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1 About this document

This document is a Report to the Authority in relation to the findings of the GC0075
Workgroup, the modification proposed to the Grid Code based on these findings,
and the feedback received on the proposal following an Industry Consultation. This
report is intended to provide the Authority with the information necessary to inform
their decision on the implementation of the modification proposed.

The revisions to the Grid Code proposed by National Grid and sent to the Authority
require approval by that body and will, if approved, come into force from such date
(or dates) of which Authorised Electricity Operators will be notified by National
Grid, in accordance with the Authority's approval.
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2 Executive Summary

2.1 National Grid recommends modification of the Grid Code provisions relating to the
continuous wltage control requirements applicable to Power Park Modules. The aim
of the modifications is to facilitate the deployment of Hybrid STATCOM/SVC
solutions without eroding dynamic woltage control available to the System Operator.
The proposals include revisions to the transient wltage control requirements, the
introduction of a repeatability criteria and clarifications to the response expected
from switched reactive compensation components during system faults.

2.2 Under CC.6.3.8 of the Grid Code, Power Park Modules, DC Conwerters and
OTSDUW Plant and Apparatus are required to control the wltage at the Grid Entry
Point, User System Entry Point, or Interface Point as applicable. In addition the
performance requirements of the wltage control system are defined in Appendix 7
of the Grid Code connection conditions.

2.3 A number of Generators have questioned the definition of continuous woltage control
as derogations for some hybrid reactive compensation plant were being considered
as a result of Compliance Testing. This issue was consequently referred to the Grid
Code Review Panel.

2.4 Inresponse, the Grid Code Review Panel initially expressed the view that all plant
connected after 1 of January 2013 should be capable of responding ower its full
reactive range to two successive events occurring at an interval of 15 seconds or
greater. In addition the Grid Code Review Panel recommended that a workgroup is
convened to investigate these issues further and report its findings back to the
Panel.

2.5 To address these concerns, the workgroup considered a variety of data relating to
studies, statistical analysis of weather events, technical solutions and commercial
implications. The Workgroup’s objective was to define an appropriate level of
capability to ensure the robustness and integrity of the Transmission System whilst
at the same time maintaining technological neutrality and ensuring hybrid
STATCOMs and SVCs could be used by dewvelopers as a solution to meet any
proposed requirements.

2.6 The two specific issues which came to light during Compliance Testing were in
relation to the switching of the shunt devices and were:

(i)  thetime taken to charge the operating mechanism of the circuit breaker
could be significant e.g. the spring recharge time; and that

(i)  after switching a shunt capacitor out of senice, there may be a
significant delay while the capacitor is discharged before the plant can
be switched into service again.

2.7 Bothissues mean that the shunt device is unable to provide wltage control if called
upon twice or more in a short time. Where this period of unavailability cannot be
accommodated by the short term capability of the equipment there is a shortfall in
the reactive capability available to contribute to the control of system woltage. The
time delay before full reactive capability is restored exceeds 10 minutes in some
cases.

2.8 During the meetings, various other technical issues were raised and discussed
including communications delays, and short term ratings of equipment.

2.9 In addition to the abowve, consideration was also given to the fault ride through
capability of the switched reactive elements as compliance testing had also
identified cases where switches were opened under low system wltage conditions.
This was a concern because low wltage depression can be seen over a wide
geographic area when a fault is applied and may result in a considerable reduction
in reactive power post fault, exacerbating low wltage conditions and increasing the
possibility of wltage collapse.



Proposed Solution

2.10

2.11

2.12

2.13

2.14

2.15

2.16

The proposal was deweloped by the workgroup after consideration of the issues
raised by generators, dewelopers and manufacturers alongside those raised by
Transmission Licensees. The proposed requirements are intended to strike a
balance between the minimum needs of the Transmission System and cost impacts
on dewvelopers and manufacturers. The proposed solution represents the lowest cost
option of the potential solutions considered by the workgroup.

The proposed solution asks for wltage control to be provided with a repeat
capability at 15 seconds but limited to 5 events in 5 minutes up to a maximum of 25
events a day. Restrictions on reactive capability that may arise if the 25 events have
been exceeded hawve to be notified to NGET in accordance with BC2.5.3.2, and
BC2.6.1in line with existing practice for managing shortfalls in reactive capability.

The proposed change provides assurance of equipment performance in planning
and operational time scales, giving operators confidence that the equipment is able
to respond within DAR timescales. It also clarifies the procedures that Users have to
follow to notify NGET with any restrictions on reactive capability.

The initial proposals as discussed amongst the Workgroup were first presented to
the GCRP in July 2015. The legal text, as amended in response to the feedback
from the July 2015 Grid Code Review Panel, is provided in Annex 3 of this
document. The text includes a modification to CC.A.7.2.3.1 to clarify the existing
requirements, a new clause CC.A.7.2.3.2, which defines the repeatability
performance requirements, and modifications to CC.6.3.15.1 and CC6.3.15.2, which
state switched reactive components should ride through a fault without opening or
closing switches. This draft legal text addresses:

*  The timeframe required for a Power Park Module or Reactive Compensation
equipment to change its reactive power output from full lead to full lag or
\vice versa.

+  Clarifications to the settling time following a disturbance

*  The addition of a repeatability criteria requiring 5 consecutive responsesin
any five minute period, no more than 15 seconds apatrt.

» A criteria which limits the maximum number of events (ie unity to 90% full
leading or unity to 90% full lagging) to a maximum of 25 events in any 24
hour period.

*  Where the daily limit of 25 events is exceeded the requirement to inform
NGET of the reduction in reactive capability

+  Amendments to the fault ride through requirements clarifying reactive
compensation equipment and requirements preventing them from switching
during a fault ride through sequence.

Following the above updates, the revisions were presented back to the November
2015 GCRP who approved the findings and recommended it for industry
consultation. The changes proposed addressed concerns over the clarity of
current requirements and allows manufacturers and dewelopers to compete on
equitable basis. Whereas some concerns that the requirements might result in an
increase in the cost, the results of a manufacturers surwey indicated that this cost
implications are marginal.

The industry consultation ran from 20™ January 2016 to 17" February 2016. The
consultation document was based on the views represented by the workgroup which
has sought to find a solution that strikes the right balance between imposing
requirements upon new connectees and impacting system security and resilience. A
majority of the workgroup members who expressed a view believe the changes
address the original Grid Code defect.

Following the industry consultation, six responses were received of which two were
confidential. Of the responses received, four were fully supportive, one was neither
supportive nor unsupportive advising that in their opinion the requirements were
already clear and one noted the proposed approach was important to protect the
Transmission System and ensure a stable and reliable network.



2.17 Based on the findings of the Workgroup and the responses received from interested
parties, National Grid recommends that the Grid Code is changed to include the
modifications proposed by the Workgroup and detailed in Annex 3 of this report.



3 Purpose & Scope of Workgroup

Overview

3.1 Anissue was initially raised at the Grid Code Review Panel in 2010 in relation to CC
6.3.6. This requires that all generators should be capable of contributing to wltage
control by continuous changes of reactive power. In addition, CC.6.3.2 defines the
reactive capability required from Power Park Modules at the Connection Point whilst
CC.6.3.8 and Appendix 7 of the Grid Code Connection Conditions defines the
necessary wltage control and performance requirements.

3.2 A number of Generators questioned the definition of continuous voltage control and
the fault ride through requirements with respect to the reactive compensation plant
installed as part of a Power Park Module.

3.3 Afteraninitial Workshop meeting in September 2013 a Workgroup was established
in November 2013.

3.4 The Workgroup was tasked to consider the following points:

3.4.1 The performance of Hybrid Static Compensators and comparable
equipment with respect to repeatability and the supply of reactive current
during a fault.

3.4.2 The performance required from woltage control equipment within Power
Park Modules to control woltage on the networks, during and after secured
ewvents, and in the event of a wider system disturbance.

3.5 In addition to the points in 3.4, the workgroup discussed the clarification of the
existing transient wltage control requirements.

3.6 The interactions between this section and the Grid Code Connection Conditions and
the relevant provisions within the European Network Codes Requirements for
Generators (RfG) and HYDC Connections were also considered to ensure that the
proposals do not conflict with future requirements.

Timescales

3.7 The work group was scheduled to report back to the Grid Code Review Panel at
regular intervals with the aim of completing a report at the end of the first year.

3.8 Five workgroup meetings were held over a period of just over a year, with the final
one being held in April 2015, after which, a report summarising the Workgroup
discussions and conclusions was submitted to the Grid Code Review Panel in July
2015 which was reissued with amendments (including legal text — see Annex 3) in
November 2015.

Workgroup Meeting

Dates

M1 — 15 May 2014

M2 —07 August 2014
M3 — 22 October 2014
M4 — 26 January 2015
M5 - 27 April 2015




4 Background

4.1 This section describes the development of this issue from initial identification in 2010
to the beginning of the Workgroup.

4.2 May 2010 Panel Meeting - The issue was first raised in the GCRP minutes under
‘Any Other Business’ at the Grid Code Review Panel. A representative for the Wind
Farm developers highlighted an issue relating to MSC’s used in PPM woltage control
systems.

4.3 September 2010 Panel Meeting - NGET submitted a paper to the September panel
meeting “GCRP pp10/24 Voltage Control and Fault Ride Through”. The key
recommendations were:

. Sites with a Completion Date prior to 1 January 2013 and have a
performance such that switch recharge time (close-open-close) less than
15 seconds and capacitor discharge time less than 2 seconds will be

accepted.

. Sites with a Completion Date prior to 1 January 2013 and have longer
unavailability would be asked to seek a derogation.

. Sites with a completion date after 1 January 2013 would be required to

have no unavailability of reactive capability.

4.4 The Grid Code Review Panel and STC Panel were asked to consider if any changes
were required to either the Grid Code or / and the STC.

4.5 November 2010 Panel Meeting — NGET proposed four options. These options were:

1. Treating all affected developments as non-compliant. This would result in
potentially 30 plants requiring a derogation and provides no incentive for
installations with long delays to improwe.

2. Adopting NGET's proposal for an interim interpretation. This would remove
uncertainty for immediately affected developments

3. Amending the Grid Code to reflect NGET's proposal for an interim interpretation.
This would remowve uncertainty for immediately affected dewvelopments.
Howevwer, there is a need to assess the wider impacts of the change.

4. Reviewing the application of hybrid solutions in meeting the Grid Code
requirements on reactive power capability and wltage control. This would
require an assessment of the incremental cost of 'true continuous' operation.

4.6 The Panel recommended adopting the third option.

4.7 February 2011 Panel Meeting - The issue was discussed and it was agreed to
resolve the issue of interim interpretation of the Grid Code with an extraordinary
meeting if necessary.

