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INTRODUCTION

The European Connection Conditions ("ECC") specify both:

(@)

(b)

(c)

(d)

the minimum technical, design and operational criteria which must be complied with by:

(i) any EU Code User connected to or seeking connection with the National
Electricity Transmission System, or

(i) EU Generators or HVYDC System Owners connected to or seeking connection to
a User's System which is located in Great Britain or Offshore, or

(i) Network Operators who are EU Code Users
(iv) Network Operators who are GB Code Users but only in respect of:-

(a) Their obligations in respect of Embedded Medium Power Stations not subject
to a Bilateral Agreement for whom the requirements of ECC.3.1(b)(iii) apply
alone; and/or

(b) The requirements of this ECC only in relation to each EU Grid Supply
Point. Network Operators in respect of all other Grid Supply Points should
continue to satisfy the requirements as specified in the CCs.

(v) Non-Embedded Customers who are EU Code Users

the minimum technical, design and operational criteria with which The Company will
comply in relation to the part of the National Electricity Transmission System at the
Connection Site with Users. In the case of any OTSDUW Plant and Apparatus, the
ECC also specify the minimum technical, design and operational criteria which must be
complied with by the User when undertaking OTSDUW.

The requirements of European Regulation (EU) 2016/631 shall not apply to

(i) Power Generating Modules that are installed to provide backup power and
operate in parallel with the Total System for less than 5 minutes per calendar
month while the System is in normal state. Parallel operation during
maintenance or commissioning of tests of that Power Generating Module shall
not count towards that five minute limit.

(ii) Power Generating Modules connected to the Transmission System or
Network Operators System which are not operated in synchronism with a
Synchronous Area.

(iii) Power Generating Modules that do not have a permanent Connection Point
or User System Entry Point and used by The Company to temporarily provide
power when normal System capacity is partly or completely unavailable.

(iv) Electricity Storage Modules.

Storage Users are required to comply with the entirety of the ECC but are not subject to

the requirements of European Requlation (EU) 2016/631, European Regulation

(EU) 2016/1388 and European Regulation EU 2016/1485. The requirements of the

ECC shall therefore be enforceable against Storage Users under the Grid Code only

(and not under any of the aforementioned European Regulations) and any

derogation sought by a Storage User in respect of the ECC shall be deemed a derogation

from the Grid Code only (and not from the aforementioned European Requlations).

OBJECTIVE
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The objective of the ECC is to ensure that by specifying minimum technical, design and
operational criteria the basic rules for connection to the National Electricity Transmission
System and (for certain Users) to a User's System are similar for all Users of an equivalent
category and will enable The Company to comply with its statutory and Transmission
Licence obligations and European Regulations.

In the case of any OTSDUW the objective of the ECC is to ensure that by specifying the
minimum technical, design and operational criteria the basic rules relating to an Offshore
Transmission System designed and constructed by an Offshore Transmission Licensee
and designed and/or constructed by a User under the OTSDUW Arrangements are
equivalent.

Provisions of the ECC which apply in relation to OTSDUW and OTSUA, and/or a
Transmission Interface Site, shall (in any particular case) apply up to the OTSUA Transfer
Time, whereupon such provisions shall (without prejudice to any prior non-compliance) cease
to apply, without prejudice to the continuing application of provisions of the ECC applying in
relation to the relevant Offshore Transmission System and/or Connection Site. It is the
case therefore that in cases where the OTSUA becomes operational prior to the OTSUA
Transfer Time that a EU Generator is required to comply with this ECC both as it applies to
its Plant and Apparatus at a Connection Site\Connection Point and the OTSUA at the
Transmission Interface Site/Transmission Interface Point until the OTSUA Transfer Time
and this ECC shall be construed accordingly.

In relation to OTSDUW, provisions otherwise to be contained in a Bilateral Agreement may
be contained in the Construction Agreement, and accordingly a reference in the ECC to a
relevant Bilateral Agreement includes the relevant Construction Agreement.

SCOPE
The ECC applies to The Company and to Users, which in the ECC means:

(@) EU Generators (other than those which only have Embedded Small Power Stations),
including those undertaking OTSDUW including Power Generating Modules, and DC
Connected Power Park Modules. For the avoidance of doubt, Electricity Storage
Modules are included within the definition of Power Generating Modules for which the
requirements of the ECC would be equally applicable.

(b) Network Operators but only in respect of:-
(i) Network Operators who are EU Code Users
(ii) Network Operators who only have EU Grid Supply Points

(iii) Embedded Medium Power Stations not subject to a Bilateral Agreement as
provided for in ECC.3.2, ECC.3.3, EC3.4, EC3.5, ECC5.1, ECC.6.4.4 and
ECA.3.4;

(iv) Notwithstanding the requirements of ECC3.1(b)(i)(ii) and (iii) , Network
Operators who own and/or operate EU Grid Supply Points, are only required
to satisfy the requirements of this ECC in relation to each EU Grid Supply Point.
Network Operators in respect of all other Grid Supply Points should continue
to satisfy the requirements as specified in the CCs.

(c) Non-Embedded Customers who are also EU Code Users ;
(d) HVDC System Owners who are also EU Code Users; and

(e) BM Participants and Externally Interconnected System Operators who are also EU
Code Users in respect of ECC.6.5 only.
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The above categories of User will become bound by the applicable sections of the ECC prior
to them generating, distributing, storing, supplying or consuming, as the case may be, and
references to the various categories should, therefore, be taken as referring to them in that
prospective role.

Embedded Medium Power Stations not subject to a Bilateral Agreement and Embedded
HVDC Systems not subject to a Bilateral Agreement Provisions.

The following provisions apply in respect of Embedded Medium Power Stations not subject
to a Bilateral Agreement and Embedded HVDC Systems not subject to a Bilateral
Agreement.

The obligations within the ECC that are expressed to be applicable to EU Generators in
respect of Embedded Medium Power Stations not subject to a Bilateral Agreement and
HVDC System Owners in respect of Embedded HVDC Systems not subject to a Bilateral
Agreement (where the obligations are in each case listed in ECC.3.3.2) shall be read and
construed as obligations that the Network Operator within whose System any such Medium
Power Station or HVDC System is Embedded must ensure are performed and discharged
by the EU Generator or the HYDC Owner. Embedded Medium Power Stations not subject
to a Bilateral Agreement and Embedded HVDC Systems not subject to a Bilateral
Agreement which are located Offshore and which are connected to an Onshore User
System will be required to meet the applicable requirements of the Grid Code as though they
are an Onshore Generator or Onshore HVYDC System Owner connected to an Onshore
User System Entry Point.

The Network Operator within whose System a Medium Power Station not subject to a
Bilateral Agreement is Embedded or a HYDC System not subject to a Bilateral Agreement
is Embedded must ensure that the following obligations in the ECC are performed and
discharged by the EU Generator in respect of each such Embedded Medium Power Station
or the HVDC System Owner in the case of an Embedded HVDC System:

ECC.5.1
ECC.5.2.2
ECC.5.3
ECC.6.1.3
ECC.6.1.5 (b)

ECC.6.3.2, ECC.6.3.3, ECC.6.3.4, ECC.6.3.6, ECC.6.3.7, ECC.6.3.8, ECC.6.3.9,
ECC.6.3.10, ECC.6.3.12, ECC.6.3.13, ECC.6.3.15, ECC.6.3.16

ECC.6.4.4
ECC.6.5.6 (where required by ECC.6.4.4)

In respect of ECC.6.2.2.2, ECC.6.2.2.3, ECC.6.2.2.5, ECC.6.1.5(a), ECC.6.1.5(b) and
ECC.6.3.11 equivalent provisions as co-ordinated and agreed with the Network
Operator and EU Generator or HVDC System Owner may be required. Details of any
such requirements will be notified to the Network Operator in accordance with ECC.3.5.

In the case of Embedded Medium Power Stations not subject to a Bilateral Agreement and
Embedded HVDC Systems not subject to a Bilateral Agreement the requirements in:

ECC.6.1.6
ECC.6.3.8
ECC.6.3.12
ECC.6.3.15
ECC.6.3.16

ECC.6.3.17
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that would otherwise have been specified in a Bilateral Agreement will be notified to the
relevant Network Operator in writing in accordance with the provisions of the CUSC and the
Network Operator must ensure such requirements are performed and discharged by the
Generator or the HVYDC System owner.

In the case of Offshore Embedded Power Generating Modules connected to an Offshore
User’s System which directly connects to an Offshore Transmission System, any
additional requirements in respect of such Offshore Embedded Power Generating Modules
may be specified in the relevant Bilateral Agreement with the Network Operator or in any
Bilateral Agreement between The Company and such Offshore Generator.

