Fulitshime and Fosmark
Additiorally, inthe ketter it 5 emphasized that the mmees for frequency and woltaes are too Bree; this in
tum & goimg to popard ee safe opemtion of NPPs. The walue of 48 H & accemtuated as a limit for safe
ope@tion of NPPs.

Fmma technical point of wie w, but at sienificant costs and with lone kad times, coobnt and safety systems
coud b2 supplied with power by diesel genem@tos or powver conmwerters. Howewer, such additional
components insafety systems ae Boimg to incese the sk offailue, which cannot be accepted by Moclear
safety Authorities and society. In partic ulbr the softwame component in power comverters imposes 3 rek
that is d iffic ult to accept inthe wicinity of sensitive equipment. EUR believes that diecthy d fven pumps are
mare relable than pumps driven by powerconverters. 1t & expected that Nuclearsafety Authorities ae not
B0iNg to permit the use of power comverters in conjunction with sensitive equipment such as coobnt and
safety systerms in NPFs.

Inthe letter to ACER mfered toabowe [16], it & proposed toadd the followine pareermph to the article 3
[5] in the ENT=O-E MC: “For nuckar power pBnts, nuclkearsafety corsidemtions are priorteed in the case
of 3 conflict between nw kear safety consderatiors and the Metwork Code”. This pmoposal & heraby
supported by EUR.

* NE G — 0 rtic b= 306) [1]

® NC RAG — A rtic ke 3(2) [1]

TWENPA & a network of Chief Rapubtors of EU countries with nucks r power phnts and Switcerk nd as well as of
ather imt=rested European countries which hawe b==n gra nted o b= re=r status . httpy faess wenm omy
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1.& Business case for NPPs

Existing MPFs would require costly back fitting, such & OLTCs, inomder to cope with the requirments
imposed by the NC. Such imeestments gpopardize the business case of NPPs and may not be worth the
effort due to expected mmaining lifetime. As @ msult, NPFs may be shut down at a pematuE sEte,
themby putting safe powersupply in Europe at rek

Inomerto decease costs fordesignand development of new NPFs, certain stindards and noms, such as
the EUR document, lewe bean derfved . SEndamization and hamoniation of mq uirements on new NPFS
ower Bee secaaphical amas keads to redwed investment costs and rEks forboth we ndors and utilities.

In addition, EMTS0-E's requimmems on both frequency and woltaee m@mees jpopardize swch
sandadisation, and fomes wendors to undemao a costly and time comuming re-desiEn pmcess. These
ranees imply an uperade of, in particular, the motor inorder to cope with inceased maenetic flux d urine
paricds with kow frequency and high wolaee. Fequiremenmts onfrequency s pomse impose changes onthe
thermmal desien of pEnts with extended temwent budeet.

chamcte reed by lone lifespan, high imestment costs but low opemtional costs, MPPs supply power for
decades at low costs for corsumers. Low power prices are, ina region Wwith limited ratum@] resources such
a5 Europe, 8 prerequisite for @ competitive economy inan ever more globaleed word. Themfome, safety
aspects of MPPs should not be disegamed by the MG, eliminating MPFs a5 8 major soume of elkectrical

ENErEY.
2, EYOLU TION OF THE RE (NIREMENTS IN TIME - APPLICABILITY TOEXISTING FLANTS

2.1 Grid Code modifications

The EUR & concerned by the fact that NG RFG is unclear about the applicability to power pants which will
hawe been built usine MG RAG =q uire ments of:

*  Futum NG R modifications;

+  Futume modificatiors tothe locallydefined requirments [underartick 4[3]).

NPFs ame built to opzrate on very kone periods [typically 60 years for most Generation Nldesiems), and are
by nature, bacause ofthe safety and regubtony contest of nuclkar industry, difficult to modify after desisn
5 decided.

It shoud be made ckar that mtmoactivity of future chaneges to the code shoud be sowerned the way
etmacth ity to exsting plamts & controlled inArtic ke 3(2].

Momreower, NG RRG should prowide sl@@nties that amy cost incumed to generators required to fulfil new
mquirememts under application of artick 3[(2) can b= recowerd . EUR proposes that the Gene@torowner
recowers its costs from the mquesting Tso, which inturms moowers the cost accoming to the prowisions of
Article 5. such cost eocowery mechansm B essenti@al for Genemtor Qwne s or project dewe lopers to secune
their bisiness case ower the lifetime of the plnt.
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2.2, Flant modernization or nse of spare parts

The EUR BEconcerned by the mquirement described in Article 10(5][E]:

* It basically fomes type ©and Deene@tors to be proaressie iy adapted toany chemge in NG R
requirements or in mequiremens defined onpder Arick 4(3], because replacememnt and
modemization of equipments occur on a nommal bass throvghouwt the life of @ plmt. on that
perspective thE mquirement & dEpmportiorate, and not in line with the philbsophy of Artic ke 3(3)
which gowerrms the applicability of NG RFG to existing plants.

* It is practically wery difficult to implement since the fulfilment of 3 ehen requiremant usually
depends onmanyd ifferent equipments, if notonthe plant = a wholke.

Howewer, the EUR mooenizes that it & fairto requie froma power plant that is peformances rebtive to
its imteraction with the grid be kept at lkast unclanmged, f not improwed, overits lifetime eEardless of amy
equipment repBcementor moderneation which cantake plee.

when the 5 of spare parts & inwolved to mitieate unplanned continge ncies, generator owners should
have the rght to mquesta Limited o peratiomal Notification under article 32, Ths & because spare pars

[2.B. tAnsfomers) are often shared betweendifferant plants,and am themfore notalways fully complant
withall require ments of all pants they canbe sed on.

The EUR suBBests mmowing Article 10[8] (2] and replcing it withanarticlz applicable to all 82 ne@tor ty pes:
“Fower SEner fng Modes shoold be comgiont with ol requirerments which ore oppliceile to thern

throwghaot their lifetirme. When the use of spere ports is invalved Power @Enere tng Fociity OwWners con
request @ Limited Cpene tion tNatifice tan while resger ting the pravisions gf A tiole 32*

3, RE(QIREMENTS ANALYSIS
3.1 Freqoneny ransgs

3.1.1. Bequirement description

Feq uired operatine frequency mneesame descibed in Artick B [1)[@] a5 sw h:

:;E;:E[T; CE Nordic Great Britain Ireland Baltic
47 - 475 - - 205
47,5 -4E5 ThD, =320 min omin g min g0 min TbD, =30 min
4E .5 — 49 ThD, =20 min ThD, =20 min ThD, =0 min | ThD, =20 min | TbD, =20 min
a0 -51 un limited unlimited unlimited unlimited Unli mited
51-515 30 min omin 90 min g0 min Tb@, =30 min
51.5-52 - 15 min
Table 1: NG RfE opemting freque noy Anges
BSF0
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3.1.2. Necessity of the requirement

The EUR notes that ths requiement if far too onenows compared to the frequency quality objec thees
described in the draft NC LFRCER [4] which has been publshed for public comsultation, whichare®:

CE Nordic 5 mat Britgin I, bBnd Baltic
Nominal Freque noy 50 He 50 Hz 50 He S0 He 50 He
standard Fre
s E'Rargﬂquem" +50 mHz H0 mhe +I0mhe +200 mHz +£0 mHe
ay, Iretamaneous a
. 300 mHz 00 mH B0 mH: 1000 mH: 00 mHz
Freq uency Devigtion
. StEEll:h,I-S.EIFE 200 mHz SO0 mH 500 mHe S00 mHe 200 mHz
Freq uency Deviation
Time to Resto 15 minutes 15 minutes 10 minutes 20 minutes 15 minutes
Frequency

Tabk 2: MG LFCE:R frequency quality objpctives

For the awoidance of doubt, in continental Europe ' ne RfG requies generators 1o be abk to operate
continuous by wit hin the mnge [49 He ; 51 HZ], whike :

* Thereshould neverbeany exc usion outside the mmge [49.2 Hz ; 508 He);

# Thereshould neverbe insteady-s@te outside the @mee [498 He ;50.2 Hz);

+ Inany case frequency should be back in the mmee [49 05 He ; 50.05 Hez] withinls minutes;

It basically meams that what eznemtors should be ablke to withstand continuously &:
* Wworse thanthe worst possible tmnsient cond itions;
# 5 times [weaker systerms] to 20 times [stromger systems) a5 deem@ded as the worst standard
conditions.

For the limited dumtion msilience to Bee frequency deviatiors requirement, while the EUR & broadly in
line with the MC RfS minimal requirement [ 30 minutes], NC RfG should me ntion the ex pected frequency of
cocureence of suc h deviations: being able to withstand wery Bree fequency transients mieht be accepEble
occasionally, but cerainly not frequently. Forirstance, NPFs lEve a “tEmient budeet” which & cak ubted
in the design phase. Too frequent frequency dew@tioms can deplkte the tAmient budeet lone before the
expected [fetime of the plnt, the mfoe cawsing a premeture shutdown.

Mlomower, frequency ope@ting mAnees should be defined & a function of wolEge, to tale imto account the
physics of Benemtoms and matars in terms of megnetic flux, and match industry practice '

A5 3 jstification to the proposed continuols operation fequency mAmee, ENTSO-E chims thet the
mquirement & in line with EC 60034 [13]". The EUR hishlehts thet ths albne B not @ suffickent
justification, since a power plant, especallya NPP, 5 not simphy 8 collkection of rotating electrical machines

“ Extracted from Tabe 1 of NC LFCL R [A]

# Mote thatthe EUR contests this va luzwhich=ho uld be #1000 mHz to reflact cur rant prRctice

" Tha sarne ana hymis & applicable to other synchronous ares

"in NC RAE - Pequir=mants in the contet of presant practcss — me= 7 ], ENTR0-E ghess |BC 60054 norm as an
=2 mpke, which formubt= requiremeants ina U/ fcha .

¥ In NC BFG — R=quir=mants in the Co ntext of Prasant Prcticas —Chaptar 2.1 [F]

of 3o
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connected to the end. on an electrical point of wiew, it is @ system inwvolving mamy different types of
equipments [not only mtatine mac hines] with complkex imem@ctions. all oating ma: hines of a NPFF might
b ind widwalby 1EC 60034 complant, and wet the MPFP asa whaole might not be abk to ope@te continuowshy
on [49 Hz ; 51 Hz].

The EUR mckons ENTSO-E a5 set very onerols requirments compared to freq uency quality objectives in
order to amticipate a future degredation of freq ue ncy quality, based on:
+ NG RTG Jistfication outlines [2] which mention:

o @5 one jstifcation for the requirment “inberent inertia of the electrcity supply system
will decrease due to less sy nchmnows genemtors connected in future, comsequently Bresr
suddenfrequency dev Btions accur incase of load imbabnces ¥ 2.

o a@sanaktemative solution “Limiations on penetration of (RES) Benemtion without inhememnt
inertia, however this will jeopardiee ac hisving EU enemy policy Emets” '

*  Aricle ofd] of the DEft MG LFCER [4] which allows Ts0s to chanee the frequency quality
parameters taking imo account d iferemnt factors, including system inert@ [presumably dec masing,
accoming to previows point];

Therefore, while ENTSQ-Eantikipates 8 deemdation of the grd frequency q wlity and ¢ kary des g ates the
bBeck of inertia of RES peneration as the mot cawse of the problem'®, it imposes all end wers, especially
Benergtors in MG RS to withstand deem@ded grid cond itiors and implkement mitigtion measumes [especially
new mequirememts on freq uency response, whichame dsc wssed ina further clepterof ths memomndum).

The EUR points outthat current frequency quality could be maint@ined in the long run without jeopardizing
RE5 dewelopment if nonsynchmnos genergtors weme eguired to imple ment synthetic inertia. This would
aliowaligning the frequency operating mnEes requirment on cumently obse reed frequency quality, this
makime the mquirement less onemus. ENTSO-E fully ecoeniees the exitence of this solution in NG RS
Istification outlines [2] [PAEe 47, rebtive to MG RTG Artic ke 16(2][@) on synthetic inertia capability]. The
EUR reerets the lewel of implememation of ths dea inNC RS [artick 16(2][a]] is not prescript e,

3.1.3. Feasihility and cost

3131 New Boild HFF

Intheory it is possible fora NPP to comply with the NG RS mquirements on frequency opemting mnges,
priow ided that frequency of occumence of time limited freq uen: v deviations is clearly defined. Howewer, the
NG RRG requirement does not match cument MPP indstry pRctice for new buid. In particulr, EUR
wolume 2Chapter3 [9] equires:

'j In NG RE — Justificatio n Outlines — Page 2 [

! In NC RS — lustification Qutlin=s — Pag= 2 [J]

" Thare ar=differant manticns of RES-ind uwed frequency qua lity Esues in NC RAG lustification Outlines [J]. mges 2 3.
1.6,.7,8.9, atc.
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The EUR requirement int@lly inc luded [495 He ;51.5 He] & continuous operation mnge [up to evEion ).
At that time the EUR was mainly foolsed on Continental Europe. The requirment was exte nded in
FewBions [2000] to reflect the peeds of smaller powersysterms like the Mordic system.

The refore,adopting the RfG as it is woul drive costs of newbuid MPFs interms of:

*  Peview of desiens which ae based on EUR require me s —vendors who have adapted their desien
to be EUR compliant [e.8. Mitsubishi Eve specially dewveloped the EU-APWER, EUR compliant waramt
of thair basic design] would mcover theirextra designeosts on futue ownes. Some vendos mieht
gako prefernot to bid in MTs, which would limit com petitionand the efore d e ©osts.

Equipments whic h would be impactad by more onemus mquirements, including but not limited to
pressure yessel, fuel assemblies, reactor cooBnt pumps, awilary systems, com monitoring
SY5te S,

3.1.3 .2, Existing NFPs

most, if not all exsting MPPs wemr designed to opemte on fequency mnees kess onemis than MG FiG
mquirements. In partculr, most WPPs design assumptions include continuows operation in the mme
[48.5 He ; 50.5 He].

Ewen incountries where the cument mequirement forthe continuous opzratine Ame & [49 H; 51 H] (=
Great Britain], the existine MPFs do not fulfil the equirement, since the Grid codes ware established after
elec tro-nwe kar development.

Ifcomplignce to NG BTG was requied fromexisting NPFs, ths would at least imply peforming new nwclear
safety aralyss, inparicular fault stud s, This process imeolwes many manyears of workspead overa long
period of time. Desi|n mwsessment by Wuclear safety Authorities would ako become obsolete and should
themfom be revsed . Suc h revision & going to show impacts at kast on:

* Diect-drien pumps [includine PwWR reactor coolbnt pumps, feed-water pumps, all auxilarny
pumps);

* Fuel assemblies in PWRs [because of incmeased lift forces when coobnt flow is high at hish
frequency);

11 30
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How frequency dew@tiors affect PR ope@tion & illlst @ted in the following d Berams:

. ; High grid
ow gri frequency
frequency -\
/ \ Higher pump
spead
Active Powar
Reduction Lower pump ‘/
spea .
Mead . Increased Primary
Coolant Flow &
Higher Prassure
Higher Core nﬂf'"'c‘d Diasign Basis
™ Frimary Limits met
M o0lant Flow
Reactortrip

The cost of equipment mdesien and chamee miht be senifiant. Morecver there is 8 nsk thet updated
assumptions in fault studes could kad to pematue phnt shutdows § it & found out that the inhemnt
design cannot ac commodate the new requirments.

Inomerto cope with dee@ded freque noy, power comeertars could be 15ed to supply power to coobmt and
safety systems. Howeyer, power comeerters do not prowid e similBr reliability and awilability as direct-drive n
pumps, in pat due to their comml wa softwame. Themfomr, power comvertes in MPFS impose a rek of
failume, which cannot be accepted by Muc kar safety authorities and society. add itiorally, power comerters
may physically not fit imo exsting NPP desiens and ae costly, once again gopand ging the business case of
MPFs.

The EUR stresses that if the frequency quality actullly de erades ower time, existine MPFs will lEve to cope
with it whether compliance to NG FFG is requested from them or not. If the observad frquency quality
comes out of @ NPF's design hypothesis as described in the nwlear safety case'®, or if the tmmikent budest
& deplkted, the opz @tion of the plamt & then deemed ursafe, and as a consequence the MPP MEs tostop
ope@ting.

Marower, des@ded frequency quality also implies inc mased 5e of frequency msporse capability. MPFS
which prwide frequency esporse services would b negatiely impacted by increased wearand tearand
maimem@nce needs as wellas reduced lifetime of components due to ext@ vabking and therme-me: lanical
cyelime comstraints on fluid ¢ i oits.

"Thenuchr::fetgc::e & the whole se=t of documentation which proves thatop=mtion ofa NPP s safz cna nucl=mr
point ofu i
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3,14, Altermative approach

EUR's understand ing of ENTE0-E%S appmach tothe evolutionof powersystens &:
* Anincreasine share of generation pmowides po or wary littlke inertia to the system which implies
frequency varatiors mome frequent and of geate ramplit ude;
* The wholk system hes to adapt and be able to cope with an ekctrical waveform of decreasing

quality.

EUR' opinion B that consequences on the wsers of suchanappmoac hhawe not been propedy assessed and
am infact not acceptable. Mot onby exEting MPPS are not able to ope @te ona degraded gd, but also kots
of ind stries which rely ona stabk frequency to run their motors (paper milk, rolling milk, etc) will be
tad ly affected. Momaower, kess comtml over fequency will ineviably kad to hieher rsks of major instability
with wide-5 pread corseq uences.

The refore the EUR recomme nds an alte rrative appmoac b
+  Aiminge at keeping freq vencyq Wity at least as sood ' & itis in corrent practice "
*  Pequesting nonsynchmnous ge nerators to provide synthetic inert@ to mitigate the degredationof
frequency quality they cawse. In this process, lErmonics gene@tionshoul be limited.

As for the frequency mmees requirement applicable to pew Bene@tos, the EUR workeroup recomme nds
that ENTSO-E adopts @8 mquirement not mor onems than the EUR requirment [@bowe mentioned] and
which & expressed on the fomat which metches ind lstry practice in terms of equipme nts pecification, that
B:

*  Ufchartrequirment;

+ Opz@tine time limit for each zone wit hin the U char;

*  faimum freq uencyofoccurmnce of each zone within the U char.

The EUR mquirememt Mas the following advantages:
* [tmet hes indwstny pactice;
* ItE aleady strimgent enoush to cope withc ure nt waveformquality sEndams.
+ Ememine MPFPdesigns are complant withths mq uire ment.

Momower, the EUR recommends keeping [48.5 Hz ; 515 H] & & comtinuols ope@Eting r@mge in
continental Europe, to reflect the stremgth of this powersyste m compared tothe other synchmonows areas.

wwhen definine fequency [and woltaze] mmees, safe ty aspects of NPPs shall be @keninto account.

" The EUR. reckons that tcoul be brought to high=r stz nda rds in the small=rsynchronous ar=as i OC interconnactors
contro | syste mes were designead to provide sy ot hetic inert@ by mimic king AC line b=haviour.

" Current prctics cor e ponds to the fraquency qua lity o Hectives described in Table 1 of NCOS [5] and reca lid in
Table 2of the memomndum
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3.2, Volage ranges

3.2 1. Requirement description

Fequired operatine woltaee mmees depend on both the synchmnows area of connection and the nominal
voltage atgrid connection point. The minimum req uire ments anre desc dbed in Article 11[2]@] (2] in the two
tables duplicated below. Underarticle 11(2]@][3) indivkd B TS0s can equest Mo® onerowls =qUiE mens.

Tiewd Pkl fen
b L
B ) Syrihronaas Ares viiiags Rings ==
Syncheonout iren ‘anitage Range Time perizedar PP PE—
DT
D50 - 105 pu Undmited
035 o = 11540 g & v
080 pu - 1K pu LUirkirn fed Lonliviriel b spe
¥ v 1AM i = LA
Cantimsninl Lurops D18 pi= 105 i
1T pu- Lldge B0 mingam

=t nak I Hran 38
mingies

Unlirnkad
. R Hosdic
- [ETTTE Urbenped 2108 gy - 110 Brkntm
e
105 - L10 pu 0 s = 135 e ——
r—r
drmal Bty LTS Urbenited 1.0 g — 1, I 15 i
relund O pa - 1EED pu Uriira pzsd rwlanad AL s~ LS unlrnead
03 s — 080 0 et - 0 P 10w
Batic 09t py - 112 gy Urdem e Patx 500 - 110
L1 pu— L 15 pu 3 ruiie LM = 113 Mmrewa
Tabla E.L: This tabuie shore tha minkmurn fime periods o Pawer Gasar ting Medis shal
b smuable of opraing for Valtages dewiating o the ramingl wyie o the Connectigs. T304 B3 That Esbis theas tha misim i s parison o Fraver Gansnating Wadels thal
Puirt wkScut docarreciing from the Retsort [Fae Volags b far pe el i fro 3% 0090k 3t cpening for soltages devaring am e rominad wlss 1 SRECE
|||l| i b0 300 kY I — il i B O T LR o ThE S i The WO E Bard for e ailie] & Tam

Mlost of existing and probably future MPFS am conpected on the supzrerid woltage kwel [A00 kv across
Eurcpz], and am therefore required to comply with Table 6.2 requirements. Howewer some NPPS are
connected to lowerwoltage lewels [in particubr 22 kv and the refore fall under Table 5.1 requirements.

3.2 .2, Necessity of the requirement

wihik the EUR approwes the pecessity of @ requirement on ope@ting woltaee mnees, it deeply disagrees
withthe imple menation of sucha require ment in NG RRG for the folkowing reasomns.

F.2.21. Havmonization

The requirement should be lermonized thmoushout the whole EMNTSCHE Brid. Unlike frequency stability
which & a ghobal c hemctenstic of 8 sync hmonous ama and & highly dependent on the cwermll sEe of that
synchrono s ama, wolaee s@bility & not, and is mainky affected by local chemecterstics of the Brid
[topology, short-cimuit power]. Therefor there 5 no justification fordistinguishine requirements between
synchrono s amas. The prowsiors of artic ke 11(2)(5)[2) only jeopardiees even mom any h@rmonization
effort.

3.2.2.2. Volage rancps not definedin a U/fchart

This B5ue has been explained aleady inthe ¢ @pter onopemting frequency EmEes.
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3.2.2.3. A reqgnirementnotin ine with corrent practice and norns

The proposed opem@ting @mees are inline peither with the cument practice in many countries, nor with
European norms practice.

A rekvantexampk for the EUR concerms about MPPs is FAMce, wher 54 MPFs are connec ted to the 400 b
grid, and 4 am connectzd to the 22 kvgnd. In Fane '
+ Onthe 400k grid:
o unlimited dumtion operating rmmge & [0.095 pu — 105 pu] + authoreed deloading to
005 F,,.:
o ope@Etiondurine 5 minutes in the mnee [106 pu—1.10 pu];
o opedtion durine 90 minutes inthe mnee [0.85 pu — 045 pu).
+ anthe 2= krerd:
o unlimited duration opzrating mne: & [0.89 pu — 1089 pu] + authoreed deloading to
085 F,,.;
o ope@Etiondurine 5 minutes in the mnee [1089 pu - 1.11 pu);
o ope@Etion durine 90 minutes inthe @mee [0.80 pu — 089 pu).

Mamoyer, accor ine to |EC 800763 on poser transformes [chapter 5] [14], the W, walue [highest use
woltage of the equipment] &, for eac h winding, the lowest walue found in IEC 50071-1 [15] which & above
the @ted value ofthe windine. ThE applies =:

*  For 400 kv tamsformer windings: Uy, = 420 kv [105 pu)

* For 2= kv tAamformer windings: U, = 245 kv [1.089 pu)

1BC 60071 nomms [15] do not define amy time limited overshooting of U, howewer it meams at kast that U,
shoud not be exceeded for an unlimited dumtion. The comequence B that the next availabk clas of
tramsformerequipments shoul be wEed to cope with ENTSCOFE mquirement, that is:

* L, =550 K for 400 kv tramsforme rwind ings;

* L, =300 W for 25 ky tramsformerwind ings.

3.2.24. A reqgnirement which forces the nse of on-load tap changers

The opzrationtime equired ouside the normalope atine mge of rotatine machines [[095pu-105pU]] &
so0 lorg, that the requirement basically fomres gene@tors to Be a8 stepup tEMGfomer equipped with an
on-load tap chameer [OLTC] to connect to the erid. This applies especially on the higher wolage mmEes
[abowe 1.05 pu] whemr:
* The impact of excesshe voltage on lifetime ofelectrical equipmemnts & high;
+  whencombined with low freq uency, ower-wolEge creates Armful excessive flus in gene @tors and
matars.

However usinE an OLTC on the ste p-up tAmGfomer sewerely de erades the ml@bility of the temsfomer, as
desc ribed in the welkknown intermatioml sureey on power tensformers published by Cier in ElkctE &5,
1883 [12], which rewealed that in transformers equipped with an oLTC, about 41% of all failures weme dus
to the QLT

¥ e [11]
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3.2.3. Feasihility and cost

3.2.3 1. New BEnild NFF

The requirement does not cawse amy feasibility Bsue fora new build NPP.
Howewer, 85 explained eadier, it:

* Drives costs up by imposing the e of an QLTS on the step-up tAmsformer, which meams more
expershe procurement, and more maimenance, which could kad to additiomal pBnned ouEges
[mainter@nce on QLTS inlong and comples] ;

* Akodrwes costs up by requirine the e of overmted equipment on the very high volage side of
the main transformer [@s explained abowe];

* sewerely impacts the rel@bility of the stepup temsformer, themefor avaiBbility of the whaole pBnt.

3.2.3.2. Existine NFFPs

In mamy cases existine MPFs step-up tEmEfommers ame not equipped with an QLTG. Themfor these
tramsformers should be changed in case NG RAG 5 deemed applicable tothem.

Byextersion, mamy auiliary and stand-by auxilany temsformers may b required to be clamged as manyof
these am not equipped with OLTC either and are connected directly to the high wolaee arid in the same
substationas the step-up tAmformer.

These modifications are technically feasiblk, but wery expensie in terms of imeestment and plam
unawaibhbility durimg the worls [which imalye heawy cieil works to adapt the power evac \tion petform to
a lamer tamsformer. petform, il retention pit, firewals, etc.). Momover, such modificatios eene@te the
el@bility issues abowe-mentioned for new build MPP.