4.8 November 2011 Panel Meeting - The Panel agreed that NGET should bring forward
a change to the Grid Code to clarify the meaning of “continuous” in relation to
wltage control and switched capacitors/ reactors.

4.9 Additionally it was determined that the Panel must decide how projects should be
dealt with in the meantime.

4.10 March 2011 Extraordinary Meeting of the GCRP — At this meeting a paper was
submitted by a representative of the developers which made recommendations in
two sections, (A) specific to this issue and (B) generic, to deal with different
interpretations of the Code:

A. Provide interpretation and progress Code change process as follows:

1. Ensure that NGET bring forward a Grid Code change proposal to remove the
uncertainly of interpretation of “continuous” regarding woltage control and
especially in relation to capacitor switching and discharge. (NGET's action had
already been agreed at the GCRP in November 2010).



8.

4.11

Ensure that NGET perform a Cost Benefit Analysis for any changes proposed in
(1) abowe.

Ensure that NGET assess the risk to the NETS of legacy plant and consider a
retrospective application of the Grid Code change.

For existing projects or those under construction (pending the Grid Code change),
define an interpretation of the current Grid Code term “continuous” in relation to
wltage as either:

a. In defining “continuous” - ignore the time delay in the second switching
operation of a capacitor or reactor.

Or

b. Define “continuous” in the current Grid Code to mean a minimum of 15
seconds (close-open-close) and 2 seconds (capacitor discharge) for an
indefinite number of repeat operations.

Or

C. Define “continuous” in the current Grid Code to mean a minimum of 15

seconds (close-open-close) and 2 seconds (capacitor discharge) for a
second switching operation with no specified requirement for a third
switching operation.

To assess any potential discrimination issues, NGET to provide a list of all projects
which have switched woltage control equipment commissioned to date, clearly
showing the capabilities and indicating where NGET has demanded a change to
capabilities and where FONs have been issued or have not yet been issued.

Make Code changesto manage different interpretations of the Code:

Ask NGET to bring forward a change to the General Conditions of the Grid Code
to require NGET to bring to the Panel any issue of interpretation of the Grid Code
where two or more Users are disputing NGET's interpretation and for such a report
to be a standing agenda item for Panel meetings.

Ask NGET to report under KPIs on the speed of resolution of matters of
interpretation requested by Users.

To provide a Web based facility for Users to request such interpretations.
From the meeting minutes the Panel decided:

4.11.1 In confirmation of Recommendation A (1) the Panel agreed that both
parties should discuss the issue further and draft a Consultation document, which
would apply to future projects and if necessary and justified, be proposed to apply
retrospectively. The Panel agreed that Recommendations A (2) & (3) should be
considered and used if appropriate.

4.11.2 The Panel agreed, that as existing wind farm projects original
interpretation, as described under Recommendation A (4a), had not caused an
operational issue, these projects will not need to seek a derogation and are deemed
to be compliant. Recommendation A (5) was therefore deemed unnecessary.

4.11.3 The Panel also agreed that there was a future issue for anticipated, larger
plant and therefore a future change to the Grid Code was likely to be needed to
provide a clear and unambiguous obligation on such plant. Such an obligation would
be applied to plant connecting after a certain date. Dates ranging from 2013 to 2015
had been discussed previously but this would be subject to consultation, if found to
be necessary. The Panel noted that this may also need to be applied retrospectively
to all projects or some projects (e.g. above a certain size), but only subject to a clear
cost benefit case.



4.12

4.13

4.11.4 The Panel recommended that plant that was under development should
be designed to meet the Recommendation A (4c) criteria.

4.11.5 The Panel agreed that Recommendations B (7) and (8) should be
progressed by National Grid but not Recommendation B (6) as it would be a
significant resource burden for National Grid and the industry and may not be
workable.

Workshop 20 September 2013 — Manufacturers put the case for allowing the use of
Hybrid STATCOM/SVCs on cost and capability grounds. National Grid stated it was
not aiming to prevent the use of Hybrid STACOM/SVC’s but presents a case for
improving the future performance. It is agreed that a work group should be
convened to consider the matter in greater detail.

Workgroup November 2013 — First Work group meeting held to look into the issues.

10



5 Compliance Issues Associated with Hybrid STATCOMs/SVCs

Voltage Control and Reactive Power Provision

Owveniew of Existing Grid Code Requirements

5.1 The following extracts are from the Grid Code as presented at the workshop in
September 2013. The key sections relating to the provision of continuous woltage
control are highlighted.

CC.6.3.6 (b)
Each:

(i) Onshore Generating Unit; or

(i) Onshore DC Converter (with a Completion Date on or after 1 April
2005 excluding current source technologies); or

(iii) Onshore Power Park Module in England and Wales with a
Completion Date on or after 1 January 2006; or

(ivy Onshore Power Park Module in Scotland irrespective of Completion
Date; or

(v) Offshore Generating Unit at a Large Power Station, Offshore DC
Converter at a Large Power Station or Offshore Power Park Module
at a Large Power Station which provides a reactive range beyond the
minimum requirements specified in CC.6.3.2(e) (iii),or

(M) OTSDUW Plant and Apparatus at a Transmission Interface Point

must be capable of contributing to wltage control by continuous changes to
the Reactive Power supplied to the National Electricity Transmission
System or the User System in which it is Embedded.

APPENDIX 7 - PERFORMANCE REQUIREMENTS FOR CONTINUOUSLY ACTING
AUTOMATIC VOLTAGE CONTROL SYSTEMS

CC.A.7.2.2.1  The Onshore Non-Synchronous Generating Unit, Onshore DC
Converter, Onshore Power Park Module or OTSDUW Plant and
Apparatus shall provide continuous steady state control of the
wltage at the Onshore Grid Entry Point (or Onshore User
System Entry Point if Embedded) (or the Interface Point in the
case of OTSDUW Plant and Apparatus) with a Setpoint Voltage
and Slope characteristic as illustrated in Figure CC.A.7.2.2a.

CC.A.7.2.25 Should the operating point of the Onshore Non-Synchronous
Generating Unit, Onshore DC Converter, OTSDUW Plant and
Apparatus or Onshore Power Park Module deviate so that it is
no longer a point on the operating characteristic (figure
CC.A.7.2.2a) defined by the taraget Setpoint Voltaoe and Slope,
the continuously acting automatic voltage control system shall act
proaressively to return the value to a point on the required
characteristic within 5 seconds.

CC.A.7.2.3.1 For an on-load step change in Onshore Grid Entry Point or
Onshore User System Entry Point wltage, or in the case of
OTSDUW Plant and Apparatus an on-load step change in
Transmission Interface Point woltage, the continuously acting
automatic control system shall respond according to the following
minimum criteria:

11



5.2

5.3

(i) the Reactive Power output response of the Onshore
Non-Synchronous Generating Unit, Onshore DC
Converter, OTSDUW Plant and Apparatus or Onshore
Power Park Module shall commence within 0.2 seconds
of the application of the step. It shall proaress linearly
although variations from a linear characteristic shall be
acceptable provided that the MVAr seconds delivered at
any time up to 1 second are at least those that would result
from the response shown in figure CC.A.7.2.3.1a.

(i)  the response shall be such that, for a sufficiently large
step, 90% of the full reactive capability of the Onshore
Non-Synchronous Generating Unit, Onshore DC
Converter, OTSDUW Plant and Apparatus or Onshore
Power Park Module, as required by CC.6.3.2 (or, if
appropriate, CC.A.7.2.2.6 or CC.A.7.2.2.7), will be
produced within 1 second.

(i) the magnitude of the Reactive Power output response
produced within 1 second shall vary linearly in proportion
to the magnitude of the step change

(ivy  the settling time shall be no greater than 2 seconds from the
application of the step change in wltage and the peak to
peak maanitude of any oscillations shall be less than 5% of
the change in steady state Reactive Power within this time.

(v following the transient response, the conditions of
CC.A.7.2.2 apply.

These requirements were intended to ensure that the woltage control system of a
Power Park Module is able to regulate the woltage at the point of connection in a
manner that is similar to the Automatic Excitation Control System of a Synchronous
Generating Unit. That is to ensure that Power Park Modules actively participate in
regulating wltage levels on the National Electricity Transmission System following
minor changes in flows caused by changes in generation and demand patterns and
day-to-day actions taken on the transmission system as well as large disturbances;
and that the response provided by the wltage control system is in proportion to the
wltage change that initiated it.

These requirements have been interpreted differently by different manufacturers.
Some have understood this as a requirement to provide equipment whose response
is available at any time with no unavailability between events. Others hawe
understood the requirement as the ability to respond to gradual changes over a long
period with occasional sudden extensive changes being delivered with a linear
increase.

Implementation of the Grid Code Requirements

5.4

5.5

5.6

The diagram below shows how the Grid Code requirement might typically be met for
a given Power Park Module. The red lines in the diagram represent the physical
connection of real and reactive power sources to the transmission system through
the POC (Point of Connection). The other lines represent the measurement
feedback and control signals.

To meet the requirement, single or multiple reactive sources may be used. These
may include wind turbines, dynamic reactive compensation equipment such as
STATCOMSs or SVCs, static reactive compensation equipment such as capacitors
and reactors or any other sources of reactive power. This is illustrated by Figure 1.

A Hybrid STATCOM or SVC, usually comprises a dynamic compensation element
and a combination of mechanically switched capacitive and reactive elements to
provide the full range of control required to meet the Grid Code as shown in Figure
2.

12
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Figure 1: Typical Voltage Control Methodology

5.7 It was noted that, due to the comparatively slow response of mechanical switchgear,
hybrid STATCOM/SVC solutions are not able to meet the strict specifications
Transmission Licensees require their dynamic wltage control equipment to meet
and hence are not likely to be deployed as transmission plant.

Typical Hybrid SVC / STATCOM Operating Ranges (50% or 60%
of the steady state reactive power produced by the capacitors and reactors)

Double switched capacitor / reactor

CB2&4 Closed

CB2 Closed ‘

6 or 13kV
! All CB[s Opep
CB1 csicea cai Convertor] 3 CB1 Closed
' —
I I @ i CB1&3 Closed
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Rated MW) Rated MW)
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< >
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All CB[s Open

csécsi |
T @ i CB1Closed

100% Reactive Lead ynity 100% Reactive Lag

Single switched capacitor / reactor (0.95 leading PFat  pf (0.95 lagging PF at
Rated MW) Rated MW)

Figure 2: Typical SVC Steady State Operating Methodology

Potential Restrictions on Hybrid STATCOMs/SVCs

5.8 The operational restrictions on hybrid STATCOMs/SVCs discussed in this document
arise because of the restrictions associated with switching capacitors and reactors in
and out of senice. This includes the following issues:

5.8.1 Spring recharge time limits the opening and closing of mechanical switches.

This typically ranges from less than 1 second for a vacuum interrupter to
about 15 seconds for typical HV switchgear.
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5.8.2 The need ensures that a capacitor is completely discharged before it could
be reconnected. This is typically achieved by discharge circuits that are only
rated for one or two operations after which they require a cooling off period.