In the case of a Generator undertaking OTSDUW connecting to an Onshore Network
Operator’'s System, any additional requirements in respect of such OTSDUW Plant and
Apparatus will be specified in the relevant Bilateral Agreement with the EU Generator. For
the avoidance of doubt, requirements applicable to EU Generators undertaking OTSDUW
and connecting to a Network Operator’s User System, shall be consistent with those
applicable requirements of Generators undertaking OTSDUW and connecting to a
Transmission Interface Point.

The requirements of this ECC shall apply to EU Code Users in respect of Power Generating
Modules (including DC Connected Power Park Modules and Electricity Storage Modules)
and HVDC Systems.

PROCEDURE

The CUSC contains certain provisions relating to the procedure for connection to the National
Electricity Transmission System or, in the case of Embedded Power Stations or
Embedded HVDC Systems, becoming operational and includes provisions relating to certain
conditions to be complied with by EU Code Users prior to and during the course of The
Company notifying the User that it has the right to become operational. The procedure for an
EU Code User to become connected is set out in the Compliance Processes.

CONNECTION

The provisions relating to connecting to the National Electricity Transmission System (or
to a User's System in the case of a connection of an Embedded Large Power Station or
Embedded Medium Power Stations or Embedded HVDC System) are contained in:

(&) the CUSC and/or CUSC Contract (or in the relevant application form or offer for a CUSC
Contract);

(b) or, in the case of an Embedded Development, the relevant Distribution Code and/or
the Embedded Development Agreement for the connection (or in the relevant
application form or offer for an Embedded Development Agreement),

and include provisions relating to both the submission of information and reports relating to
compliance with the relevant European Connection Conditions for that EU Code User,
Safety Rules, commissioning programmes, Operation Diagrams and approval to connect
(and their equivalents in the case of Embedded Medium Power Stations not subject to a
Bilateral Agreement or Embedded HVDC Systems not subject to a Bilateral Agreement).
References in the ECC to the "Bilateral Agreement” and/or “Construction Agreement"
and/or “Embedded Development Agreement” shall be deemed to include references to the
application form or offer therefor.

Items For Submission

Prior to the Completion Date (or, where the EU Generator is undertaking OTSDUW, any
later date specified) under the Bilateral Agreement and/or Construction Agreement, the
following is submitted pursuant to the terms of the Bilateral Agreement and/or Construction
Agreement:
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No Network Operator or Non Embedded Customer equipment shall be energised until the
Protection settings have been agreed prior to commissioning. The Network Operator or Non
Embedded Customer shall agree with NGET (in coordination with the Relevant
Transmission Licensee) and carry out a combined commissioning programme for the
Protection systems, and generally, to a minimum standard as specified in the Bilateral
Agreement.

Control Requirements

NGET in coordination with the Relevant Transmission Licensee and the Network Operator
or Non Embedded Customer shall agree on the control schemes and settings at each EU
Grid Supply Point of the different control devices of the Network Operator’s or Non
Embedded Customer’s System relevant for security of the National Electricity
Transmission System. Such requirements would be pursuant to the terms of the Bilateral
Agreement which shall also cover at least the following elements:

(a) Isolated (National Electricity Transmission System) operation;

(b) Damping of oscillations;

(c) Disturbances to the National Electricity Transmission System;

(d) Automatic switching to emergency supply and restoration to normal topology;

(e) Automatic circuit breaker re-closure (on 1-phase faults).

Subject to the requirements of ECC.6.2.3.8.1 any changes to the schemes and settings,
defined in ECC.6.2.3.8.1 of the different control devices of the Network Operator’s or Non-
Embedded Customer’s System at the EU Grid Supply Point shall be coordinated and
agreed between NGET, the Relevant Transmission Licensee, the Network Operator or
Non Embedded Customer.

Ranking of Protection and Control

The Network Operator or the Non Embedded Customer who owns or operates an EU Grid
Supply Point shall set the Protection and control devices of its System, in compliance with
the following priority ranking, organised in decreasing order of importance:

(a) National Electricity Transmission System Protection;
(b) Protection equipment at each EU Grid Supply Point;
(c) Frequency control (Active Power adjustment);

(d) Power restriction.

Synchronising

ECC.6.2.3.10.1 Each Network Operator or Non Embedded Customer at each EU Grid Supply Point shall

be capable of synchronisation within the range of frequencies specified in ECC.6.1.2 unless
otherwise agreed with NGET.

ECC.6.2.3.10.2 NGET and the Network Operator or Non Embedded Customer shall agree on the settings

Issue 5 Revision 27

of the synchronisation equipment at each EU Grid Supply Point prior to the Completion
Date. NGET and the relevant Network Operator or Non-Embedded Customer shall agree
the synchronisation settings which shall include the following elements.

(a) Voltage;
(b) Frequency;
(c) phase angle range;

(d) deviation of voltage and Frequency.
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GENERAL POWER GENERATING MODULE, OTSDUW AND HVDC EQUIPMENT
REQUIREMENTS

This section sets out the technical and design criteria and performance requirements for
Power Generating Modules (which includes Electricity Storage Modules) and HVDC
Equipment (whether directly connected to the National Electricity Transmission System
or Embedded) and (where provided in this section) OTSDUW Plant and Apparatus which
each Generator or HYDC System Owner must ensure are complied with in relation to its
Power Generating Modules, HVDC Equipment and OTSDUW Plant and Apparatus-.
References to Power Generating Modules), HVDC Equipment in this ECC.6.3 should be
read accordingly. For the avoidance of doubt, the requirements applicable to Synchronous
Power Generating Modules also apply to Synchronous Electricity Storage Modules and
the requirements applicable to Power Park Modules apply to Non-Synchronous Electricity
Storage Modules. In addition, the requirements applicable to Electricity Storage Modules
also apply irrespective of whether the Electricity Storage Module operates in such a mode
as to import or export power from the Total System.

Plant Performance Requirements

REACTIVE CAPABILITY

Reactive Capability for Type B Synchronous Power Generating Modules

When operating at Maximum Capacity, all Type B Synchronous Power Generating
Modules must be capable of continuous operation at any points between the limits of 0.95
Power Factor lagging and 0.95 Power Factor leading at the Grid Entry Point or User
System Entry Point unless otherwise agreed with The Company or relevant Network
Operator. At Active Power output levels other than Maximum Capacity, all Generating
Units within a Type B Synchronous Power Generating Module must be capable of
continuous operation at any point between the Reactive Power capability limits identified
on the HV Generator Performance Chart unless otherwise agreed with The Company or
relevant Network Operator.

Reactive Capability for Type B Power Park Modules

When operating at Maximum Capacity all Type B Power Park Modules must be capable
of continuous operation at any points between the limits of 0.95 Power Factor lagging and
0.95 Power Factor leading at the Grid Entry Point or User System Entry Point unless
otherwise agreed with The Company or relevant Network Operator. At Active Power
output levels other than Maximum Capacity, each Power Park Module must be capable
of continuous operation at any point between the Reactive Power capability limits
identified on the HV Generator Performance Chart unless otherwise agreed with The
Company or Network Operator.

Reactive Capability for Type C and D Synchronous Power Generating Modules

In addition to meeting the requirements of ECC.6.3.2.3.2 - ECC.6.3.2.3.5, EU Generators
which connect a Type C or Type D Synchronous Power Generating Module(s) to a Non
Embedded Customers System or private network, may be required to meet additional
reactive compensation requirements at the point of connection between the System and
the Non Embedded Customer or private network where this is required for System
reasons.

All Type C and Type D Synchronous Power Generating Modules shall be capable of
satisfying the Reactive Power capability requirements at the Grid Entry Point or User
System Entry Point as defined in Figure ECC.6.3.2.3 when operating at Maximum
Capacity.
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At Active Power output levels other than Maximum Capacity, all Generating Units within
a Synchronous Power Generating Module must be capable of continuous operation at
any point between the Reactive Power capability limit identified on the HV Generator
Performance Chart at least down to the Minimum Stable Operating Level. At reduced
Active Power output, Reactive Power supplied at the Grid Entry Point (or User System
Entry Point if Embedded) shall correspond to the HV Generator Performance Chart of
the Synchronous Power Generating Module, taking the auxiliary supplies and the Active
Power and Reactive Power losses of the Generating Unit transformer or Station
Transformer into account.

Connection Point Voltage

106 [ oo

095 oo

0.92 1 0.92 Power Factor
Consumption (lead) Production {lag)

Figure ECC.6.3.2.3

In addition, to the requirements of ECC.6.3.2.3.1 — ECC.6.3.2.3.3 the short circuit ratio of
all Onshore Synchronous Generating Units with an Apparent Power rating of less than
1600MVA shall not be less than 0.5. The short circuit ratio of Onshore Synchronous
Generating Units with a rated Apparent Power of 1600MVA or above shall be not less
than 0.4.