Althoweh it & notinthe scope of the document, the EUR warm that these modficatiors will lewe to be
impkmemted i§ the MG 05 [5] passes thoueh comitology as it s been pesented to ACER after public
comsuttation. inths code™, the volmge operating mnges defined in MG FfG are deemed applicabk to the
whok erid; therefor allexsting e rs will hawe tocope with them.

3.24. Altermative approach

The EUR mcommends wsine the EUR mquirement in terms of U/ opzratine mnees, which is shown inthe
YFreq uency mmges™ chapterabowe. it bes severl meris compared tothe ENTS0-E poposal:

* |t matc hes the uppervol@ee limit defined inlEC sEndands;

* It matc hes indust y practice;

* ItE almady strimgent e noweh to cope withe urem wawveformawality sEndams.

+ Ememime MPPdesiensame complant withths meq uirement.

Locally differentwolBee mmees could be defined if:
*  MNeed 5 pmoperly justified;

* Impacts onerid wEes are popey eval\ted.

wihen defining woltage [and frequency] mmees, safety aspects of WPFs shallbe mkeninto accaunt.

T NCOS - Articke 10 [F]
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7.3, Beachve posver ranggs

3.3.1. Bequirement description

The mactie power capability mquiremem & described in Chapter 13(2). 1t & defined a5 a maximum
requirement which pecse definitionis kft to local TS0 init@tive:

Fosd Owir Cresiops
14
—— e — e ——— —
e Bivvekops: 1
1.0=3 I |
I Woltugs Rangs |
1068 I |
I o Risge |
[ I
] ] e e e e el ———— =
G
=
$: § § & 8 § B B B E E R B
Commmplian jeed) Praduciion dag

Figure 7 — U-0fPu-profile of a Synchronous Power Generating Medule. The diagram
represents boundaries af a U-0yPyg-profile by the Voltage at the Connectiom Point,
expressad by the ratic of it actual value and its nominal value in per unit, against the
ratia af the Reactive Power (0] and the Makimum Capacity |Pral. The podition, sze and
shape of the inner envelope are indicative,

Synchronout Area Maximum range af Maximum range of stesdy-
WPras state Voltage bevel in PU
Comtinental Europe (.95 0.225
Herdic 295 @150
Great Britain 0.95 0,000 I
Ireland Log 0.21E
Bahic States 14 220

Table &: Parameters for the inner envelope in figure 7

3.3.2. Necessity of the requirement

whike the EUR appmwes the necessity of @ requirement on operating woltage @nees, it d Gagmes with the
implementationofsucha requirment in NS TG, especially in terms of /P, ENEe.

17 =0
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3.3.3. Feasibility andcost

3.3.3 1. New Enild NFF

The Breer the reactiwve capability U/ dimmrmamis, the larger the senemtorgets. Therfore 8 moe onems
mquirement can dramatially increase the price of a genemtor. The mating of the step-up tEnsformer is
aqually affected.

In extreme cases, if 3 TsO chooses to define a wery Bree capability, it might not b= achievable by a very
Bree NPP, becawse the indw ed size of the penerator might excesd the capacity of the word's Brgest fome
capable of foreing a notorcore.

3.3.3.2. ExistinsNFPs

since no pecEe mquirement & defined in NG RAG, it & difficult to amalyse whether exstine NPFs are

complant or not. Howewer, if retroactidity is requied from a NPP which & not compliant with the fully

defipad mquire ment, compliance might imiolee one or bath of the fio lkoowing:

+ Chaneimg the eenemtorforan owerated one. The kind of mod ification will ako include mdesien

of:

Ext i@tion system;

Compkte s haft;

Bearimgs;

side systems;
o Civilworks [turbine genemtortable, turbine hallsize].

+ Changimg the tmmsfomer foran ower-rated one, possibly addimg anoLTs.

L= = T = T = |

3.3 4. Allermative approach

The EUR recommends defining a clear minimum mequirement which & achievable at accep@ble costs.
lcal erid cond itiors impose it, the requiement shoud be expendablk [the UJ/a degram enbrged)]
prwided it & justified by a properCEA.

Asa starting point, the EUR recommends using the mquirement defined in EUR evEionD [9]. it is deemed
goceptable for new build MPPs, and therfor shoud ako be accepmabk forsmallkere:nemtors:

Ciried vahage

L i 05 He ; PP,
e -

B 4N kY = 100

ik s f T [ DT < Y

e DAL .

Figure 3: Reactive Power requirement at grid terminals

wwhen definine reactive powerranmges,safety aspects of MPFs shall be wken into account.
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3.4, Frequency response capahility

3.4.1. Requirement description

Frequency response capability is divided inthme sepamte mquirements:
* Limited Frequency Sersithe Mode — Owverfrequency [LESMC] — applicable to all gene@tors,

desc ibed in NG RTG Artick B [1](c];

+ Limited Frequency Sersithe Mode — Underfequency [LFSM-U] — applicable to type ©and D

Benergtors,described in MG RS Article 1002 [b);

* Frequency Sensitive Mode [FSM) - applicable to type © and D eenemtors, described in MG RAS

Article 10(2)(c).

3.4.1.1. Freqoency Sensitive Mode

The mainfeatums of the NG RS mquirement on Fshiare he e by recalled:
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3.4.1.2. Limited Fregnency Sensitive Mo de - Dverfreqoency

The mainfeatums of the NC RS mquiremenmt on L5 -0 ame hemeby recalled:

ar
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Figure 1: Atier Pawer fesquesty Resparss capebl by of Poaver Sererating Modules s
LRS-, By eroe Aries B
dittarantiy for Spachrancs Pows: Sererasting Modsks snd Powst
thes hursge in A cies Fosss sutpen e the B
Frocusray {50 Bl in the Rebwort and 27 b the Fregoency change in S Metwerk A
erTTemETCRS WhETE & i abDes A, the Fosser Gererating Madiks hos m nsreoe 3
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opeaben Waas (FUAL Hoaiee the (FSH.E Setpons wll pogvstl sver ary alsar
At Power Setpaintn.

Dmopss in the mmee 2%Hh-12%
ofyinthe mmee 50.2H - S0.5H

LE=m-0 skall bz activated as fast as tec hnically
feasible, with aninitialdeby = shortas possible

3.4.1.3, Limited Fregoency Sensitive Mo de - Tnderfreqoency

The main featumres of the NC RS equirement on LFSM-Uare hereby recalled :

1 Eaial Aol Eameah g el *h
Fogl 0 i an Sapaciny

i ————
P or outal v ey owtnd of e mereen
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IFSM-LL. Py b tha cebpemnon Arthes Pawar to wikch &7 & related ard map be dofined
AfTerenily Far Spachrona us Fowes Gorerating oskder aad Brwer Park Muduler, oF &
tha charge |1 Active Powsr cutpst Trem tha Possr Geserating Medule 4, i b nossinel
Froquesey (50 He) in The Retweork s A7 i the Freguency dhimgs in the Bobwarh. &
srcier fracuamncie whats AF i elow A1, 1he Posser Genarating Wioculs ke 5 pradee &
wositve Active Pawer ouleuk chanee scoosdine o the Do 3
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Dmops. inthe @mee 2% -1
of, inthe mmEe 49.8H — 49 5 He

LFsmi-U skall b= activated as fast as tec hnically
feasible, withaninitialdeby & shortas possible
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3.4.2, Necessity of the requirement

J34.2.1. F5M

The EUR @gmes with the necessity of the FSM mquirement. it seems masonable that inthe future all lame
Benerators [type Cand O in MG RG], includ ing MPPS, should hewe the capability to participate to frequency
control. we recognize ths will emsure the avaiBbility of this wiml functiononthe power system. Howewer:
*  The mquirement is not cleary defined in NC RfG and istead is left to Ts0s to define lxcally under
Article A[3];
* The mmees in whic h T5G5 can choose paAmeters am so Wwide they allow the requirment to be
made veryoneros, which kawes great unce rainty at thi stase on feasibility and cost.

Felatiely to the first point, there & no reason why the F5M requirment should be d fferent fomone TS0
toanother withina synchmnows amea. The requirmentshould be fully defined ona sync hronous aea bass
in MC RfG. it would:

*  Avoid competition distortion betwee n TS0 ares;

+  Facilimte development of power plnt designs which could be 15ed ona wide aea.

As for the second point the EUR considers that the mmges defined in MC RAG for T90s to choose their
spec ific mquirement fomame too Bres and not poperly justified:

Fammeter Proposed Range Comments
Ifawalue close to 1006 & chosen, it might not be
i ac hievable by NPPs.
Active I?cuwermrge.related 15 % 10
1o Mz imum Capacity The EUR requires P ona normmal bask, and up tos% i

specifically required by the Ts0.

The mquirement Beks of a credib ke lower boundary [in
thi case,the lower the value, the mare onems the
e imum fullact gt ion requirement]. Ifa walue below 205 is chosen, it can be
time 05— 3035 wiryd iffic uft to ac hiewe by 8 MPP if ssociated witha high

Acthee Power @rEe value [up to 100).

The EUR requirs 305

30 minutes time & not jstified since the maximumtime
torestom frequency defined in M LFCEE [4]F & 20

Full active P*_:'H}'EF Frequency . | minutes. whenfrequency 5 mstord, FRCE not
Res porse minimum 15 min - 30 min | 3¢ tyated anymoe.

sustaimable time . . m .
EUR mquires 15 minutes, but no difficulty & fomseen for

MPPs if lorgertime & required .

Mamower, the prowision that the T50 selects the droop and can lawe it chameed on simple mquest with
NR& notification is not accep@able for MPFs. AlltAmiems 8 NPP has to bz ablke to cope with [includ ing but
not limited to switching to howse-kbad] ae impacted by the turbine contm ller droop. Therefore, once this
value & set, it cannot be c Emeed at will without prelimimry studies. The full impact of a c @mee of droop
should be taken imoaccount in NG RFS [time needed to study and impkementthe clemge, cost mooveny] .

NG LFCER - Article 9 Ta ble 1 [4]

A3
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3422 1LFsM-0

The EUR does not beliewe the LFSM-0 mquirement is pecessary. It is meant to mitisate the rek that 1505
fail procunine enoueh FCR. But the EUR recognizes thatincase of a wery highfrequency event, the situation
canaonly b2 reasorably handlked by lowering senperation [demand-side mitisstion mesums would be wery
difficult to imple me it in tkat case). The EUR itsef =g uires MPFs 1o be ablke to dec ease their output down
to minimum kad incase of ememency sitlEtions.

By comparson with justification provided for LFSMEU requirement, ENTSO-E implicitly mcognees that
LFSM-0 B meant to mitieate e mergency sit@tios”". Ths shoud be explicit in NG RfG, and the requirement
shoud be ssocated witha pmbably of occurmnce of use. Such a probability of occurmnce & of high
imparntance for the desian of NPPs.

3423 LFsM-T

The EUR does not believe the LFSM-U & necessary. As for LFSh-0, it 5 meant to mitieate the rek that Ts0s
fail pmcuring enough FCR. 1t was [not propery) justified by ENTSO-E Sing an ermneous statement. 10 MG
Rfa — Requirments inthe Context of P esent Pactice Chapter 3.3 [3]:

e obectiv af the LFSAM-U requiverment s o moke owibble oddifong! AcEve POwer fESEFYES iN
ErmeEgency Stoetons ot (ow freq uencies when Active Power resgonse govided by Power GEnereting
Modoes gperating in Freqoency Seasitive AMode is olren dy exhoosted, ot before eny loed shedding. such
reser Escgn e prawided By Paver GEnere ng Mod ule s, wiioh ore opere ting ot partiel loed end kence =W
hove the possibiity @0 increese generefon oroportionally o the devaton of freqoency from its nomine!
wiee. Ta encile this copobility, o odditions iRnwe=mers s in Power Gerencting Modales ore needed,
berguce & mokes ase of omwoy existing corsrol sydlem fectares, e g propostiond frequency (speed)
cantral af myeachmpous Power Gerencting Moduks The performonce is condifonel ta grime maver
evode Wity 05 well g5 redored Mekimom A tive Power Oofgot ot low feqoencie s far certain genere tan
technalog e s eccarding ta Acticle S1)(d)af the W CRfa ™

ThE & not true inthe case ofa WPP. wWhena NPPope@Etes at part power in FSh, it & designed to pmc ure @
limited amoumnt of FGR when frequency goes down. once the desen tEmient & achieved, further mmping-
up & not nommally possible. Com and NS5 parmmeters lEwe to be sEbileed and boweht back to normal
ranges before further inc rease in power is allowed. Inany case, such mmping-up cannot be omered ona
normal bass bythe turbine controllier. t 583 matterof nuc kar safety.

Thare & adiffere nce between:
+ none lend mmpie-upfroman imemmed @te powear P 1o P, ona nommal mmp (8. 5% P/min]
+ onthe other lend pmviding full FCR [fast tensient] starting from the same imte med Bte power F,
then mmMpineUpto P,

Mamower, mitieation of very lbw frequency evenmts & almady covered by underfrequency lbad-shedding,
which has aleady pmwed to be efficient™, and M5 a3 low 500 ic-economi impact, since the kad to be shed
in the first frequency thmesholds & chosen to limitths impact.

= NC RS —P=quirements in the Contect of Pras=nt Practice —Chapt=rs 3.2 nd 3.3 [5]
= Eg. in the Nowember 4, 3005 incident

2253
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3.4.3. Feasihility and cost
3.4.3.1. New Build NFP

34311 . F5M

There is no feasibility E5ue fora new build MPP. Howewer, 8 wery onems =t of ppEmMetes 8. 1008 F,,,,
to be prewvided in 10s like in GB Grid Code today] can exceed curentdesiens\andams as defined in EUR
which are:

+ Control mmge not higher thlentsth Py

+  Full activation of FCR within 205,
Amy MPPdesienchamges needed to comply with g uirements more onem s than exstine standands waould
drive costs.

34312 LFsM-0

The EUR does notfomreses amy feasibility ssue with the LESWbO mquirememt fora new build NPP. Howeyer,
the probability of using LFs Mo shoul be defined.

34313 LFsM-U

The superposition of LEsMU and FsM mquirements goes bewond curment MPP desien practice. while
fundamentally @ NPP could be compliant with LFSWEU mquirement, it & likely that cumently marketad
Genemtion 11l NPP desiems ame not complant, becawse the masimum power tAMmient acceptablke on a
nommal basE is the full activation of FCR as defined inthe FSM mq uire ment.

3.4.3.2, Existings NFP=s

Frequency response capability & wary dimensionine forthe whole desien of a NPP. ThE capability cannot be
added or modified aftera MPP B commisioned without jpopardizing nuclear safety. Therefore retroact ity
of the requirement to exEting MPPs cannot be masonably emeEassd.

3.4 4. Altermative approach

34411 . F5M

The EUR mcommend s defining thoroughby the FEM mquirement per synchronows amea mtherthan kavine
it to indiidual T30s 1o define. The opzratioaland market design codes should put in place incentives for
Eers to prowide more fequency response capability than the minimum defiped in NG RTG. The
combination of @ minimum require me nt notoo stingent and incentives to prowide more would:

+ Emsure thetall Bee generators have the capability to take theirsham of responsibility infrequency
marageme nt, Without imposing the cost of unnecessa ryextra capability [minimum requiement);

* Alowgene@tors with inherent design capability not in line with very onerows frequency respomse
requirements but bepeficEl to power systemn s@bility and decarbonismtion objecthes to bk
connected [2.8. Bee HPPs with lome wateradductions and perstocks can struegle with a wery fast
resporse requirement, MPPs can be limited in the amount of reserse they can prowide, but both
proreide mEsshe inertia to the system, contibute to decarbonsation objectives and are fully
comrollable);

+ optimie ghobal availability and e of FCRon units highly suitEble to prowide it (2.8 gas turbines or
50me HRPs can prowide massiee FCR weryquic Kyl
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Wyie propose using the EUR parameters as 8 reaomble mquirement bass:

FREMmeter P posed Yalue
T - forCE

Active Power rame e lated to
Tlaimum Capacity
Extendabk to5%- forsmelkrsynchrono s areas

Tl imum fullact ation time 05

Full Actiwe Power Frequency Respons:s

L - . 15 min
minimum sstEinab ke time

Wiz a0 g uest thet Tos should obiin Gene@tor Swne s apprwal when equestine a chamge ofdroop.
34.4.1.2.LF=M-0

The EUR would [ike the mquirement to be completed witha pobability of ooc umence of LS M-0 activation.
This mquest is corsEtent with the comments ono peratine frequency ENees.

F4.4.1.3 LFsM-T
The EUR proposes to e move this requirement, whic h was not propery jstified and can prowe very d ifficult

to achiewe, espec @lly for MPPs. The power systemn can el on underfreq uency load-shedding to miteate
exfe ptioral kow freq uency events.

273
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3.5 FanltRide- Thron=h

3.51. Requirement description

FRT capability & requested for type B, Cand Deene@tors. The mquire ment is defined by d ifferent sets of
parameters depanding on whether the gepemtor is of type B-C or O, and whether it & a sync hronows

Bene@torora power park module.

The FRT requirement applicable to type Dsynchmonows g2 ne@tors & defined in Articks 93] @) and 12 (3] (@)

The mainfeatums are hereby recalled:

L] Tar (%4 [*¥

[ Tl

Figure 3 — Fault-ride-through profile of a Power Gererating Module. The diagram
raprserts i lower limit of & woltage-against-tirw profile by the Voltage af the
Cannection Point, expressed by the rato of its actual value and its nominal value n per
unilt bedore, during and after a fault. U, & the retained Yoltage at the Connection Paink
Duaring & Fault, tag, is the instart when the fault has been deared. U, U, G tieca
and t.,.., spactfy certaim points of lower limits of Yokage recovery after fault dearance.

Vaoltage parameters [pu] Time parameters |seconds)
Ul o Reies 014 -0.25
Wyiear 0.25 [ Lipege — 045
Wlages: 05-0.7 boges —10.7
Wt 0.85-0.9 A Ly — 15

Table 7.1 — Pararmaters for figure 3 for fault-ride-through capability of Synchronaus

Power Generating Modules.
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3.5.2. Necessity of the requirement

The EUR @srees with the pacessity of @ mquiremant on FRT for Synchronos Power Genem@ting Modules
and Fower Fark Modulkes forthe sake of powersystem s@bility. Ako, it is appec 8ted that pprmeters for
FRT are to be decided by the respecthe TS0[5), eivine the opportunity to reflect secemphical and
topoloeical pmoperties of the powersystem.

Mewertheless, EUR isconcemed about the upper limit forclearing time [t in Table 7.1 abowe]. For MFPFs,
comsidened 85 8 complex entity comsisting of genemtor, tmmformmer, pumps, other awdiliary systams and
protection systems, 3 cleanng time of upto 250 MG 52 M o0 onNerous.

At present, @ requirment for Z0 ms only exits in the Mo i power syste m. Howewer, severl exsting and
opem@ting NPFs do not fulfil =0 ms of ckaring time, and, ae granted exemptionfromsuch a eq uirement.

3.5.3, Feasihility andcost

3531 New Boild NFP

Fmm a MP P paint of view, FRT-capability can, forexample, bz impmwed by addine more inertia [i2. ro@tine
mass] to a8 eepemtor, which in practice is difficult, as eenemtos for NPPs aleady come with masshe
rotars. Sther measums for fault time impmowements ae dynamic braking msistors, FACTS-dewices, or fast
valvime. &ll these measumes ae assoc @ted with additiomal investme nt costs, which shoul be bome by an
appropriate cost moowerny mecl@nsm, and may impose a Ask for sub-synchmnos msom@nce [S5R) orsub-
synchrono s torsiomal inte@ction [55T1).

3.5.3.2. Existing NFPs

Inarder to fulfil the requirment of up to 20 ms, additiomal isEllations on the phnt would FEw to be
made. Dynamic braking resstos, FACTSdevices, fast valwing, or exchamge of excition systemn in oder
plants may lead to improwed fault time. swh imEllatiors may impose sienificant costs, whic h would Eve
to b borpe by an appropriate cost moowery meckansm, and may impose 8 rek for sub-synchronos
resor@nce [55F] orsub-synchronos torsiomal inteaction [55T0). Inaddition, ¢ Emees on exsting NPFs may
interfeme with theirsecure and safe ope mtion.

3.54. Altermative approach

A mEKiMUm requirment on ¢ kanng time [fe) of 150 ms, in line with EUR's Pequirements for LR
Muclkear Power PEMEs volume 2 Chapter 3 [0], & proposed. EUR'S equirements are g@phically illlst@ted in
Feum F1. The following wolEge and time pammetears are proposed:

wolege pammeters [pu] Time paAmeters [seconds]
1 u] Totuar: 0.14-015
Laar: 0x tew tawr— 045
[THN 05-07 [ 1., -07
Ll 085-1 T trwz—15
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T=0s shall be in charee of undenaking appmoprate measures to ensure system imteerity during double
contingencies. Current breaker technology allows clearing a fadlt in kss then 150 ms, thereby securing safe
opem@tion of both the cwem@ll powersystemand MPFs.
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Figum F1:EUR's mgummentonclknmnrg tim=and whags rcowe=n [9]

fime (5)

2

Forexiting MPPs, the mquirements, with possible exemptions forcertain NPPs, on FRT shoud be leptas

theyare today.
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4, CON CLUSIONS

The EUR concludes that it & ghobally tec hnically possible for @ new buid MPP to comply with NG RAG
®q uirements. Howeyer, 3 lame number of these sienificantly deviate from nuclkar bisiness sandards.
some of them, in partkcubr operating frequency mmges and frequency respomse capability, are highly
dimemsioning for all parts of a MPP, especElly the nulear Gland. The EUR fears that many if not all of
# genergtion NPPdesEms which are cumently marketed — these desiens have been recemby developed,
many are undercomst ruction or penned cwerthe wond, none 5 opeatioml yet —are not complant with
N BTG 35 such. In oder to b2 conpectable in Europe under NG RTG, these desems woud MEve to be
reviewed indepth, which would:

* Gene@te high extra design costs;

+ Globally kad toan inc ease of cost of NPP equipme nts;

* Jeopamize cument nuclearlicensing.

Fet moac tivity of NG RfG to exsting NPPs &, fora number of equirements, ac hievable at corside mble cost,
and not masonably conceivable for the others. The nwlear safety implicatioms of chamges in the design
hypothess of 3 NPP am great and should be envsased only if no other altermative exits. Inamy cass,
nuckarope mtors will not implement amy mod ficationthat degrades nuckar safety.

The EUR warm that the mquirements rebtive to resilence to deermded erid conditiomns [woltaee and
frequency] will be de facto applicable 1o all exsting Benemtars. Infact, the opzatiomlcodes Mo os [5]and
NC LFCER [4] actually implememnt the extanded ranges [MNC 05 [5] forwol@ge], or the prowisions to allow the
extended mnges [MC LRCER [4] for frequency] as normal erid ope@tine mmges. This sitw\etion could kad to
premature shutdown of MPFs onthe oder of Muckar safety Authorities, we would jpopam ee security of
supp by @cmss Europs and increase cost to end - Eers.

cerall, whilk the EUR aemes with ENTS0-E onthe fact that the Metwork Codes shoul fawour the imertion
of mnewablk generation on the Eumpean power system as well = the decarbonsing of electric ity
Benergtion, it stronely d sagmes on the way the tEmition shoud be FEndlked. ENTSO-E considers that
inceasing renewables penetration on the grid willinevimbly kad to a degadation of the waweform quality
[in terms of voltaes and frequency] to which other lBers mustadapt. EUR & convinced mit igation measures
[synthetic inertia, FACTS, &tc.] exist, and repewables can bz imerted in the system without degrad ing the
waweform if suc h measums are implmented. Moreower, the EUR beliewes prewenting a deg mdation of the
waweform quality & ultimatelya cond ition sine q e nonof the stability of the powersystem because:
+ Synchronous machines ae essemal to set the pace of the wavweform and prowide the masshe
inertia the system needs to be stabl;
* Unlike mnewables connected throweh fully controlled power comeertes, sync hronous machines
req uire fined and stabk intime woltase and fequency conditiors.

Firally, the EUR notes that ENTSO-E has jistified mamy requieme ms on the basis of existing natiomal grid
codes. such justification alone & not valid becawse mtiommlgnd codes comain requirments whichame not
mealitically ac hievablk by generators (2.8, the GE Grd Code required continuous opemtion in the Eme
[47Hz ; 52He] umtil wery ecently]. Existine pBnts technoloeical capability shoud lave when into account
mare extershely .

The EUR merets EMTSD-E hBs not \len into account the sound wamimgs comventioral generators
mEpEsenEtives hawe continuowsly and consstently semt on the impacts of the mquirements throueh the

whole process of NG RTG drafting. wie hope KEME undestands ourconcerms and will successfully comvince
the European Commission to @ke them into account.

BSf 3
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AFPPENDIX - LETTER FEOM WENEA TOACER

WENRA

WWERRA | BMS | OH- 4000 Frapg | incherirbmira L3 | Swikseriand
A Post

ALCER -

Bgency for the Cooperation of Energy Regulators
Mr. Albertc Pataschnig

Trg republive 3

1000 Ljubljana

Slovenia

Four reberirue

Dot reberer o WS TIARSLAS 00 W b

Coainct person: Szader Ratbalis. Phang iL156 8.0 5106
B, O St DO LY

Mewark Code for Requirements for Grid connedtion Apglicsle te 3l Saneratars
Dear Mr, Potoschnig,

| zem writing to you with regards 1o B letber that | recahsed from the Eurocpean Muclear Installations
Safety Standards (ENBSS) on 20 Seprember 2012, In that letter, the issue of & draft standard an the
rid conmection with generators wiitten by the turopean Metwork of Transmizson System Ogparators
far Electricty [ENTS0-E) called "Metwedk Dode for Requirements for Grid connection Applicable 12 30
Generators (ENTSO-E NCY® was ralsed.

Spme reguirements in Lhe final deaft of the code (hitpafwww.ertsoe.eulrescurces/netwark:
codes/reguirements-for-mereratars’] heve the potential te negatively influence nuclear safety. In
facr, the definition for the ange for freguency ard voltoge i tow large, For nutlear power plants,
webich dre working 35 100% bage Insd power plants, the techrical safety limit is 48 He. Undier this
limit, the frequency may heve 3 negative impact on frequency dependent aggregates. Furthermane
Tl Tollpawing is contradictony to the common praclice n several WENRA countries.