5.8.3 Frequent switching may increase wear and tear of switchgear. This would
eventually affect operational costs due to the increased maintenance and
reduce the lifetime of equipment which is typically limited to 10000 to
100000 switching operations.

5.9 The workgroup discussed potential methods of addressing these restrictions
including “point on wawve” switching solutions, offered by some independent switch
controller manufacturers. Howewer, it was noted that this incurs some extra cost as
the poles of the switch must be independently controlled.

Impact on performance

5.10 Spring recharge times and capacitor discharge times may result in
STATCOMSs/SVCs requiring some recovery time before being able to switch a
capacitor or reactor that has just been switched out back into senice.

5.11 The heating effect and the rating of capacitor discharge circuits may limit the number
of times a capacitor could be switched out and consequently returned back to
senice over a short period of time.

5.12 Due to these two factors, a Power Park Modules that utilise a hybrid
STATCOM/SVC to meet their reactive capability requirements specified in CC.6.3.2
might not be able to respond to a step change in wltage in accordance CC.A.7.23.1
if this step change would require to switch a capacitor or a reactor that has just been
switched out back into senvice.

5.13 In addition to these restrictions, some manufacturers offer hybrid STATCOM/SVC
solutions where capacitors are completely switched out of senice during wltage
dips. The workgroup discussed the implications of such configuration.

Specific Issues for Transmission Licensees

5.14 Transmission Licensees need to take the various events that may affect the
Transmission System into account when dewveloping and operating the National
Electricity Transmission System. Examples of these events are:

Lightning

Storms / High Winds

Debris on aline (e.g. polythene sheet caught on a line)
Operator Error

Ice Forming on Conductors

Cascade Tripping Events

5.15 Each of these events usually results in a short circuit that causes protection relays to
disconnect the affected transmission circuit. This is usually followed by Delayed
Auto Reclose trying to restore the circuit into senice. The ability of the system to
recover following such disturbance is largely affected by how Users Plants respond
to the disturbance.

5.16 Some of these ewvents could recur within a short period of time and within a few
seconds of each other. Users Plants that are not able to respond to such a
sequence of events will not be able to contribute consistently to system recowvery.

5.17 In addition, some events may result in some rotor angle oscillations and/or controller
interactions that would result in wltage oscillations and require a continuous
response from the wltage control system of Power Park Modules.

Change in Generation Background

14



5.18

5.19

5.20

Historically, the majority of generation connected to the National Electricity
Transmission System are Synchronous Generating Units. These units are capable
of providing a dynamic response to a sequence of wltage step changes that takes
place owver a short period of time; and injecting large reactive currents into the
system during faults and wltage depressions.

All Future Energy Scenarios predict a large increase in the total capacity of Power
Park Modules connected to the transmission system. Many of these Power Park
Modules are not designed to be capable of either responding to a sequence of
wltage step changes that takes place over a short period of time or injecting large
reactive currents into the system during faults and wltage depressions.

As a consequence of this change in generation background, Synchronous
Generating Units will be displaced by Power Park Modules. Hence, at low demand
periods, only a limited number of Synchronous Generating Units may be running
with the majority of demand being supplied from Power Park Modules. During these
periods, there may not be sufficient support from Generating Units to assist system
recovery following a fault or a series of faults.

Transmission Licensees’ Objectives

5.21

The key objective of Transmission Licensees is to ensure that the current level of
reliability is maintained for as far as it is technically and economically feasible to do
so. This includes, in the context of the Terms of Reference of the workgroup,
ensuring that

5.21.1 The dynamic wltage response senice available to the System Operator are
not eroded as Power Park Modules replace Synchronous Generating Units;

5.21.2 Power Park Modules are capable of responding to credible sequences of
events that may take place over a short period of time and within a short
time from each other;

5.21.3 any subsequent reduction in reactive capability is notified to the System
Operator such that it is taken into account when operating the system;

5.21.4 wltage depressions resulting from faults are not exacerbated by
unnecessary disconnection of reactive power resources; and

Specific Issues for Transmission System Users

Clarity of Requirements

5.22

5.23

5.24

The requirement that Power Park Modules have to be capable of responding to a
series of wltage step changes that take place over a very short period of seconds or
milliseconds is not explicitly defined in the CC.A.7.2.3.1. NGET has assumed that
this requirement is implicit. However some Users havwe assumed that there is no
such requirement and procured plants that require several minutes of recovery time
between successive events.

The Grid Code requirements on fault ride through, having not explicitly stated that
switched reactive compensation equipment has to remain connected to the system
during faults and woltage dips, has been a subject of several discussions between
NGET and Users. Although the majority of Users and Manufacturers agree to
NGETs interpretation that this equipment should remain connected during faults,
with one Manufacturer offering solutions that does not meet this interpretation, there
is a scope that some sites will not potentially meet this interpretation.

The requirement that Power Park Modules has to be able respond to a wltage step
change such that it achieves 90% of the response within 1 second has been a
subject for discussion between Users and NGET. Although it was agreed by all
parties that the requirements apply for a change from unity power factor to maximum
leading or maximum lagging reactive power output, Users highlighted that this
should be explicitly stated within the Grid Code.
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5.25

Requirements that could be interpreted differently by different parties increase the
risk Users are exposed to. This is because the difference in interpretation is rarely
identified until the User's Plant has been commissioned and is being tested for
compliance againstthe Grid Code requirements. By that time, any maodification to
the User's Plant is likely to be costly.

Design Considerations and Cost Implications

5.26

5.27

For Power Park Modules that utilise hybrid STATCOM/SVC solutions to provide
wltage control, the following factors need to be taken into account in design
timescales and may result in additional investment cost.

5.26.1 The time required to recover from responding to a step change in wltage
and be ready to respond to a subsequent wltage step change; and

5.26.2 The number of step changes that the Power Park Module may be required
to respond to over a short period of time.

Frequent switching of mechanically switched capacitors/reactors may increase wear
and tear of switchgear. This would eventually affect operational costs due to the
increased maintenance and reduce the lifetime of equipment which is typically
limited to 10000 to 100000 switching operations.

Transmission System Users’ Objectives

5.28

The key objectives of Transmission System Users are to ensure clarity of the Grid
Code requirements and that these requirements are economically justified and
technically feasible to achieve. In the context of the Terms of Reference of the
workgroup, this includes:

5.28.1 clarifying the requirements related to the magnitude of the change of
reactive power output that a Power Park Module needs to be able to achiewe
(ie 90% of the reactive power should be provided within 1 second of the
disturbance taking place);

5.28.2 specifying how quickly a Power Park Module should recover from
responding to a wltage change such that it is available to respond to a
subsequent change;

5.28.3 specifying how many times a Power Park Module is required to respond to
multiple disturbances that require a large change in reactive power output
owver a short period of time, e.g. one minute;

5.28.4 specifying how many times a Power Park Module is required to respond to
multiple disturbances that require a large change in reactive power output
ower a long period of time, e.g one day or a year;

5.28.5 allowing Users to restrict the reactive power output of their Power Park
Modules if any of these limits has been hit and clarifying the
communications that follows; and

5.28.6 clarifying the fault ride through requirements related to any switched reactive
compensation element of a Power Park Module.

General Considerations

5.29

The requirements need to be expressed in relation to the output of the Power Park
Modules. This is to ensure that

5.29.1 Users hawe enough flexibility in designing and procuring their plant
provided that they are able to meet the requirements as specified at the
Grid Entry Point, the User System Entry Point, or the Transmission
Interface Point; and
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5.29.2 Users are capable of utilising any short term capability available within
their own plant.

5.29.3 The repeatability requirements do not apply on reactive compensation
equipment that is not installed as a part of the continuously acting
automatic woltage control system, e.g. a shunt reactor that is required to
offset the gain of a long cable.

5.30 The requirements should apply equally for all sites that may utilise hybrid

STATCOMSs/SVCs to provide reactive capability and voltage control irrespective of
generation technology or geographical location.
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6 Requirements for Repeatability

6.1 The Workgroup discussed the need case for Power Park Modules to have a “repeat”
capability such that they are able to respond to a sequence of events requiring large
changes of their reactive power output that take place over a short period of time.
This included a review of historical data related to lightning storms and winter
storms. It also included a discussion on Delayed Auto Reclose schemes, how they
operate, and what effect they have on system wltage. Some study cases were then
presented by NGET in order to highlight the importance of such requirements and
the implications that might arise if Power Park Modules are not able to repeatedly
respond to events taking place within few seconds of each other.

6.2 The Workgroup then agreed a reasonable set of requirements that would satisfy the
objectives of both Transmission Licensees and Transmission System Users.

6.3 The Workgroup then identified some other alternatives and discussed the technical

and economic feasibility of all the options identified. Based on these discussions, the
Workgroup agreed the preferred option.

Lightning Storm Data

6.4 A significant number of lightning strikes hit overhead lines every year. Each strike
will result in a short circuit fault and cause a measurable disturbance across a large
proportion of the system.

6.5 The number of lightning strikes throughout in each of the six years from 2001 to
2006" for ‘England & Wales’ and the ‘UK & Ireland’ are given in Table 1.

_ 2001 2002 2003 2004 2005 2006

England &
Wales 146880 86702 74753 100095 148806 143618
UK & Ireland 168708 98482 98332 122497 158321 157796

Table 1: Lightning Events 2001 — 2006
6.6 Based on the data recorded, the following observations were made.

6.6.1 Although lightning strikes could take place at any time, the frequency
distributions shown in Figure 3 suggest that the risk of a lightning strike
taking place is higher during summer and in the afternoon. This correlates
with the control room reports of significant lightning events (see Table 2).

6.6.2 The number of lightning strikes affecting a specific location varies from
year to year as shown in Figure 4. This suggests that there is no
correlation between the geographical location and the likelihood of a
lightning strike taking place.

6.6.3 Over a specific period of time during a lightning storm, lightning strikes
tend to be concentrated over specific areas. As the length of the specific
period increases, the area affected increases. This is illustrated by Figure
5 which shows the location of individual lightning strikes that took place
during 4 different days in June and August 2013.