Reactive Capability for Type C and D Power Park Modules, HYDC Equipment and
OTSDUW Plant and Apparatus at the Interface Point

EU Generators or HYDC System Owners which connect an Onshore Type C or
Onshore Type D Power Park Module or HYDC Equipment to a Non Embedded
Customers System or private network, may be required to meet additional reactive
compensation requirements at the point of connection between the System and the Non
Embedded Customer or private network where this is required for System reasons.
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All Onshore Type C Power Park Modules and Onshore Type D Power Park Modules
or HVDC Converters at an HVDC Converter Station with a Grid Entry Point or User
System Entry Point voltage above 33kV, or Remote End HVDC Converters with an
HVDC Interface Point voltage above 33kV, or OTSDUW Plant and Apparatus with an
Interface Point voltage above 33kV shall be capable of satisfying the Reactive Power
capability requirements at the Grid Entry Point or User System Entry Point (or Interface
Point in the case of OTSDUW Plant and Apparatus, or HVDC Interface Point in the case
of a Remote End HVDC Converter Station) as defined in Figure ECC.6.3.2.4(a) when
operating at Maximum Capacity (or Interface Point Capacity in the case of OTSUW
Plant and Apparatus). In the case of Remote End HVDC Converters and DC
Connected Power Park Modules, The Company in co-ordination with the Relevant
Transmission Licensee may agree to alternative reactive capability requirements to those
specified in Figure ECC.6.3.2.4(a), where it is demonstrated that it is uneconomic and
inefficient to do so, for example in the case of new technologies or advanced control
strategies. For the avoidance of doubt, the requirements for Offshore Power Park
Modules and DC Connected Power Park Modules are defined in ECC.6.3.2.5 and
ECC.6.3.2.6.

Grid Entry Point Voltage or
User System Entry Point
Interface Point Voltage

(p.)
1.1
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1.0 0.225
0.95 t
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: 1
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1 1
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1 1
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i i .
0.95 1 0.95 Power Factor

Consumption (lead) Production {lag)

Figure ECC.6.3.2.4(a)

All Onshore Type C or Type D Power Park Modules or HYDC Converters at a HVDC
Converter Station with a Grid Entry Point or User System Entry Point voltage at or
below 33kV or Remote End HVDC Converter Station with an HVDC Interface Point
Voltage at or below 33kV shall be capable of satisfying the Reactive Power capability
requirements at the Grid Entry Point or User System Entry Point as defined in Figure
ECC.6.3.2.4(b) when operating at Maximum Capacity. In the case of Remote End
HVDC Converters The Company in co-ordination with the Relevant Transmission
Licensee may agree to alternative reactive capability requirements to those specified in
Figure ECC.6.3.2.4(b), where it is demonstrated that it is uneconomic and inefficient to do
so, for example in the case of new technologies or advanced control strategies. For the
avoidance of doubt, the requirements for Offshore Power Park Modules and DC
Connected Power Park Modules are defined in ECC.6.3.2.5 and ECC.6.3.2.6.
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Figure ECC.6.3.2.4(ba)

All Type C and Type D Power Park Modules, HVDC Converters at a HYDC Converter
Station including Remote End HVDC Converters or OTSDUW Plant and Apparatus,
shall be capable of satisfying the Reactive Power capability requirements at the Grid
Entry Point or User System Entry Point (or Interface Point Capacity in the case of
OTSUW Plant and Apparatus or HVDC Interface Point in the case of Remote End
HVDC Converter Stations) as defined in Figure ECC.6.3.2.4(c) when operating below
Maximum Capacity. With all Plant in service, the Reactive Power limits will reduce
linearly below 50% Active Power output as shown in Figure ECC.6.3.2.4(c) unless the
requirement to maintain the Reactive Power limits defined at Maximum Capacity (or
Interface Point Capacity in the case of OTSDUW Plant and Apparatus) under absorbing
Reactive Power conditions down to 20% Active Power output has been specified by The
Company. These Reactive Power limits will be reduced pro rata to the amount of Plant
in service. In the case of Remote End HVDC Converters, The Company in co-
ordination with the Relevant Transmission Licensee may agree to alternative reactive
capability requirements to those specified in Figure ECC.6.3.2.4(a), where it is
demonstrated that it is uneconomic and inefficient to do so, for example in the case of new
technologies or advanced control strategies. For the avoidance of doubt, the requirements
for Offshore Power Park Modules and DC Connected Power Park Modules are defined
in ECC.6.3.2.5 and ECC.6.3.2.6.
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Figure ECC.6.3.2.4(c)

Reactive Capability for Offshore Synchronous Power Generating Modules,
Confiquration 1 AC connected Offshore Power Park Modules and Configuration 1 DC
Connected Power Park Modules.

The short circuit ratio of any Offshore Synchronous Generating Units within a
Synchronous Power Generating Module shall not be less than 0.5. All Offshore
Synchronous Generating Units, Configuration 1 AC connected Offshore Power Park
Modules or Configuration 1 DC Connected Power Park Modules must be capable of
maintaining zero transfer of Reactive Power at the Offshore Grid Entry Point. The steady
state tolerance on Reactive Power transfer to and from an Offshore Transmission
System expressed in MVAr shall be no greater than 5% of the Maximum Capacity.

For the avoidance of doubt if an EU Generator (including those in respect of DC
Connected Power Park Modules) wishes to provide a Reactive Power capability in
excess of the minimum requirements defined in ECC.6.3.2.5.1 then such capability
(including steady state tolerance) shall be agreed between the Generator, Offshore
Transmission Licensee and The Company and/or the relevant Network Operator.

Reactive Capability for Configuration 2 AC Connected Offshore Power Park Modules
and Configuration 2 DC Connected Power Park Modules.

All Configuration 2 AC connected Offshore Power Park Modules and Configuration 2
DC Connected Power Park Modules shall be capable of satisfying the minimum Reactive
Power capability requirements at the Offshore Grid Entry Point as defined in Figure
ECC.6.3.2.6(a) when operating at Maximum Capacity. The Company in co-ordination
with the Relevant Transmission Licensee may agree to alternative reactive capability
requirements to those specified in Figure ECC.6.3.2.6(a), where it is demonstrated that it
is uneconomic and inefficient to do so, for example in the case of new technologies or
advanced control strategies.
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Figure ECC.6.3.2.6(a)

All AC Connected Configuration 2 Offshore Power Park Modules and Configuration
2 DC Connected Power Park Modules shall be capable of satisfying the Reactive Power
capability requirements at the Offshore Grid Entry Point as defined in Figure
ECC.6.3.2.6(b) when operating below Maximum Capacity. With all Plant in service, the
Reactive Power limits will reduce linearly below 50% Active Power output as shown in
Figure ECC.6.3.2.6(b) unless the requirement to maintain the Reactive Power limits
defined at Maximum Capacity (or Interface Point Capacity in the case of OTSDUW Plant
and Apparatus) under absorbing Reactive Power conditions down to 20% Active Power
output has been specified with The Company. These Reactive Power limits will be
reduced pro rata to the amount of Plant in service. The Company in co-ordination with the
Relevant Transmission Licensee may agree to alternative reactive capability
requirements to those specified in Figure ECC.6.3.2.6(b), where it is demonstrated that it
is uneconomic and inefficient to do so, for example in the case of new technologies or
advanced control strategies.
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Figure ECC.6.3.2.6(b)

For the avoidance of doubt if an EU Generator (including Generators in respect of DC
Connected Power Park Modules referred to in ECC.6.3.2.6.2) wishes to provide a Reactive
Power capability in excess of the minimum requirements defined in ECC.6.3.2.6.1 then such
capability (including any steady state tolerance) shall be between the EU Generator, Offshore
Transmission Licensee and The Company and/or the relevant Network Operator.