& safe and high-pesformarce alactrical grid s primordial for nuclear safety. The imparance of the
electrical grid was highlighted by the accidents of Fukushima and Forsmark. W therelore suggest i
imeliade the follewirg statement as a rew paragraph In Article 3 (6] (&) in the ENTS0-E WL “Far nucle-
ar pawer pioats, nuchear sofery considerations are gripritized in the cose of @ conflict between nucleor
safely consigeralions ord the Mebwark Code™ o to reject the ENTS0-E NC, 50 88 to revise it Including
the above mertioned concerns.

Chairpennn ircmirieimme 1§ el +4 156 S50 PO
Harz Wsarer (Sroioe G sarsl of the 509 Basg P HILSE LD B
Sokin ket Mrtlua i Safety AT Rorate (ERH L]
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Pleage do not hesitate to cantact ws shiauld you have any guestion or resd furher clarification.
Thank yau for your due consideration of awr reguast.

Fours sinoenely

Dr. Hans Wanner, Chalrman
Western Eurcpean Nuckear Regalators Sssedation
Hars . Wannerensich

Thairgemen IR 19 el + L5 S 2400
Hafe Warrar Densctar Gosgrat of 1he 5200 Mgl Fin s4150 450 B3
Sadnr Faderal Muoiea! Safeny innpecimexts (LRSI Sitzevland ol
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C.6 Thermal Generators

eurelectric A==

e FLECTRIFITY FiE FiARIPE POWERTECH

YGB f EURELECTRIC's penerators
RfG Metwork Code:
meeds, Feasibility, Alernative Solutions and Costs

The European Commission ha tsked a consortiom of DMWY KEMA and ool to perform an impact
gssessmemt of the prowsions com@ined in the MNetwork Code on Requimments for Grd Connection
Applicable toall Generators (RG], which willimestigate:

the need to impkmentthe envEaged mquire ments,

the technical feasibility of the requiremants,

the costs and benefits associgted with the impkementtion of the requiements applicabk to
Bene@tars as wellas the altermative solutioms when considering the proposed Equirements.

WGE f EMRELECTRICS Benemtons [mfermd toas EURELECTRIC thereimefter propose to dbcuss and to
aralyse some cruc @l [selectad] NG RFG mquirmens and walidate them aeaimst the o rAtera enume@ted
abowe:

Meeds

Fedsibility
Alttermative solutioms
Costs

Faog ME
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I. Meeds, Feasibility, Alternative Solutions and Costs
Needs

In WGE f EURELECTRIC's opinian, the temm of refemnce’s criterion Yneed to implement the envEaged
require memts* must be asessed under the following criteria:

* The rekvance of the selected mquirements,
* Thealloation of these mquirements to the sene@tor categories,
* Theadequacy of the mquirements eeamd ing the system sec urity and cross bodertmde Bsues,

* The quality of the definition of the requirments [whethaer a capability & mquired or a specific
5ol utiors is prescrbed],

+ The benefitof implementing newor dev@ting requirments and finally,

+ The approprigtenas of the process [articke 4] proposed by EMTSCHE to implement requirments at
matioral kwel

Technicml Feasibility

INWGE f EURELECTRIC's opinion, the termof reference’s critenon “technical feasibility™ cowe s not only the
pure technical feasibility in terms of physics, desien, construction and quelification, but must also consider
the following:

* Posibke interpetatiors of the prowsioms: Is the interpretation urembisuows when defining
tec hnicals pe cificatioms?

* The waythe prowisionsare impkemented: 15 it both possible and steightforead to impkment the
prow Eion?

+ And the comsistency of the prowsions: Are seweml implemented prowBioms simutEnecshy
compatible? mMote thetthe coberence with other EU netwo i codes is difficult to ascertain & those
codes ae curently avaibbk only ina daft vesion.

EU petworkcodes shoud MOT:

% Comgin requirements which are not technically feasible

%  Farournatiomalcodes toembark req uirements which are noteasy to implement

¥ com@in wonrdines eepergtine confusion and further technical debate when definine and
implementing national prow Eioms.

Altermative Solotions

InWG B f EJRELBCTRICs opinion, “attematie solutiors” shall e comiderd at requie ment kvel, as faras
the whole process strategy for the development hes been endomsed and waldated by the EC. WGE f
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EURELECTRICS anahsis on ths ama tamets alermative options when comsiderine requiements, whan
choosine non-exlaustive parametes or when allocatine duties, e g, between 505 and ene@tos.

Cosds

WGE f EURELECTRIC will not issue amy estimates as to the cost of impkementation of the code, due to its
status still bzing unclearinsome amas and thus kavine room for interpretation.

It wiill b= f iFfic ult to SE5es5 the cost impact on exitine PG Fs, f the exact fame conditiors of applyine the
code are not kpown. The question on how to proceed if the implemenation of the requirments &
tec hnically not feasible forexsting PGF calls foraclearamwer.

Newertheless, W8 B f EURELECTRIC will eBborate on how and to which deeee costs acc rued to PG F systems
and components are impacted by some of the FFG requirements.

0. Requirements

Frequ ency ran ges
Needs and Feasibility
RAMGE FORUNLIMITED TIME FERIOD FOROPERATION

The daft Metwork Code on Requirments forGrid Cconnection applicable to all Gene@tos (RG] proposes a
comtinuous ope@tine mnee of frequency incontinemtal Eumope area doubled in size to 49Hz — 51He itead
of the cument mmEe [495H — S0.5He]. In ENTSO-E's justification FAQ 19, it & stated that sienificant
frequency deviatios 'may occur with the increased pepetmtion of renewables. This statemem &
effectively contrad icted by the ENTSC-E's requimrments in the Load Frequency Contmland Feserde code
[LFCER] wihere the cBuses describe the standard that they must meet in tems of delenne frequency
quality.

The d @ft LRCE:R code keeps unchaneed the masimum quasi-steady-state freque ncy deviation of 200 mHz
and the normmal opzratine mmee of 50 He +f- 50 mHe for Contine mal Eumpe. The LFCER code spec ifies tuo
furthe r frequency mrEe paEmMetars - the 'Frequency AmEe within time to recower fequency’ and the
'Frequency AmEe within time to mestore frequency’. The walues curently proposed forthose paEmMeters
am +-500mHz. Ths Anee & the curmentcontinuo s ope@ting EMEE.

The T50s undertook inthe LFC B:Rcode to bring the frequency back in those mnges within the Time to
recower frequency’ of 1 minute [UE system] and 8 'Time to restore frequency’ of at most 20 minutes (IR
system). with the time and freque ncy criteria in the LFCER code, there is no need to mquire generators to
hawe the capability to ope@te continuously ina mmee double that of the frequency mmeEe within time to
recowerfrequency or restore frequancy.

No additioral benefits are dentified by requirng this pew mmee. Them & no in-depth jstification of the

new requiement. host impor@ntly, amy costs assoc @ted with such mquirements are standed since the
wider mmge is not required by the T20 under their own criteria.
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WGEE f EURELECTRIC:

- hawe not identified any bepefit of doubling the unlimited frequency mmee incontinental Europe area
and do notses any appropriote justification forsw hdoubling,

- comider gene@tors will b2 much mome stessed and aged if the frequency q @ity will et wose and
will create supe fluous costs,

- calliforaltermative solutions to be adequately assessed.

RAMGES FOR LIMITER TIME PERIQD FOR QPERATION

The need for Anees ¢ owering limited time period comes from the fact that eeperators cannot be designed
to stay connected to the erid meardkess of the fequency. Themfor, it & necessary to find out an
gEmement betweengeneators and T50s to get the assumnce that eenemtos will stay connected durine
the time perod when the freque ncy & out of the mmee cowerine the unlimited time. Ths agee ment shall
comain not only the ranges of limited time perod for opemtion, but ako the dumtions and the ate of
cocurrences. The @mees and the dumtiors ghe T35 the conditions and the time to launch cormec thee
measures [activation of manwel reseres, load shedding, etc.]). The mte of occurmnces protects gene@tors
aeaimst too many abnormal frequency sittetions whic h markedly stess gener@tors and mayY cause sevare
simulanec s damages on plant equip me nts.

WGE f EURELECTRIC consider the definition of the needs for limited time period incomplete. The 30 minute
minimum d uation Boes much beyond exsting mequirements' in most continemal Eum pean countries and
has not been justified . The dumtions have beenset unibterally and mte of cccumences & mising.

Altermative solutiors

EMTSO-E's solution [wider freque ncy mnees] anticipates a possible deeradation of the fequency but does
nat mally sohe the problemas it does not address the moot cawses of freq uency dew@tiors -a ed wction in
system inertia, 8 limited knowlkedee of the behaviour of dEpatched mpewablk energy soures and the
dispatch of eenemting units in the electricity market whic h Bnores mmpimg. The T50s lEwe not proposed
solutiors add essing the issues of system inerta and mmping atthough some work Es been publshed in
I=bBnd on this very matter [httpfwwweimrd.comfmed B/5ystem Services Consuftation Products.pdf].
It B ckarthat alte matie solutions exst and shoul be assessed.

Besides, the conclsion of an ENTS0-E ad-hoc team imestigating the determinstic frequency dewiation
found that there & no need fora wider freque ncy @nee [ENTSCFESEURELECTRIC Determinstic frequency
devitiorns — mot cawses and proposals for pote ntial solutions®).

Accomding to the curmnt practices [UCTE Rendbook “Emergency Opemtiors Polcy 5¥, page ), boad-
sheddine has 1o be exec uted at frequencies inthe mmee betwesen 49.0 He and 48 0 He withdebyw of max
0 mE. WGEE S EURELECTRIC do not undemstand the need to impose a minimomtime period of 30 minutes
for ope@tion at abpormal frequencies if curmnt practices impose 8 max deby of 350 Ms. Due to the fact
that, accomd ing to the current ruks, every T50 s to fght to define abo add itioral actions for under-
frequency load sheddine, WSE f EURELECTRIC propose to define the time dumtion for operation at
abnommal frequen: ies at mtioral kwel accor ing Art. 4. Ths proposal fawours the imteeration of ational
emeeency pan withoutoverspecifications.

! For inst nce, the Netionalgrid for the commisioning test in 201iatW' B |UK| phnt s imited the dumtion atd2He 1o 22 5. The
code requests .. 80 minutes !
: Ittpyferere 2 U e Ectric.o gs med B 26970,/freq ue ncy_dewintioms_fine |_fe brua pp_2042 2012403040 186-04-2.md T
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Itisako the intention to develop an “Ememency Code™ inthe near futume. It & meaningles to stipulate at
ths moment Power Genergtion Moduks [PGM] specificatiors for ememency situations if operational
priw Bioms foremeeency proced ures will b2 agreed later.

Costs

These requirements address the ability of electrical systens to withstand the mmees and the duratiomns
mequested, particulary forauxilany and safety systems.

For nuclear units, safety cases fawe to be re-amlysed and new licersing studies have to be developad.
The ext@ costs for extting equipments or for new buid may be significant if qwalification processes
hawe to bz upg@ded [primary pumps, feed-waterand condemsate pumps.]. Plesse refer to the WENRA
letterattached for furtherinfo.

For hydro units, safety amlysé may reweal ewmcessie costs for ciil emginesrdng to implement
infrast uctumes hosting complanteq uipments [for temsformes for imstance].

The stmnmgest critenon repressmtine the quality of the frequency, the standamd deviation, fes been
remowied from the d@ft LRCE:R Wetwork code, rewealing the objective to allow the deem@dation of the
frequency quality. In widening the frequency standard deviationand the unlimited opemtine mmEe, VG E [
EURELECTRIC expact that the time senerators will b2 operating outside their sowemor deadband will
increase by 2006, Increasing the service of units delivering frequency mspomse will lewe sienificant impacts
on the lifetimea of the gowemor and turbine components. This can be seen when examining the criter@
from Turbine manufacturers for Equivalke ntoperating Hours.

Furthercosts must be alkotted to the rsks assoc @ted withthe degradationof the freqoency:

Rk of common failure modes on existine gene@tos not desiened for operation within extended
limited fequency mmges. This rek 5 pesentonthe whale synchronows area due to the standadisat ion
of equipments bythe manufactum s on thatarea.

Rk on security of supply by Faving kone gene@tor ouaees d ve to damaged components with high
repairfemchame dumtions (2.8, 18 months for delive ry and replacement of turbine blades).

Readive Power Ranges
Meeds and Reasibility

WEE f EURELECTRIC reccenize the need for TS0 1o equest 8 minimum reactiee power capability, siving
Ta0s the ability to control the wolaee in normal situations at the grid connection point. Peactie power &
needed to energize the electrical grid and it & keical that powe r peants eeperate the wvarable basic need of
reac tive power for the end with a mmee up to 0.4 mted power. Howewer, it & not bogical to pres: nbe
extemely wide mmees as imposed inthe RS networkoode becase cheaperattematiees may exst.

The maximum mactive EMEe requirment proposed by ENTSQ-E durine the public comsui@tion got 144
comments posted by sEkebolders only onchapter “Tyee © Snchronows @Enene ting Lindts shell folffl ohe
Jellowing requirernents referring o waltege s biiee” and the terms ot reeliste” B used 21 times inthe

cCEuCmEufEmE 85 Electric iy fcodesfioodes enhtm mentbrs 8 MG on requkements and operalona proceduEs In
EmErgErcy® bul vl houl delluery dake.
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commems. WEE § EURELECTRIC note that ENTSO-E hBs not expressed madimum TS0s needs in a
remom@ble, comprehesive and clear manner, partic ularly when considering the bindine cl@mcterof the
code. It is clear, that each T50 will A to male its choke out of the envelope being defined by the
requirement. Howewer, itis not resmorablke to define a maximum mmee which & technically not feasible .

The chokes made by ENTSO-E 1o set ths mquirement wing a (v, /Pmax] square’ profie and ovesead

ranges” for vand OfF mex ghve rise tothe following concerms

- The code does not clanfy whether the poposed mEmes woul fit the future peeds of the electrical
systemand whetherths capability will b2 adeq ate.
- The possibility for T50s to define reactive capability needs wsing differemt shepes [squEm®s or
pamllelgrams] will eenem@te competition d Etortion because the basic needs Ewe not been defined

and lermonized.

- Art. 13 Tablk B: The ¢ hoice of maximum o fPmax values ha not been justified and is not aliened with
exitine practices inContinenmtal EU (0.5 to075). &ll power pBnt expers comider ENTSG- E's proposal
for Qfpmax [0o5] for continemal Europe as too high, kading to extremely onemus costs for
gener@tons. The maximum mmee of the steady state woltage should be aleped with the
wolEee rAnee. & example, following the comparson betwean ENTSCO-E desims and the

France:

DGR AMME LD
ALTERMATEUR

O fank

- Sy AT wrr
Eennrr e e il
FHYGr dern mur rroriepr
—H=THYar Feapinde redaprk b daren

muwirrr g
Lt s OE

compansonof U0 deemms at gene@tor wollaee termink
“CaT alterrateur EDFY means standard EDF's 5 pec fication for generators

unclears non corsstency of combined prowisions:

unlimited
mality in

* Continuows ope mton with higher voltoges / hgher curent d e to macthe power poduction shortens the i time of the
mechine. HEhercurmems ako caEe hEher kasses. It E theret e in the imemsts of the gEnemting unit opemtor to delimmte
limit the mactive powe rca e bility. There should ot East be prows ion o compensate the gene mting unit ope mio rfor the add o mi

imeEstmentand o pemting ook if the limis are © be ecpord ed

* Foresmampe, the moge for OfPmes & fTartoo BEe Broontnema | Euope n ERtion © cure ot pmctices |ENTEOE equests 0,93
whem itE onk 067 n Fmne ord?4 in Germamg|. Allwolege mnges may warg onk in 8 moge of -10% til+ 10% acoomd ing 1o EN
0160 4Eoacconding tothe ENTSCFE FAO20 the limits e to be - 10% and +10h.
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The outeremelope in Fieure 7 inthe RFG code describes the capability for a PGF to supply active and
reactive powerina madimum woltae: mmee of 0.875 putoll pu. The malwolae: mMEe is Emower
and may notexcead the inperemvelop witha maximumyoltage mmee of 0.25 pu.

Table 51 imposes that all PGF emain conpected tothe god fora wokage mnee of 0.85 puto1.15 pu.
0 gt a woltase kevel between0 B850 puto 0E7S pu [or more] and between 1.10 pu [or ks] 101,15 pu,
8 PGF must rem@inconnected to the erid without requesting reactie power capa bility.

The combimation of both povsions pmompts the peed to make investmens without any potental to
benefit fromit, inother womds, ths en@ils 8 waste of money.

WGE S EURELECTRIC recommend making art. 11 cabherent withArt. 13 by imposing in Art. 11 8 wolEee mmEe
denticaltothe inperemelope accord ing toArt. 13,

Altermative and costs

larger reactiie powier ranges than those commonly admitted by the ind Bty shall be jstified by T50s5and
the decBion to request Breer @mees should be based accomdine @ payment process [5aee foapac ity]
delivaring the best benefit for the community. G Ad solutiors like siatic WAR compensator, capacitor banks
or phase- shiftes shoukd b= amalysed whem local needs mquest lareer mact e powe roapabilities.

Feactive powercan be injected by @ eenemting unit or by capacitor banks istalled inthe erid . Mot only the
instalation costs ae different, but ako the awailability, the mliability and the grid locationam to b= |ken
into account for the Cost Benefit Am@hyss.

The cost of add itiora | wivar capacity should be compamed between:

The ¢ ost for the gene@ton

+ Analermator with anextra capacity

+ A stepuptmmsformer withan est@ capac ity
* AN enpereeing system

The cost fora capacitor bank:

* A capacitor bank (without fite %)
+ ImstallBtion cost

*  Hv bay

These mquirements impact the siee and the weight of the seperators, including their coolime and
monitonng systems. Enemeine sytems shall b owersized .

Theoretically, it & possible to Bet eenemtos compliam with the fived outer envelope. Howewer, to date
them & no exiting factory in the word lamge enoueh and ablk to manufactue a 2000 MV generator
compliant with ENTSC- E fived outer emvelope.

AwgiBbility comsideration: The woltase control syste m must always be awvaibBblke. & capacitor bank & always
awaibBblk [at emception of maiMter@nce: 1 day f 3 years]. & generating unit supplying the same mactive
powercan be out of service due to an intemal defect ordue to market cond itiors. At the cument power
market cond itiors, 8 CCGT power pent candeler mactie powe ronly 1000 hours,wear which ha to be
compamed witha capacitor bank which & avaibble 8000 hours fyear.

The costofa fiter & defined by the meas ured harmonic d Etortion and de pends onthe kcotion inthe HY gri .
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The grid ope@torcan define an optimal plBce in the erid to ins@ll a capac itor bank, depending only fom
end “mactie power” chE@ctenstics. The localeation of a gene @ting unit & done by an extermal party

withoutany impact ofthe arid characteristics for reactive power memeement.

WGEE f EURELECTRIC propose the following reactie power capability & a minimum requirment [red
emvelope] included ina maximum standam requiement [Breenenvelope). If T50's needs ane Bresrat a
specific location, then a CBA should shed light on wher would be the best choice to impkement the exta

reac thee poerca pability.

DEgmmpmoposed by WGE S EURELECTRIC durine the public corsuliation of the FRG code.

Valiage ranges

Needs

woltage & @ vanying pammeter in electrical grids. In mamy countries the voltage in the HY grids vanes in

ranges of -7 .5% to + 7 .5%and this mnee & muchsmalkr than the mmee imposed by the RG network code.

The needs expmessed by ENTSO-E forthe woltage betwesn 110kvand 300 kv lave dmmatically increas ed
betweenthe public comsulationand the fiml daft:

o ltage manges Fublic comsultation Final onaft
1iokvand 300 kv gnids
0.0 pu— 0OES pu 20 min N,
0.85 pu— 000 pu 50 min 5 min
E]
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040 pu—106 pu unlimited
] Unlimited
1.08 pu— 10875 pu lame than 680 min
1.0875 pu—11 pu B0 min
11 pu-1118 pu M.
1118 -115 pu Na. Maomr than 20 min

Asfaras we understand, sEkeholdes hawe not requested sienificant exte meions of the unlimited mree and
of the higher limited mnee. These extensions — that laEve imporant comseq uences for eenaators — Ewe
not been jstified. They impose syste matially the e of step-up tEmsformes equipped with on kad tap
chanesrs and the electrical equipments at the high waolEee side will need to be senificantly ovesized to
wit lstand the highest volEge kel

The case of upgrading existine PGM when a new moduk sets connected to the same busbar shows the
difficulty and the confusion when applying the wol@ge requirments. what would be the masons to
request the exsting PGM 1o upg@de after the connection of the new modulk to the same busbar? If there
& no need to withstand Breerwoltae: @nees than exsting onths busbar, why eqoesting the new module
to comply witha BreerywolEe: mme?

To illstrate ENTS-E'S expectation of the deterioation of the woltage quality, @5 anexample forl p.u.ona
=0 kv system, the grid needs to stand a low woltaee of 323 kv in respect of an inc masing curent at the
same time. The lowest volaee fora limited time is nowadays inGemmanyat amund 350360 Ky,

Feearding the wolteee mmges, WGE f EURELECTRIC comider the definition of the peeds for limited time
pericd incomplete. Mo rate of occumence has been defined by ENTSO-E despite the welkknown fact that
the ageimg of the insubtors & mainly cawsed by the duration of the exposure at hieh voltage lewek. Ramees
and dumtiors have to be jstified momower by considering the local metue of the voltaes contral. The
dum@tioms hawe beenset unibterally by ENTSD-E without stakeholders being comuled .

Feasibility

EMTSD-E hias defined the walue of 1 puat 400 kv for the 400k 2nd . By requesting 440 kv [1.20 pu)] during
20 minutes minimum, EMNTSO-E & wiolating IEC standards limiting parmanent voleges at 420 kv [1.06 pu).
ThE mquirement & not accoming to IEC 60071 sEndard on isulation coordination. Hebar ove o lEees

abowe 420 kv [1.05 pu) are only allowed due to their tramsient occumence such as lightning®. Ekctrical
equipments within some 7505 grids am designed fora masximum woltage forcontinuols ope@tion at 420

T ECEI7 1-1mrtick 6.3 7.1: Wolnge higher tena20 kK & accepted © nks ot ind wstrinl frequency for mos, 6052 conds.
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kv, wGE f EURELECTRIC do not accept requirments for power pBnt opemtors that ae not accepted by
Ta0se,

It & impossible to ope@te PGR at low frequency and high whage simulEnecushy doe to excesshe
mragnetic fli ineenerators, motars and tEmsfommes accoding to 1EC 60034°,

For continen@l Europe, the RFG networkoode imposes a volege mee of 0.85 puto 145 pu for 120k 1o
300 kv ends and 085 pu o 1.10 pu for 300ky to 400 kv erids. This mmee & only achievabk with “onload-
wpchamers’ [OLTC) on step-up temsformers. The add tiomal costof such OLTC is minimal in the to@] cost
aof @ power plant. Howewerthe impact on pEnt el@bility is huge. & surey made by CIGRE was publshed in
Ekctra BE_1. Below, the title and the conclusion are wEwW@lized: 41 % ofall failures at step-up tAmfomers
am dustothe OLTC.

Both requimrments lBve not been adequately justified nor has it been shown that ths may bz in line with
existing pmactices atthouehit is co nflicting with IEC standards.

Enquéte internationale sur les défalllances en service
des transformateurs de grande puissance
An international survey on failures
in farge power transformers in service

Rappery lirsd du Orowps de Travel 0610°)
du Coming dErddes 12, | Trane! griataurs]
ublid A ke dernande oy Prdsicent
cu Cometd, M. W DIFTRICH

Fimal report of Wark log Growp 05 %)
af Siedy Commaiceeg 12 (Travuformars)
Publighed at the request aff the Chavman

al tha Commirta, be. B, DIETAICH

Considrant I'emsemble des défwillances, om peut
TATARUEr, U sulEt du peenEF composant impliqué,
gu'eawiron 41 poar cent des defadilances oot && dues

As regeds sorel fellures, & may be moted, with
riferiice 1 the fIRR aemipamear feialend, Thar abeaur
41 percent of frllhures were dus to the LT and abour

19 percenr Io che windings ) e fodlure orffies were
43 perorm! mechenival amd J1 prreent dileoiric.

va CPC et envisom 19 pour cent sux enroulemsnts;
53 pour cest des défailance: ond eu des origises mkca-
abgues #l 3 pow vesl des v ko diSosuiywes,

Altermtive solutiors
As geneml prowsion, WGE S EURELECTRIC propose to limit woltase mmges to mnees cumently in pActice in
sewer| countries so that an OLTC & not needed. Qnly forvery specific locations where the network 5 weak,

wide rwoltEee rEnees are accepEble.

WGE fEURELECTRIC demand to mspect always the mlevant IECsEndamds mganing the up pervolEese limit.

“ Forinstance, RTE [Fance's TS0] ises 420k as sandand for the highest woltnge for owerhend lines 1BC 60060-1 | "Tension B plus
ElEwEE EMtrE phEses pour B omEtErEl (K9 vEEur BFEcE in Fehlerl Verasfsgudle Hovebe nidht gelanden werdan. Feklarl
Warwelsquelle kanmte picht gelurd e werd e, Rekar] eraatzquadls karn e nidat geard e werd e,

@ Faresampe, inSwiternnd ot Bezmugenemtors & BEMG LSO specifications equest Bu'By = Uity w o= 1.1
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WEE f EURELECTRIC recommend also making the \blks 61 and 6.2 in Art. 11 coherent with the wolEge
range imposed by the inneremelopz accod ing to Art. 13,

Costs

The main equipments concerned are the stepup temefomer, the awilary tamformer and the high
woltage equipments in the bay at the powerstation. For existing pEnts it needs to be talen into account
that it & hiehly possible that the tamsformes are gettine bigger that the foundation works and
adjustmemnts need to be mspected & well Furthermore extra costs will pilk up as spae pars aleady
pumhaed and stored for future e will become unusable.