! The period 2001 to 2006 was chosen as the data is relatively recent, readily available
and in an appropriate format.
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Distribution of Lightning Strikes each Month Distribution of Lightning Strikes each Hour
England and Wales British Isles

90000 30000

—— 2001 —— 2001
80000 — 2002 —— 2002
25000 —
70000 ALA 203 20
VA o /N
60000 A 2005 20000 2005
\ \ 2006 — 2008
50000 - - Average
\ —— Awerage| 15000
I, i\
30000 10000

1 5000 < \
AR | e NS

T — 0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 0 6 12 18 24

Figure 3: Frequency of Lightning vs Time of Year and Day

Date Ev ent Type Description Summary

6 Circuit Trips (5 DAR Restoration's)in 3.25Hrs.
10 Circuit Tripsin 5 Hoursincluding 3 DAR

Tue 3 Aug 2004 Lightning

Wed 18 Aug 2004 Lightning . - )
restorations in 3mins.
. . 11 Tripsin 2hrs 21minsincluding 6 in 27minutes in
Wed 31 Aug 2005 Lightning the same area. All recovered by DAR.
Fri 15 Jun 2006 Lightning 9tripsin 3 hours, several within a few minutesof
each other.
Sun 2 Jul 2006 Lightning 8trnpsm approx. 1.5 ho.ursm‘_:ludmg 4 tripsin
17minutes and 2 trips in 2mins.
Wed 11 Oct 2006 Lightning 6 trips in approx. 6 hoursin the Taunton area.
Sun 1 Jul 2007 Lightning 5trips in a localised areain 1/2 hour 4 of which
auto reclosed or where restored manually.
Wed 1 Jul 2009 Lightning 4 tripgeventsovera period of 25 minutes
Mon 15 Jun 2009 Lightning 8 trips and restorations (i.e. 16 in total) in 3 hours
including4 in London areain 27 minutes.
Thu 28 Jun 2012 Lightning 9 trips at variousplacesin GB. At about 1 hour or

half hourintervals
Table 2: Summary of Significant Lightning Events 2004 — 2012 asrecorded by NGET’s Electricity

Network Control Centre®

2 Events are recorded manually and so rely on human interpretation as to which factors
were important and therefore recorded. Some events may have not been recorded if the
situation is rapidly changing or if they were considered secondary or unimportant.
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Figure 4: Frequency of Lightning vs Location 2001 — 2006
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Lightning strikes on 8 June 2003 Lightning strikes on 10 August 2003
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Figure 5: Location of Lightning Strikesfor Specific Hoursof the Day on 8 June 2003, 10 August 2003, 22
June 2003 and 11 August 2003

Winter Storm Data

6.7

6.8

Transmission Licensees maintain logs of significant events, e.g. faults, that affected
the transmission system owver sewveral decades. These logs contain information
about the type, location, time, consequences of an event as well as the actions that
were taken following such an ewvent. This includes both manual and machine
recorded data. Prior to 1997 only paper records exist

Table 3 provides a summary of a sample of the significant events that resulted from
adverse weather conditions. The information indicates that during severe weather
conditions, the National Electricity Transmission System may be subjected to a
series of events that take place sequentially within a short time period of each other.
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Date EventType Description Summary
Bums Day Storm 1990 . 261 trips 80 faulted circuits in 24hours.

Wed Thur 24/25 Dec Storm 33 circuits tripped in 5 Hours

1997
Sat 26 Dec 1998 High Winds Approx_. 2(_)tr|ps_, including 4 DAR restorations on
samelinein4mins.
Tue 27 Eeb 2001 Snow & High Multlplg trips on Scot. Interconnector. 600MW
generation lost.
Winds
32 faults on the NG System including 6 in 18, 7 in
Sat8 Jan 2005 CELS 21,5in 22 and 5in 24mins, most of which were
restored by DAR
Thur18 Jan 2007 137 Protection 51 DAR Sequences —.3 (?onductor Fallurgsre;ultlng
in permanentlossof circuits. A further 14 tripsin 4
Operations hours includingsequencesof 4 trips in 40mins, 4
trips in 8mins, and 3 trips in 10mins. Most restored
by DAR.
ircuit Tripsli includi tlog.
Tue 3 Jan 2012 Severe Weather Over50 Circuit Tripslisted including eventlog
. Multiple Circuit Trips — 5 Circuitsleft of service,
TR e 20 AIE e S 10MW of customerdisconnection.
Detail i ly 17 circuittri
Mon 23 Dec 2013 High Winds etailsapproximately 17 circuittrips.

Table 3: Summary of data for some significant Winter Weather Events

6.9 The logs recorded by Transmission Licensees during three storms were extracted
and analysed. The three storms are:

e Scotland - 5 December 2013
e Scotland - 3 January 2012
e England - 23 and 24 December 2013

6.10 A summary of the data related to the three storms is shown in Table 4. The Scottish
data shows event sequences of 67 events over a period of 3 hours. During this time
5 ewvent clusters occurred where the cluster length was greater than or equal to 4
events with an average elapsed time between events of about 22 seconds.

6.11 The significant difference between the events recorded during the two storms in
Scotland and that recorded during the storm in England arises from the difference in
resolution between logging equipment in England and Wales, with a resolution of 1
minute, and the more modern one in Scotland, with a resolution of 1 second.

Scotland Scotland England
23/12/2013

5/12/2013 3/1/2012  24/12/2013

Clusters of events whereeach eventinthe cluster
occurs within one minute from the preceding
event

Total number of events that took place during the

storm 41 67 20
The time form the first event till the last event (Hours) 4 3 4.5
Average time betw een each tw o successive events

(minutes) 5.85 2.69 13.50
Minimum time betw een each tw o successive events

(seconds) 11 4 60

Clusters of events where each eventin the cluster

occurs within one minute from the preceding

event
Number of clusters 8 14
Maximum number of events in a cluster 4 5 2

Clusters of events that comprised at least 4

events and each eventinthe cluster occurs within
one minute from the preceding event

Number of clusters 4 5 0
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6.12

6.13

Average Duration (seconds) 79 66.4 N/A

Table 4: Summary of event data for three storms considered

For each of the three storms individually and for the combined set of data, the time
difference, tq4y between each two consecutive events was calculated. Then, for each
value of tgy, the number of instances when an event took place within t; seconds of
the previous event was counted. The resulting values were then added to determine,
for each value of tgx the number of instances when an event took place within a
period that is greater than or equal to tg:. These values were then divided by the
total number of events recorded during each storm and plotted in Figure 6.

Figure 6 provides an estimate on how likely a specific hybrid STATCOM/SVC would
be able to provide a timely response to an event that took place during any of the
three storms. For example, a hybrid STATCOM/SVC that could only respond to one
event within 100 seconds would have been able to respond to only 62% of the
events that took place in Scotland on the 5" of December 2013 and to only 48% of
the events that took place in Scotland on the 3™ of January 2012.

Hybrid Performance verses Event Coverage
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Figure 6: Probability of time difference between two successive events during a storm being greater than a

6.14

6.15

specific value

When a fault occurs on an HV line, the protection system opens the breakers at
each end of the line to clear the fault. The breakers will then remain open for a
period of time to allow ionized gas to blow away and/or arc deposits to fall away.
This period is termed the ‘Dead Time’' and it typically ranges from 3seconds to
20seconds. After the Dead Time, DAR will automatically reclose the circuit breakers
and restores the line back into senice. In order to ensure that sustained faults do
not result in repeated breaker operation, a fault detected in the time period
immediately after the restoration of the line into senice will cause the breakers to re-
open and remain locked out. This time period, termed the ‘Reclaim Time,’ is typically
in the range of 3s to 4s and is necessary to allow the insulation medium in the
breaker (Oil / SF6) time to recover. However, a fault that re-occurs after the Reclaim
Time will not lock out the circuit breaker and will allow DAR to restore the line after
another Dead Time. Faults that repeatedly recur after the Reclaim Time, e.g. a
series of lightning strikes, would require operator intervention to switch DAR off and
prevent the restoration of the line.

Sustained faults that are likely to cause breakers to lock out after the first DAR
action include metal ladders left on conductors or closed earth switches. Faults that
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6.16

6.17

6.18

are likely to be cleared during the Dead Time include lightning strikes hitting a line;
storms, high winds, or ice loading causing conductors to clash together; and debris,
e.g. a polythene sheet, caught on a line.

Switching lines in and out redirects real and reactive power flows and may result in
loss of generation, both of which can result in woltage fluctuations requiring response
from woltage control systems.

As a series of lightning strikes hit some overhead lines within an area, or as a storm
causes conductors of some overhead lines to clash, the affected circuits will be
tripped by protection relays then restored by DAR action. Such sequence of events
will result in a series of changes of the transmission system topology, a series of
changes in active and reactive power flow over different transmission circuits, and a
series of wltage step changes at different substations. Power Park Modules,
including any hybrid STATCOM/SVC element, are expected to respond to these
wltage step changes in accordance with the Grid Code.

Even if the sequence of lightning strikes or conductor clashing events affect the
same transmission circuit(s), a series of circuits could trip. In such cases, a series of
events on a specific line or surrounding lines can result in multiple DAR events. As
these ewvents are unlikely to occur during the reclaim period, this can result in
multiple responses from wltage control systems as the post fault power flows are
redirected then restored.

Response of a Power Park Module to a Sequence of Events

6.19

6.20

6.21

In order to illustrate the impact of a sequence of events that affect the transmission
system and the effect of using DAR on the reactive power output of a Power Park
Module, a typical section of the National Electricity Transmission System, shown in
Figure 7, was considered. It was assumed that four lightning strikes hit the same
circuit. The second and third strikes were assumed to take place after the expiry of
the Reclaim Time of DAR and hence did not result in DAR being blocked. The fourth
lightning strike, on the other hand, was assumed to take place during the Reclaim
Time and hence results in DAR being blocked. Protection was assumed to clear the
fault after a 140ms from fault inception.

It was assumed that the Power Park Module connected to Substation C, prior to any
fault, is operating at unity power factor. This Power Park Module was assumed to
respond to wltage step changes that result from the sequence of events under
consideration in accordance with the minimum Grid Code requirements. That is, it
will start responding within 200ms from the woltage step change; it will provide 90%
of the change in reactive power output after 1s; and will reach the steady state
operating point after 5seconds. The Power Park Module was assumed to be capable
of repeating the response for multiple wltage step changes.

SVCor
STATCOM

DAR Operation @ N Hybrid
\Y

Renewable
Generator

Fault Applied

adjacentto  Multiple lightning strikes or

Substation A conductor clashing on a specific
line or surrounding lines can result
in multiple DAR events.

Low voltage
seen across
all parts of
the Network

These events are unlikely to occur
during the reclaim period this can
result in multiple responses from
voltage control system, as the post
fault power flows are redirected
then restored.