OUTPUT POWER WITH FALLING FREQUENCY

Output power with falling frequency for Power Generating Modules and HYDC Equipment

Each Power Generating Module and HVYDC Equipment must be capable of:

(@)

(b)

continuously maintaining constant Active Power output for System Frequency changes
within the range 50.5 to 49.5 Hz; and

(subject to the provisions of ECC.6.1.2) maintaining its Active Power output at a level
not lower than the figure determined by the linear relationship shown in Figure
ECC.6.3.3(a) for System Frequency changes within the range 49.5 to 47 Hz for all
ambient temperatures up to and including 25°C, such that if the System Frequency
drops to 47 Hz the Active Power output does not decrease by more than 5%. In the case
of aCCGT Module, the above requirement shall be retained down to the Low Frequency
Relay trip setting of 48.8 Hz, which reflects the first stage of the Automatic Low
Frequency Demand Disconnection scheme notified to Network Operators under
0C6.6.2. For System Frequency below that setting, the existing requirement shall be
retained for a minimum period of 5 minutes while System Frequency remains below that
setting, and special measure(s) that may be required to meet this requirement shall be
kept in service during this period. After that 5 minutes period, if System Frequency
remains below that setting, the special measure(s) must be discontinued if there is a
materially increased risk of the Gas Turbine tripping. The need for special measure(s) is
linked to the inherent Gas Turbine Active Power output reduction caused by reduced
shaft speed due to falling System Frequency. Where the need for special measures is
identified in order to maintain output in line with the level identified in Figure ECC.6.3.3(a)
these measures should be still continued at ambient temperatures above 25°C
maintaining as much of the Active Power achievable within the capability of the plant.
For the avoidance of doubt, Generators in respect of Pumped Storage Plant and
Electricity Storage Modules shall also be required to satisfy the requirements of
0C6.6.6.
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Figure ECC.6.3.3(a)_Active Power Output with falling frequency for Power Generating
Modules and HVDC Systems and Electricity Storage Modules when operating in an
exporting mode of operation
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(c) For the avoidance of doubt, in the case of a Power Generating Module including a DC
Connected Power Park Module using an Intermittent Power Source where the
mechanical power input will not be constant over time, the requirement is that the Active
Power output shall be independent of System Frequency under (a) above and should
not drop with System Frequency by greater than the amount specified in (b) above.

(d) An HVDC System_must be capable of maintaining its Active Power input (i.e. when
operating in a mode analogous to Demand) from the National Electricity Transmission
System (or User System in the case of an Embedded HVDC System) at a level not
greater than the figure determined by the linear relationship shown in Figure ECC.6.3.3(b)
for System Frequency changes within the range 49.5 to 47 Hz, such that if the System
Frequency drops to 47.8 Hz the Active Power input decreases by more than 60%.

47.8 Frequency (HZ) 495

|
52.0

100% of Active
Power Input

40% of Active
Power Input

Figure ECC.6.3.3(b)_Active Power input with falling frequency for HYDC Systems
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EXCITATION AND VOLTAGE CONTROL PERFORMANCE REQUIREMENTS

Excitation Performance Requirements for Type B Synchronous Power Generating Modules

Each Synchronous Generating Unit within a Type B Synchronous Power Generating
Module shall be equipped with a permanent automatic excitation control system that shall
have the capability to provide constant terminal voltage control at a selectable setpoint
without instability over the entire operating range of the Type B Synchronous Power
Generating Module.

In addition to the requirements of ECC.6.3.8.1.1, The Company or the relevant Network
Operator will specify if the control system of the Type B Synchronous Power Generating
Module shall contribute to voltage control or Reactive Power control or Power Factor
control at the Grid Entry Point or User System Entry Point (or other defined busbar).
The performance requirements of the control system including slope (where applicable)
shall be agreed between The Company and/or the relevant Network Operator and the
EU Generator.

Voltage Control Requirements for Type B Power Park Modules

The Company or the relevant Network Operator will specify if the control system of the
Type B Power Park Module shall contribute to voltage control or Reactive Power control
or Power Factor control at the Grid Entry Point or User System Entry Point (or other
defined busbar). The performance requirements of the control system including slope
(where applicable) shall be agreed between The Company and/or the relevant Network
Operator and the EU Generator.

Excitation Performance Requirements for Type C and Type D Onshore Synchronous
Power Generating Modules

Each Synchronous Generating Unit within a Type C and Type D Onshore
Synchronous Power Generating Modules shall be equipped with a permanent automatic
excitation control system that shall have the capability to provide constant terminal voltage
control at a selectable setpoint without instability over the entire operating range of the
Synchronous Power Generating Module.

The requirements for excitation control facilities are specified in ECC.A.6. Any site specific
requirements shall be specified by The Company or the relevant Network Operator.

Unless otherwise required for testing in accordance with OC5.A.2, the automatic excitation
control system of an Onshore Synchronous Power Generating Module shall always be
operated such that it controls the Onshore Synchronous Generating Unit terminal
voltage to a value that is

- equal to its rated value: or

- only where provisions have been made in the Bilateral Agreement, greater than its
rated value.

In particular, other control facilities including constant Reactive Power output control
modes and constant Power Factor control modes (but excluding VAR limiters) are not
required. However if present in the excitation or voltage control system they will be
disabled unless otherwise agreed with The Company or the relevant Network Operator.
Operation of such control facilities will be in accordance with the provisions contained in
BC2.

The excitation performance requirements for Offshore Synchronous Power Generating
Modules with an Offshore Grid Entry Point shall be specified by The Company.

Voltage Control Performance Requirements for Type C and Type D Onshore Power Park
Modules, Onshore HVDC Converters and OTSUW Plant and Apparatus at the
Interface Point
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Each Type C and Type D Onshore Power Park Module, Onshore HVDC Converter and
OTSDUW Plant and Apparatus shall be fitted with a continuously acting automatic control
system to provide control of the voltage at the Grid Entry Point or User System Entry
Point (or Interface Point in the case of OTSDUW Plant and Apparatus) without instability
over the entire operating range of the Onshore Power Park Module, or Onshore HVDC
Converter or OTSDUW Plant and Apparatus. Any Plant or Apparatus used in the
provisions of such voltage control within an Onshore Power Park Module may be located
at the Power Park Unit terminals, an appropriate intermediate busbar or the Grid Entry
Point or User System Entry Point. In the case of an Onshore HVDC Converter at a
HVDC Converter Station any Plant or Apparatus used in the provisions of such voltage
control may be located at any point within the User’s Plant and Apparatus including the
Grid Entry Point or User System Entry Point. OTSDUW Plant and Apparatus used in
the provision of such voltage control may be located at the Offshore Grid Entry Point an
appropriate intermediate busbar or at the Interface Point. When operating below 20%
Maximum Capacity the automatic control system may continue to provide voltage control
using any available reactive capability. If voltage control is not being provided, the
automatic control system shall be designed to ensure a smooth transition between the
shaded area below 20% of Active Power output and the non-shaded area above 20% of
Active Power output in Figure ECC.6.3.2.5(c) and Figure ECC.6.3.2.7(b) The
performance requirements for a continuously acting automatic voltage control system that
shall be complied with by the User in respect of Onshore Power Park Modules, Onshore
HVDC Converters at an Onshore HVDC Converter Station, OTSDUW Plant and
Apparatus at the Interface Point are defined in ECC.A.7.

In particular, other control facilities, including constant Reactive Power output control
modes and constant Power Factor control modes (but excluding VAR limiters) are not
required. However if present in the voltage control system they will be disabled unless
otherwise agreed with The Company or the relevant Network Operator. Operation of
such control facilities will be in accordance with the provisions contained in BC2. Where
Reactive Power output control modes and constant Power Factor control modes have
been fitted within the voltage control system they shall be required to satisfy the
requirements of ECC.A.7.3 and ECC.A.7.4.

Excitation Control Performance requirements applicable to AC Connected Offshore
Synchronous Power Generating Modules and voltage control performance
requirements applicable to AC connected Offshore Power Park Modules, DC Connected
Power Park Modules and Remote End HVDC Converters

A continuously acting automatic control system is required to provide control of Reactive
Power (as specified in ECC.6.3.2.5 and ECC.6.3.2.6) at the Offshore Grid Entry Point
(or HVDC Interface Point in the case of Configuration 1 DC Connected Power Park
Modules and Remote End HVDC Converters) without instability over the entire operating
range of the AC connected Offshore Synchronous Power Generating Module or
Configuration 1 AC connected Offshore Power Park Module or Configuration 1 DC
Connected Power Park Modules or Remote End HVDC Converter. The performance
requirements for this automatic control system will be specified by The Company which
would be consistent with the requirements of ECC.6.3.2.5 and ECC.6.3.2.6.