OLTC are necessary o achieve the wolBee @mees imposed by ENTOS E. OLTC Mave 8 huge impact on the
rel@bility of the step-up tmmeformer and should be awoided instrong erids. The time to mpaircan ke till
12 months. The total avaibbility of the e neratine unit will decrease, this influen: ing security of supply.

Fanlt Ride Throo zh

Faults ooc umring on the network, within Power Generating Facilities [PGFs] or within consumer istalltions,
can impact the sec urity of the wider powersystem. ToswER@ENe: the secum ope@tion of the system ewen
incase of faults, measures are necessarny to educe the effects of those faults on the powersupply system.
These measures fall on both the Metwork operators and the Power Genemting Facilities owners.
Fequirements inthe MNetwork code should have the objective to minimize the consequences of oocurring
faults in aneconomically and technically optimsed manner for all imolved sElehoders.

The expected performance of PSMs dunine faults msulting in deep woltas: dipsdus toashart ciruit in the
network & lendled in the fault ride throweh requirments inthe draft network code.

Durine the time needed for the network protection to dentify and ckara shart circuit, the local netwank
woltage will collapse and the PGM will not be able to deliver its electrical power onto the network The
turbine of the PGM still delivers a comstant mechanical power to the shaft of the gepe@tor and the
resufting imbalBnce betwsen input and output power cases a fast accekm@tion of the rotating parts of
turbine and eeperator. ThE accelkm@tion & only stopped by the timely mmowal of the shart ciruit. 1f the
time taken for remowal of the short cimuit & too kg, the acce ke ation will result in the loss of synchronism
of the PG and trippine of the PGM becomes npecessary. ThE maximum time & kpown & the 'critical
clearance time’ [CCT).

The critical clearance time & a physical time limit which depands on:

* thetype ofthe fault

* theseeandthe type ofthe PGM

# the localshor cimuit powerof the network [@aibble dircthy after faultc kamnce]

# the behawiour of other ekctrcal equipments connected to the kocal networ: [Audiliaries,
electmonics, ete.]

* the point of operation of the PGM whenthe fultoccumed (inFfadeemm)

The critical clearance time varies. Lsalvalues are batween10oms and 150ms.

12
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wwhen the critical ckamnce time & exceaded befom the fault & cleared and the woltase restored, the PGM
must disc onnect from the petworktoavoild serows damaes 1o is equipment.

Network Qperator measures: To minimees the effects of short circuit fauls, the Relkwant Metwork
Qpz@tor mst Ewe istalled a proper state of the art network protection system whic b will ersure that
shart circuit faults am clkamd in the fastest time possiblke and in particular faster than 90f of the critical
clearance time.

Fower Senem@ting Facility Cwner measures: Due to the time needed for a circuit brealer to ope@Ete, the
PG F's protec tion equipment must ersume that the command siemalto d Bconnect & issved before the full
critical clkeamnce time & past. Otherwise, the unit will lEve lost synchmnsm before disconnection &
achieved . The PGF owner shall implement a trip time forsuch protection equal to 908 of the crtical
clearance time. This & an essent@] measure to prevent severe dameee and kbng outages.

Ifthe fault cccurs ina end ama with many sienificant sepe@tors and the critical clearance time & not
mespected, then there is @ 5efows security of supply sk

WGE f EURELECTRIC hEwe sot nesgtie feedback from wendos and manufactumrs to desien lame
Benergtors FRT capable witha Z=oms critical ckam@nce time. Forsmaller eenem@tors, this entaik senifcant
ext@ costs for generators, turbine gowernors, enamizing systerms and contml systerms. & Cost Benefit
Amalyss should be performed to compare these costs with the evental costs of upg@adine the Metwork
Qpz@Etors protection systems to ac hieve a faster fault ckarance time. As part of this cBa, the be nefits of
larmonising the Fault Ride Throueh profile across all contml areas has to be demomstrated, due to the
substantial diwersity of the grid protectionsystem design at EU kwel.

Needed justifimtion:

i. The mquirememnt of critical cka@nce time of mare than 150 ms for power pEnts makes only 52 we
for substations where a "t in uit- breake r-failue bac kup” system & irst@Ellked. A5 faras we mow, such
backup systerms are mainy im@lled indo0 ke subs@tions.

Insubstatiors without a “cicuit-breakerfailure bac lup” system, the fault clkammnce time & 130 M6
with 8 modem redundamt protection systemand a modem cimuit- beaker. The clkearmnce time &
determined by:

45 s forthe protect ion device
45 s forthe mec l@nicalact wation of the circuit-brealer
A0 ms forthe arc extinction inthe cin uit-breaker.

Ewen oldercim uit-breakers can achiewe fault clearing within 150 ms. f the circuit-brealer does not
c karthe fault,a back upinthe neghbouring substatioms will ckar the fault after 500 ms or mae.

Insubstations witha ‘i uit-breakerfailure backup® system, a s@te of the ant protection system
and modem cimuit-breaker caneliminate every faultinbac kupin 200 ms. The cleamnce time 51 30
ms as mentioned above. when opeating in backup, the add tioma| time &:

205 fora waitine time pericd after the refsaltotripof the first circuit-brealer
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85 me forthe opening of the backup circuit- brealer.

The total cleamnce time is 200 Ms. IMposine moe than 200 ms effec the ly means that the 750 las
not instalked state of the artapparatis in the substation.

A Bmree majority of power pEnts is connected 1o substations without a8 “cimuit beake rfailure
bac kup® system whemr the faultclkamnce time Balways kbwerthan 150 ms or higher thans oo ms.
only power pants connected to substatiors with a “cim uit-breakerfailure backup® system need a
critikal clearmnce time of 200 ms and nothine mome.

Fewiew of the exsting ratioral network codes shows that neardy all TS0s expect to clear short
cimuits mesultine in sewere wolEee dips in 150ms or kss. ThE w&lue comes from a ghkbal
optimisation performed in the past time where elkctrical sytens wem imeerated, babncing
pzrformances and costs between e ne@tionand tAnsmEson.

Howewer, ENTSO- E has pmoposed in the draft code that PGFs shoul expect severe short cimuits not
b= cleared until 250ms inthe future. The dramatic md wction in performance expected fom the
Network Ope@tor's protection systenms & 8 sgnifiant degradation from existing pactse and as
sewem implicatiors for exstine PG, Despite the common sEtement of all sekehoders for a
150ms crtical ckamnce time, ENTS0-E les mfused durng the Bst FfG Uses Gmoup to set the
critical cleam@nce time to 150ms inall synchronows area except for Mordic, areuing that T30s may in
the future need aereatercntical ckamnce time once again, without sound justification based on
CE&. T506 may currenthly define ST for their ama on a lower keyel as this & a non-exlEustive
requiremert. Howewer, for PGFoWwners it & an undue sk thatthey Eve to expect BrEeroCT in the
future whereby TsOshift costs to PG B withouwt just fication.

The costs for loss of Equivaknt Ope@tine Hour [EQH] are also not corsidered by the code and
woud meanan additional shifting of these costs tothe PG owner.

alterrative solutioms

WEE S EURELECTRIC propose the code to comsider the following walues for the Maximum Ckarmnce Time

synchronos aea Waximum Ckarance Time Waximum Ckarance Time
lithout Circuit Breaker nlith ciruit Brealer Failure
Railure Backup swstems Backupsystems
continemal Europs 150 200Mms
Momic S0Ms 2500
Gregt Britain 150Ms 2000
Ireland 150Ms 2000
Ealtic 150Mms 200
14
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Power by fallin gfrequency
Meeds and feasibility

controlline power with falline frequency cannaot isnom physics applicabk for each type of PGM [BaS
turbines, hydro, boiler, etc]. This requirment is influenced by the size of the headroom.

Forexample,eas turbines:

- maimaining init@l power when the frequency falls & not possible between S0Hz and appros. 49 He
as indicated in the next e@ph [Source: Siemens)

- limitations occur because of “motating s\@I°; compressor pumping can occur depend ing on mtor
spead and other par@meters like ambient temper@ture and output power. it is well known, that
sucha mtatine sall may lead to the disimee@tionofa eas turbine.

Ccommesioning and testing of such systems under real conditions is not possible. The rek exEs during
normal operation to trip the pAnt [meaning a Fast shut Down). Rel@bility of continued ocpemtionat low
frequenc ies a5 to prevail abowe a hisharoutput with kess rel@bility. Futhermore the belaviour of some
tec hnologies at kbwfrequencies depends stromely onambient conditions.

GT powar sitpa

T cpupd g prwe 5]
X
B

AT vl ]

ThE eraph fmmsieme s shows the poweroutput of a s3s turbine at falline freq ue n ies forvarows ambient
tempemtums. The mquirements according to ArtE [Fieure 2] are outlined in this ereph. The conclusion &
that the capac ity dec eases ako for frequencies outs ide the area eq uested by the code.

Altermative Solutions
A5 it is written in MG RfG, ths mquirement allows 1505 to adapt or chenee d mmatically the technical
conditions [“Ageicedititg af this red weiion is limited to @ selecton of o ffec ted genere ton eofnologies end

may be sudiect o fiv ther conditon 5 defined by the Relevent T80 whi'e respecting the prov sions aff Article
3.

comsidenng the necessity to whke imo aoount the physical chemctedstics of the PG and the
emironmental need o maximise is effciency and its power output, WGE J EJRELECTRIC propose tuo
optiors to define the requirement:
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i. a@geperalstatement without values for parameters erantine maximum efficiency and output for
each PEM at falling freq uency

ii. a detailed statememt for each type of PGM requesti|e active power mduction with falling
frequency withwalues for paametars.

Costs

A5 cumenth written, the requirement imposes to operte: a8 gas turbine at about o7 H of its nominal
capacity instead of 1000, themby decresing its efficiency by 1 pemenage pointand resulting in higher
CO2emBssion. Atanaremee price of & EURMWWwh fora CC0GT, ths operationalc omst@int will increass the
price with 0.& EURMWh. For an open cycle 8as turbine, the additiomal cost will even b= higher [@bout 1
EUR/nwwh].

Information exchange

EMTSO-E'S mquiremems reBted to information emchamge [inartick 9.25.d) ae toogene @ becawse of the
binding c l@mcter of the code. Bacause of the nead to lEmMonEe the system ope@tion codes and the
associgted inter Ts0s coordimation, only a 5t of minimum mandatory semk should be defined. The 1Ease
of the dat® prowided by the senals shall be ¢ kardy stated.

Besides, ENTSO-E mquests inartick 10.2.f s specific semak for Fsh monitoring, without considering the
feasibility and the security comstm@ints. WGE f EURELECTRIC' expernence shows that cyber protection or
unce rtainties of the cak ubtion male wsage and mliability of cerain date wery difficult. PSF cwners cannot
geceptdirectac ess by T50s tothe d @il control systerms due to cybersec urity reasams.

The siemak requested by the code shoul be defined ina functioral way inc luding all mlevantcomstraints as
cybersecurity and T50s shall bz oblieed to dEc kse the usage of the semals.

As already mentionad , thE mq uirement will geneate mam misimtepre@ations and d Eputes.
Altermtive solutioms
WEE S EURELECTRIC mecommend a deepercoomdimtion with s kehoders to define a minimum Ist.

Fanlt Recording Device

There & nodoubt about the necessity to mcord and timestamp the electrical siemak at the pant inte rface
toamahyse ek trical fauls and ewents.

All the parameters listed in the code are imended to be wed by the Felevant Metwork Cpergtor or
Felewant TS0 for the assessmemt of PG F peformance. asall performance criteri@a in the network Ccode ars
defined at the connection point, ie. in the HY netwark, it is obwiows that the ilstrumentation should be
installed atthat kcation.

As faras VGBS EURELECTRIC understand, no code imposes TSO to lEve theirown FEUlt Recod ing Device.
It is the responsibility of T5Cs to perform the analysis of grd events and they should use their own
recording dewices todo so.
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Ewen thoweh there & no need to impose PGF owners to lave their own Fault Recorine Devie, WGE J
EURELECTRK mcommend PGG owners to lawe them.

Itshoud be the sok decsion ofthe PGF Qwners to decide toimstall a Faukt Fecordine Device at its premises
to prowide fault recordine and dynamic system behawiour monitorine [not only woltiaee, active cower,
reac the power,and frequency; but alsocument, beaker positions, etc.)

Since

the e ofsuchistrumentation s for the Rz levant Netwo f:opeatar,

the location of the ins@lBtion of the imtrumentation & underthe contml of the Relevant Netwo ik
Ope@tar,

the PGF Qwner h& no equipment beyond the HY conpections of the penemtor stepup
tramsformer,

The irstrumentation required to be istalled for monitorine the fault performance, dymemic pefomance
and powerquality indices should be im@lled by the Relevant Metwork ope @tor to theirown specification.
The & cumenthy the case for the Fault Recomd ing Device Bed by Ts06 for thairown bays.

WGE f EURELECTRIC see the rk that ENTSC- E shifts the cost of the Fault Recordine Dewice from TS5 to
Genemtors. Ths option might ewen be understood §f it was the choice of Natiomal Regubtos and
Authorities. Howewer, there is no technical be nefit from ins@lline such equipment within the PSF and the
data gained from the PG F would be wery d iffic ult to tAnslate to the conpection point leading to d Eputes
and confusion.

altermative solutiors

The Faul Recordine Device shoul be specified and irstalled by TS05 on their property. Recording devices
ame almady insElkd in most subs@ations to ecomr fauls onerid ekments [lines fcables f temwformers).
Fecordine faults in the conpection of @ PFM mears only anadditional mck in the exstine cabinet ata very
0w cost.

Costs

The ENTSO-E solution & not cost optimieed becawse it requires a stand-alone system ineach PGM imtead
of additional equipment inthe fault recording systemof the TS0,

Imjection of Readiv e Corrent by PPMatFaok
Needs and feasibility

short-cim uit cuments allow to detectand kcalee faults ina gnd. The shot-circuit curments ame infpcted by
power pams inthe tAnsmesiongnds and comseque ntly ako in distribution erids. Ingenem@l tANsmMEson
erids are meshed and sophistcated protec tion systenms are in place; d stribution endsare in general mdial
arnd equipped with simple cwe Fcumenmt pmotection systems. The overcurremt rebys odera trp of the
cimuit-breakerat cume s far higher than the mted cument.

Art. 15 allows the mtional authorities to impose for Power Park Modules [PRM) abowe 1 MW 1o inject a
reac tive cument atfaultinthe ne twork. Ths cument & limited tothe mEted ¢ ument.
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The majorcham@cterstic of @ PPM & the inte mitte nt m@tue of the power injection. This would mean that
depending on the stats [injgcting power or not] of the PP, @ short-circuit cument will or will not b=
injected bythe PPM imposing d fferent protection sche mes for the affected grd.

If connected at 050 kevel, WG B 5285 3 numbar of pmoble ms dus to the d Ferent flows of the fault curent
depending on the opemtiomlstats of the PRI, But it is up to DEos to formubte theirpointofyiew

Ifconnected at Tso kvel, ths featum has serse, but the specificatiors of 10 meand 60 Ms in Art. 15 .2.0.2
ame not realstic accond i to imMformmation fom WESTAS and GE. It is true that GE made some experiments
achieving 10 & maction time period, but thE wa under welbdefined srid conditions without amy
pE@EMee that it is ako applicablke to industral grid cond tioms. The comment of 8 manufacturer was
simple: “with a time pariod of only 10 s, | fearto inject flicker intothe grid®. Ths prowision B not feasible
for wind pars connected at TS0 level because the spacificatiors ae not according to proven technology.

Altermative solutiors
WEE f EURELECTRIC support EWEA proposalforart. 15.2.b.2:

“Ihe Fower Park Module [ shall Be ¢opable gf providing of least Q0%agF 1y addtonnl peactive Cloverd
fsthive sequenie of e fleadmaeria ) Wit ahime pertod spefied & the Relevergt TEQL wioch sPoall st
& less taan 00 millseconads The harget valy of il addovwal pecctive Clopert [ 7 shall B pea ed with
@ e aracy gf - IO+ 2026 g raded coved) witton J00 w disec ovads from the momernt the voltage deviation
Fuas oo urredas fuether specified [

Below 411 Yoaqf Far petaedvoltage, reackve ¢ Loverd siull e supplie dos for s Scfecally feasile ™

Chan ges to, Modernization of ar Repla cement of Eqoipinent

EMTSO-E'S requirements [“thenges o, modernisa fon and replecerment™ Art.10.6.8] are not propotionate
and are mixed up.

First, it should be the resporsibility of the PGF owner to inform the Relewant Network Opeator
[RMO) on the functiomal c ke nees/mod e misation /e pece ment of equipments.

Equipments are chamged  uperaded either to maintain the pBnt systems with the same functioms
and performances [re pbcememt] orto ghie the plantsystems new functions and new performances
[mademiation]. Therefore mplcementand modemisationcannot be comiderd atthe same kvl
inthe code whencamsidenne complance to the req uire ments.

MEED FOR MODERNISATION

Itis unlikely that the RNO Fas the expertise 1o assess the impacts of a retnofit on the performances relbted
to the MC RfG. mModemisation & needed for functional reasoms or for solving tec hnologyfindust rial
obsokscence.

This impact assessment of the modemEation should b= a PGF owner responsibility. If the modemisation &
cawsed by obsokscence and leeps the performance unchanesd, there B no reason to request the
compliance with the NS, Mode misation does not cl@mee the desien bases of a PGF and themfor the
tec hnical bass remains the same, when forexamplke the vwolege mgulator or the block potection needs to
b= mplced. The tec hnical capability is unchameed in that case, themodymamics, turbine, senemtor and
main trensformer re maining with the same behawviour.

REPLACEMEMNT QF EXISTING EQIIPMENT WITH SP&RE PARTS
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most of the exEting Bepe@ting unis have standam eed components built with sEndardeed pars. PGo
hewe bowght spare components to reduce the outaee durdtiors and often pools of spare pars from
manufacturers of identical desien fEve been omered to cower the PGM flets. Desining changed
repBcement parts, if possibk at all, 5 expensie and will @ke bne delbery times!

hainky, these components hawe been bought at the commEsionine date of the power pent and were
compatib ke with the nstandamds wsed by grid components.

There & no nead to mquoest “the se of exsting spare components thet do not comply with the
Equirements fBs to be sareed” unkss it hEs beenevidenced by the RMNO that the absence of retrofit will
kad to cross border issue or to system sec urity threats. However, inswcha case the relevant requirement
of the M for FfG would lave to bz adapted to exitine plnis accordinge to the prowisions in ar. 3(2].

comsidering the “cost balanced” concept brousht up in artick 4.2, it is imeresting to notice that no
stakeholder las mquested during the consultation “the wse af existing spere companents By 7505 on grid
g men s that ore Notrompatibe with the reg wirements ooplicodle for genero o s has to be eqreed iy
the stokeholders”,

altermative Solutions
Topropose 8 new wnting for At 10068

Yiith rege rd o modernioe fon of equigment of Power Genece ting Modoles, eny Power Genera §ng ooty
Cwdier intending o chenge oot end eq wiment gff the Power GEneroting Modo'e that may hove on impact
o the grid cannecion end on the interoction, sueh 05 triNnes, of Emo s, con wrters, figh valtege
e g rren &, iraection end contral Risterns (erdwere end mftwe e ), shell natfy in edvence (in ecconde ace
with eqreed or decided netonel Gmescales) the Relevent Netwovd Opere v in cose it /5 reasanalle to
ferexe the t these in tended che nges may affect the fwifiliment af requirements gf this Netweork Gode and
shall, white resgecting the provi sions af Article X'3), egree o these req wremen s 2 fore the propasels o e
implemen ted with the Releven tNetwerd Cpere v in coording 5on wi th the Relevent 750

with reqerd o replecerment af e wipmment or to wse gf spere parts i1 Power Senergting Modies the
comience with the req uirermen &5 will naot be reg vexed i the newequigmen thes the sarme functions end
performance s

Categorisation

Except 8 few pameraphs in Art. 3.6, there is no document dscussine the allkcation of mquirements to
categornies, noc karexpbration of the wage of catesones insystem pBnnine and opemtion, and no sound
definition of category c hoices and thresholds.

How “Paver Genera ting Feciity Cwner s shell o555t ond con GiboEe 0 this determin etian of the thee shald
ond grovide the relevent dete o5 reqoested By the Relevent 750° if they do not hawe amy wiew on the
chaoices atthe origin of the thresholds inTable 1 and on assocated reasoms?

The FAmework Guidelines ckardy s@te [in 21) that: ¥ e netwont code(s) shell specify the critecie and
me thadalogy for the definiton af sanificent grid wsers.” The definition of “sienificamt® & ex@geem@ted for
Type & Benemtor [MPower Senere ing Modole which isdeemed sgnificon ton the bessaf itsimpe ot on the
crossbarder ystem performence v i floence® | unkess it & prowen thet a eroup of dential generators
hawing the same frequency behaviour can represent a clkear threat for systems\bility.
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The methodology a5 described in the code to dentify sienificant senemtors & too wague, Enores the
woltage kvel at the connection point below 110k for the categorsation and assumes that amy kind of
Benerator =800 W) B supposed to become a threat fortbe systam sac urity, whic his obwiosly excassie.

Twia MRIMG is5uUes arEe on the clxssification of PG W

i. Comrany to the ACER'S Framework Suidelines the cBssification of seperators does not
comsider  woltame a5 & criterion for the  chssification of  PGML
Asmallc bBss B generator (2 W] will b2 connected at medium woltEgs ends and a medium
clms B[40 mvy] senem@tor will connected at hieh woltage erids. Themfom unique
requirements such as FRT for type Bsmall and for type B medium genemtion are not
possible.

Accoming to curment practice, woltaess: varations in mediumwoltas: grds are limited to-4%
to +4% becase the Eumpean siEndam ENSOLGD has to be espected also for low wo lmee
comsumers [@lso additional voliEge warnations in the low wolaee erids apply for those
COMEUMers). Consequently imposine dentical wolEee mmes for sene@tors connected at
medium woltage and a high wolaee will impose examgermted mquirments for mediom
woltage connected Bene@tors.

The jstification of the peed to impose FRT to all Type B senemtors & weak. During the
stakeholder eroup at ENTSOE on 221,22, maps of Germany, Fance and the UK werne
shown with simubtioms of voltage durine a fault in the 400 ke grid. ENTSC- E has used these
maps to justify the necessity to request FTR for Type B Bene@tors. Ths methodoloey & not
relevantto impose the FRT betaviourof Type B PG M. Most of these PG M ame connected to
lwervoltage kvek sepamted by one or s2ve @l tAmfomes from the 400k grid and the
woltage of those grids remairs higher during a fault in the 400 kv grid. Heher voltages in
lowser grids we e also mentioned during ths pesentation by ENTSOE on follawing slides
but were not m@Eined inthe fimlconc sion.

ii.  The thresholds pmoposed in Table 1 appear too low when considering ¢ mss border Esues. 15
it absolute by necessary that all PG incontinental Eum pe ereatertf@nl pwshall be FRT-
capable? Is it absolutely necessary thetall PGM in continemal Europe eeater than 75 v
hawe the full features, ewen if they are not connected to intemonnectors or o HY
tackbones? Theshods leve not been jstified and “no sienficant test” ha beenapplied
for theirse ke tion.

The pmcess to define eperators’ catesories seems an open attempt from ENTS0-E to Bke control of all
new EU eenergtors from ooy tod 700 vy, Wwithout justifyine the basik needs and benefis. alleenem@tors
ame mquired to impmye their performances. Does ths fit with the propotiorality require ments?

Retroactivity

Bacaise of the uncermin methodoloey of CEA, the mtroactivity process as described in arick 3.2 shoud
b restricted only tocases prewentine sevemr system security threats. sehkeholders do not haee any idea if
ther will be needs, pow or later, o upgrade exBting generation. t & unclear why, on a specific
M quirememt, retroact i ity Wwould be requested inape country and notin the neighbounne sEtes.

EMTSO-E ha often mentioned the rek of system blac bout to justify the mquiemems and the need for

compliance. WG B f EURELECTRIC would like to underline there 5 no obyios and no immediate direct link
betwean the poncompliance of one ora few PSR with particubr requirements and a severe ekctrical
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system event. Tsos Mawe to pBnand ope@te the system with contingencies (M1, etc] accor ine to their
knowledge and their confidence in PGM performances. The comtingencies are wmed to cover uncetaint ies
amd local temporary noncompliance. when considering the fist phase of CBA process, TS0s shoud be
oblieed to assess cliff effects [or scale effects] when thinkine about mtofittine exsting PGMs. such Bok
woukd besimibrto the Bekof significance tests inthe FRG MG dewe lopment process.

Alte rrative Solutions
WEE f EURELECTRIC propose the code to intee@te:

- A restrction of retroact e application tosystem security threats
- Aamom dem@iled CBA methodology indluding inwolvement of stakebo Hers in first phase, senifiance
tests and cliff effects.

Legalizm ez

i. The impkmentation of the prowsioms will bz diffic ult and will generate 3 sever adminstathe
burden due to the poorquelity of the comsulation:

1. asall prowsioms can be mod ified every three yeas, no elE@Ntees exit fora bsiness
pen cowenng the total lifetime of a PSF.

2. A& request for derceation can only b= submitted by the PSF operator, not by
manufacturas. Ao 3 claxs-demeation & not allowed even where extermal meulations
impose more strineent mquirements [2e. nuckar, pd o). Because mMaEMY requiements
am not applicabk to nuckar technology, goine thmueh local demeatiors  for
standardeed pBnt will ceate 3 kot of add tioral, awodable md-Bpe. Chss-deroeations
shaul therefore be possible.

3. Inorderto be proportioete mear ine the system needs and to awoid dEcrimirgtion, the
mpegted compliance proced ue throvghout the [fetime of @ PGF [(art. 35.2] should @ke
pbce at the same rhythm and not more fequently then every 10 years for all PGF
OWIN&TS.

ii. The MC Ffiz and the Frequently Asked Questions, 19 June 201 2 paee 18 stipulate that the public
consulation will b2 camied out by the T30 immtead of the NRA. &5 an interested party, the 50
cannot be the comect party for the comulation or indeed for the CB& which oweht to be
underaken by an inde pendent bod w ap pointed by the Mational Regubtory Authority.

Miszing reqoirements

i.  The FG 2.1 stipulates larmonisation as far & technically possible and economically beneficial
throushout the EU. At kast the values of paameters decided by the mational T0/MRA should
require coomdirgtionat synchronos level.