Figure 7: DAR Operation
As this sequence of events takes place, the wltage at substation C and the reactive
power output of the Power Park Module connected to this substation will follow a
pattern similar to the ones illustrated by Figure 8.

6.21.1 As the lightning strike hits the overhead line, a flashover will take place
between the affected conductor and earth. This will result in a voltage drop
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6.21.2

6.21.3

6.21.4

6.21.5

6.21.6

6.21.7

at substation C. The actual value of woltage will depend on the network
parameters and the location of the flashowver.

As the affected circuit is tripped after 140ms, the wltage at substation C will
increase again. Howewer, due to the change in active and reactive power
flows and the loss of the faulted circuit, it is likely that the wltage at
substation C will be less than the pre-fault voltage.

In response to this, the Power Park Module will start injecting reactive power
into the system. This will slightly increase the wltage at Substation C.
Howevwer, the woltage will still be below its pre-fault level.

As DAR successfully restores the circuit and the pre-fault system
configuration, and as the Power Park Module is injecting reactive power into
the system, the wiltage will increase abowe its pre-fault levels.

The Power Park Module will respond to this increase in wltage by
decreasing the reactive power injected into the system. This will eventually
restore the wltage at substation C to its pre-fault level and the reactive
power output of the Power Park Module to zero.

Subsequent lightning strikes that take place after the DAR Reclaim Time
result in the response described in Paragraph 6.21.1 to Paragraph 6.21.5
taking place.

As the final lightning strikes hits the overhead line prior to the DAR Reclaim
Time, the response described in Paragraph 6.21.1 to Paragraph 6.21.3 will
take place but no further change will happen as the affected circuit remains
out of senvice.

Timing Diagram
Volts at Substation D & Q Hybrid Injection vs Time
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Figure 8: DAR Timing

Case Studies

6.22 The studies included in this report were first presented during the workshop in
September 2013 and are based on the contracted position on that date. The studies

6.23

were referred to during subsequent Workgroup meetings.

The MW and MVAr rating of Users’ equipment are based on the contracted

background and the Users’ Week 24 submissions. Users’ plant data and dynamic
models, other than MW and MVAr ratings, were replaced by generic data and
models that meet the minimum Grid Code requirements. The output of the

simulations reflect what could be expected to happen on the Transmission System

howewer it does not completely reflect the actual performance of Users’ equipment.

25



Implications of a sequence of recurring faults

6.24

6.25

6.26

This study demonstrates the effect of a sequence of recurring faults on one circuit
on the reactive power output of a Power Park Module connected to a nearby
substation.

The fault considered affects the three ended Spalding North/Bicker Fen/Walpole
circuit (A65Y, A660 and A65W). The reactive Power Park Module considered is the
150MW windfarm contracted to connect to Mumby substation. Pre-fault conditions
on the relevant section of the network are shown in Figure 9. Post-fault conditions
on the same part of the network are shown in Figure 10.

Spalding North, Bicker Fen,
Walpole Circuit Trip / DAR Operation

Before the circuit trip (A65W A65Y and A660) the Wind Farm at Mumby has both
150MVA Power Park Modules connected producing 2 x 93MW and 2 x -3.6MVAr
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Figure 9: Spalding North, Bicker Fen & Walpole Study
Post Line Trip/ MUMBY

Multiple DAR’s on this
circuit alone, would require
multiple operations of the
Hybrid SVC / STATCOM
capacitor and reactor
switches.

SUTTON BRIDGE

AB59

52211
Eigrd

Figure 10:Spalding North, Bicker Fen & Walpole Study after Trip

Prior to the fault, the Power Park Module was injecting 3.6MVAr into the system.
Following the fault taking place and fault clearance, the steady state reactive power
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6.27

output of the Power Park Module increases to 44.9MVAr. As DAR restores the
circuit, the steady state reactive power output of the Power Park Module drops back
to its pre-fault value of 3.6MVAr. As the fault recurs, the same response is expected
to take place.

This study case demonstrates that recurrent faults may result in recurrent large
swings in the reactive power output of Power Park Modules. This was 83.7% of the
minimum reactive capability the Power Park Module considered in the case study is
expected to have.

Implications of a sequence of faults affecting different circuits

6.28

6.29

6.30

This study demonstrates the effect of a sequence of faults on different circuits within
the same part of the network on the reactive power output of a Power Park Module
connected within the same part of the network.

The faults considered affect circuits B38G, B38C, B389 and B38H in the Saltend
area. Each fault results in protection tripping the affected circuit then followed by
DAR restoring the circuitinto senvice. The Power Park Module considered is rated a
380MW connected at Hedon. The relevant section of the network is shown in Figure
11.

The reactive power output of the Power Park Module following each event is shown
in Table 5.
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Figure 11: Saltend/Hedon multiple trip study

Event Post eventreactive power injectedto
the system (MVAr)
Pre-fault conditions -31.00
B38G trips -63.16
DAR on B38G -31.00
B38H trips +47.9
DAR on B38H -31.00
B389 trips -68.42
DAR on B389 -31.00
B38C trips -60.05
DAR on B38C -31.00
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B389 & B38H trip +72.20
DAR on B389 & B38H -31.00

Table 5: Changesin the reactive power output of Power Park Modules at Hedon

6.31 The results shown in Table 6 suggest that for a series of events that take place
within the same part of the network, a Power Park Module would experience a
series of wltage step changes that, when responded to, would result in large
changes in the reactive power output of the Power Park Module.

Implications of post event restrictions on reactive capability of Power Park Modules

6.32 This study demonstrates the implications of a restriction on the reactive capability of
Power Park Modules on the system performance and the ability to recover following

a fault.

6.33 The background conditions assume that Synchronous Generating Units on the
South East Coast, i.e. Dungeness A and Shoreham, are not running and a high
output of wind farms connected, or contracted to connect, at Bolney, Cleve Hill, and
Canterbury North. The event considered is a double circuit fault on the Kemsley
Cleve Hill/Kemsley Canterbury North double circuit overhead line. The network
diagram for the South East coast and the surrounding area is shown in Figure 12.
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Figure 12: South Coast Study

6.34 The following assumptions were made.

6.34.1 As the fault occurs, all the Power Park Modules are able to respond to

tondon Array

. CANTERBURY NORTH

wltage changes in accordance to the Grid Code requirements.

6.34.2 During the several minutes following the removal of this disturbance, the
reactive capability of Power Park Modules is restricted to 33% of its original
value. Following this recowvery period, the reactive capability of the Power

Park Module is fully available.

6.34.3 The fault recurs prior to the expiry of the recovery period.

6.34.4 Power Park Modules will not be able to ride through woltage dips beyond

that defined within CC.6.3.15
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6.35 Figure 13 shows the expected change in woltage levels at four different substations
during and after the double circuit fault. In this case, the system was able to reach
the post fault steady state operating point within few seconds of fault clearance. As
the affected circuits were restored and pre-fault system conditions re-established,
Voltage lewels returned back to their pre-fault values.
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Figure 13: South Coast Study with Full Reactive Reserve

6.36 Figure 14 shows the expected change in woltage lewvels at the same substations as
the fault recurs within few seconds from the first fault. As Power Park Modules are
only able to provide 33% of the reactive power output provided during the first fault,
wltage levels at Sellindge and Canterbury North will drop below 85%. As the
wltage dip is larger than that covered by the fault ride through requirements of the
Gird Code, Power Park Modules will start tripping. In this case, two stages of load
shedding were necessary to bring wltage levels within acceptable limits.
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Figure 14: South Coast Study with Limited Reactive Reserve
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6.37

The results suggest that restrictions on the reactive capability of Power Park
Modules could undermine the System Operator's ability to secure the system
against credible events, e.g. a double circuit fault.

Development of the Requirements

6.38

6.39

6.40

6.41

6.42

6.43

The Workgroup, with both Transmission Licensees objectives and Transmission
System Users objectives in mind, and subject to the technical limitations on
equipment available in the market, discussed what would be an adequate set of
requirements that Power Park Modules need to meet in order to ensure that the
Transmission System is able to recover after being affected by a sequence of events
that take place over a short period of time and with very short time between each to
successive events. The discussions were informed by the storm data, the lightning
strike data, and information provided by manufacturers and Users.

The Workgroup agreed that, following responding to an event, a maximum of 15
seconds should be allowed for Power Park Modules prior to being ready to respond
to a subsequent event. The 15 seconds was specified based on the following
factors:

6.39.1 A wide range of switchgear with a spring re-charge time of 15 seconds or
less is available in the market.

6.39.2 The 15 seconds interval is consistent with DAR timescales.

6.39.3 A Power Park Module that is able to respond to an event every 15 seconds
would be able to respond to 96% of the events that arise during a winter
storm.

The Workgroup proposed that the number of events a Power Park Module should be
required to respond to over any 5 minute period would be limited to 5 events. This
number, based on the data provided in Table 5, guarantees that Power Park
Modules would be available to respond to the majority, if not all, of the events that
may take place during a storm. This requirement allows some time for the capacitor
discharge circuits to cool down between sequences of events whilst guaranteeing,
on average, a close-open-close event every minute.

This requirement intends to specify the capability of switchgear to switch individual
units back into senice within a short time period from switching them out of senvce.
Hence, the Workgroup agreed to define the event as a change of reactive power
output from its maximum leading value to its maximum lagging value then back to its
maximum leading value or from its maximum lagging value to its maximum leading
value then back to its maximum lagging value. This is to ensure that all switchgear in
a hybrid STATCOM/SVC unit is capable of repeatedly responding to disturbances.

The Workgroup proposed that the number of events a Power Park Module should be
required to respond to over a day is limited to 25 events. Afterwards, Users would be
able to lock any switching operations on their reactive compensation plant, in order
to reduce wear and tear. This locking could take place automatically or manually
following an alarm. In both cases, Users would be required to notify NGET in
accordance with BC2.5.3.2 and BC2.6.1 of the Grid Code.

This requirement is introduced to allow a User to restrict the operation of a particular
mechanical switch after 25 switching on operations in any 24 hours. For example,
successive switching in and out of a mechanically switched capacitor element in a
hybrid STATCOM/SVC for 25 times should be sufficient to allow the User to block
further switching operations until the 24 hour period has passed. Hence, the
Workgroup agreed to define the event as a change of reactive power output from its
maximum leading value to its maximum lagging value then back to its maximum
leading value or from its maximum lagging value to its maximum leading value then
back to its maximum lagging value.
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6.44

6.45

The Workgroup discussed that specifying a cap on the annual number of events the
Power Park Module is expected to respond to however the idea was dismissed as
this is driven by the number of faults that take place which varies from year to year.
Fault statistics are provided in Annex 6 for information.