A continuously acting automatic control system is required to provide control of Reactive
Power (as specified in ECC.6.3.2.8) at the Offshore Grid Entry Point (or HVDC Interface
Point in the case of Configuration 2 DC Connected Power Park Modules) without
instability over the entire operating range of the Configuration 2 AC connected Offshore
Power Park Module or Configuration 2 DC Connected Power Park Modules. otherwise
the requirements of ECC.6.3.2.6 shall apply. The performance requirements for this
automatic control system are specified in ECC.A.8

In addition to ECC.6.3.8.5.1 and ECC.6.3.8.5.2 the requirements for excitation or voltage
control facilities, including Power System Stabilisers, where these are necessary for
system reasons, will be specified by The Company. Reference is made to on-load
commissioning withessed by The Company in BC2.11.2.
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STEADY STATE LOAD INACCURACIES

The standard deviation of Load error at steady state Load over a 30 minute period must not
exceed 2.5 per cent of a Type C or Type D Power Generating Modules (including a DC
Connected Power Park Module) Maximum Capacity. Where a Type C or Type D Power
Generating Module (including a DC Connected Power Park Module) is instructed to
Frequency sensitive operation, allowance will be made in determining whether there has been
an error according to the governor droop characteristic registered under the PC.

For the avoidance of doubt in the case of a Power Park Module (excluding a Non-
Synchronous Electricity Storage Module) an allowance will be made for the full variation of
mechanical power output.

In the case of an Electricity Storage Module, an allowance will be made for the storage
reserve capability- of the Electricity Storage Module.

NEGATIVE PHASE SEQUENCE LOADINGS

In addition to meeting the conditions specified in ECC.6.1.5(b), each Synchronous Power
Generating Module will be required to withstand, without tripping, the negative phase
sequence loading incurred by clearance of a close-up phase-to-phase fault, by System Back-
Up Protection on the National Electricity Transmission System or User System located
Onshore in which it is Embedded.

NEUTRAL EARTHING

At nominal System voltages of 110kV and above the higher voltage windings of a transformer
of aPower Generating Module or HVDC Equipment or transformer resulting from OTSDUW
must be star connected with the star point suitable for connection to earth. The earthing and
lower voltage winding arrangement shall be such as to ensure that the Earth Fault Factor
requirement of paragraph ECC.6.2.1.1 (b) will be met on the National Electricity
Transmission System at nominal System voltages of 110kV and above.

FREQUENCY AND VOLTAGE DEVIATIONS

As stated in ECC.6.1.2, the System Frequency could rise to 52Hz or fall to 47Hz. Each Power
Generating Module (including DC Connected Power Park Modules) must continue to
operate within this Frequency range for at least the periods of time given in ECC.6.1.2 unless
The Company has specified any requirements for combined Frequency and voltage
deviations which are required to ensure the best use of technical capabilities of Power
Generating Modules (including DC Connected Power Park Modules) if required to preserve
or restore system security.- Notwithstanding this requirement, EU Generators should also be
aware of the requirements of ECC.6.3.13.

FREQUENCY, RATE OF CHANGE OF FREQUENCY AND VOLATGE PROTECTION
SETTING ARRANGEMENTS

EU Generators (including in respect of OTSDUW Plant and Apparatus) and HVYDC System
Owners will be responsible for protecting all their Power Generating Modules (and OTSDUW
Plant and Apparatus) or HYDC Equipment against damage should Frequency excursions
outside the range 52Hz to 47Hz ever occur. Should such excursions occur, it is up to the EU
Generator or HVDC System Owner to decide whether to disconnect his Apparatus for
reasons of safety of Apparatus, Plant and/or personnel.

Each Power Generating Module when connected and synchronised to the System, shall be
capable of withstanding without tripping a rate of change of Frequency up to and including 1
Hz per second as measured over a rolling 500 milliseconds period. Voltage dips may cause
localised rate of change of Frequency values in excess of 1 Hz per second for short periods,
and in these cases, the requirements under ECC.6.3.15 (fault ride through) supersedes this
clause. For the avoidance of doubt, this requirement relates to the capabilities of Power
Generating Modules only and does not impose the need for rate of change of Frequency
protection nor does it impose a specific setting for anti-islanding or loss-of-mains protection
relays.
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ECC.6.3.15.9.1

ECC.6.3.15.9.1.1

ECC.6.3.15.9.2

ECC.6.3.15.9.2.1

General Fault Ride Through requirements applicable to HYDC Equipment and OTSDUW
DC Converters subject to faults and voltage dips in excess of 140ms.

The requirements applicable to HVYDC Equipment including OTSDUW DC Converters
subject to faults and voltage disturbances at the Grid Entry Point or User System Entry
Point or Interface Point or HVDC Interface Point, including Active Power transfer
capability shall be specified in the Bilateral Agreement.

Fault Ride Through requirements for Type C and Type D Synchronous Power Generating
Modules and Type C and Type D Power Park Modules and OTSDUW Plant and Apparatus
subiject to faults and voltage disturbances on the Onshore Transmission System in excess
of 140ms

The Fault Ride Through requirements for Type C and Type D Synchronous Power
Generating Modules subject to faults and voltage disturbances on the Onshore
Transmission System in excess of 140ms are defined in ECC.6.3.15.9.2.1(a) and the
Fault Ride Through Requirements for Type C and Type D Power Park Modules and
OTSDUW Plant and Apparatus subject to faults and voltage disturbances on the
Onshore Transmission System greater than 140ms in duration are defined in
ECC.6.3.15.9.2.1(h).

(&) Requirements applicable to Synchronous Power Generating Modules subject to

Issue 5 Revision 27

Supergrid Voltage dips on the Onshore Transmission System greater than 140ms in
duration.

In addition to the requirements of ECC.6.3.15.1 — ECC.6.3.15.8 each Synchronous
Power Generating Module shall:

() remain transiently stable and connected to the System without tripping of any
Synchronous Power Generating Module for balanced Supergrid Voltage dips
and associated durations on the Onshore Transmission System (which could be
at the Interface Point) anywhere on or above the heavy black line shown in Figure
ECC.6.3.15.9(a) Appendix 4 and Figures EA.4.3.2(a), (b) and (c) provide an
explanation and illustrations of Figure ECC.6.3.15.9(a); and,
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Figure ECC.6.3.15.9(a)
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(ii)

(iii)

provide Active Power output at the Grid Entry Point, during Supergrid Voltage
dips on the Onshore Transmission System as described in Figure
ECC.6.3.15.9(a), at least in proportion to the retained balanced voltage at the
Onshore Grid Entry Point (for Onshore Synchronous Power Generating
Modules) or Interface Point (for Offshore Synchronous Power Generating
Modules) (or the retained balanced voltage at the User System Entry Point if
Embedded) and shall generate maximum reactive current (where the voltage at the
Grid Entry Point is outside the limits specified in ECC.6.1.4) without exceeding the
transient rating limits of the Synchronous Power Generating Module and,

restore Active Power output following Supergrid Voltage dips on the Onshore
Transmission System as described in Figure ECC.6.3.15.9(a), within 1 second of
restoration of the voltage to 1.0pu of the nominal voltage at the:

Onshore Grid Entry Point for directly connected Onshore Synchronous
Power Generating Modules or,

Interface Point for Offshore Synchronous Power Generating Modules

or,

User System Entry Point for Embedded Onshore Synchronous Power
Generating Modules

or,

User System Entry Point for Embedded Medium Power Stations not subject
to a Bilateral Agreement which comprise Synchronous Generating Units
and with an Onshore User System Entry Point (irrespective of whether they
are located Onshore or Offshore)

to at least 90% of the level available immediately before the occurrence of the dip.
Once the Active Power output has been restored to the required level, Active
Power oscillations shall be acceptable provided that:

- the total Active Energy delivered during the period of the oscillations is at
least that which would have been delivered if the Active Power was constant
- the oscillations are adequately damped.

For the avoidance of doubt a balanced Onshore Transmission System Supergrid
Voltage meets the requirements of ECC.6.1.5 (b) and ECC.6.1.6.

Requirements applicable to Type C and Type D Power Park Modules and OTSDUW
Plant and Apparatus (excluding OTSDUW DC Converters) subject to Supergrid
Voltage dips on the Onshore Transmission System greater than 140ms in duration.