Altermative Solution:

ART AT

3. Where in thiscode, the determine ion gf the terrms en d conditions for connection end eccess
ta ne twanks ar the me thadalog e s ta estmbiish thern sl be st by the Wotono! Keg we tony
Authorities, o any gther entity desgne ed by @ AMember Stele in complionce with Cirective
2009724 EC, it shell be mode in olose cogperoion with the neighbowing Wo tional Keq oe tony
Auvthorities, o any other entity desgne ted by @ Member Stete in complionce with Cirective
2008, 7EC, af the ;ynckronows areg and it shall be sobect o prior podic conso'te fon af the
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invaived siekeholders end @ wior recormmen defon gf the Agency, in ecoardence with the roles
of ng tonel o w implernenting O ecti v A0S/ 73EC, and with the principes gf tensparency,
Propartionality and non -discriming fan.

. ANy decision byog Network Cperotr other thon the Relewont 750 ond eny egreement
between @ Metwork Opersbtor ather then the Relevent TS0 end @ Pawer @Enereing Focility
Cwmer shel be epproved by the Relevont Motone! Reqole vy Authority porscent moothe
incig'es af the previouws pare gregh af the present Article ond shall e exercised in complie nce
with end respecting the Relewant T50's responsitility o enswre 5 5Em sec o by o ceovding to
netonel legisle tian. Forther deteds ta enswe this princige mey e specified either &y no Gonal
legisation or &y eareements between the Relevent TS0 and the Network Opert Vs i its
Contrel Aree, 05 the cose may be.

5. When this e twort Code exoblishes thot @ req iremen teen o sl be egeeed, the TsOcan
determine thisreqoirerment if ne tione! low essigns it ta the 750 end such on essgnment wasin
plece o tthe dete af the entry into foree af this e ok Gade ™

i. A description of all demeations & not public by available. The & a wicktion of the prnciple of
Yopenness of Bovernment®.

iii. More eenerlly, when comsidenng system ewolution, there & a big sk of lbts of derceation
durimg the implememation phase™. To mEle maEtters worse, no chames process hEs been
idantified thatcoud open upthe code for futume ada pationor evolution.

. W2 am mEsing @ mquirement for T50s to coonrd i@te tEmspare ntly when implkmenting the
code [principke of opennes of eovemment].

W The netwarkcode must aim at striking a balance betwee nac hieving heh cwe @l efficizncy and
lowsering the total cost for all involed stekehodes. Mo impositions for Ts0 ame described in
the network code relbted to wolEse regubtion capacity [the woltEge can be regubted by the
peFand by the TS0/ Ds0).

wi.  Artick 10.2c4 is an emcellemt example of unckar provision: “The Frequency Response
Cen diend af Freq vency dewWetion end Croop ere selected By the TS0 and most be oble o be
resslected suiseq vent'y (without reqoicing i@ e online or rermote ] within the given fremes in
the o e 4.7
In 3 general way, the process allbwine T35 10 mselect parameters shoukl eamntee the
technical''and the ind wstrial feasibility,

Condnsions

Ths paper has highlehted some cruc@l mquirements stemming from ENTSO-E dmft NG RfG that
Benargtors feel particulardy strome about. Takine a pre-active stance and using concrete evidence from the
FfiG code and avaibbk infformation as muc has possible, the papershed liehts onthose requirements which
am:

"“come enEting prowkions Be out of the mnges proposed by ENTSO-E, for easmple the fault ride though Teear peemeter in
Pobnd which £ 120ms . bebow the proposed mnge of 140-2 30 . The second sente ne of the grey bulet on page 24 of the
document*Fequirmentin The ComeatOfPresent Practies - appean © be incormect.

For imtance, depend ing on the technobgy B droop walue may be applinbe to swith from normal opemtion to 5B ing
opEmtian.
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+" Mot tec hnically feasible (e g. mactie powsr @nges)

+ Contradicting equirements cont@ined in other network codes being dewveloped by ENTSCHE [28.
frequency mmges forlimited time period of opemtion)

v PutdEpmportiom@te burdens onto power sene @tors - wit hout achieyine soc k3l be nefits such as
increased ml@bility of the grid, bence med weed rskof blaclous (=g woliEge EMEes]

+ €an be re-drafted taking into account a fAirer budensharine between PSF owners and T505 [=8.
fault recording devices)

LEER AR LR SR LR NN R R LLES LY YY)
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GLOSSARY

CE& Cost Benefit ArakysE

et Combined Cycle Gas Turbine

CIGRE comseil Interratiomaldes Grands Réseaw Electrig ues
oM Deutsche Institute fiir Mormune
ECQH Equivalknt o peratine Hour

FRT Faul Ride Throweh

FSh Frequency Semit ity Mode

1EG Intermatioral Ekctrical commision
Tl TizEa violt Amps

NR& national Regulatory Authornity
QLTS onload TapchEmer

FSF Fowlersenarating Facil ity

PG M FowierGenarating Miod ukes

FPM Fower Park odule

RO Felevant Metwork Ope@tor
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FOWERTECH Enargle. Wazser. Laban,

Stellungnahme

Technische Netzanschlussbedingungen fiir

Stromerzeuger

EMTS0-E Nawork Code on Requirementsfor Grid Connection
spplicableto all Generators (RG]

Berlin, 6. April 2013

BDEW Bundesverband der Energie- und Wasserwirtschaft eV,
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FOWERTECH Emargle, Waiser, Laban,

fusammenfassung

Die won den europdischen Obert agungsnetzbetreibern ( ONE) verfolgte Linie der Ausgestal
tung der Network Codes und insbesondere des Nebwordk Codes on R equirements for Grid
Connection applicable to all Generators (NC Rf3) st aus Sicht der dbrigen Mak teilnehmer
nicht geeignet, um die edforderliche Transformation der Stromnetze und des Maditd esigns im
Zuge der Energiemende zu unterstitzen. Der Entourf gehtinseinen maximal mdglichen
Anforderungen deutlich dber die won der EU-Richtlinie gefordeten Mindestanforderungen
hinaus. Es drohen zus Stzliche Belastungen wor allem fir Krathwetis- aber auch fir
iereilnetbeteiber durch zuweitgehende technizche und birokr atis che Worgabeni(zB. an
die Motifizie rung).

zleichzeitig s chrinken detaillierte technische Worgaben an anderer Stelle den 5 pielraum fir
manchmirts chaftliche Lisungen ein —u.a. bei der Bereitstellung wvon Blindleistung oder Regel-
BrErgie.

Lrie Kosten fir diese zus dichen Belastungen kdnnen die Wirks chaftlichkeit fir Nevanlagen
und — soweit zutreffe nd — auch fir Bestandsanlagen dedtlich beeintr dchtigen. Damit besteht
die Gefahr, dass Investitionen in Meuanlagen und zur Modernisiarung won Bestand=sanlagen
won wornherein unterbleiben.

BL BN und %GB PowwerTech plidieren daher bei der nationalen Umsetzung des NC R da-
fiir, die Wargabe fir die Ans chlussbedingungen von Stromerzeugungsanlagen an folgenden
Frinzipien zu orientieren:

*  Metwod Codes sind auf die MindestWVorgaben zu beschranken, die fir die (grenz
lberschretendes) Systemsicherheit europaweit zvingend efarderlich sind. Anforde-
rungen, die neusind oder von den bislang gettenden Regelungen abweichen, zind
amingend mit einer umfassenden kostern Mutzen-Anahyse zu begrinden, die Fegen
stand einer dffentlichen Konsulation sein muss.

* [ieFrage der Kostentragung fiir die Anforderungen aus dem MG Rfiz ist im Gesamt
b omple: mit zu betrachten.

*  [DieVeranbwortung fir den stabilen Metzbetrieb und die dazu eforderlichen Netzan-
schlussbedingungen sollte beim jeweiligen M etzbetreiber liegen (unter Beachtung der
EU-weit gitigen Mindest-Yaorgaben).

TinIvm F
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FPOWERTECH Enargle. Wassar. Laban,

1. Anlass

Im Rahmen der Umsetzung des 3. Binnenmarktpak et (Werardnung (B N 7120097 und
der ACER Frameawor Guidelines Grid Connection wom 200 Juli 2011 hat die europSische
Wereinigung der Regulisrungsbehdrden ACER die europdizche Wereinigung der 0 bartra
gungsnetzbetreiber EMTS0-E aufgefordert, den Entwurf fir einen Metwak Code zu den
technischen Metzanschlussbedingungen wvon Stromezeugungs anlagen (Network Code on
Fiequirements for rid Connection applicable to all Generators (R, kurz MG Rfi) zu erar-
beitan.

Ziel des NG Rf ist die rechtlich bindende europameite Harmonisierung der Metzanschlus s-
bedingungen fir alle Stromerzeugungsanlagen, die Erhdhung der Systemsicherheit auch bei
einem wachs enden Anteil fldituierender Einspeisungen durch Erneuerbare Energien sawie
die S5tikung des europdiechen Binnenmarktes. Dietechnischen Metzanschius s bedingung en
zaollen fir alle Antenwon Ereugungsanlagen (fossil, ndilear, erneuerbar) getten, wenn auch
differenziert nach Leistung und Spannungsebene der Einspeisung. Won den Regeln sind Be
standsanlagen nur betraffen, wenn die jeweik zustindige Regulisrungsbehdrde sinem ent
sprechenden Antrag des Metzbetreibers beziiglich einzelner Anforderungen zustimmit.

2. Stand der Umnmsazung

Mach einem mehr als aweijdhrigen Dialogprozes=s, der won BOENW und W3B PowverTech i
tenziv begleitet vuurde, legte ENTS0-E den Enbourf eines NC RfG war, der im Zeitraum wom
2401 2012 bis zum 2003 2012 konsultiert wurd e,

Crer ungeachtet der Gber 5000 im R ahmen der Konsultation eingegangenen Anmekungen
nur in Teilen dberarbeitete Entourfworde ACER am 13, Juli 2092 won EMTS0- E worgelegt,
um wor dllem die Wersinbateeit des Enbwurfs mit den Leitlinien zum N etzanschiuss (Frame
ok Guidelines an Grid Connection) dberprifen zulassen. Im Ergebnis wurde EMTS0-E
durch ACER in vier eher untergeordneten Purkten zur Machbesserung des MC Rfiz aufgefor-
dart.

Mach giner erneuten StaieholderkKorsultation hat ENTS0-E ACER dann am 12.03.2013
einenin den angesprochenen Purkten dberarbeitetan Enbourf des NC R dbermitte it

Ende M3z 2013 hat ACER den Enbourf mit einer kurzen Bewertung an die Europ §ische
Fommis=zion weitergeleitet, die nach Prifung und Begutachtung durch ein Kons orium wvan
Cow'l und DHWEHEMS ein Komitalo gie-YWerfahren zur endgiiltigen Werabschiedung durchflibe
renwird.

it einem Abschluss des Werfahrens und damit der Rechtswirks amkeit des MG Rf& st An
fang 2014 zu rechnen.

Die Um=setzung des NC R in die nationale R egulierungs praxis der EU-Mitgliedstaaten er-
folgt durch die einzelnen OMB nach der Senehmigung durch die jensilige nationale Regulie-
rungsbehdrde.

Tmim3 von T
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FPOWERTECH Enargle. Wasser, Laban,

3. Inhaltliche Bewertung
3.1 Generelle Einschatzung

Der HC RiG zollin Obereinstimmung mit den Worgaben won ACER verbindliche Minimak
Anforderungen an alle Erzeugungseinheiten in Europ a definieren, wie die Bedingungen und
“Wiargaben zum Werhaten won Krathwerken bei Frequenz und Spannungsschmwankungen,
Kumzschlissen, Lastspringen, Schwarzstartfihighed, Inselnetzvarhalten und vieles andere
mehr.

Lrie won ENTSO0-E(F assungwom 8. MErz2013) am 12, Mz 2013 an ACER ibergebene
Fassung des MC RfE rdumt den nationalen UM B zwar im Hinblick auf die wesentlichen A
farderungen Spielrdume ein. Allerdings stellen einige dieser Arforderungen auch unter Be
ricksichtigung der Spielrdume, ungeachtet dervon vielen Seiten im R ahmen des Korsultat-
onzverfahrens ge julerten Kritk, aine deulliche Werschifung gegeniber dem in Deutschland
[Transmission Code 20071 und den in anderen europ dischen Lindern geftenden Wargaben
dar. Insbesondere kdnnen wweder Meuanlagen, die mit heute am Marktwerdfdgbaren Kompo-
nenten errichtet wirden, und erst recht nicht Bestandsanlagen den ma<imal maglichen tech-
nischen Ansprichen gendgen. Widrden ferner diese maximal maglichen Anforderungen auf
Bestandzanlagen angewendet(saweit te chnis ch dberhaupt méglich), missten diese in gro-
Bem Umfang nachgeristet werden. Anderenfalk liefe der Betreiber Gefahr, dass der Netzbe-
treiber die Stilllegung der Anlage em@vingenwiirde.,

Ireges amt besteht der Eindrudd, dass sich die bes chrisbenen Methoden, Verfahren und Vor-
gehensweizen zumeist einseitig an den Intereszen der Ubertragungsnetzbetreiber arientieren
undweder den Interassen der krathwetsbetraiber, deren Anlagen im Obertragungsnetz an-
geschlossen sind, noch den Anforderungen der Werteilnetzbetreiber mit einer Wiekahl kleiner
und mittlerer Erzeugungsanlagen angemessen garecht werden.

Fiir die endgiftige Bewertung der Auswirkungen einer Umsetzung des MC Rfiz in seinerwor
lizgenden F azsung bleibt abzumarten, wie die demtzchen OH B ihre Spial dume zor F estle-
gungkarkreter Mierte bei dar Umsetzung des Codes nach der Genehmigung durch die BHet-
zf nutzenwerden. Bereik jetzt aber ist edoennb ar, dass beziglich der zwingend aus dem NC
Rfi zu dbernehmenden Anfarderungen fir extreme Frequenz- und Spannungsbereiche und
fiir die Blindlzistungsbereitstellung bei Meuanlagen mitWerscharfungen zu rechnen sein wird.
hiii glichenneis e nerden diese erhihten Anforderungen nach Antrag des ONB und & enahmi
gung durch die B egulierungsbehdrde aber auch auf die Bestandsanlagen Gbertragen.

22 Anwvendungsbersich

Angesichts der Komplexitit des Themas dienen die Ausfihrungen in diesem Kapitel neben
dar Kommerntierung auch der Darstellung des zachlich-inhattlichen Zusammenhangs aireek
ner Aspekte, auf deren Grundlage dann im folgenden Kapital die Bewertun g worgenommen
wnird,

Crie Anforderungen des NG Rf% gelen laut A 3 fir M eu- und Bestand=sanlagen. Bei letzte-
ren allerdings nur in dem hdalk e, wie dies die janeilige nationale Regulierungsbehirde auf
Vinrs chlag desfder betretfenden UMNB nach einer dffentlichen Konsultation entschieden hat Im
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Hinblick auf das Ausmalk der jereiligen Anforderung unters cheidet der MC Rfe die Anlagen
nach Artund Leistungsgrile der Erzeugungseinheiten (Anlagen von Typ A bis I mit unter-
schiedlichen Leistungsbersichan je nach Netzregion) baw. nach Arschluss an das 110 k-
Metz oder eine hidhere Spannungs ebene. [ ariber hinaus differieren in den finf Netzregionen
Continental Europe, Mordic, &reat Britain, Ireland und Baltic gemd®k NC B3 noch weitare
technische Worgaben an die Erzeugungsanlagen- beispiekweise beziiglich der Worgaben fiir
zulds=ige Frequerzabmeichungen.

Im Rahmen einer detailiert festgelegten Compliance- Prifung missen alle Ezeugungs einhei
ten den M achweis erbringen, dass sie die jeweils fir sie gettenden Anforderungen des MC
Rfiz einhalten. Auf Grundlage dieses Nachmweises erhatten sie eine Motifizierung zum Betrieb.

Wor Anwendung des HC RfG missen die QN B in einer Viekzahl von Fillen die Anforderungen
fiirihre eigene Regetzone weiter spezifizieren. F ir D eotschland kénnte dies im besten F all
bedeuten, dass die neuen technischen Anforderungen im Wesentlichen den Anforderungen
enteprachen, die bereik im Transmission Code 2007 enthalten sind. Ausgenommen sind die
Aingend wargegebenen B egelungen fir das Werhalten von Anlagen in extremen Frequenez-
und Spannungsbereichen sowie in Bazug auf emveiterte Bereiche fir die Blindleistungsbereit
stellung: Hiersind fiir N eu- wie fir Bestandsanlagen Anderungen zu enuarten.

Solten die deutchen OMB dbar die Worgaben des bislang gettenden Transmission Codes
hinausgehen, =0 geften die neuen Anforderungen zun dch=t nur fir Meuanlagen. Im Hinblick
auf die Amwendung dieser erhdhten Anforderungen auf Bestandsanlagen zind die OHE an-
gehattan, zundchst eine qualitative Kosten- Nutzer- An alyse durchzufibren, in deren Rahmen
auch attemnative MaBnahmen, z.B. auf Seiten des (MB selbst, zu bawerten zind. F il diese
positir aus, erfolgt danach eine umfassende quantitative Kosten Nutlzen-Anatyse (CEA). Der
(INB hat daz Recht, zeinen Yorzchlag fir eine Ammendung enveiterter Anforderungen auf
Bestandsanlagen, die er nach Anlagengrifke, -typ oder -standort differenzieran kann, nach
erneuter Prifungzu dndern, so dass dann Bestand=sanlagen zus =iche Anforderungen erfik
len mizsten, dies jedoch nicht Gfter als alle dreidahre. Gleichwohl sind mit einer solchen Re-
gelung erhebliche Investitionsunsicherheite n verbunden, wenn zich die gelbenden Anforde-
rangen in o kurzen Abstinden dndern kénnten.

Gemal At 323 sind im B ahmen der Kosten Hutzen-Analyse dem sozio- & onomischen Nut-
zen eines geringeren Rk os won Wersorgungsunterbrechungen fiir das Gesamtsystem wvor
allem die Aufiwendungen des Anlagenbetreibers zur Erflillung der jaweiligen Anforderong
aber auch die Kosten atternativer Lisungen gegeniberzustellen. 0 2= Ergebnis dieser CBA
zaoll in einem Bericht zusammengefasstwerden, der dffentlich zur Korsultation gestelttwird.
Lieser Bericht und die Bewertung der eingegangenen Kommentare bilden die Grundlage der
Entscheidung durch die Regulierungs behirde. Stimmt diese zu, miszen nach einer Ober
gangszeit alle Bestandsanlagen ertsprechend angepasstwerden.

Irsoweit der MC Rz auf Bestandsanlagen Anwendung finden soll, kdnnen die Betreiber wvon
Stromerzeugungsanlagen beim zustindigen Hetzbetraibar auch individuelle Ausnahmen fiir
eirzelne Anforderungen be antragen (A, 521, Der Metzbetreiber prift den ent prechenden
Antrag und gibt auf Grundlage einer Kosterr Hutzen-Analyse innerhalb won sechs Monaten
aine Empfehlung an die zustindige Regulierungsbehdrde ab, die dann innerhalk von drei
Monaten dber die Ausnahme entscheiden muss. Diese individuelle Ausnahme unterliegt je-
doch k einer dauerhaften Bestands garantie und kann wom Regulierer jader=zeit begrind etwi-
derrufenwerden. Bei Nichteinhattung des NC R in einzelnen Purkten, die nicht unter die
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generelle Michtarmwendbakeitfallen, missen Bestandsanlagen innerhalb won 2w G Monaten
eine individuelle Ausnahme beantragen. Danach ist dar Metzbetreiber berechtigh den Weiter
betrieb der Anlage zu veneigern.

3.3 Bewertung aus BOEWMNEBG PowverTech- Sicht

Aut Grundlage des NC Rf® inseiner deituellen Fassunghkénnen die OB den Betreibern von
Stromerzeugungsanlagen urwerh dltnism 3k ig hohe Lasten aufbiirden. Weder Bestandzanls
gen noch mitheute am Mattwerfighb aren Komponenten errichtete Meuanlagen k dnnen nach
bisheriger Einschitzung die im jetzigen Entoorf formulierten, ma<imal méglichen Anforderan-
gen an Lastspringe, Kuzschlussfestighet'F ault Ride Through oder Frequenzstabilizierung
erfillen. Eine Begrindung fir diese Anforderungen, die das technisch sinmvolle und teibveis e
lberhaupt realisierbare ha dberschreiten und die Wirsch aftlichkeit der Anlagen reduziaren
kiénnen, Et ENTS0- E schuldig geblieben, obwohl dies in der ACER Rahmenrichtlinie gefor
dertvurde. Dabei argumentiert EM TS0- E mit dem Werurs acherprinzip, obwohl jedoch der
Auszbau Erneuerbarer Energien ak Grund fir steigende Anforderungen genanntwird, be-
schrdnken sich die technis chen Anforderungen an diese Anlagen auf ein Minimum, wihrend
korrentionele Krafiwerk e massiv belastet verden.

Crie Fritk hirsichtlich einer fehlenden Begrdndung fir dbermdkig erhihte Anforderungen gitt
insbesondere auch fir die Blindleistungsbereitstellung. Sie wird zum Teil in einem Umfang
gefordert, der zum einen heute technis ch nicht darstellbar ist, und zum anderan unter be-
stimmten Umstdnden sogar kantraprodulitio fiir die M etzstabilitdt vodre. 0 ardber hinaus sind
die im MC Rfiz werbindlich festgelegten Anforderungen an die zeitliche Peformance der
Blindstromeinspeisung im Falle eines Netzfehlers in umrichtergesteverten Erzeugungs anla-
gen (typisch fir Photowoltak) selbst unter rein theoretisch-mathem atischen Betrachtungen
nicht um=zetzbar undvwirden in den Stromnetzen zu urzulissigen Ricdowit ungen (Flick )
filhren. Entgegen den Forderungen der F ramework uidelines nach einer Abreichungsana
lyse hat ENTS0- E diese Ausdehnung der bisher gettenden Anforderungen nicht begrindet,
war allem fehlt die geforderte Kosten-MNutzer Analyse.

leichermaten gilt dies fir die Ausdehnung der Anforderungen an den Betieb wvon Erzeu-
gungsanlagen in e<tremen Frequenzbereichen. So midssen Krathwerke zukdnftig in der Lage
=ein, auch beiFrequerzen von bis zu minim al 47,5 Hz mind estens 30 Minuten am Netz zu
bleiben. Bislang waren ez nur 10 Minuten. Diese Worgabe [3s=t jedoch die physkalischen
GesetzmdBigh eiten der krathwe sk omponenten unberidizichtigh, z.B. den Leistungs abfall
won Pumpen und Liftern, und ist, weenn ibarhaupt, nur dureh eine O be rdime nsioniering der
krafbweisk omponenten, verbunden mit deutlich hdheren Kosten und nigdrige re m Wikungs-
grad, umsetzbar.

Die detailliertan Worgaben der UNB greifen zudem erheblich in die Veranbuotlichiceit der Wer
teilungsnetzbetraiber ain: Im M C Rf fehlt die k lare Aus=sage, dass der zustindige Netzbe
treiber fiir die Betriebsfihrung seines eigenen Metzes werantwarlich it Mit einem direkten
Zugriff des Ubertragungenetzbetreibers auf die Ezeugungsanlagen am Verteilnetz kann der
wer antwortliche Werteilungsnetzbetreiber einen sicheren Metzbetrieb nicht mehr gew dhrlais-
ten.
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Lrie in diesem Zusammenhang gewdhiten Defintionen sind nicht eindeutig oder unwollstandia,
zo dass rechisfreie Bereiche bestehen — zum Beispiel in der Frage der Benennung und der
Zuordnung von Werantwo tlichkeiten zwis chen dem Yereilungs netzbetreiber und dem Ezew
ger beim Netzanschiuss einer Erzeugungseinheit. [ as betrifft insbes ondere die Festlequng
des Ortes, fiir den die Umsetzung der Worgaben nachzuweisen =t bz, eingefordert werden
kann:

*  Unklare Zustindigieiten kdnnen im Esremfall dazu fihren, dass nobwendige Anfor-
derungen nicht umgesetzt werden und damit zur Systemunterstitzung nicht zur Wer-
fiigung stehen.

* Zumindest besteht ein nicht unbetr dchtliches Konfliotpote nzial bei der Um=setzung
wan Anferderungen, wenn der Erfillungsort fir die Worgaben im konkreten Fall nicht
=0 eindeutig bestimmtwerden k ann, wie da= nach den derzeit in D eotschland geb
tenden Regelungen miglich ist.

* Ohne die eindeutige Festlegung des Erillungsortes kann auch das Zedifizierungs-
wverfahren zum Machweis der Konfor mitdt nicht furktionieren.

Iri et die OMB bei nationaler Ums etzung des MC RfE die in Deutschland getenden Re-
gelungen in dar aktuellen Fassung beibehalten, ist offen. Entgegen den bisherigen Stellung-
nahmenseitens ENTS0-E istdawon auszugehen, dass es zu einer Yerscharfungkommt. 5o
izt der UM B auf Grund des Vorsichtspringips gehatten, in den F dllen, in denen der Code eine
Bandbreite maglicher Parameter zul &==1, in der Regel eine Werschirfung der W erte worzuw
nehmen, vueil dies eine hdhere Sicherhet verspricht. Gleichzeitig istzu befirchten, dass ent
sprechend verschirte Anforderungen dann auch auf Bestands anlagen Anwe ndung find en
werden. Anderenfall s5he zich der QHB im Falle eines Bladoouts dem Womnurf aus gesstet,
die miéglichen technischen Maglichk eiten nicht ausgeschipft zu haben.