Equipment must be capable of responding to the three examples in Table 6 as
described by the proposed CC.A.7.2.3.2. These detail the fastest sequences
expected and one quick random sequence.

Example 1 (secs) Example2(secs) Example 3 (secs)

(Shortest Time) (Evenly Spaced) (Random)

1 0 0 0

2 15 60 16
3 30 120 40
4 45 180 63
5 60 240 111
6 300 300 243
7 315 360 301
8 330 420 355
9 345 480 376
10 360 540 466
11 600 600 626
12 615 660 644
13 630 720 698
14 645 780 895
15 660 840 945
16 900 900 1019
17 915 960 1118
18 930 1020 1219
19 945 1080 1294
20 960 1140 1320
21 1200 1200 1356
22 1215 1260 1372
23 1230 1320 1470
24 1245 1380 1585
25 1260 1440 1621

Table 6: Event Sequences

Consistency of the Requirements with the European Network Codes

6.46

6.47

6.48

The two relevant European Network Codes are Requirements for Generators (RfG)
and HVDC code. RfG applies to AC connected Power Park Modules. The HVDC
code, on the other hand, applies to DC connected Power Park Modules. As the
requirements are broadly aligned, reference in the paragraphs below has been
made only to RfG.

The Workgroup discussed the consistency between the potential Grid Code
requirements described in Paragraphs 6.38 to 6.45 and European Code
Requirements for Generators (RfG) that Generating Units all over Europe are
required to meet.

RfG Article 21 (3) (d), extract below, details the requirements that are relevant to
STATCOMs and SVCs. ltem (iv) of this Article, highlighted, and in particular the
phrase underlined, is the section that may interact with the repeatability criteria
proposed by the workgroup. This interpretation of this Item was debated by
workgroup members.
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6.49

6.50

6.51

With regard to reactive power control modes:

(i)  the power park module shall be capable of providing reactive power

automatically by either voltage control mode, reactive power control
mode or power factor control mode;

(i)  for the purposes of wltage control mode, the power park module
shall be capable of contributing to woltage control at the connection
point by provision of reactive power exchange with the network with
a setpoint wltage cowering at least 0.95 to 1.05 pu in steps no
greater than 0.01 pu, with a slope having a range of at least 2to 7 %
in steps no greater than 0.5%. The reactive power output shall be
zero when the grid voltage value at the connection point equals the
wltage setpoint;

(iii)  the setpoint may be operated with or without a deadband selectable

in a range from zero to +-5% of nominal network voltage in steps no
greater than 0.5 %;

(ivy following a step change in voltage, the power park module shall be
capable of achieving 90 % of the change in reactive power output
within a time t; to be specified by the relevant system operator in the
range of 1 to 5 seconds, and must settle at the value specified by
the operating slope within a time t, to be specified by the relevant
system operator in the range of 5 to 60 seconds, with a steady-state
reactive tolerance no greater than 5% of the maximum reactive
power. The relevant system operator shall specify the time
specifications;

(v  for the purpose of reactive power control mode?®...
(Vi) for the purpose of power factor control mode®...

(vi) the relevant system operator, in coordination with the relevant TSO
and with the power park module owner, shall specify which of the
abowe three reactive power control mode options and associated

setpoints is to apply, and what further equipment is needed to make
the adjustment of the relevant setpoint operable remotely;

Potential interpretations of RfG Article 21 (3)(d)(a) Item (iv), in relation to
repeatability, are:

6.49.1 aPower Park Module should be capable of responding to a step change in
wltage at any time even prior to reaching a steady state point;

6.49.2 aPower Park Module should be capable of responding to a step change in
wltage at any time once it has reached its steady state operating point;

6.49.3 RfG was never intended to specify repeatability and is therefore irrelevant.

NGET favoured the first interpretation as it provides the System Operator with more
flexibility than the other two options. Manufacturers and dewvelopers, on the other
hand, favoured the third interpretation due to concerns over the frequent switching
operations that might be required if either of the first two options were to be adopted,
the consequent rise in maintenance costs and reduction in the life time of
mechanical switches due to ware.

Howevwer, as the storm data indicated that a recovery time of 15seconds is sufficient
to ensure that about 96% of events have been responded to and that 25 events/day
is sufficient, the workgroup agreed that adopting either of the first two interpretations
would result in unnecessary investment. Consequently, the workgroup agreed that
RfG Article 21 (3)(d)(a) Item (iv) was not intended to specify repeatability.

% paragraph not detailed as reactive power control mode is not required by the Grid Code.
* Paragraph not detailed as power factor control mode is not required by the Grid Code.
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Assessment of Option and Cost Benefit Analysis

6.52

The workgroup identified a set of solutions that could be used to ensure that when
the majority of Generating Units connected to one area of the transmission system
being Power Park Modules; and following a sequence of events that affect this area
owver a very short period, e.g. a minute or two, and with only seconds separating
each two successive ewvents; the system is able to recover to an acceptable
operating point. These solutions are:

6.52.1 removing the requirements that Power Park Modules have reactive
capability and woltage control capability such that this equipment is provided by
Transmission Licensees;

6.52.2 Use of High Speed Auto Reclose instead of Delayed Auto Reclose;

6.52.3 Restricting Users from using hybrid STATCOM/SVC solutions to meet the
reactive capability requirements and the wltage control requirement; and.

6.52.4  Placing technically feasible and economically justifiable requirements on
Users in relation to their Power Park Modules such that they have the
ability to meet the requirement using a hybrid STATCOM/SVC if they wish
to.

Transmission Licensees provide reactive compensation

6.53

6.54

6.55

6.56

6.57

This option includes modifying the Grid Code to relieve the Users from meeting
reactive capability requirements and wltage control requirements that are currently
applicable to Power Park Modules. This will resultin a shortage in reactive capability
and woltage control options on the transmission system. Transmission Licensees
would be required to invest in reactive compensation plant in order to replace this
deficit

Transmission Licensees, in this case, will have the flexibility to optimise the size and
location of reactive compensation equipment which, theoretically, could drive the
owerall cost of reactive compensation equipment down. They will also have the
flexibility to procure equipment with additional capabilities, e.g. Power Oscillation
Damping, if there is a need case.

Howewer the workgroup noted that the requirement for reactive compensation is
usually driven by active power flow and by the need to ensure that post-fault wltage
levels remain within the limits specified in the Grid Code and the NETS SQSS. In
practice, this means that it is very likely that there will be a need case to provide
reactive compensation at the Grid Entry Point with a very limited scope for
optimisation.

Where it is required to provide some dynamic reactive compensation at the Grid
Entry Point, it is generally more economic and efficient to require Users to provide
this range for two reasons:

6.56.1 A User will be able to take into account the inherent dynamic reactive
capability available within their Power Park Modules. This will allow reducing
the capacity of any reactive compensation plant without any implications on
the reactive capability range available at the Grid Entry Point.

6.56.2 A User will havwe the ability to connect their reactive compensation
equipment at the LV or MV side of their transformer whereas a Transmission
Licensee will hawe to invwest in an additional bay, switchgear, and
transformer.

In all cases, it is likely that a Generator will need some dynamic reactive
compensation in order to be able to manage wltage lewvels within the Power Park
Module. Therefore any reduction or removal of the requirements would only
eliminate the need case for the mechanically switched elements of a hybrid
STATCOM/SVC and will only result in a minor saving in costs.
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6.58

6.59

6.60

6.61

The figures in Table 7 show typical costs that different parties would incur to provide
+30MVAr of dynamic reactive power compensation.

Reactive Power Provider Cost

Offshore Transmission Licensee (Hybrid STATCOM) £2,450,535.
Offshore Transmission Licensee (Full STATCOM) £4,105,750
Onshore Power Park Module £1,225,268
Onshore Transmission Licensee £3,765,000

Table 7: Cost of Dynamic Reactive Compensation provided by different parties
Notes:

6.58.1 Foran Onshore Power Park Module it is assumed that 15MVAr capability
would be available from Power Park Units and that the remaining
15MVAr would be provided by a STATCOM. For other cases, it was
assumed that the full capability was provided by a STATCOM

6.58.2 The Electricity Ten Year Statement indicates that, for NGET, the cost of a
50MVAr STATCOM ranges from £4.86M to £5.94M, the cost of a 100MVAr
STATCOM ranges from £14.7M to £17.8M for a 100MVAr, and the cost of a
100MVAr SVC ranges from £9.5M to £11.7M. These figures were used to
calculate an average cost/MVAr which was then used to estimate the cost of
30MVAr provided by an Onshore Transmission Licensee.

6.58.3 Similar data was provided by Users and manufacturers in order to estimate
the cost of reactive compensation provided by other parties.

6.58.4 The cost of a 100MVAr Capacitor ranges from £5.8Mto £7.2M and that of a
100MVAr reactor ranges from £3.7M to £4.5M. In order to replace a
100MVAr STATCOM or SVC with fixed shunt compensation it would be
necessary to install both elements. That indicates that the use of fixed shunt
compensation would typically provide 7.5-15.5% cost saving compared to
STATCOM/SVC solutions.

Use of High Speed Auto Reclose

The use of High Speed Auto Reclose (HSAR) allows the restoration of transmission
circuits that were tripped following a fault within timescales that are quicker than that
associated with DAR. This will result in pre-fault conditions being re-established
before a Power Park Module responds to the initial voltage step change associated
with the tripping of the faulted circuit. In other terms, Power Park Modules are less
likely to be required to respond to a sequence of wltage step changes that take
place within a few seconds from each other.

HSAR is frequently used by other European Transmission System Operators.
Howevwer, only one transmission circuit on the National Electricity Transmission
System, in Scotland, is equipped with HSAR.

The cost of replacing DAR by HSAR comprises two main components. These are:

6.61.1  Switchgear control scheme. This value is estimated to be £500k/scheme®.
The number of schemes required to cover each circuit depends on the
level of redundancy required to ensure reliable operation of protection
schemes.

6.61.2 The potential cost of replacing some of the old technology switchgear, e.g.
air blast circuit breakers, by modern switchgear that is capable of meeting

® Estimatesprovided by NGET. no published figuresexist for the control scheme the TO
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6.62

6.63

6.64

6.65

6.66

6.67

6.68

6.69

the new duty. The cost of replacing one circuit breaker (275-400kV) ranges
from £1.1M-£4.0M°.

The owverall cost of replacing DAR by HSAR on one circuit depends is a function of:

6.62.1 The number of switchgear schemes required to cover each circuit such to
ensure reliable operation of protection schemes.

6.62.2 The number of old technology circuit breakers that needs upgrading which
would depend on how many ends the circuit has and the type of each of
the existing circuit breakers.