In addition to the requirements of ECC.6.3.15.5, ECC.6.3.15.6 and ECC.6.3.15.8 (as
applicable) each OTSDUW Plant and Apparatus or each Power Park Module and / or
any constituent Power Park Unit, shall:

@

remain transiently stable and connected to the System without tripping of any
OTSDUW Plant and Apparatus, or Power Park Module and / or any constituent
Power Park Unit, for balanced Supergrid Voltage dips and associated durations
on the Onshore Transmission System (which could be at the Interface Point)
anywhere on or above the heavy black line shown in Figure ECC.6.3.15.9(b).
Appendix 4 and Figures EA.4.3.4 (a), (b) and (c) provide an explanation and
illustrations of Figure ECC.6.3.15.9(b) ; and,
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Figure ECC.6.3.15.9(b)

provide Active Power output at the Grid Entry Point or in the case of an OTSDUW,
Active Power transfer capability at the Transmission Interface Point, during
Supergrid Voltage dips on the Onshore Transmission System as described in
Figure ECC.6.3.15.9(b), at least in proportion to the retained balanced voltage at the
Onshore Grid Entry Point (for Onshore Power Park Modules) or Interface Point
(for OTSDUW Plant and Apparatus and Offshore Power Park Modules) (or the
retained balanced voltage at the User System Entry Point if Embedded) except in
the case of a Non-Synchronous Generating Unit or OTSDUW Plant and
Apparatus or Power Park Module where there has been a reduction in the
Intermittent Power Source or in the case of OTSDUW Active Power transfer
capability in the time range in Figure ECC.6.3.15.9(b) that restricts the Active Power
output or in the case of an OTSDUW Active Power transfer capability below this
level.

restore Active Power output (or, in the case of OTSDUW, Active Power transfer
capability), following Supergrid Voltage dips on the Onshore Transmission
System as described in Figure ECC.6.3.15.9(b), within 1 second of restoration of
the voltage at the:

Onshore Grid Entry Point for directly connected Onshore Power Park
Modules or,

Interface Point for OTSDUW Plant and Apparatus and Offshore Power
Park Modules or,

User System Entry Point for Embedded Onshore Power Park Modules or,

User System Entry Point for Embedded Medium Power Stations which
comprise Power Park Modules not subject to a Bilateral Agreement and with
an Onshore User System Entry Point (irrespective of whether they are
located Onshore or Offshore)

to the minimum levels specified in ECC.6.1.4 to at least 90% of the level available
immediately before the occurrence of the dip except in the case of a Non-
Synchronous Generating Unit, OTSDUW Plant and Apparatus or Power Park
Module where there has been a reduction in the Intermittent Power Source in the
time range in Figure ECC.6.3.15.9(b) that restricts the Active Power output or, in
the case of OTSDUW, Active Power transfer capability below this level. Once the
Active Power output or, in the case of OTSDUW, Active Power transfer capability
has been restored to the required level, Active Power oscillations shall be
acceptable provided that:
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- the total Active Energy delivered during the period of the oscillations is at
least that which would have been delivered if the Active Power was constant
- the oscillations are adequately damped.

For the avoidance of doubt a balanced Onshore Transmission System Supergrid Voltage

meets the requirements of ECC.6.1.5 (b) and ECC.6.1.6.

ECC.6.3.15.10 Other Fault Ride Through Regquirements

Issue 5 Revision 27

(i)

(ii)

(iii)

(iv)

(v)

(vi)

In the case of a Power Park Module_(excluding Non-Synchronous Electricity Storage
Modules), the requirements in ECC.6.3.15.9 do not apply when the Power Park Module
(excluding Non-Synchronous Electricity Storage Modules) is operating at less than
5% of its Rated MW_or during very high primary energy source conditions when more
than 50% of the Power Park Units in a Power Park Module have been shut down or
disconnected under an emergency shutdown sequence to protect User’s Plant and
Apparatus.

In addition to meeting the conditions specified in ECC.6.1.5(b) and ECC.6.1.6, each Non-
Synchronous Generating Unit, OTSDUW Plant and Apparatus or Power Park
Module and any constituent Power Park Unit thereof will be required to withstand,
without tripping, the negative phase sequence loading incurred by clearance of a close-
up phase-to-phase fault, by System Back-Up Protection on the Onshore
Transmission System operating at Supergrid Voltage.

Generators in respect of Type B, Type C and Type D Power Park Modules and HVDC
System Owners are required to confirm to The Company, their repeated ability to
operate through balanced and unbalanced faults and System disturbances each time the
voltage at the Grid Entry Point or User System Entry Point falls outside the limits
specified in ECC.6.1.4. Demonstration of this capability would be satisfied by EU
Generators and HVDC System Owners supplying the protection settings of their plant,
informing The Company of the maximum number of repeated operations that can be
performed under such conditions and any limiting factors to repeated operation such as
protection or thermal rating; and

Notwithstanding the requirements of ECC.6.3.15(v), Power Generating Modules shall
be capable of remaining connected during single phase or three phase auto-reclosures
to the National Electricity Transmission System and operating without power reduction
as long as the voltage and frequency remain within the limits defined in ECC.6.1.4 and
ECC.6.1.2; and

For the avoidance of doubt the requirements specified in ECC.6.3.15 do not apply to
Power Generating Modules connected to either an unhealthy circuit and/or islanded
from the Transmission System even for delayed auto reclosure times.

To avoid unwanted island operation, Non-Synchronous Generating Units in Scotland
(and those directly connected to a Scottish Offshore Transmission System), Power
Park Modules in Scotland (and those directly connected to a Scottish Offshore
Transmission System), or OTSDUW Plant and Apparatus with an Interface Point in
Scotland shall be tripped for the following conditions:

D Frequency above 52Hz for more than 2 seconds
(2) Frequency below 47Hz for more than 2 seconds
3) Voltage as measured at the Onshore Connection Point or Onshore User

System Entry Point or Offshore Grid Entry Point or Interface Point in the
case of OTSDUW Plant and Apparatus is below 80% for more than 2.5
seconds

Voltage as measured at the Onshore Connection Point or Onshore User System
Entry Point or Offshore Grid Entry Point or Interface Point in the case of
OTSDUW Plant and Apparatus is above 120% (115% for 275kV) for more than 1
second. The times in sections (1) and (2) are maximum trip times. Shorter times
may be used to protect the Non-Synchronous Generating Units, or OTSDUW
Plant and Apparatus.
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HVDC System Robustness

The HVDC System shall be capable of finding stable operation points with a minimum
change in Active Power flow and voltage level, during and after any planned or
unplanned change in the HVYDC System or AC System to which it is connected. The
Company shall specify the changes in the System conditions for which the HvVDC
Systems shall remain in stable operation.

The HVDC System owner shall ensure that the tripping or disconnection of an HVDC
Converter Station, as part of any multi-terminal or embedded HVDC System, does not
result in transients at the Grid Entry Point or User System Entry Point beyond the limit
specified by The Company in co-ordination with the Relevant Transmission Licensee.

The HVDC System shall withstand transient faults on HVAC lines in the network adjacent
or close to the HVDC System, and shall not cause any of the equipment in the HVDC
System to disconnect from the network due to autoreclosure of lines in the System.

The HVDC System Owner shall provide information to The Company on the resilience
of the HVDC System to AC System disturbances.

FAST FAULT CURRENT INJECTION

General Fast Fault Current injection, principles and concepts applicable to Type B, Type
C and Type D Power Park Modules and HVYDC Equipment

Each Type B, Type C and Type D Power Park Module or HYDC Equipment shall be
required to satisfy the following requirements.

For any balanced or unbalanced fault which results in the phase voltage on one or more
phases falling outside the limits specified in ECC.6.1.2 at the Grid Entry Point or User
System Entry Point, each Type B, Type C and Type D Power Park Module or HYDC
Equipment shall, unless otherwise agreed with The Company, be required to inject a
reactive current above the shaded area shown in Figure ECC.16.3.16(a) and Figure
16.3.16(b). For the purposes of this requirement, the maximum rated current is taken to
be the maximum current each Power Park Module (or constituent Power Park Unit) or
HVDC Converter is capable of supplying when operating at rated Active Power and rated
Reactive Power (as required under ECC.6.3.2) at a nominal voltage of 1.0pu. For example,
in the case of a 100MW Power Park Module the Rated Active Power would be taken as
100MW and the rated Reactive Power would be taken as 32.8MVArs (ie Rated MW output
operating at 0.95 Power Factor lead or 0.95 Power Factor lag as required under
ECC.6.3.2.4). For the avoidance of doubt, where the phase voltage at the Grid Entry
Point or User System Entry Point is not zero, the reactive current injected shall be in
proportion to the retained voltage at the Grid Entry Point or User System Entry Point but
shall still be required to remain above the shaded area in Figure 16.3.16(a) and Figure
16.3.16(b).
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Figure ECC.16.3.16(b)

The converter(s) of each Type B, Type C and Type D Power Park Module or HVDC
Equipment is permitted to block upon fault clearance in order to mitigate against the
risk of instability that would otherwise occur due to transient overvoltage excursions.
Figure ECC.16.3.16(a) and Figure ECC.16.3.16(b) shows the impact of variations in
fault clearance time which shall be no greater than 140ms. The requirements for the
maximum transient overvoltage withstand capability and associated time duration,
shall be agreed between the EU Code User and The Company as part of the
Bilateral Agreement. Where the EU Code User is able to demonstrate to The
Company that blocking is required in order to prevent the risk of transient over voltage
excursions as specified in ECC.6.3.16.1.5. EU Generators and HVDC System
Owners are required to both advise and agree with The Company of the control
strategy, which must also include the approach taken to de-blocking. Notwithstanding
this requirement, EU Generators and HVDC System Owners should be aware of
their requirement to fully satisfy the fault ride through requirements specified in
ECC.6.3.15.
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ECC.6.3.16.1.4 In addition, the reactive current injected from each Power Park Module or HVDC
Equipment shall be injected in proportion and remain in phase to the change in System
voltage at the Connection Point or User System Entry Point during the period of the fault.
For the avoidance of doubt, a small delay time of no greater than 20ms from the point of fault
inception is permitted before injection of the in phase reactive current.