Ansprechpartner:

L. Jers Biet Jirg Kaker

Telefon: +99 30 300199-1312 Telefon: + 43 201-5125- 238
jers bistimbdean.de joergk aEer@vab. org
Bundeswerband der Energie und WizB PowerTech e W

W as= ennirts chatt e Klinkestrake 2731
Reinhardstr. 32 45136 Essen

A0 47 Berlin

Taim Fyon T

Technical Report on ENTSO-E NC RfG 270 12 November 2013



pNv[

The Buropean Asasciation of Intamal
Combustion Engine Manufacturers

EUROMOT POSITION 2 ™17

YEARS
27 May 2013 Promating Engine In Socety

Cost-Benefit Amalysis regarnding Nebwork Code on
Requirements for Grid Connection applicable to all
Generators

EUROMOT supparts the dewvelopment and completion of the European internal mardoet for
alectricity and has actively been particip ating in the stakeholder consultation conducted boy
EMTS0-E and ACER regarding the "Metwor code for requirements for grid connection
applicable to all generators” (HC RfG).

The MNC Rfiz together with the other nebwork codes currently being prepared forms a wery
important part of developing the EU energy madiet. It i es=sential that any harmonised rules
should be proportionate and cost effective.

EUROMOT ack nowledges that EMTS0-E has put a lot of effort into drafting the MC Rf% and
supporting documents and generally appreciates the work done. Neverheless, EUROMOT
does not agree with all a2sessments and continues to hawve substantial concerns regarding the
cost effectiveness of the treatment of fault ride through (FRT).

EUR OMOT therafore welcomes the Commission's decision to prepare a cost-benefit analysis
regarding the NC RfG.

Preddent EHGIHE M SOGETY

Micreel & Hawkins A Burcpean ks | Repesenblie (EU Trarsparendy Regker 1d. Ho, SEEETTT TS
@pneral Man ager: A Hon Gouemm enkal O rgaralon Inchsener s @kt wih he U N B rembs Gom mEskon
br PeEr ZhEm | or Burope (UNECE) ard e nk malona Mal ime O manisakon (0 )
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frticde 9.3, Article [FRT)

EUR OMOT recognizes the need for a reasonable level of connection requirements regarding
fault ride through (FRT). This i important for both generation and trarsmission system
oper agtars in order to provide society with the expected level of security of supphy. Howewer, the
FRT requirements proposed by EM TS0-E in the RfG Hetwot code z ubmitted to ACER on 13"
Juby 2012 will be technicaly wery challenging and could un-necessarity create difficulies for
generation as well as raking the owerall cost lewel of electricity produdion, especially for B and
C type units.

The extreme fault ride through scenarios (e.g. 250 m= clearance time!) which form part of the
EMTS0-E MC Rf% proposal are nether proporiionate nor  cost effective for smaller
synchronous poweer modules and will be counterproductive with regards to the owerall
European targets of maintaining security of supply 2 well a5 increasing renewable pomer
generation. Synchronous generation modules, in our case driven by internal combustion
engines, can provide different stabilizing services to the grid and — if powered by various bio-
fuelz — akoform part of the renewable energy portfolio.

A= the determining aspects on the netwod side are not exhaustively specified in the code, the
material and design impact of unreasonably long fault cle arance times or 3 zero level residual
woltage during the fault cannot be exhaustively defined against the current requirements in
Article 9.3 and Article 11.3 — e.g. grid side short circuitstrength i location = pecific.

Mevertheless, in order to promote more reasonable requirements for B and C type units, we
would lke to technically describe and ex<plain with the help of examples the lkeby impact on
design for along specified fault clearance time, as foreseen under the curent proposal.

On the generator module =ide, the capability of 3 synchronous generator module to
sugeessfully pass the FRT requirements i mainly dependent on the parameters module
inertia, generator and interface system reactance.

Anincrease of ineria of a synchronous power generating module can contribute positiveby to
the fault ride through capability; howewer, in order to achieve this, a drastic dewiation fram any
economical dimensioning will hawe to be made. For example, to achieve an increase of 100 me
of fault clearance time from 150 to 250 ms a doubling of the rotating ineria of the synchronous
poweer generating module may be necessary. This will have a3 huge impact an the design and
the amount of material needed.

Another possible solution wwould be to reduce the transient reactance of the generator in order
to reduce the inteface reactance. Unfortunately, the design changes necessany are ako not
economical and cost-effective. The reason for this &= that i reactance has to be decreased at
the =ame time flux will increase. Flux ve, wvalume cannot normally be increased without iron
= gturation. The onby wuay to facilitate an increased flux is to increase the iron wvolume as well.
Thiz wolume increase i done by increasing the length of the generator or increasing the
diameter of the generator — again, this would hawe alarge impact onthe design and additional
material needed.
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A= e have shown in the examples abowe, requiring unreasonabhy long FR T times can have a
substantial material and design impact on synchronous power generating modules incurring
high costs. Therefore, EUROMOT proposes a more balanced approach which would be clos er
to the natural capabilities of B and C type units and would ersure security of s upplywhile atthe
same time being a technically proportionate and cost effective solution:

B =nd Ctype Generation modulesin distribtion system = 110 kW

Far B and C type generation modules in distribution syweterms the situation & different from the
[ type generation modules. In distribution systems the frip times for a fault are typically longer
than in a transmission system. However, it s not lkeby that a fault in the distribution system i
seen a5 3 severs fault owver 3 large area a= the electrical distances are longer. It & ako not
lkelyto beseen a2 asewere faultinthe traremission system.

Aoreasonable FRT requirement for generation modules connected to distribdtion systems will
talkie this into consideration and should be baszed on the short fault clearance times already
exizting in the transmission systems ie 100 - 150me (trarsmission system faults can be seen
ower 3 wider area but are cleared quidkihy. This should be combined with the higher residual
wvoltage seen by a potentialby larger number of generators (ie. a retained woltage of U, of 30%)
together with a reasonable normal operational consideration, or the generator slighthy
owverexcited at nominal wvoltage.

EUR OMOT strongly recommends sating = clearance time of 100 150ms together with =
retained woltage level [Uw) of 2% and remsonable normal operdiond considerdions
generstor slightly owerexcited and st nomina woltage for generdors of type B and ©
connected to the distribution system.

EURCMNOT - 201540527

For mora Intormadon plea s contact

EURCMOT - The Europaan danoclaion of
In®mal Com busdon Engine Manufacturers

Pan | Zepr, 49 68 G500-1752, (A 1L Tepdfe L om ot 0
EU Trahspare iy Regiek 1D 4 Ambe © 6284337 37173
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EUROMOT is the Buropean Association of Intemal Combustion BEngine Manufacturers . tis committed

ta promoting the central role of the [C engine in modem society, reflects the impor@nce of adwanczd
technologies to  sustain economic  growth withowt endangering the global  ervironment and
commu nicates the assets of IC engine power to regulators waddwide . For more than 20 years we haw
been supporing our members - the leading manufacturers of intemal combustion engines in Burope,
UsAand Japan - by providing expertise and up-to-date information and by campaigning on their be half
for intemationally aligned legisation. The EUROMOT member companies employ all ower the word
about 200 000 thoroug hly skilled and highly motivated men and women . The Baropean market tam ower
for the business represented ewmceeds 25 bn euros. Our EU Trarsparerncy Register identificaton
number is 6234 337371-73.

hitt p: fviwivw.eurem ot.eu — your boo kimark for 1€ engine pover vwoHdwide
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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
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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/s*.

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.

Pawer [MW¥]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Time [haur]

Figure 13: CP QUARTO Power Flow during 19 August 2012%°

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

3 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/OpenL etteronG83andG59protectionrequirementsv4. pdf

2 Source: Grid4dEU Innovation for Energy Networks, dD4.1 Documentation for technical coordination, 30 October 2012.
Available at: http://www.grid4eu.eu/media/6590/Grid4dEU_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
incident®®. 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 generation®. 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

3 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.qov.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

RE: Fault Ride Through
Edwin Haesen [Edwin.Haesen@entsoe.eu]

Sent: 07 June 2013 10:23
To: McVean, Robert
Cc: Radovic, Bozidar

Attachments: Nordel 1975.pdf (5 MB)

Bob,

| would like to already provide you the following information on FRT applications in Sweden. More
supporting proof may still be coming from the other Nordic countries. For the sake of clarity and to remove
doubt when your study goes to the EC or is published eventually, we are OK if you quote the statements
below in your report. If you feel that based on the evidence offered to you by others there are conflicting
statements still, please let us know and we can discuss how further proof of compliance of a specific unit can
be given and under which agreement.

The Swedish requirements were drafted in 2005 and came into force 2006-01-01. The 250 ms requirement
was recommended back in 1975 already, please see attached document page 59, paragraph 5.4 (which is
part of the English summary). Since January 2006, only units that have been commissioned or reinvested in
are regulated by these requirements.

Since 2006 only a few units have been commissioned or rebuilt in Sweden, they are commented on below:

Forsmark 3 (1 190 MW to the grid) nuclear
Unit F3 has applied for an increase of output power to 1207 MW next year due to installation of new
generator. F3 will meet the FRT requirement of 250 ms with this new generator.

Oskarshamn 2 (464 MW) nuclear
Unit O2 has applied for an increase of output power to 850 MW. The application has been denied due to FRT
concerns.

Oskarshamn 3 (1 415 MW to the grid) nuclear

Unit O3 has increased their output power to 1 450 MW on the generator. They do not meet the FRT
requirement and have a derogation while Svenska Kraftnat builds another connecting 400 kV line. When the
line is commissioned, O3 will still not meet the 250 ms requirement but a secondary requirement which is
180 ms fault time + loss of the most important connecting transmission line.

Oresundsverket (436 MW) Combined Cycle
Connected to the regional network. Meets the FRT requirements.

Ryaverket (267 MW) Combined Cycle
Connected to the regional network. Meets the FRT requirements.

Ringhals 3 (1 114 MW to the grid) nuclear

Unit R3 has increased their maximum output power to 1 114 MW. They do not meet the FRT requirement of
250 ms but a secondary requirement which is 180 ms fault time. The unit is radially connected to the grid
meaning that tripping the connecting transmission line will trip the unit anyhow.

Ringhals 4 (1144 MW to the grid) nuclear

Unit R4 has increased their maximum output power to 1144 MW. They do not meet the FRT requirement of
250 ms but a secondary requirement which is 180 ms fault time. The unit is radially connected to the grid
meaning that tripping the connecting transmission line will trip the unit anyhow.

Virtan KVV 8 (approx. 150 MW)
Planned unit and will be connected to the regional network. Meets the FRT requirements.
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Svenska Kraftnit 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 which means that the grid is fully intact before and after the fault. The unit
may be overexcited if the network condition so requires which means that the unit most likely is over
excited.

| hope this info allows you already to draw a clear conclusion that 250ms is present practice, has been used
successfully in the design of plants, and has been confirmed in statements of compliance by generator
owners. Let me know if you have further questions on this.

Best regards
Edwin

RE: Fault Ride Through

Edwin Haesen [Edwin.Haesen@entsoe.eu]
Sent: 10 June 2013 15:56

To: McVean, Robert

Cc: Radovic, Bozidar

Dear Bob,

Thanks for clarifying point. This last summary is indeed correct: the point at which the 250ms fault clearance time FRT applies
in the Nordic grid code is in some cases directly the HV side of the generator’s step-up transformer, in some other casesitisa
point more remote.

| also requested more detailed info from our Finnish colleagues, which confirms the same present practice. The FRT
recommendation of 250ms has been considered since the 70s in the design of power plants. Under the present Finnish grid
code (in force since 2007) several large units have indicated compliance with this:

- Keljonlahti (combined cycle)

- Olkiluoto 3 (nuclear plant, 1600 MW) has demonstrated by means of extensive simulations studies that the unit fulfils
the 250 ms criteria, in combination of course with explicit pre-fault conditions. Further proof-of-evidence with
respect the FRT capability is to be provided at the stage of the site acceptance (i.e. commissioning) testing of
Olkiluoto 3.

Regards
Edwin
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RE: ENTSO-E NC RfG - Meeting Notes

Manoél Rekinger
Sent: 13 June 2013 16:22
To: McVean, Robert; Giorgia Concas '

Dear Robert,

We just received the feedback from the R&D department of one of our biggest member on the 10 mS
threshold for RCI during FRT. | hope it’s still possible to integrate them in our contribution :

“Unfortunately they don’t have any measurements. According to several discussion with the German grid
operators during the last few years, reactive current is not important for an efficient FRT! Important is that
the active power output recovers as soon as the voltage is back.

- The definition of a voltage excursion (and subsequently for the FRT trigger) is needed for a)
comparable results and even worse b) the chance to achieve 10 ms at all. Especially regarding
“shallow” dips (80% residual voltage) it is difficult to distinguish between dips and phase angle jumps
(e. g. due to load switching) within a short period of time.

- The values of the voltage measurement have to be filtered due to interference of high currents that
are switched in direct proximity. Using vector control (which is state of the art) additional filtering in
d-/q-components is necessary as unbalances in voltages lead to sinusoidal disturbances which lead
to poor output of the whole control. The d-/g-components are the reference for the reactive
current.

- The positive sequence is defined for a whole cycle (20 ms). A requirement for a reaction within
these 20 ms is not consistent.

- For verifying measurements all conditions (possible test rigs, definition of voltage dip, reactive
current, ...) have to be will an consistently defined.

- The higher the requirement (regarding reaction time) the higher the probability of overreaction. An
FRT event is triggered due to some voltage disturbance that’s not caused by a fault. That will lead to
transient reactive current injections and cause system perturbations.”

If it’s too late for the intermediary report, should we work on a new document for the final report.

Best regards,

Manoél Rekinger
Technology Advisor

European Photovoltaic Industry Association

Renewable Energy House — 63-67, Rue d’Arlon — B-1040 Brussels
Phone: +32 2 400 17 83/+32 2 465 38 84 — Fax: +32 2400 10 10
EPIA Email: m.rekinger@epia.org - Web: www.epia.org

For Photovoltaics 2013-2017

GLOBAL
MARKET
OUTLOOK

EPIA — the European Photovoltaic Industry Association — represents members active along the whole solar PV value chain.
EPIA’s mission is to give its global membership a distinct and effective voice in the European market, especially in the EU.
;% This email has been generated with electricity from renewable sources. Think of the environmental impact before printing.
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G. Papers Following Preliminary Report Circulation

G.1 Comment from COGEN Europe and EHI re Title 6

! A:‘ !:- .
COGEN Buronan Hsting Indusery
curope

Brussels, September 9™ 2013

Subject: COGEN Europe and EHI micro-CHP Joint Working Group acknowledge DNV Kema & COWI
preliminary report on NC RfG and request further clarification on the “emerging technology”
classification (Title 6)

Dear Mr. McVean,

The COGEN Europe and EHI Joint micro-CHP Working Group generally welcome the preliminary report
submitted by DNV Kema & COWI to the European Commission on July 15™ and ask for further support
on the issue of the threshold in the “emerging technology” classification (Title 6).

COGEN Europe and EHI are supportive of the recommendations made by DNV Kema in its preliminary
report to the European Commission “Technical Report on ENTSO-E Network Code: Requirements for
Generators”, especially as concerns the manufactures’ role in applying for derogation on behalf of small
generating unit owners/householders.

As concerns the “emerging technology” classification, the joint micro-CHP Working Group fully agree
with the claim that: “The approach taken [in the NC RfG] 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.” (page viii). What remains a concern is that, without a threshold to define when the
“emerging technology” classification will be revoked, Title 6 leaves investors in technologies currently
“in course of development” with no certainty on what the impact of the NC RfG would be.

The preliminary report recommends in Section 7.3.3: “In a number of areas of the NC RfG, compliance
will be dependent on the actual assessment criteria applied and this is therefore a material issue that
should be included in the document.” (page 69). Therefore, in order to facilitate implementation and
ensure enough time for compliance, minimising risk for manufacturers of “emerging technologies”, Title
6 should include a minimum value for the threshold rather than delegating the task to TSOs after the NC
RfG enters into force. Such a threshold can be determined based on technical reasoning during the
formation of the NC RfG, as the Joint micro-CHP Working Group has shown in preceding
communications.

COGEN Europe and EHI would appreciate if DNV Kema could comment on the omission of a threshold in
Title 6, as the Joint Working Groups sees it as a potential obstacle to the quality of the implementation
for all stakeholders involved (i.e. regulators, TSOs, customers, manufacturers).

Yours sincerely,

Fiona Riddoch and Dana Popp
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G.2 Comment from Acer

ACER Further informal comments on KEMA RfG report
Dipali.Raniga@ofgem.gov.uk

Sent: 11 September 2013 17:38

To: Tadhg.O'BRIAIN@ec.europa.eu; Konrad.VON-KEYSERLINGK @ec.europa.eu

Cc:  Uros.GABRIJEL @acer.europa.eu; Anne.DEGEETER @acer.europa.eu; Reuben. Aitken @ofgem.gov.uk; Mark. Askew @ofgem.gov.uk
Dear Tadhg,

I recently contacted you regarding further informal comments from ACER and regulators on the KEMA report for the European
Network Code Requirements for Generators, apologies for the slight delay in sending these through.

There are a few issues in addition to the initial informal comments that we previously sent, please find these summarised below
which I hope you find helpful.

We would be happy to discuss these comments if you would find this useful.
Kind regards,
Dipali

Comment 1: Clarification on the scope of application of the RfG for Type A units

Example:
KEMA Report: “7.2.4 Recommendations Concerning Determination of Different Types of Significant Grid Users

It is recommended that, in line with current standardisation practice and to ensure that all generators 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 connected to public networks operating at less than 1 kV are considered as Type A units.”

Comment:
At the moment the RfG applies to Type A generators, which are above 800W.

Is the recommendation here to not have a de minimus (e.g. cut off at 800W)? Is it now proposed to expand the scope of the RfG to
even smaller generators than it currently captures? This could likely change the scope of the RfG as it stands and be an important
issue for generators that would require further justification.

Comment 2: Representation of renewables

In Chapter 3 there are some mistakes and confusing sentences, mixing different issues. We would recommend caution on these
issues. The "dangers" of RES-E plants are somehow exaggerated. Two specific examples are provided below to demonstrate this.

Example 1:

“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 generally been required of wind and PV installations. 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 securelys.

3Many 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 “
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Two very different issues are mixed up in this passage, in a very confusing way:

Issue 1: The fact that the available power output of many RES-E plants (in particular wind and PV) is particularly variable, which
will make it difficult to “follow the level of demand” in the future, in the absence of dedicated solutions (this is a very important
issue indeed).

Issue 2: A problem recently raised by ENTSOE, which has already led to some changes in the connection rules of some countries
(Germany, Italy, France), and which is also addressed by the LFSM-O requirement applicable to small units in the RfG: many power
plants connected to distribution networks (including non-RES-E plants) have been required in the past (by system operators,
because DSOs thought they needed it) to have protection systems that automatically disconnect the plant from the network as
soon as the frequency reaches certain values, which endangers the European electric system (indeed many plants could be
disconnected at once - 50,2 Hz being the most problematic threshold). The problem is mainly due to a lack of coordination
between DSOs and TSOs. It has absolutely nothing to do with the above Issue 1 (i.e the fact that RES-E plants does not offer much
flexibility to “follow the demand”) —and is not RES-E specific.

The mentioned CIRED paper specifically deals with Issue 2. As Issue 2 can be seen as non-significant and temporary (it can be
expected that in a few years this will have been (at least partially) solved; there are much more important issues raised by the
massive arrival of RES-E plants), it is surprising that this paper is considered to outline “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”.

Example 2:

“Recently, TSOs operating systems where there has been significant RES-E penetration have sought modification to their Grid
Codes requiring that all generators mimic enough of the inherent capabilities of synchronous generators to maintain the
security and safety of the electricity system. In these codes, this is a new obligation and no single standard yet exists. As a
consequence, different TSOs are developing different requirements to meet the needs of their own networks.”

In this passage, there is a very similar confusion. Which capabilities is this referencing? If these are capabilities like voltage control
and RFT capability, they have been required from RES-E plants for almost 10 years in most countries on medium and high voltage
networks (this would not be “recently”) —and the RfG is addressing them in a very similar way to existing rules (there would be
no “new obligation”) .

This seems to refer to the above Issue 2 for Example 1:

“TSOs [...] have sought modification to their Grid Codes requiring that all generators mimic enough of the inherent capabilities of
synchronous generators”.

This is highly misleading. For instance, a more accurate way to say this could be “TSOs [...] requiring that small generators are now
equipped with similar frequency based protection systems than medium and large plants”.

Comment 3: Chapter 5.2.2 - On load Tap Changers

It may be appropriate to discuss on load tap changers in relation to Chapter 5.2.1 on voltage ranges.
Example - Quote from KEMA:

"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."

This is erroneous: voltage ranges for type D generators (article 11.2) is a mandatory, (mainly) exhaustive requirement; Member
State won’t be able to define their own ranges (unless perhaps if they require more demanding ranges).

Several (/many?) countries will have to change their national voltage ranges (sometimes quite significantly) in order to comply
with the RfG (as the current rules in these countries are less demanding than the ones required in the RfG).

Some producers have warned that some future generators may not be able to withstand these new ranges, and that they would
have to use transformers with on load tap changers (to maintain the voltage level on the plant side when during significant
voltage variations on the grid side).
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We note that there may be pros and cons to using OLTCs, and ENTSO-E is aware of stakeholders concerns in this regard (through responses to the public consultation). However,
ENTSO-E emphasised that the transition to the future system operation is not a matter of minor adjustments to the existing system, but a de facto change of paradigm necessary to
facilitate the transition to low carbon society.

Comment 4: Recommendation 5.3.1 (also 7.1.3.1)- Fault Ride Through

This recommendation does not appear necessary. Kema does not explain what exactly is not appropriate in the current articles. 250 ms is the high limit for clearing times, it is
likely that most countries will actually require shorter clearing times (down to 140 ms).

Kema seems to suggest that the RfG requires a fault clearing time of 250 ms, while the FRT requirement is a non-exhaustive requirement: the RfG leaves the choice of the clearing
time up to TSOs/national authorities, between 140 ms and 250 ms.

“Most [concerns from stakeholders] were related to operations in the synchronous area of Continental Europe, where existing requirements in national codes were far below the
current proposal in the NC RfG.”

This is not completely correct, and may be more appropriate to read ‘...The majority of existing requirements fit the lower end of the proposed FRT range proposed in the NC RfG.
Comment 5: Recommendation 5.1.2

The last paragraph of this section is a recommendation, but is not clearly marked as a recommendation.

Comment 6: Recommendation 5.2.3 (also 7.1.2.2) - Reactive power capabili

Kema may also want to consider similar advice for the non-exhaustively defined requirement in Article 16.3.c to provide a more complete picture on reactive power capability. As
an example, it could be advised that the Reactive Power capability below Maximum Capacity for PPMs (article 16.3.c) is defined so that the reactive range is reduced at very low
power output.

Comment 7: Recommendation 5.3.2 (also 7.1.3.2) - fast reactive current injection

Kema appear to have missed the fact that fast reactive current injection is a non-mandatory requirement. Still, the sentence in the RfG "The target |[...] shall be reached with an
accuracy of 10% within 60 milliseconds" seems questionable as TSOs could be willing to require fast reactive current injection with a reaction time longer than 60 ms, which seems
forbidden in the current version of the code. TSOs could under their national law require even different technical capabilities provided they are in line with the RfG.

Comment 8: Recommendation 7.2.1 - compliance

There is a lack of precision in this chapter.

As an example, the report states there would be a "need for clarity on the use of manufacturer’s certificates and the requirement for testing".
The RfG code provides for the possible use of certificates instead of tests, to a certain extent. What needs to be clarified?

Another example is "The rights of DSOs and users connected to DSO HV networks should not be impacted by the application of the NC RfG"

It is unclear whether this is a recommendation that the code should not apply on distribution networks? The point here is that there should be a balanced approach to application
to DSO networks, but the statement above seems to go too far.

Dipali Raniga

Policy Analyst, European Electricity Transmission Policy
Smarter Grids and Governance, Transmission

9 Millbank

London

SWI1P 3GE

Tel: 0207 901 3912

www.ofgem.gov.uk

ofgem
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G.3 Comment from Eurelectric Thermal Generators

10 September 2013

Proposals to amend the Draft RfG Code

This paperincludes informal proposals to amend the RfG Coderegarding some critical requirements
takinginto accountthe content of the code and the Cowi/DNV Kema report. For Eurelectric’s
comprehensive views on the RfG code, please see our earlier position papers / consultation
responses and the paper provided for Cowi/DNV Kema.

FREQUENCY and VOLTAGE, ranges and durations

The Kema report proposes changes regarding the ranges and durationsin Tables 2, 6.1 and 6.2 of the
draft RfG code (version issued by ENTSO-E 8 March 2013). In our opinionthis would lead to g,
followingtables:

In our opinion thiswould lead to the following Tables:

5 Maximum range of
Synchronous Maximum range of
e Q/Pmax steady- stqte voltage level
in PU
Continental 0.7 0.225
Europe
Nordic 07 0.15
Great Britain 0.7 0.1
Ireland 0.7 0.218
Baltic 0.7 0.22

Table 2: Minimum time periods for which a Power Generating Module shall be capable of operating
for different frequencies deviating from a nominal value without disconnecting from the Network.

Sync:rr:anous Voltage Range Time period for operation
0.85pu—-0.20 pu 20 minutes
Continental 0.80 pu-1.05 pu : Unlimited : .
Europe To be decided by each TSO while respecting the
1.05 pu-1.10 pu provisions of Article 4(3), but not more than 20
minutes
. 0.90 pu-1.05 pu Unlimited
eardic 1.05 pu-1.10 pu 80 minutes
Great Britain 0.80 pu-1.10 pu Unlimited
Ireland 0.90 pu-1.118 pu Unlimited
0.85 pu-0.90 pu 30 minutes
Baltic 090 pu-1.12 pu Unlimited
112 pu-1.15 pu 20 minutes
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Table 6.1: This table shows the minimum time periods a Power Generating Module shall be capable
of operating for Voltages deviating from the nominal value at the Connection Point without
disconnecting from the Network. (The Voltage base for pu values is from 110 kV to 300 kV

(excluding).)
Synchronous Vv ! : .
oA oltage Range Time period for operation
0.85 pu-0.90 pu 20 minutes
0.90 pu-1.03 pu Unlimited
Continental To be decided by each TSO while respecting the
Europe 1.03 pu-1.05pu provisions of Article 4(3), but not more than 20
minutes
1.05 pu-1.0875 pu 10 minutes
0.90 pu-1.03 pu Unlimited
Nordic 1.03 pu-1.05pu 20 minutes
1.05 pu—-1.0875 pu 10 minutes
0.90 pu-1.03 pu Unlimited
Great Britain 1.03 pu-1.05 pu 15 minutes
1.05 pu-1.0875 pu 10 minutes
Felan 0.90 pu-1.05 pu Unlimited
1.05 pu - 1.0875 pu 10 minutes
0.88 pu-0.90 pu 20 minutes
Baltic 0.90 pu-1.03 pu Unlimited
1.03 pu-1.05pu 20 minutes
1.05 pu - 1.0875 pu 10 minutes

Table 6.2: This table shows the minimum time periods a Power Generating Module shall be capable
of operating for Voltages deviating from the nominal value at the Connection Point without
disconnecting from the Network. (The Voltage base for pu values is from 300 kV to 400kV.)