For HSAR to have the desired effect, it has to be rolled out within a whole area
rather than used in one or two circuits. That implies that implementing HSAR would
result in significant additional costs.

Restricting the use of hybrid STATCOM/SVC solutions

This option would be achieved via specifying requirements, e.g. on repeatability, that
hybrid STATCOM/SVC solutions could not meet. Consequently, Users will need to
procure STATCOMs/SVCs that are capable of meeting the reactive range
requirements as specified in CC.6.3.2 without using switched capacitors/reactors.

Users and Manufacturers, currently operating in GB, have indicated this would
typically increase the STATCOM/SVC cost by about 35% to 40%.

Specifying additional requirements on Power Park Modules that could be met via
hybrid STATCOM/SVC solutions

This option includes modifying the Grid Code to include specific requirements on
Power Park Modules that could be met by hybrid STATCOM/SVC solutions.

As the cost will be largely affected by the requirements, the workgroup decided to
specify a set of requirements that would satisfy the objectives of both Transmission
Licensees and Transmission System Users and assess the impact of meeting such
requirements on the costs.

The cost incurred to Hybrid STATCOM / SVC'’s as a result of the proposed Grid
Code change is detailed in the manufacturer’s survey in Annex 5. For most designs
this cost is negligible when compared to the other options.

Based on data provided by manufacturers, hybrid solutions that utilise switched
capacitors, when meeting the repeatability requirements, could incur costs due to
changes to ancillary and/or control equipment. This increase is about 20% of the
cost of the switched capacitor unit. This would be considered significant on small
installations with requirements for this Grid Code performance. Howewer,

6.69.1 The modification proposed affects Medium and Large Power Park
Modules. These have a minimum rating of 50MW in England and Wales,
30MW in Southern Scotland and 10MW in Northern Scotland.

6.69.2 Looking at typical published costs / MW of an installed onshore wind farm
(e.g. £800k/MW) the totalimpact on the cost of the smallest wind farm in
Northern Scotland (i.e. 10MW) is 0.33% on the total cost.

6.69.3 The only solution considered, is from one supplier. Once a market has
been created, there is the possibility that competition will emerge.

6.69.4 Whilst the percentage cost increase on the wind farm is small, any
incremental cost will have an impact on profitability of a project, especially
if not identified at the design stage.

6 Accordingto ETYS 275& 400 kV AlS baysare £1.1M-£1.4M GIS are £2.8M-£3.0M and £3.3M-£4.0M for 275kv/

and 400kV respectively
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Preferred Option

6.70 Having reviewed the different options and the cost implications of each option, the
Workgroup concluded that the preferred option is to modify the Grid Code to
incorporate the requirements described in Paragraphs 6.38 to 6.45 as these
requirements provide enough assurance that Power Park Modules will be able to
respond to the majority of events that may take place, are technically feasible,
satisfy the objectives of both Transmission Licensees and Transmission System
Users, are consistent with RfG , and are the most economic option.
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7 Fault Ride Through and Post Fault Voltage Recovery

7.1

7.2

7.3

7.4

7.5

7.6

1.7

Faults on the transmission system result in wltage dips that spread over a large
section of the network. An example of this is shown in Figure 15 that shows the
widespread lewvel of wltage depression resulting from a three-phase solid short
circuit at Walpole 400kV substation.

The way different plant connected to the transmission system responds to this
woltage dip affects the system’s ability to recover once the fault is cleared. Loss of
reactive power injection to the system during wltage dips will increase the
widespread, magnitude and duration of this woltage dip.

The magnitude and duration of the woltage dip affect the way different generation
and reactive compensation plant respond and their ability to remain connected to the
system. A wltage dip that exceeds that defined within CC.6.3.15 may result in the
loss of generation plant and any reactive power support these plants could provide
to the system. A large reduction in wltage will reduce the reactive power output of
static shunt compensation equipment.

MSC Shutdown During Faults

Some Hybrid STATCOM / SVC's switch out the capacitors during a fault condition further reducing reactive
support, This increases the risks from voltage depression after a fault and increases the risk of post fault
voltage depression and cascade tripping
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Figure 15: Voltage Depression and MSC Shutdown during Faults

The Workgroup discussed the instances where Users have procured Power Park
Modules that were designed such that during faults and wltage dips, switched shunt
compensation are switched off. NGET advised that these plants were originally
designed to switch out capacitors once the wltage drops below 0.7pu. Howeer, the
Manufacturer has revised the settings such that the capacitor is not switched out
unless the wltage drops below 0.4pu and is restored into senice within 300ms.

The workgroup noted that, based on the map shown in Figure 5, a fault at Walpole
would result in the disconnection of shunt capacitors in a Power Park Module
connected as far as East Claydon, Canterbury North and Humber Refinery if these
capacitors are designed to tripat 0.7pu. This will exacerbate the wltage depression
and may lead to further tripping of plants. If the voltage level at which capacitors are
tripped is reduced from 0.7pu to 0.4pu, the risk would be reduced but not completely
eliminated.

The Workgroup acknowledged that, from a System Operator point of view, it is
desirable to ensure that no shunt capacitors are switched off during faults or woltage
dips such that they are available to assist post fault wltage recovery. None of the
Workgroup members has raised any concern that meeting such requirements would
involve significant costs. This was confirmed by the Manufacturer Survey in Annex
5.

The Workgroup agreed that the Grid Code requirements on fault ride through should
be revised to specify that switched reactive compensation equipment should not be
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switched in or out during the initial phase of a fault, typically 80 to 140ms. Once the
fault is cleared, the initial voltage depression has passed and the wltage recovery
phase is underway, equipment may then change the switch states to initiate the
normal reactive response as defined by CC.A.7.2.2.5 and CC.A.7.2.3.1. It was
proposed not to express this as an obligatory requirement as manufacturers may
choose to provide the response using a variety of sources and may not need to
initially change the switch state.
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8 Other Issues

Additional Clarification of Transient Voltage Control Requirements
CC.A7.23

8.1 With the aim to clarify the requirements, the Workgroup discussed potential changes
to CC.A.7.2.3.1. The following aspects were considered

8.2 The workgroup discussed the significance of the use of the phrase®...for a
sufficiently large step...” within CC.A.7.2.3.1(ii) instead of stating a specific value.
The Workgroup agreed that this is because the step change required to produce a
specific change of reactive power output is dependent on the droop setting. For
example, a change from zero reactive power output to the maximum leading, or
lagging, reactive power output would result from a 2% step change in wltage for a
Power Park Module operating with a 2% droop or a 7% step change in wltage for a
Power Park Module operating with 7% droop. The Workgroup agreed that this does
not require any further clarification to the requirements.

8.3 The requirement that Power Park Modules have to be able respond to a wltage
step change such that it achieves 90% of the response within 1 second,
CC.A.7.2.3.1 (ii) has been a subject for discussion between Users and NGET. The
Workgroup noted that, in all instances, all parties agreed that the requirement
applies for a change from unity power factor to the maximum leading or maximum
lagging reactive power output or vice versa. The Workgroup recommended that the
Grid Code is modified to clarify this understanding.

8.4 The Workgroup also proposed to specify that, where the woltage step change
requires the Power Park Module to change its reactive power output from its
maximum leading value to its maximum lagging value or vice versa, 90% of the
response should be achieved within 2 seconds.

8.5 The Workgroup proposed to revise CC.A.7.2.3.1(iv) to allow Power Park Modules, 2
seconds from achieving 90% of the response until the peak to peak magnitude of
any oscillations settle within 5% of the change in steady state reactive power.

Communications and other issues beyond switching

8.6 Dewelopers and Manufacturers have raised concerns that repeatability issues may
arise during the system integration phase of the projects, where equipment from
different manufacturers is connected together to provide the necessary owerall
response.

8.7 To date Compliance Tests hawve only established repeatability issues relating to
mechanically switched components. During discussions it was concluded that whilst
it is unlikely that system integration issues would affect the repeatability, they cannot
be entirely discounted.

Logged Data from Wind Farms

8.8 One User stated that:

8.8.1 The sewerity of a wltage disturbance at the location of the installed
equipment depends on the distance and network to the fault location or
power system contingency. Therefore considerable care should be taken
when making the assumption that described ewvents i.e. due to lightning
strikes, will lead to wltage events of sufficient magnitude as to require a
switching response from hybrid STATCOM systems; and

8.8.2 Measured results at transmission and distribution connected Power Park
Modules indicate that over a period of two years there were no transient
wltage events of sufficient magnitude to exhaust the Power Park Module
wltage control capability and thus require a switching response from the
installed hybrid STATCOM system.
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Cost Implications

8.9

8.10

Any design change incurs an associated cost for the engineering time and any
testing, hardware modification etc. Furthermore there maybe additional cost
implications which extend beyond the design phase if there are changes to the
manufacturing process or materials used.

The Workgroup discussed cost implications arising from the modification proposed
via the manufacturers’ survey, the output of which is included in Annex 5. This data
was used to inform the Options Assessment and the Cost Benefit Analysis covered
in Section 6 Paragraphs 6.52 to 6.69.

Compliance Testing

8.11

Compliance with the Grid Code is principally the responsibility of the User. To record
compliance, National Grid asks for statements of compliance with the individual
clauses of the Grid Code and these statements will be extended to reflect the new
repeatability clauses. As part of this working group National Grid has stated that
there is no general expectation of asking Users as part of compliance testing to
demonstrate long sequences of multiple reactive responses. Howeer, a test of a
single repeat response may be requested on new plant or in the event of evidence
of noncompliance.
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9 Consultation Responses

9.1 Views were invited upon the proposals. Responses were requested to be E-Mailed
to grid.code@nationalgrid.com by 17 February 2016 using the proforma provided.

9.2 Responses were invited to the following questions:
(i) Do you support the proposed approach? Please clarify why.

(i) Do you believe that GC0075 better facilitates the appropriate Grid Code
objectives? If not, why do they fail to do so?

(iif) Do the proposed changes facilitate efficient connection and operation of new
and/or existing Power Park Modules which utilise Hybrid STATCOMs / SVCs?
If not, why do they fail to do so?

(iv) Do the proposed changes impose any additional material risks on the System
Operator, e.g. reduced stability margins, reduced reactive capability margins, or
difficulty in managing transmission system woltages? If yes, please highlight
these risks.

(v) Do the proposed changes impose any additional material risks on Transmission
Owners, e.g. additional investment that might be neither economic nor
efficient? If yes, please highlight these risks.

(V) Do the proposed changes adequately protect the interests of all Transmission
System Users? If not, why do they fail to do so?

(vii) Are there further technical considerations to be taken into account? If yes,
please highlight these technical considerations.

(vii) Is there any evidence that Users will be inappropriately or adversely affected by
the changes proposed? If so, please provide details.