ECC.6.3.16.1.5 Each Type B, Type C and Type D Power Park Module or HVYDC Equipment shall be
designed to reduce the risk of transient over voltage levels arising following clearance of the
fault. EU Generators or HVDC System Owners shall be permitted to block where the
anticipated transient overvoltage would otherwise exceed the maximum permitted values
specified in ECC.6.1.7. Any additional requirements relating to transient overvoltage
performance will be specified by The Company.

ECC.6.3.16.1.6 In addition to the requirements of ECC.6.3.15, Generators in respect of Type B, Type C and
Type D Power Park Modules and HVYDC System Owners are required to confirm to The
Company, their repeated ability to supply Fast Fault Current to the System each time the
voltage at the Grid Entry Point or User System Entry Point falls outside the limits specified
in ECC.6.1.4. EU Generators and HVYDC Equipment Owners should inform The Company
of the maximum number of repeated operations that can be performed under such conditions
and any limiting factors to repeated operation such as protection or thermal rating; and

ECC.6.3.16.1.7 In the case of a Power Park Module or DC Connected Power Park Module, where it is not
practical to demonstrate the compliance requirements of ECC.6.3.16.1.1 to ECC.6.3.16.1.6 at
the Grid Entry Point or User System Entry Point, The Company will accept compliance of
the above requirements at the Power Park Unit terminals.

ECC.6.3.16.1.8 An illustration and examples of the performance requirements expected are illustrated in
Appendix 4EC.

ECC.6.3.17 SUBSYNCHRONOUS TORSIONAL INTERACTION DAMPING CAPABILITY, POWER
OSCILLATION DAMPING CAPABILITY AND CONTROL FACILITIES FOR HVDC SYSTEMS

ECC.6.3.17.1 Subsynchronous Torsional Interaction Damping Capability

ECC.6.3.17.1.1 HVDC System Owners, or Generators in respect of OTSDUW DC Converters or Network
Operators in the case of an Embedded HVDC Systems not subject to a Bilateral
Agreement must ensure that any of their Onshore HVDC Systems or OTSDUW DC
Converters will not cause a sub-synchronous resonance problem on the Total System. Each
HVDC System or OTSDUW DC Converter is required to be provided with sub-synchronous
resonance damping control facilities. HVYDC System Owners and EU Generators in respect
of OTSDUW DC Converters should also be aware of the requirements in ECC.6.1.9 and
ECC.6.1.10.

ECC.6.3.17.1.2 Where specified in the Bilateral Agreement, each OTSDUW DC Converter is required to be
provided with power oscillation damping or any other identified additional control facilities.

ECC.6.3.17.1.3 Each HVDC System shall be capable of contributing to the damping of power oscillations on
the National Electricity Transmission System.— The control system of the HVDC System
shall not reduce the damping of power oscillations. The Company in coordination with the
Relevant Transmission Licensee (as applicable)shall specify a frequency range of
oscillations that the control scheme shall positively damp and the System conditions when
this occurs, at least accounting for any dynamic stability assessment studies undertaken by
the Relevant Transmission Licensee or The Company (as applicable) to identify the stability
limits and potential stability problems on the National Electricity Transmission System. The
selection of the control parameter settings shall be agreed between The Company in
coordination with the Relevant Transmission Licensee and the HVDC System Owner.
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System Telephony shall consist of a dedicated Public Switched Telephone Network
telephone line that shall be installed and configured by the relevant User. The Company shall
provide a dedicated free phone number (UK only), for the purposes of receiving incoming calls
to The Company, which Users shall utilise for System Telephony. System Telephony shall
only be utilised by The Company’s Control Engineer and the User’s Responsible
Engineer/Operator for the purposes of operational communications.

Operational Metering

It is an essential requirement for The Company and Network Operators to have visibility of
the real time output and status of indications of User’s Plant and Apparatus so they can
control the operation of the System.

Type B, Type C and Type D Power Park Modules, HVDC Equipment, Network Operators
and Non Embedded Customers are required to be capable of exchanging operational
metering data with The Company and Relevant Transmission Licensees (as applicable)
with time stamping. Time stamping would generally be to a sampling rate of 1 second or better
unless otherwise specified by The Company in the Bilateral Agreement.

The Company in coordination with the Relevant Transmission Licensee shall specify in the
Bilateral Agreement the operational metering signals to be provided by the EU Generator,
HVDC System Owner, Network Operator or Non-Embedded Customer. In the case of
Network Operators and Non-Embedded Customers, detailed specifications relating to the
operational metering standards at EU Grid Supply Points and the data required are published
as Electrical Standards in the Annex to the General Conditions.

(@) The Company shall provide system control and data acquisition (SCADA) outstation
interface equipment., each EU Code User shall provide such voltage, current,
Frequency, Active Power and Reactive Power measurement outputs and plant status
indications and alarms to the Transmission SCADA outstation interface equipment as
required by The Company in accordance with the terms of the Bilateral Agreement. In
the case of OTSDUW, the User shall provide such SCADA outstation interface equipment
and voltage, current, Frequency, Active Power and Reactive Power measurement
outputs and plant status indications and alarms to the SCADA outstation interface
equipment as required by The Company in accordance with the terms of the Bilateral
Agreement.

(b) For the avoidance of doubt, for Active Power and Reactive Power measurements,
circuit breaker and disconnector status indications from:

(i) CCGT Modules from Type B, Type C and Type D Power Generating Modules,
the outputs and status indications must each be provided to The Company on an
individual CCGT Unit basis. In addition, where identified in the Bilateral
Agreement, Active Power and Reactive Power measurements from Unit
Transformers and/or Station Transformers must be provided.

(i) For Type B, Type C and Type D Power Park Modules the outputs and status
indications must each be provided to The Company on an individual Power Park
Module basis. In addition, where identified in the Bilateral Agreement, Active
Power and Reactive Power measurements from station transformers must be
provided.

(iv) In respect of OTSDUW Plant and Apparatus, the outputs and status indications
must be provided to The Company for each piece of electrical equipment. In
addition, where identified in the Bilateral Agreement, Active Power and Reactive
Power measurements at the Interface Point must be provided.
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(d)

(e)

For the avoidance of doubt, the requirements of ECC.6.5.6.4(a) in the case of a Cascade
Hydro Scheme will be provided for each Generating Unit forming part of that Cascade
Hydro Scheme. Inthe case of Embedded Generating Units forming part of a Cascade
Hydro Scheme the data may be provided by means other than The Company SCADA
outstation located at the Power Station, such as, with the agreement of the Network
Operator in whose system such Embedded Generating Unit is located, from the
Network Operator’s SCADA system to The Company. Details of such arrangements
will be contained in the relevant Bilateral Agreements between The Company and the
Generator and the Network Operator.

In the case of a Power Park Module, additional energy input signals (e.g. wind speed,
and wind direction) may be specified in the Bilateral Agreement. A Power Available
signal will also be specified in the Bilateral Agreement. The signals would be used to
establish the potential level of energy input from the Intermittent Power Source for
monitoring pursuant to ECC.6.6.1 and Ancillary Services and will, in the case of a wind
farm, be used to provide The Company with advanced warning of excess wind speed
shutdown and to determine the level of Headroom available from Power Park Modules
for the purposes of calculating response and reserve. For the avoidance of doubt, the
Power Available signal would be automatically provided to The Company and represent
the sum of the potential output of all available and operational Power Park Units within
the Power Park Module. The refresh rate of the Power Available signal shall be
specified in the Bilateral Agreement. In the case of an Electricity Storage Module, the
requirement to provide a Power Available Signal when the Plant is in both an importing
and exporting mode of operation would be specified in the Bilateral Agreement.

In the case of an Electricity Storage Module, additional input signals (e.g. state of

energy (MWhreharge, and system availability) may be specified in the Bilateral
Agreement. A Power Available signal will also be specified in the Bilateral Agreement
in accordance with the requirements of ECC.6.5.6.4(d).