However, if only change these tables are changed, the influence of frequency deviation on
acceptable voltage deviation and vice versa (due to physical limitations) as also recognized by Kema

have to be described separately. This makes the NC RfG unclear. To clarify the matter, we propose to
combine the tables 2&6.1 and 2&6.2 together with power restrictions in Freguency-Voltage

diagrams.

Proposal for amendments in the draft code (new text in red)

We propose to the following amendments to the draft code:

- Deletethearticle8.1.a.1 and Table 2.

- Deletethearticle11.2.a.1 and Tables 6.1 and 6.2

- Adda new article withthe proposed diagrams (diagrams attached are valid for Continental
Euraope, we offer to prepare similar diagrams for other synchronous areas).

We propose the following new article to replace the content of art. 8.1.3.1,11.2.3.1 and Tables 2,6.1

and6.2:
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A Power Generating Module shail be capabie of staying connected to the Network and operating
within the Frequency and Voitage ranges during time periods and at power as specified in diagram 1
(for PPM with Connection Point from 110kV up to 300kV) or indiagram 2 (for PPM with Connection
Point from 300kV up to 400kV).

We propose alsothe following U-F diagrams 110 up to 300 kV and 300 up to 400kV:

Proposed U-F diagram 110 up to 300kV

:.wahble power

N

o2

N

77777777777,

) Vo'tage (pu)
Requirements for operation of PGM
vonnected to Networks from 110KV up
to 300KV 11
L/ //
104 105
108 2 /
a3 & 465 /A 95 505 51 4 515
r UISA A A 1R -
YV “ : V Frequency (Hz)
5= = Continuows operation up |
s % o ta nominal power o
gg € b
N 2 4
3 sypé B
hOperation during atleast g - o
N 10 mirtes connectsd to Y & gg
P ke network, 3t masirwmn cs€ 3 e
N | 3
E
7/

Operation during at keast 20 /
/miuules connected to the /

netwerk with power recuction
/m sucordance with Article 8.1 e/ 987

N s

aas

This diagram shows the minimum time periods and power a Power Generating Module shall be
capable of operating for Voltages and Freguencies deviating from the nominal value atthe
Connection Point without disconnecting from the Network. (The Voltage base for pu values is from
110kV to 300 kV (excluding).)

w
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Proposed U-F diagram 300 up to 400kV
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This diagram shows the minimum time periods and power a Power Generating Module shall be
capable of operating for Voltages and Freguencies deviating from the nominal value atthe

Frequency (Hz)

Connection Point without disconnecting from the Network. (The Voltage base for gu values is from

300kV to 400 kV.)
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Reactive Power requirements

Referring tothe provisions for reactive power in the draft NC RfG and the Kema report, Eurelectric
and VGB understand the positions of ACER and ENTSO-E inthe following way:

* Whenthe NCRfG comes into force the present arrangements and reguirements of the
national codes will become the new national setting under the NC RfG.

* Theindicated areasin Figure 7-Sin the RfG code do not consider the areas of time limited
operation due to voltage and/or freguency deviations.

Accoring to the analysis in the Kema report, problems related to the technical feasibility onthe
manufacturers side would occur inthe triangular areas at the bottom left and upper right. In addition
toKema’s comments we should realise thatin these corners of the original envelop the need for
reactive power in combination with the voltage level is counterproductive and would even worsen
and endanger the situationfor the grid. Taking into account the feasibility to achieve those
reguirements and the fact that from the prespective of the grid there is no need to cover these areas
those areas are excluded.

If the generators will be reguired to achieve the maximum ranges of the draft NC RfG huge
additional cost will occur as statedin the paper of "VGB [ Eurelectric’s generators - RfG Network
Code: Needs, Feasibility, Alternative Solutions and Costs” (Letterto EC dated 22 February 2013)
under the chapter Reactive Power Ranges.

Based on ACER‘s and ENTSO-E’s comments to Kema we suggest EC DG Energy and Cowi/DNV Kema
torecommend to limit the "Maximum range of Q/Pmax’ inthe RfG tothe current typical values in
Europe. This is reasonable as the code allows the inner envelope to be shifted within the fixed outer
envelope for adaptation to the local grid circumstances.

For further information we refer to the following references:

Kema/Cowi ‘Technical Report on ENTSO-E Network Code: Reguirements for Generators’; Preliminary
Report 15. July 2013;

Letter EURELECRIC-VGB to ECdated 22 February 2013, VGB/EURELECTRIC's generators RfG Network
Code: Needs, Feasibility, Aiternative Soiutions and Costs; Chapter Reactive Power

Basedon these arguments, we propose to change the NC RfG as follows:

Proposal for amendments in the draft code (new text in red)

Article 13

2. Type C Synchronous Power Generating Modules shall fulfill the following reguirements
referring to Voltage stability:

W
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a) Withregardto Reactive Power Capability, for Synchronous Power Generating Modules
where the Connection Point is not at the location of the high-voltage terminals of the step-up
transformer to the Voltage level of the Connection Point nor at the Alternator terminals, if no
step-up transformer exists, supplementary Reactive Power may be defined by the Relevant
Network Operator, while respecting the provisions of Article 4(3), to compensate for the
Reactive Power demand of the high-voltage line or cable between these two points from the
responsible owner of this line or cable.

b) Withregardto Reactive Power capability at Maximum Capacity:

1) The Relevant Network Operator in coordination with the Relevant TSO shall define while
respecting the provisions of Article 4(3) the Reactive Power provision capability reguirements
inthe context of varying Voltage. For doing so, it shall define a U-Q/Pma«-profile that shall
take any shape within the boundaries of which the Synchronous Power Generating Module
shall be capable of providing Reactive Power atits Maximum Capacity.

2) The U-Q/Pxec-profile is defined by the Relevant Network Operator in coordination with the
Relevant TSO while respecting the provisions of Article 4(3) in conformity with the following
principles:

- the U-Q/Pms«-profile shall not exceed the U-Q/Pm=«-profile envelope, represented by the
inner envelope in figure 7;

- the dimensions of the U-Q/Pm=«profile envelope (Q/Pm=« range and Voltage range) are
defined for each Synchronous Area intable 8; and

- the position of the U-Q/Pme«-profile envelope within the limits of the fixed outer envelope in

figure7
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Figure 7 — U-Q/Pmec-profile of a Synchronous Power Generating Module. The diagram
represents boundaries of a U-Q/Pme«-profile by the Voltage at the Connection Point,
expressed by the ratio of its actual value and its nominal value in per unit, againstthe ratio of
the Reactive Power (Q) and the Maximum Capacity (Pma=x). The position, size and shape of the
inner envelope are indicative.

Synchronous | Maximum range of s::aa’g;“_ :t’:t;acg:a%fe
area QfPmax level in PU
Continental
Europe 0.7 0.225
Nordic 0.7 0.150
Great Britain 0.7 0.100
Ireland 0.7 0.218
Baltic 0.7 0.220

Table 8: Parameters for the inner envelope in figure 7

Inline with the proposed changes in article 13 and to prevent discrimination, we propose to change
the articles 16 and 20 as follows.

Article 16 3 b)

2) The U-Q/Pme«-profile is defined by each Relevant Network Operator in coordination with the
Relevant TSO while respecting the provisions of Article 4(3) in conformity with the following
principles:

- the U-Q/Pme=«-profile shall not exceed the U-Q/Pmex-profile envelope, represented by the
inner envelope in figure 8, its shape does not need to be rectangular;

- the dimensions of the U-Q/Pm=«-profile envelope (Q/Pms« range and Voltage range) are
defined for each Synchronous Areaintable$; and

- the position of the U-Q/Pme«-profile envelope within the limits of the fixed outer envelope in
figure 8
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Figure 8 — U-Q/Pme«-profile of a Power Park Module. The diagram represents boundaries of a U-
Q/P==«-profile by the Voltage at the Connection Point, expressed by the ratio of its actual value and
its nominal value in per unit, against the ratio of the Reactive Power (Q) and the Maximum Capacity

(Pmsx). The position, size and shape of the inner envelope are indicative.

. Maximum range of
Sync:rr:anous Maxmal;lr)nmr::ge of steady- state vgltage
level in PU
Continental 07 0275
Europe i )

Nordic 0.7 0.150
Great Britain 0.66 0.100
Ireland 0.66 0.218
Baltic 07 0.220

Table 9: Parameters for the inner envelope in figure 8

Article 16 3 ¢)

2) The P-Q/P~ec-profile is defined by each Relevant Network Operator in coordination withthe
Relevant TSO while respecting the provisions of Article 4(3), in conformity withthe following

principles:

- the P-Q/Pme«-profile shall not exceed the P-Q/Pmec-profile envelope, represented by the
inner envelope in figure S;
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- the Q/Pme« range of the P-Q/Pxec-profile envelope is defined for each Synchronous Areain
tableS;

- the Active Power range of the P-Q/Pm=«-profile envelope at zero Reactive Power shallbe 1
pu;

- the P-Q/P~e«-profile can be of any shape and shall include conditions for Reactive Power
capability at zero Active Power; and

- the position of the P-Q/Pm=«-profile envelope within the limits of the fixed outer envelope in
figure 9

3) When operating at an Active Power output below the Maximum Capacity (P<Pm=«), the Power Park
Module shall be capable of providing Reactive Power at any operating point inside its P-Q/Pma-
profile, if all units of this Power Park Module, which generate power, are technically available (i. e.
not out-of-service due to maintenance or failure). Otherwise the Reactive Power capability may be
less taking into consideration the technical availabilities.
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Figure 8 - P-Q/Pma«-profile of a Power Park Module. The diagram represents boundaries of a P-Q/Pmas-
profile at the Connection Point by the Active Power, expressed by the ratio of its actual value and the
Maximum Capacity in per unit, against the ratio of the Reactive Power (Q) and the Maximum
Capacity (Pxsx). The position, size and shape of the inner envelope are indicative.

w
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Article 20
: Maximum range of
Sync:rr:anous Maxlrrg;gmr:;lge of steady- state voltage
level in PU
Continental

Europe 07 0.225
Nordic 0.7 0.150
Great Britain 0 g;” 0.100
Ireland 0.66 0.218
Baltic 0.7 0.220

Table 11: Parameters for figure 8

Fault clearing times

Inthe draft NC RfG, maximum fault clearing times have been increased for Continental Europe from
150 ms up to 250 ms. This can worsen the mechanical stress for the rotating equipment (torgue
jerks, compressive strain or material deformation,...) which then can lead to irreparably strong
damage to the eguipment followed by the unit dropping off its connection to the grid and long-term

non-availability.

Draft RfG Code:

ArticleS.3aand 11.3.3, table 3.1 and 7.1: The max. clearing time "t.clear" 0,14s - 0,255 is given in the

table 7.1 for generators type D (see below)

Reference,e.g.11.3.a:
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a) With regard to fault-ride-through capability of Power Generating Modules:

1) The voltage-against-time-profile shall be defined by the TSO using parameters in figure 3

2)

according to tables 7.1 and 7.2,

Each TSO shall define and make publicly available while respecting the provisions of
Article 4(3) the pre-fault and post-fault conditions for the fault-ride-through capability

according to Article 9(3) {a) point 3).

Voltage parameters [pu] Time parameters [seconds]
Usert 0 Lerear: 0.14-0.25
Uciasr: 0.25 trect: toear = 0,45
Ureca: 05-0.7 traca trecr — 0.7
Ureca: 0.85-09 trocat tez— 1.5

Table 7.1 — Parameters for figure 3 for fault-ride-through capability of Synchronous

Power Generating Modules,

Voltage parameters [pu] Time parameters [seconds]
Uret: 0 totear: 0.14 - 0.25
Ugear: Urez tescal Tatear

Ureay! Udoar teec2! trect

Uree2! 0.85 Teacs: 1.5-3.0

Table 7.2 ~ Parameters for figure 3 for fault-ride-through capability of Power Park
Madules

11
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Figure 3 ~ Fault-ride-through profile of a Power Generating Module. The diagram
represents the lower limit of a voltage-against-time profile by the Voltage at the
Connection Point, expressed by the ratio of its actual value and its nominal value in per
unit before, during and after a fault. U, is the retained Voltage at the Connection Point
During a fault, t.. is the instant when the fault has been cleared. U.«;, Ured, troar, tacz
and t..: specify certain points of lower limits of Voltage recovery after fault clearance.

Proposal for amendments in the draft code (new text in red)

Justification for our proposal:

The maximum clearing time "t.clear" is 150 ms for synchronous area Continental Europe. A higher
maximum value for “t.clear” is admissible only after bilateral agreement between Facility Owner and
TSO, with respect to fault feasibility, to existing physical characteristics of relevant turbo sets, and
after cost-benefit analysis (CBA).

Adaptation of Art. 9.3.a (changes marked in red):

3. Type B Power Generating Modules shall fulfil the following requirements referring to robustness

of Power Generating Modules:
a) Withregard to fault-ride-through capability of Power Generating Modules:
1)

2) This voltage-against-time-profile shall be expressed by a lower limit of the course of the
phase-to-phase Voltages onthe Network Voltage level at the Connection Point during a
symmetrical fault, as a function of time before, during and after the fault. This lower
limit is defined by the TSO while respecting the provisions of Article 4({3) using
parameters infigure 3 according totables 3.1, 3.2 and 3.3.

3) A higher maximum value tmae for “t.ciear” is admissibie only after bilateral agreement
between Facility Owner and TSO, with respect to fault feasibility and to existing physical
characteristics of relevant turbe sets and grid protection devices. This agreement is
nevertheless subject to reguiatory oversight by the NRA.

4)
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Voltage parameters [pu] | Time parameters [seconds]
U= 0 Tica: 0.14-t.

Usca: 0.25 | toee— 0.45

Ut 0.5-0.7 Tzt te2—0.7

Ut 0.85-09 Toms: tex—15

Table 7.1—-Parameters for figure 3 for fault-ride-through capability of Synchronous Power

Generating Modules.
Voltage parameters [pu] | Time parameters [seconds]
U 0 | 0.14-1...
Uz U= | Tica
Uns: Usce Tzl T
Ut 0.85 Tosl 15-30

Table 7.2 - Parameters for figure 3 for fault-ride-through capability of Power Park Modules.

Synchronous area Eon ; Ay
Maximum Clearance Time | Maximum Clearance Time
Without Circuit Breaker With Circuit Breaker
Failure Backup Systems Failure Backup Systems
Continental Eurcpe 150ms 200ms
jordic 250ms 250ms
Great Britain 150ms 200ms
ireland 150ms 200ms
Baltic 150ms 200ms

Tabie 7.3 —Parameters for t...intable 7.1 and 7.2 as weli as in figure 3 for maximum
ciearance time depending on synchronous Grea.

Adaptation of Art. 11.3.a (changes marked in red) ;

3. Type D Power Generating Modules shall fulfil the following requirements referring to robustness
of Power Generating Modules:
b) Withregardtofault-ride-through capability of Power Generating Modules:
1) Thevoltage-against-time-profile shall be defined by the TSO while respecting the
provisions of Article 4(3) using parameters infigure 3 according totables 7.1, 7.2 and
7.3
2) A higher maximum value t...for “t.clear” is admissible oniy after bilateral agreement
between Facility Owner and TS0, with respect to fault feasibility, to existing physical
characteristics of relevant turbo sets and grid protection devices. This agreement is
nevertheless subject to reguliatory oversight by the NRA.
3) EachTSO shall define and make publicly available while respecting the provisions of
Article 4(3) the pre-fault and post-fault conditions for the fault-ride-through capability
according to Article 8(3) (a) point 3).

Voltage parameters [pu] | Time parameters [seconds]
Uq_-_: 0 | A 014"t-"n
Usca: 0.25 o tzee— 0.45
Uzt 0.5-0.7 o T2 —0.7
Uea: 0.85-0.9 o t=2—15
13
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Table 7.1 - Parameters for figure 3 for fault-ride-through capability of Synchronous

Power Generating Modules.
Voltage parameters [pu] | Time parameters [seconds]
Ut 0 Toca: 0.14-t...
Uzt U= Tl Toce
Uit Usce Ta: T
Us: 0.85 Lol 15-3.0

Table 7.2 — Parameters for figure 3 for fault-ride-through capability of Power Park

Modules.
Synchronous area Boow ) Sy
Maximum Clearance Time | Maximum Clearance Time
Without Circuit Breaker With Circuit Breaker
Failure Backup Systems Failure Backup Systems
Continental Europe 150ms 200ms
jordic 250ms 250ms
Great Britain 150ms 200ms
ireland 150ms 200ms
Baitic 150ms 200ms

Table 7.3 — Parameters for t...intabie 7.1 and 7.2 as weli as in figure 3 for maximum
ciearance time depending on synchronous Grea.

Assessment of implications of the draft,_RfG code

The reguired maximum fault clearence time up to 250 ms for Power Generating Modules Type B up
toType Din case of faults in the high-voltage network is not acceptable. It represents anincrease of
67 % incomparison to existing regulations e.g. the German Grid Code TC 2007.

During a failure inthe network near to the Power Generating Module, the Power Generating Module
must remain connected to the network and continue the original operationimmediately after fault
clearing. Directly after fault clearing the generating unit is subjected to a significantlyincreased shock
torgue in comparison with the normal operation, due to recovering voltage. Withthe extension of
the fault clearance time this shock torgue will significantly increase. The resulting mechanical stress
leads onturbine and generator side to unacceptable high loads and to additional damage and
security risks. Exceeding the elastic limit of the shaft assembly, irreversible plastic deformation
especially at couplings, damage of the shaft assembly by pole slip of the generator, loss of network
synchronization and disconnection from the network may occur.

Entso-E justifies the stringent reguirements as concessions to the Network operators of the Nordic
countries. However, there is no justification to extend the reguirement for Continental Europe.

Maximum time of fault clearance which a generator must ride through is set by the performance of
the TSO protection system. Modern protection systems are capable of clearing faults within 100 ms.
As such, there is no reason to downgrade the TSOs protection performance whichis not linked to the
increase inrenewables orin cross-border-trade. If there is a need, TSO can easilyinvest locallyin
transmission assets such as reactive power devices or duplicate protection systems. Investmentin
protection system upgrade or investment in redundancy to reduce the risks is usually much cheaper

14
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thananinvestmentina new generator and has wider system benefits. Enforcing a higher FRT
standard could resultin generators being unable to operate a full output resulting inlower efficiency
and higher power prices as well as inlimitations on the amount of leading® reactive powera
generator can provide, reducing system services essential for the integration of renewables.

Retention of Fault Clearance Times of up to 150 ms whichis technically proven and e.g. definedinTC
2007 is therefore indispensable. Extensions e.g. reguired by the "Nordic synchronous areas" should
be only possible as mutual agreement between the TSO and Power Generating Facility owner, in
consideration of the likelihood of failures with extended Fault Clearance time, specific physical
characteristics of the turbine set and after cost-benefit analysis (CBA).

Active power output with falling frequency

The KEMA Report (later on the report) states correctly that "The definition of requirements for
maintaining active power output with falling freguency is one of the newer issues included in several
grid codes, but not yet all". Referring to chapter 5.1.1 the report expresses concerns about applying
freguency ranges tothe power station.

We realize that TSOs need some certainty regarding the remaining available powerin case of
frequency deviations. On the other hand, there are physical limitations onthe generator side. For
example: when generating power, any thermal power station will need a certain mass flow of steam.
The mass flow of steam affects the output of power. The steam is produced in boilers or steam
generators and therefore it is necessary to refill them with water. The mass flow of water has to be
egual tothe mass flow of steam for the turbines, to make the system balanced. Any deviation of the
freqguency for example below 50 Hz will reduce the speed of the water pumps and resultin reduction
of the mass flow of water, because the motors of the feeding pumps are rotating slower (see the
Report chapter5.1.1 page 232). As a result we get animbalance between "feeding and steaming".
Similar problems are described in the comments:” EURs opinion on necessity, feasibility, costimpact
and alternative approaches of key requirements for nuclear generators” dated April, 12th 2013
chapter 3.1.3.2. Freguency deviation within certain ranges will be absorbed by inherent reserves of
the individual power stations.

The former UCTE rules solved this issue with the so called "Load shedding", see the table below
(Swissgrid TC2010 V1.0, April 2010, page 28, english version)

*There are 2 types of reactive power: leading and lzgging

[y
v
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Table 1: Load shedding plan

Laval Frequency (Hz) Action Accumulated load Activation type
shedding /%

1 49.8 Activaton of paaer Manual'automatic
resarves

2 495 Sheddng of storage Automatic
pumps

3 49.0 10-15% load shedding | 10- 15% Automalic

4 4387 10-15% load shedding | 20- 320% Automatic

5 434 15-20% load shedding | 35- %0% Automatic

L3 431 15-20% load shedding 50.70% Automatic

7 475 Disconnaction of the Automalic
power plants from the
grid

Looking attable 1 we realize that a deviation of only 0.2 Hz below 50 Hz leads to an activation of
primary power reserves. Below 45.5 Hz load shedding will be automatically activated by reducing the
load through switching off storage pump stations, because the technical possibilities of the power
stations toincrease the output below a certain underfreguency is limited.

Inthe draft NCRfG, Article 8 reguirements for generators appearently are strictly defined without
any consideration of the balance between existing load shedding schemes and reduction of produced
power. Respecting physical limitations and the effects of load shedding schemes will leadto
acceptable reguirements for Generators.

Therefore it should be ensured that load shedding is covered inanother NC.

Instead of forcing power stations into extreme under frequency conditions (each station® will doitin
his.awnway) and risking either some serious damage in the plants or risking that the plant protection
system will trip the plant, a coordinated load shedding scheme combined with realistic maximum
allowed power output reduction is preferable. The point of ENTSO-E keeping "the grid together" is
understood but from g the plant operation view this will not be as easy to apply as ENTSO-E suggest
because of the different physical behaviour of the various plants.

Proposal for amendments in the draft code (new text in red)

Article 8.1.e (as it is)/should be
GENERALREQUIREMENTS FORTYPE APOWER GENERATING MODULES

1. Type A Power Generating Modules shall fulfill the following requirements referring to
Frequency stability:

* E.g. Wind-, Solar-, CCGT-, Coalfired-, Nuclear- and Hydro power plants
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provisiors-of Aricled{3)-The maximum power reduction of the Power Generating Modules
due to Frequency faliing in the range of 49.5 Hz - 48.5 Hz shouid be iess than 10% of rated
power.

17
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G.4 Comment from EUR
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Network Code on Requirements for
Grid Connection applicable to all Generators

EUR’s comments on DNV KEMA / COWI preliminary report to EC
dated July 15%,2013.

September 14%, 2013

Working Group members:
Hervé Meljac — EDF (chair)
Jonas Persson — Vattenfall
Reinhard Kaisinger — Vattenfall
Jaakko Tuomisto - TVC
Helge Regber —E.ON
Lasse Linnamaa — Fortum

DG TREN has appointed DNV KEMA / COWI to assist the European Commission in the assessment of the
draft ENTSO-E Network Code on Requirements for Grid Connection applicable to all Generators (NC RfG).
As part of its mandate, the consultant has to provide advice on the specifications and rules proposed in
NC RfG covering the fields of:

®  Necessity of the rules and specifications;

®  Technical feasibility;

®  Costs and benefits;

®  Alternative approaches.

DNV KEMA / COWI has issued a preliminary report which addresses the following topics:
® Description of the task assigned by DG TREN;
e Description of the power system context in which NC RfG has been developed;
e Summary of the concerns expressed by stakeholders consulted by DNV KEMA / COWI as part of the
assigned ask;
Assessment of technical and non-technical issues raised by stakeholders;
® Recommendations on how to amend NC RfG.

The purpose of this paper is to express EUR’s main comments on DNV KEMA / COWI preliminary report.
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DEFINITIONS
Abbreviation Definition
ACER Agency for the Cooperation of Energy Regulators
CBA Cost Benefit Analysis
CE Continental Europe synchronous area
CIGRE Conseil International des Grands Réseaux Electriques
ENTSO-E European Network of Transmission System Operators for Electricity
EUR European Utilities Requirements
FRT Fault Ride-Through
HVAC High Voltage Air Conditioning
IEC International Electrical Commission
LFC Load-frequency control
LFSM-0 Limited Frequency Sensitive Mode — Qverfrequency
LFSM-U Limited Frequency Sensitive Mode — Underfrequency
LWR Light Water Reactor
NC LFC&R Network Code on Load-Frequency Control and Reserves
NC OS Network Code on Operational Security
NC RfG Network Code for Requirements for Grid Connection Applicable to all Generators
NPP Nuclear Power Plant
NRA National Regulatory Authority
RES-E Renewable Energy Source
TSO Transmission System Cperator
WENRA Western European Nuclear Regulators Association
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1. INTRODUCTION

1.1. Purpose

The purposes of this paper are as follows:
1. To remind what previous work has been done by EUR on NC RfG, in particular that concrete
amendment proposals of NC RfG have been made to tackle the different issues that were raised.
2. Toexpress EUR's main comments on DNV KEMA / COWI preliminary report [1].

1.2. The EUR

The European Utilities Requirements organisation (EUR) was created in 1991. It involves all major European
utilities which operate nuclear power stations. The purpose and main objective of the EUR is to harmonize
and stabilize the conditions in which the standardised Light Water Reactor (LWR) nuclear power plants to
be built in Europe in the first decades of the XXI* century will be designed and developed. This is expected
to improve nuclear safety, nuclear energy competitiveness and public acceptance in an electricity market
unified at European level.

Since it was released in 2001, the Revision C of the EUR specifications has been extensively used in the
development of new LWR designs and projects, in particular in the EPR design with two units under
construction in Olkiluoto and Flamanville. Revision D has been released in October 2012. It reflects the will
of EUR organization to continuously match the best nuclear practice and adapt to the changing power
system environment.

1.3. Nuclear power plants in Europe

In 2011, on the grids operated by Transmission System Operators (TSO) members of ENTSO-E, nuclear
power plants have accounted for:

e 385 586 GWh net generation — 26.5% of 3 347 445 GWh total*;

® 126 447 MW net installed capacity — 13.6% of 928 311 MW total ®.

Currently, on the zone covered by ENTSO-E, 136 nuclear generators are in operation in 15 different
countries®.

* Source ENTSO-E — Statistical Yearbcok 2011 4]
? Source ENTSO-E — Statistical Yearbook 2011 [4]
3 Source European Nuclear Society [5]
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1.4. Previous work performed by EUR on NC RfG

The EUR Working Group on Network Codes was created in August 2011 to participate to the Network
Codes elahoration process. The Working Group has been quite active ever since, consistently expressing all
of its concerns in an open and transparent manner, through documented presentations and position
papers.

In more details:
® 27 Working Group meetings were held from August 2011 to September 2013, the vast majority of
which on NC RfG.
® 3 position papers were written on NC RfG:
o September 16™, 2011;
o July1® 2012;
o April 12, 2013 [3] (to support our discussions with DNV KEMA / COWI).
® 2 Bi(or tri)-lateral meetings were held with ENTSO-E:
o November 10", 2011 (ENTSO-E NC RfG drafting team);
o August 29"’, 2012 {EUR — ACER — ENTSO-E).
® 5 Presentations were given in public ENTSO-E and ACER meetings:
o February 15™, 2012;
o March 22", 2012;
o May2™, 2012;
o June 28" 2012:
o September 3™, 2012 (ACER).
® EUR accepted DNV KEMA’s invitation to express its views in a bilateral meeting on April 257, 2013
(supported by the April 12™, 2013 position paper [3]).
® 50 comments were posted during Public Consultation.

1.5. Interactions of EUR with DNV KEMA / COWI - proposals to amend NC RfG
More specifically, the April 12™, 2013 position paper [3] was written for the attention of DNV KEMA / COWI
to support their current work. It was designed to address specific issues on areas of NC RfG the EUR
believes should be amended, and deliver a sound, explicit and technically-orientated alternative approach.
Although the present DNV KEMA / COWI report [1] addresses and acknowledges most of the issues covered
in EUR’s position paper [3], the recommendations and proposals it provides do not thoroughly tackle all

problems.

Should DG TREN request the EUR to provide concrete NC RfG amendment proposals, it can refer to April
12", 2013 position paper [3] which contains such alternative approaches.

2. GENERAL COMMENTS

2.1. Document layout

The structure of the report is clear and fit for the purpose set in the mandate. The EUR recognize a large
amount of good work has been performed interviewing numerous stakeholders, analyzing the issues raised
and their root causes, and presenting results in a comprehensive way.
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On the form, the EUR regret the poor quality of the appendices rendering, which makes them difficult to
read. However the EUR recognizes this is probably due to the need to reduce the size of the final file to an
acceptable level.

Besides, some wording is inappropriate, the EUR would appreciate if the authors would consider some
amendments, in particular:
® Page 34: the CIGRE study on tap-changers failures should not be dismissed on the only reason itis
“old”, especially when another not very recent CIGRE study put forward by ENTSO-E to support its
argument (page 30) is considered as strong evidence.
® Page 37: although DNV KEMA / COWI can disagree with them, the arguments put forward by
stakeholders should not be qualified as being “something of an exaggeration”.

2.2. Issues addressed

Most of the issues addressed by stakeholders are referred to and analyzed although some have been left
aside, in particular:

e Plant modernization or use of spare parts, addressed by EUR in [3], as well as Eurelectric and VGB
Powertech in their joint position paper [6].

e The concern that NC RfG is unbalanced in nature. On that point the explanation given by DNV
KEMA / COWI for not addressing this in chapter 4.2. is not satisfactory. Although the EUR agreeitis
to be expected that the requirements in NC RfG should be placed on generators, stakeholders are
under the impression that some requirements on generators are made very onerous to exempt
T50s from taking costly measures to ensure stable power system operation. This is not cost-
effective and will drive cost for the generators. Hereafter are a just two meaningful examples, but
the issue is much wider:

o larger reactive capability and operating voltages ranges, when means for reactive
compensation (capacitors, reactors, SVCs, other FACTS) can be installed and operated by
TSOs;

o Potential longer FRT requirement when modern grid protection systems are much faster.

2.3. Missing recommendations

The EUR is pleased that some important issues are appropriately addressed and acknowledged in the
report; however it is to be noted in some domains, while the analysis in the report suggests NC RfG does
not tackle the issues, no recommendation or proposal is formulated. In particular:

e Chapter 3.3. “Impact of RES-E”. The EUR agree with DNV KEMA / COWI’'s analysis, and has
expressed the same concern throughout the NC RfG drafting process. Surprisingly, while the report
recognizes NC RfG does not tackle the negative impacts or RES-E increasing penetration, it does not
provide any recommendation either.

Chapter 6.1.2. “Legal status of TSOs”.

e Chapter 6.2.1. “Governance”. While the executive summary suggests recommendations have been
made on governance (chapter 0.3. “recommendations are made on establishing appropriate
governance arrangements”), and while the analysis in the report clearly states that governance
arrangements have to be improved, especially in the field of Grid Code modification, no
recommendation is formulated.

e Chapter 6.2.2. “Retrospective Applicability”. The report recommends NC RfG should be amended
on that topic, but unfortunately does not provide a concrete recommendation.
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3. SPECIFIC COMMENTS

Please note that the comments formulated hereafter also apply to the associated recommendations in
chapter 7 of the preliminary report.

3.1. Chapter 5.1.1. - Frequency Ranges

The EUR cannot agree with statements such as “the position of the stakeholders during the consultation
was very supportive” or “However there was no strong opposition either” when talking about extending the
unlimited operation frequency range to 42.00 Hz — 51.00 Hz. Furthermore, it is acknowledged that the
combination of proposed frequency- and voltage ranges in the NC RfG is a primary concern.

The EUR has repeatedly argued that frequency quality should be kept constant in time, and that NC RiG
should reflect that objective. Moreover, while the report insists that more consistency among the different
codes should be sought, it doesn’t make any mention of the large discrepancy between NC RfG and NC
LFC&R, in which frequency quality objectives are described and which shows that a very small proportion of
the capability required in NC RfG should ever be used (maximum instantaneous and steady-state frequency
deviation objectives). On a nuclear safety point of view, it is essential that large frequency transients should
be both infrequent and short in duration.

Besides, the report takes on the argument that the proposed frequency ranges are consistent with IEC
60034, although different stakeholders including the EUR have explained that in a power plant grid
frequency is not only relevant to rotating machines operation, but also to the design of many systems
which are indirectly influenced by frequency such as:

*  Nuclear safety systems.

®  Nuclear Steam Supply System, where the coolant flow rate is proportional to grid frequency;

®  HVAC systems performance;

Moreover, while the report recognizes that the use of a combined voltage/frequency ranges requirement is
important, it does not recommend using one. In a similar manner, a proposal for limiting frequency
deviations in extent, duration and frequency of occurrence is missing.

DNV KEMA acknowledges that “Particularly in the case of existing installations, the extension of the
frequency range will not be as easy to apply as ENTSO-E suggest.” However, the report does not propose an
exemption of existing installations.

The EUR points out that WENRA expressed its concerns on the extent of frequency ranges, as well as
voltage ranges, in a letter to ACER dated October 4, 2012 [7] in these terms: “In fact, the definition for the
range for frequency and voltage is too large. For nuclear power plants, which are working as 100% base
load power plants, the technical safety limit is 48Hz."

The proposal made at the end of the chapter suggests the definition of additional Frequency Target
Parameters. Although such parameters might have a positive impact on the extent and duration of
frequency deviations, they are neither going to ensure higher frequency quality nor limit frequency of
occurrence of frequency deviations.

As a conclusion, the EUR believe the expressed recommendation does not tackle the issues addressed by
stakeholders on operating frequency ranges, which are of prime importance for some, especially nuclear
generators because of the impact on nuclear safety. EUR wants to underline once again the importance of
a) combining voltage and frequency parameters in one requirement, and, b) a limitation of frequency
deviations in extent, duration and frequency of occurrence is missing.
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3.2. Chapter 5.1.2. - Active power output with falling frequency

The recommendation is quite vague and should be made more explicit.

3.3. Chapter 5.1.3. - LFSM-0 and LFSM-U

The EUR cannot agree with the statement “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.”

As explained in the EUR position paper [3] and presentation to DNV KEMA, the issue complying with LFSM-
U has nothing to do with control arrangements limitations. It has to do with the ability of plants to go
through very large transients on a regular basis, in terms of mechanical constraints due to extensive
temperature and pressure variations, as well as nuclear core control issues for NPPs.

Therefore the EUR disagree with the authors’ condusion.

Moreover, it is to be noted that the EUR do not fully understand the meaning of the second paragraph of
the chapter, which is meant to reflect discussions between the EUR and the authors. Therefore there is a
need for further clarification.

3.4. Chapter 5.2.1. - Voltage ranges

DNV KEMA addresses and acknowledges a large number of issues related to overvoltages. For instance, it
recognises that “the proposed ranges for operation in the overvoltage area seem to be beyond current
practices, in particular for the 400kV voltage level.” Furthermore, it is concluded that “Long and/or frequent
operation under significant overvoltages may seriously damage generators and/or associated electrical
equipment; therefore, network rules have to limit overvoltages beyond standard values by time of their
duration and frequency of their occurrence”. However, the recommendations given do not thoroughly
reflect DNV KEMA's reasoning.

Also, as in the case of Frequency Ranges, DNV KEMA misses to propose the use of a voltage/frequency
chart.

Although the EUR consider the conclusions and recommendations are an improvement to the current NC
RfG drafting, the rationale behind the proposed new figures should be explained.

3.5. Chapter 5.2.2. - On-load tap changers

Although the use of on-load tap changers for step-up and auxiliary transformers is not a direct requirement
in NC RfG, it is a consequence of the enlargement of voltage ranges, which, as explained earlier in this
paper, is the result of the unbalance nature of the Network Codes.

As a consequence, the EUR maintain their concern on that topic.

3.6. Chapter 5.3. - Fault Ride-Through
The EUR find the authors conclusions contradictory. On the one hand, feasibility of a 250ms requirement is
said to be not proved. On the other hand, the recommendation is to keep such as a requirement for the

Nordic synchronous area. How good is a requirement which can only be met through derogation or through
uneconomic solutions such as heavy curtailment of power output?
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It is recognised in the report that a harmonisation of FRT-requirements is not the objective of the NC. DNV
KEMA [ COWI acknowledges that FRT-requirements shall be assessed on a case by case basis.
Unfortunately, this acknowledgment is not reflected in the proposal.

Also, DNV KEMA / COWI states that ENTSO-E makes use of the most onerous requirement among all
synchronous areas. It is concluded correctly that taking the most extreme requirement imposes a
significant deviation from current practise.

Again, the EUR insist that the 250ms FRT requirement is irrelevant if TSOs are entitled to modernize their
protection systems. Therefore itis another result of the unbalance nature of the Code.

3.7. Chapters 6.5.1.1. & 6.5.1.2. - Harmonization between ENTSO-E Network
Codes

The EUR insist that the recommendations formulated do not tackle the large discrepancy between NC RfG
requirement and the actual use of the capability predicted in the operational Codes.

NC RfG and Operational Codes should be harmonized in such a way that NC RfG would not over-specify.
3.8. Chapter 6.6 - Compliance

The recommendation should also include the aspect of cost recovery for generators.

4. CONCLUSION

The EUR conclude that the recommendations formulated in the DNV KEMA / COWI preliminary report are
not strong enough to tackle the important issues which are consistently and repeatedly been addressed by
stakeholders including EUR throughout the NC RfG drafting process. In its current form, the NC RfG is going
to have an impact on the operation of existing NPPs. For instance, NPPs are forced to reduce power output
due to low grid frequency.

During the process, individual stakeholders as well as trade associations have issued numerous position
papers supported by strong justification and evidence to propose alternative approaches on controversial
requirements. The EUR position paper issued on April 12th, 2013 [3] is among these.

The EUR reiterates its view that the aim of the Pan-European Power System should be to keep the
electricity quality constant over time, and that this objective should be reflected in the Network Codes,
especially NC RfG, NC OS and NC LFC&R, which is not the case in the current drafting. For Nuclear Power
Plants it is a matter of Nuclear Safety, which is recognized to be predominant over Grid Safety even in NC
QS (in particular Article 3).
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G.5 LFSM-O Obligations - Randomised Disconnection
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COGEN Europe and EHI micro-CHP Joint Working Group Argumentation on

+Randomised Settings for Over-Frequency Disconnection and Reconnection”

Brussels, September 13™ 2013

Summary

The COGEN Europe and EHI Micro-CHP Joint Working Group appreciates the assessment
provided by DNV Kema and COWI in the preliminary report on the NC Rfe regarding the
randomised disconnection for over-frequency disconnection as an equivalent group droop. In
the argumentation below the Micro-CHP Joint Working Group offer further evidence on the

viability of the proposed solution based on:

# the priority of tackling a sudden overfrequency wave over the need to overcome the

possible impacts of a delayed reconnection.

= the benefits of the randomised disconnection approach, in terms of improved reaction
time of a group of generating units, over the sub-optimal solutions that are available for
individual units technically unable to reduce active power in overfrequency situations in

the required time.

We therefore ask that the assessment of the randomised disconnection solution in the
preliminary report is amended to allow this alternative approach in the NC RfiG based on the
considerations presented here (i.e. its significant contribution to grid stability due to a fast

disconnection behaviour).
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Technical argumentation

The preliminary report on the NC Rfiz drafted by DNV E=ma and COW1 states on page 29 that
LLhe random disconnection af many smaill units will simuilate @ droop charocteristic for the total
group. Thus it is recognised that a population of smaller units, just able to switch on and off, is
a@ble to absorb the first wave of surplus power in @ smooth way. The randomisation could be
easily managed either by defining values in the factory itself or by choosing and buming-in the
national settings during the commissioning of the generating unit. The Joint mioo CHP Working
qup iz eager to explain randomization algorithms which could be wused to emulate the droop
curve of LFSM-O, if further details are needed.

For the sake of system s@ability, the priority of which is to sundive the first wave of overfrequency,
it is essential to reduce the active power in the grid as quickly as possible (see MC RFG Artide 8, 1.
c] 1). The NC RfG requires, that if the time is longer than 2 s the TS50 needs to be consulted.

EMNTS0-E spedalists on system dynamics objected to the introduction of a so called |intentional
delay’ of max two seconds in EN 505452013, which could lead to all generators acting close to
2 5, based on the following relevant aspects:

*  The prefermmed reaction time is similar to under-frequency load shedding of about 200-
300 ms.

* | arge thermal power plants in the GW range react with their steam vabwe in 500-1000 ms,
while the inertia of the turbine plus generator slows down any frequency reaction.

* |nertia of distributed gensrators based on combustion engines or gas twrbines are about
a factor of 10 smaller, therefore the step response time should be faster.

Generators for which it is technical not feasible to reduce power in the technically reguired time
should have the option to disconnect very quickly (200 ms), by performing the required droop
curve as 3 population, in order to stop further inorease of frequency. In Movember 2006 there
was a problem with wind parks disconnecting and reconnecting at 50.5 Hz. Nevertheless, while
this situation was not ideal, the altemative of wind power continuing to feed in for additional 2
seconds pushing the frequency from a maximum of 1.4 Hz as shown in the final UCTE report
beyond the 51.5 Hz threshold would have had more dramatic consequences to start with. The
wery fast randomized disconnecting function (within 200/200 ms) will contribute significantly to

Technical Report on ENTSO-E NC RfG 319 12 November 2013



]

the grid stability and will therefore compensate for the slower reaction time of generators such

as steam turbines.

Section 5.1.3. {preliminary report on the NC RfiG drafted by DNV Kema and COWI ) on “LFSM-O
and LF3M-U" indudes an assessment of the randomised disconnection solution. In this section
the  unidirectional” nature of the approach is mentioned as a disadvantage. From a steady-state
perspective disconnection and reconnection will coour symmetrically at the same randomized
set point, thus a static droop will be fully emulated. An immediate power reduction by
disconmection is possible but a delay until reconnection will cocur, so dynamically theres it is
unidirectional behaviour. The reconnection of CHP engines neseds time among others to check
the mechanics, the gas trein and to flush combustion dhambers with fresh air to avoid an ignition
of unburnt fuel. This alternative of mndomized disconnection and reconnection is considered as
miore fawourable compared to a symmetrical power increase immmediately when frequency goes
down again, but with an initial delay in reducing power during a sudden freguency inorease.
Therefore, it can be well argued that generating units with a slow ramp rate, such as stationary
fuel cells (gas flow constraints and temperature in 30FC technclogy], stirling engines [heat flow
from the combustion chamber via a separating wall to the working gas volume), some gas
turbines (flame stability in transient processes] and even combustion engines (speed of the
butterfly wvalve and other mechanical actustors) will probably not meet the symmetrical
requiremsnts that the reduction of surplus power at overfreguency is done at the same speed as
the shedding of loads at underfrequency if the methied to reduce power is done by the throttle

contral of the prime mowver.

Legal argumentation

The method of randomised disconnection has been already introduced as state-of-the-art in
Germany (LW Grid Conmection Standard VDE 4105) and has been also part of a ministerial
regulation (SysStabV). The exclusion of this already accepted way to cope with overfrequency
situations will discriminate generating units with low imertia and a certain, technically imduced
delay. These generating units would not be technically able to contribute their share to system
stability, unless the instrument of randomised overrequency disconnection is part of the
toolbox of solutions.
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Conclusion

As a general principle, a fast reaction with a delayed reconnection has to be balanced against a
slow symmetrical reaction in the cse of an emergency Given that the LFSM-0 is not for
continuous operation such as frequency control in normal system state, but is preparedness for
the worst case. As these events obviously happen, but with a very low freguency, before
dismissing this option, it would be necessary to test via a cost benefit analysis, at least for type A
generators, that the advantages of a fast disconnection to the grid stability do not ocutweizh the
disadvantageous asymmetry between disconnection and reconnection.

The Joint Waorking Group therefore argues that the randomized disconmection should still be
considered as one out of several viable technical solutions needed to fulfil the current and future
needs of the grid.
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Tite: SYSTEMS ASPECTS OF ELECTRICAL ENERGY SUPPLY

TCAXMGO3 Experts position on
Preliminary report from DNV KEMA on the Network Code "Regquirements for
Generators” and the staged disconnection performing a group droop for active
power reduction at over-frequency disturbances

Duriryg the |35t Staksholder Meating on the Metwork Code RIG which tnok piace on Seplember 16% In
Bnssels, the behavior of micm generatons on LFSM-O (Uimited Frequency senciive Mode —

draft
for micro-generating plants to be connectad In parallel weih pub
disirioution networks”. The FprEM 50438 was recenfy released fior formal voie.

showing 100% approval.

This shows that the randomized discommection o perform @ goup droog,
generaloes which a5 an iIndvidual unit are not capable © react In he required me of less Man 2
gaconds, ks 3 well-accepled method Tor acthe power reduction In over-Tequency shuations.

The Experts of Cenelec TCEXNWGD3 consider that recucing the acsve power by parforming a
droop will Bing Importat benefts with respect b stabity In makr over

dishubances. Indeed, mmmmwmm.mmnm
profecson reidy within a few hundred millseconds, which provide Tie fasiest reaction possile.
MMaMMMEmmmMHIMmMMnQM
reduce e of sihations were fast eoonnedion & neaded. Pisase also nobe that this
method wil b2 Impkernented In France. The French DS0s chose for Me time belng to appdy 3 staged
automatic dsconnechon of PV, Wit varkus frequency thresholts Sor tisconnections, Tis approach s

similar 10 the under-frequency load shedding It wil meet the technical pupose bafing the RIG
Metwork Cooe much beter than an Intia delay of up to 2 saconds.

£

Consequentty TCEXWGO3 Experts would be peased If the Snal report from DNV KEMA, could take

Ripbert Mo Wean (DY KEMA) - Bobart Mol semis dmvioanm. copy

Marcus Mersl (CLC BTWG 143-2) Moo Madal@ews.de
Edwin Haesen (ENTS0-E). Edwin Haewen §sotws on
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RE: TCBXMNGOZ Experts position on Preliminary report from DMWY
KEMA onthe RfG Metwork Code

From: EdwinHasson

To: Nicola Cammalleri, Rebert Mcveaan, Marcus Markel, G Vigneron

cz: Herve Rocherasu, Simone Botton, Thomas Schaupp, Wouwtsr Yancoetsum
25 October 2012 18: 177

| appreciated the talk we had last Wednesday regarding futwre CENELECSENTSD-E coordination, and
in which we also cowered this recent letter.

From the conwersation | understood that the opinion expressead in this letter is not that of CENELEC,
nar of ane of its committe=s, but of 3 number of experts that worked on the draft ENS0438.

For those whao did not attend the meeting, let me just emphasize again that it is ENTS0-E's firm
position that the option of 2 “randomized disconnection to perform a group droop”™ is notan
acceptable method for newgeneration units when coping with overfrequency situations. In those
situations, the system needs to =nsure above all 3 stable behaviour when moving back to the S0Hz
target. Simply losing generation with no assurance of reconnection is not an acceptable general
salution. ENT30-E does not share the view expressed in the letter that it meets the technical
purpose behind the RfG Network Code much better than an initial delay of up to 2 seconds. | am
confident this point was made clear in past discussions as well asin the comments ENTS0-E provided
on the recent EN50438 and T350549 drafts.

Extensive discussions with manufacturers in the past development of the NC RFG have proven that
an LF5M capability can =asily be provided by the majority of technologies. Exceptional cases {and |
acknowlzdge we discussed these as well) of specific types of generation that cannat deliver this
capability could be covered by derogation or by classification as emerging technologies, which the
NC RFG both provides for. The case of some micro-generation brands has been well und=rstood in
constructive discussions we had to date.

We do believe standards are an essential toolin enswring compliance of mass market generation
units, and are as such a valuable complement to European Network Codes. | hope continuing and
=wen an increasing number of interactions |like we have seenin the past wesks) can enswre an
=fficient synchronization of standards and network codes in futuwre.

Best regards
Edwin

EdwinHa=ss=n
Flanming Methods Senior Advisor

Ekl_i:"‘ F

o

European Metwork of Transmission System Operators for Elecicity
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Experts position

Gunnar Kaestle [gunnar.kaestle@tu-clausthal.de]

Sent: 06 November 2013 16:40

To: Edwin Haesen [edwin.haesen@entsoe. eu]

Cc: Nicola Cammalleri [nicola. cammalleri@enel.com]; McVean, Robert; Marcus Merkel [marcus.merkel @ewe.de]; Catherine Vigneron
[cwigneron@cencenelec.eu]; Hervé Rochereau [herve.rochereau@edf. fr]; Simone Botton [simone.botton@enel.com]; Thomas Schaupp
[thomas. schaupp @kaco-newenergy.de]; Wouter Vancoetsem [wouter, vancoetsem@laborelec, com]

Dear Edwin,

Thank you for your note which has been forwarded within the WGO03

Collakoration Area. I assume that CENELEC and ENTS5C-E are working the

same way: the organisation is fed with knowledge and initiatiwves by its

members. Here i=s an overview on the working groups of TC8X which hawve

been founded in the past to work on new standards or to maintain

existing ones.

http://www.cenelec.ew/dyn/www,/f?p=104:29:281672561208535::: : FSF ORE ID,FSP LRANG ID:1077,25%#1
TCEX usually only meets only once a year and can be regarded as the

steering committee assingning tasks to volunteering specialists.

Could you please help me out and tell me which experts from ENTS5C-E

member firms say that it is not acceptable to loose power in an
overfrequency situation? I'd like to discuss personally the situation of
~6 GW of wind parks disconnecting within 200 ms at 50,5 Hz and if or if
not this might hawve saved the night of several million people in the

north eastern zone during the system split in November 2006 and

preventing a blackout in this area which had to cope with a ~10 GW surplus.

From my basic understanding of control technology, the need for
reconnection after a surplus of active power and the resulting fregquency
increase followed by a frequency decrease (overshooting) only comes from
a massive delay in frequency response. Usually, yvou see this effect in
the RG CE in a nadir after ca 10= in the case a loss of active power.
This i=s caused by the =2low activation (within sewveral seconds) of
primary power. The situation with a surplus of active power should be
gimilar: if there iz a delay in the reduction of power, then there will
be an overshoot of frequency and after that the frequency declines again.

But if and only if, the delay in the reaction on over-frequency can be
minimized, no overshoot will occur and therefore no fast declining
frequency will be observed after the overshoot. &n exponential curve
with an aperiocdic time constant will ewvolwve fit) = l-exp”™ (-t/T) as a
step response behaviour. This is what theory tells me and I am happy to
learn more about this theory in practical applications. I'd like to
share my thoughts and reasoning with those experts who =2till believe
that fast active power reductions is harmful for grid stabkility and the
following active power increase 15 immediately needed.

By the way, 1it's not only about microCHP. As you may know, even larger
thermal plants may need some =s=econds to reduce active power. I beliewve
that was the reason for the new draft for HV connections in Germany
allowing up to 5 seconds for so called type 2 generators as a step
response time. The difference between step response time and settling
time is explained here:
http://www.electropedia.org/iev/iev.nsf/display?openforméievref=351-24-28

Best regards,

Gunnar
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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:

e Frequency Ranges;

o Active Power Output with Falling Frequency;

e LFSM-O and LFSM-U;

e Voltage Ranges;

o Potential Requirement for the use of On Load Tap Changers;

o Reactive Power Capability;

e 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;

e Fault Ride Through on LV Networks; and

o 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 | The need for greater definition was acknowledged and drafting
Falling Frequency 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 | Drafting would be introduced making clear that where OLTCs are
power provision 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 | Active power requirements should be specified with greater
Injection and Active | precision; fast reactive current injection should be specified with
Power Recovery by | less precision recognising the current state of technology. The effect
Power Park modules | of the combination of these requirements should be recognised.

B,Cand D 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

[End of Document]
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