ECC.6.5.6.5 In addition to the requirements of the Balancing Codes, each HVYDC Converter unit of an
HVDC system shall be equipped with an automatic controller capable of receiving instructions
from The Company. This automatic controller shall be capable of operating the HVDC
Converter units of the HVYDC System in a coordinated way. The Company shall specify the
automatic controller hierarchy per HYDC Converter unit.

ECC.6.5.6.6 The automatic controller of the HVYDC System referred to in paragraph ECC.6.5.6.5 shall be
capable of sending the following signal types to The Company (where applicable) :

(a) operational metering signals, providing at least the following:

(i) start-up signals;

(ii) AC and DC voltage measurements;

(iif) AC and DC current measurements;

(iv) Active and Reactive Power measurements on the AC side;

(v) DC power measurements;

(vi) HYDC Converter unit level operation in a multi-pole type HVDC Converter;

(vii) elements and topology status; and

(viii) Frequency Sensitive Mode, Limited Frequency Sensitive Mode Overfrequency and

Limited Frequency Sensitive Mode Underfrequency Active Power ranges (where
applicable).

(b) alarm signals, providing at least the following:
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(i) emergency blocking;

(ii) ramp blocking;

(iii) fast Active Power reversal (where applicable)
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In addition to those provisions, where a Transmission Site in England and Wales contains
exposed HV conductors, unaccompanied access will only be granted to individuals holding an
Authority for Access issued by The Company and where a Transmission Site in Scotland
or Offshore contains exposed HV conductors, unaccompanied access will only be granted to
individuals holding an Authority for Access issued by the Relevant Transmission
Licensee.

The procedure for applying for an Authority for Access is contained in the Interface
Agreement.

Maintenance Standards

It is the User's responsibility to ensure that all its Plant and Apparatus (including, until the
OTSUA Transfer Time, any OTSUA) on a Transmission Site is tested and maintained
adequately for the purpose for which it is intended, and to ensure that it does not pose a threat
to the safety of any Transmission Plant, Apparatus or personnel on the Transmission Site.
The Company will have the right to inspect the test results and maintenance records relating
to such Plant and Apparatus at any time

For User Sites in England and Wales, The Company has a responsibility to ensure that all
Transmission Plant and Apparatus on a User Site is tested and maintained adequately for
the purposes for which it is intended and to ensure that it does not pose a threat to the safety
of any User's Plant, Apparatus or personnel on the User Site.

For User Sites in Scotland and Offshore, The Company shall procure that the Relevant
Transmission Licensee has a responsibility to ensure that all Transmission Plant and
Apparatus on a User Site is tested and maintained adequately for the purposes for which it
is intended and to ensure that it does not pose a threat to the safety of any User’s Plant,
Apparatus or personnel on the User Site.

The User will have the right to inspect the test results and maintenance records relating to
such Plant and Apparatus on its User Site at any time.

Site Operational Procedures

The Company and Users with an interface with The Company, must make available staff to
take necessary Safety Precautions and carry out operational duties as may be required to
enable work/testing to be carried out and for the operation of Plant and Apparatus (including,
prior to the OTSUA Transfer Time, any OTSUA) connected to the Total System.

Generators and HVDC System owners shall provide a Control Point in respect of each
Power Station directly connected to the National Electricity Transmission System and
Embedded Large Power Station or HYDC System to receive and act upon instructions
pursuant to OC7 and BC2 at all times that Power Generating Modules at the Power Station
are generating or available to generate or HYDC Systems are importing or exporting or
available to do so. The Control Point shall be continuously manned except where the
Bilateral Agreement in respect of such Embedded Power Station specifies that compliance
with BC2 is not required, where the Control Point shall be manned between the hours of 0800
and 1800 each day.

ANCILLARY SERVICES

System Ancillary Services

The ECC contain requirements for the capability for certain Ancillary Services, which are
needed for System reasons ("System Ancillary Services"). There follows a list of these
System Ancillary Services, together with the paragraph number of the ECC (or other part of
the Grid Code) in which the minimum capability is required or referred to. The list is divided
into two categories: Part 1 lists the System Ancillary Services which

(&) Generators in respect of Type C and Type D Power Generating Modules (including
DC Connected Power Park Modules_and Electricity Storage Modules) are obliged to
provide; and,
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(b) HVDC System Owners are obliged to have the capability to supply;

(c) Generators in respect of Medium Power Stations (except Embedded Medium Power
Stations) are obliged to provide in respect of Reactive Power only:

and Part 2 lists the System Ancillary Services which Generators will provide only if
agreement to provide them is reached with The Company:

Part 1
(a) Reactive Power supplied (in accordance with ECC.6.3.2)

(b) Frequency Control by means of Frequency sensitive generation - ECC.6.3.7 and
BC3.5.1

Part 2
(c) Frequency Control by means of Fast Start - ECC.6.3.14
(d) Black Start Capability - ECC.6.3.5

(e) System to Generator Operational Intertripping

Commercial Ancillary Services

Other Ancillary Services are also utilised by The Company in operating the Total System if
these have been agreed to be provided by a User (or other person) under an Ancillary
Services Agreement or under a Bilateral Agreement, with payment being dealt with under
an Ancillary Services Agreement or in the case of Externally Interconnected System
Operators or Interconnector Users, under any other agreement (and in the case of
Externally Interconnected System Operators and Interconnector Users includes ancillary
services equivalent to or similar to System Ancillary Services) ("Commercial Ancillary
Services"). The capability for these Commercial Ancillary Services is set out in the relevant
Ancillary Services Agreement or Bilateral Agreement (as the case may be).
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The EU Generator in respect of its Type D Synchronous Power Generating Modules will
agree Power System Stabiliser settings with The Company prior to the on-load
commissioning detailed in BC2.11.2(d). To allow assessment of the performance before on-
load commissioning the EU Generator will provide to The Company a report covering the
areas specified in ECP.A.3.2.1.

The Power System Stabiliser must be active within the Excitation System at all times when
Synchronised including when the Under Excitation Limiter or Over Excitation Limiter are
active. When operating at low load when Synchronising or De-Synchronising an Onshore
Synchronous Generating Unit, within a Type D Synchronous Power Generating Module,
the Power System Stabiliser may be out of service.

Where a Power System Stabiliser is fitted to a Pumped Storage Unit within a Type D
Synchronous Power Generating Module it must function when the Pumped Storage Unit
is in both generating and pumping modes._In addition, where a Power System Stabiliser is
fitted to an Electricity Storage Unit within a Type D Synchronous Electricity Storage
Module, it must function when the Synchronous Electricity Storage Unit is in both importing
and exporting modes of operation.

Overall Excitation System Control Characteristics

The overall Excitation System shall include elements that limit the bandwidth of the output
signal. The bandwidth limiting must be consistent with the speed of response requirements
and ensure that the highest frequency of response cannot excite torsional oscillations on other
plant connected to the network. A bandwidth of 0-5 Hz will be judged to be acceptable for this
application.

The response of the Automatic Voltage Regulator combined with the Power System
Stabiliser shall be demonstrated by injecting similar step signal disturbances into the
Automatic Voltage Regulator reference as detailed in ECPA.5.2 and ECPA.5.4. The
Automatic Voltage Regulator shall include a facility to allow step injections into the
Automatic Voltage Regulator voltage reference, with the Onshore Type D Power
Generating Module operating at points specified by The Company (up to rated MVA output).
The damping shall be judged to be adequate if the corresponding Active Power response to
the disturbances decays within two cycles of oscillation.

A facility to inject a band limited random noise signal into the Automatic Voltage Regulator
voltage reference shall be provided for demonstrating the frequency domain response of the
Power System Stabiliser. The tuning of the Power System Stabiliser shall be judged to be
adequate if the corresponding Active Power response shows improved damping with the
Power System Stabiliser in combination with the Automatic Voltage Regulator compared
with the Automatic Voltage Regulator alone over the frequency range 0.3Hz — 2Hz.

Under-Excitation Limiters

The security of the power system shall also be safeguarded by means of MVAr Under
Excitation Limiters fitted to the Synchronous Power Generating Module Excitation
System. The Under Excitation Limiter shall prevent the Automatic Voltage Regulator
reducing the Synchronous Generating Unit excitation to a level which would endanger
synchronous stability. The Under Excitation Limiter shall operate when the excitation system
is providing automatic control. The Under Excitation Limiter shall respond to changes in the
Active Power (MW) the Reactive Power (MVAr) and to the square of the Synchronous
Generating Unit voltage in such a direction that an increase in voltage will permit an increase
in leading MVAr. The characteristic of the Under Excitation Limiter shall be substantially
linear from no-load to the maximum Active Power output of the Onshore Power Generating
Module at any setting and shall be readily adjustable.
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