(ix) Do the modifications proposed strike an appropriate balance between the
needs of Generators, Transmission Licensees, and other interested parties? If
not, why do they fail to do so?

(X) Please provide any other comments you feel are relevant to the proposed
change.

Summary of Responses

9.3 Six responses were received, of which four were fully supportive, one was neither
supportive nor unsupportive advising that in their opinion the requirements were
already clear and one noted the proposed approach was important to protect the
Transmission System and ensure a stable and reliable network.

9.4 Of the responses received, two were marked Private and Confidential and will only
be shared with Ofgem. The other responses received are included in Annex 8 of
this report. A summary of the non-confidential responses is summarised in the
Table below.

12.8 National Grid wish to thank all of the respondents for their comments regarding
GCO0075, and for their ongoing support during the discussion of these proposals.

Company Supportive Main Comments

*  This is a good proposal from a well
SHE run Work Group, having effective
CR-01 Transmission Yes input from the necessary parties.
SHE Transmission are happy to
support this change to Grid Code.
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Company

‘ Supportive

Main Comments

RWE Group of
GB RWE believe that GCO0075 better
companies facilitates the appropriate Grid Code
including objectives for the reasons given in
RWE the Consultation Paper
Generation
CR-02 | UK plc, RWE Yes RWE believe that the modifications
Innogy UK proposed strike an appropriate
Limited and balance between the needs of the
RWE Supply various parties
& Trading
GmbH
Scottish
CR-03 Power Yes Scottish Power Generation support
. the proposals
Generation
Western Power Distribution noted the
proposed approach is important in
that it protects the transmission
Western system and ensures a stable and
CR-04 Power Unclear reliable network.
Distribution Western Power Distribution made a

number of comments relating to
general wltage and reactive power
control
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10 Implementation Considerations

Retrospective application

10.1 The modifications proposed do not apply retrospectively.

When should new requirements apply from?

10.2 The new requirements will only apply on User Plant and Apparatus connected to the
system on or after 1 December 2017.

Which generation should this apply to?

10.3 The modification proposed applies to all Power Park Modules, DC Converters, and
OTSDUW parties.

Consistency with European Network Codes

10.4 The Grid Code changes recommended in this document are consistent with RfG as
RfG makes no specific recommendation on repeatability .

Development of the Legal Text

10.5 Changes proposed to the legal text of the Grid Code were developed over several
iterations with the aim to address the issues highlighted by all the Workgroup
members and feedback from the Grid Code Review Panel. The modifications,
detailed in Annex 3, include:
10.5.1modification of CC.A.7.2.3.1 to clarify the requirements;

10.5.2addition of CC.A.7.2.3.2 to specify the new requirements related to
repeatability; and

10.5.3modification of CC.6.3.15 to clarify the fault ride through requirements in
relation to switched shunt compensation.
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11 Conclusions and Recommendations

11.1 The draft legal text covered in Annex 3 of this report was deweloped over several
iterations which were discussed amongst the Workgroup. The initial proposal
related solely to repeatability criteria whilst also requiring discrete compensation
devices to remain connected during faults or wltage disturbances. The text has
been later modified in response to comments from the Grid Code Review Panel.

11.2 These proposals were further updated to define a repeatability criteria based on a
limit of 5 events in 2 minutes with no more than 25 events in any 24 hour period. In
addition further clauses were added requiring Generators to notify NGET of a
declared reduction in reactive capability following 25 events.

11.3 The final proposal (as per Annex 3 of this Report) was then developed which aims to
address the Grid Code defects by clarifying the following: -

« The time frame required for a Power Park Module or Reactive
Compensation equipment to transit from full lead to full lag or vice versa.

»  Clarifications to the settling time following a disturbance

*  The addition of a repeatability criteria requiring 5 consecutive responses
in any five minute period, no more than 15 seconds apatrt.

*  Acriteria which limits the maximum number of events (ie unity to 90% full
leading or unity to 90% full lagging) to a maximum of 25 events in any 24
hour period.

*  Where the daily limit of 25 events is exceeded the requirement to inform
NGET of the reduction in reactive capability.

*  Amendments to the fault ride through requirements clarifying reactive
compensation equipment and requirements preventing them from
switching during a fault ride through sequence.

11.4 The performance requirements specified above are believed to be satisfactory for
the immediate future and ensure that Power Park Modules are capable of
adequately responding to woltage changes triggered by the majority of successive
faults that may occur under severe weather conditions. However, there is a risk that
the 15 second recowvery time of Power Park Modules will not allow them to
sufficiently respond to wltage fluctuations associated with dynamic modes of
oscillation.

11.5 As the dynamic performance of the system is changing rapidly and radically, the
wltage control methodology along with other aspects of the dynamic performance
will need to be kept under review.

11.6 The recommended option is consistent with RfG and meets the minimum needs of
the Transmission System.

11.7 In a rapidly changing electricity system which is increasingly dependent on non-
synchronous generators for dynamic response: the proposed legal text guarantees
equipment performance in planning and operational time scales, giving the
operators confidence that equipment is able to respond within DAR timescales. It
also clearly sets out procedures for limited availability.

11.8 Some parties felt the existing Grid Code requirements were ambiguous. The
proposed change aims to ensure there is no ambiguity and the minimum
requirement is clearly established allowing manufacturers and dewelopers to
compete on an equitable basis. Whilst most manufacturers and developers have
sited some increases, others hawve indicated either no increase or marginal changes
in cost. It also ensures NGET is nhot dependant on some generators exceeding the
requirements to make up any shortfall elsewhere on the system.

Recommendations

11.9 National Grid recommends the implementation of the proposed changes to the Grid
Code as expressed in the legal text (Annex 3) of this document.
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Impact on the Grid Code

12.1 The modifications proposed to the Connection Conditions and the Balancing Code
are detailed in Annex 3 - Proposed Legal Text of this report.

Impact on Grid Code Users

12.2 This modification impacts the Developers, Manufacturers and Owners of Power Park
Modules, Offshore Transmission Networks, and HVDC Conwerters.

Impact on National Electricity Transmission System (NETS)

12.3 State estimators, system models, and modelling algorithms may need to be changed
to reflect the new reactive power control methodology.

Impact on Greenhouse Gas emissions

12.4 None
Assessment against Grid Code Objectives

12.5 The Grid Code Objectives:

() to permit the dewelopment, maintenance and operation of an efficient,
coordinated and economical system for the transmission of electricity;

The Proposal minimises operational risks and the planning required for severe
events and has minimal impact on generators and manufacturers and
provides clarity of the requirement.

(ii) to facilitate competition in the generation and supply of electricity (and without
limiting the foregoing, to facilitate the National Electricity Transmission System
being made available to persons authorised to supply or generate electricity on
terms which neither prevent nor restrict competition in the supply or generation of
electricity);

The proposal has minimal impact on generators and manufacturers. Hybrid
devices will be able to be used with minimal impact on cost. Current timing
requirements offer manufacturer’s the widest options of switch choices
available whilst ensuring the majority of system events are covered.

(iii) subject to sub-paragraphs (i) and (ii), to promote the security and efficiency of
the electricity generation, transmission and distribution systems in the National
Electricity Transmission System operator area taken as a whole; and

The proposal minimises risks that might arise during severe weather
conditions and, consequently, the costs and the burden required to ensure
that the system rides through such events. It has minimal impact on
generators and manufacturers and ensures the majority of events are
covered.

(iv) to efficiently discharge the obligations imposed upon the licensee by this license
and to comply with the Electricity Regulation and any relevant legally binding
decisions of the European Commission and/or the Agency.

The proposals have no interaction with the relevant European Network Code,
which in this case is the Requirement for Generators code.
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Impact on core industry documents

12.6 This document contains proposals to change the GB Grid Code. Further
consideration should be given with regard to the STC, which may require
consequential changes to ensure alignment.

Impact on other industry documents

12.7 None

Impact on Bilateral Agreements

12.8 None

Implementation

12.9 The proposed changes should be implemented 10 business days after an Authority
decision.
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Annex 1 — Grid Code Issue Paper

Grid Code Review Panel
GCO0075 Hybrid Static Compensators - Update
Date Raised: 20 Nov 2013
GCRP Ref: pp13/67*
A Panel Paper by Graham Stein / Richard lerna
National Grid

Summary

Power Park Module developers have been installing Hybrid STATCOM/ SVC'’s,
which provide a portion (typically 50% to 75%) of their reactive capability from
switched reactors and capacitors. Some of these devices have restrictions
preventing repeated switching in a short period which can be seen as inconsistent
with the concept of "continuously acting” control which is required by the Grid
Code. Interested parties believe clarification is required of the Grid Code
requirements on these devices and that it would be beneficial to form a Workgroup
to develop proposals for clearer and more appropriate requirements on Hybrid
STATCOM/ SVC performance.

Users Impacted

High — None Identified

Medium — Owners and developers of Power Park Modules — reducedrisk of non-
compliance and more appropriate performance requirements.

Low — None Identified

Description & Background

During compliance testing of new Power Park Modules it emerged that some
manufacturers had interpreted the various references in the Grid Code to
continuous voltage control, as a single linear increase or decrease in reactive
power. National Grid's interpretation of the Code was that voltage control should
be continuously available and that the equipment in question had unacceptable
delays before the performance could be repeated. Manufacturers have indicated
that the current performance regarding delays in operation, are driven by the
switch gear, capacitor discharge and associated controls.

In addition, some manufacturers switch out the capacitors during a fault which
could also be interpreted as a non-compliance. With regard to switching out
capacitors several manufacturers have indicated that this is due to customer
requests to do so, or to prevent over-voltage issues occurring.

Manufactures have identified a benefit in reduced costs of Hybrid designs
compared to supplying a fully rated STATCOM / SVC. National Grid is keen to
ensure that any potential shortfall in voltage control does not adversely impact on
system security, or necessitate additional investment in alternatives, by achieving
adequate discrimination between voltage control actions and network actions such
as Delayed Auto Reclose.

1 The Code Administrator will provide the paper reference follow ing submission to National Grid.

National Grid convened a workshop on the 20th Septe mber 2013 to seek an up to
date view from interested parties which was attended by representatives of
equipment suppliers and generation developers. Developers provided feedback to
indicate that inconsistency in interpretation of the current requirements continued
to present a material risk to their projects. Manufacturers highlighted that different
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interpretations by different manufacturers meant that some parties could be
disadvantaged.

Proposed Solution

As an alternative to developers purchasing a fully rated STATCOM or thyristor
switched shunt elements, National Grid has asked whether manufactures can
improve the switchgear, capacitor discharge and control performance, possibly
removing the need for fast discharge of the capacitors, and ensure it is not
necessary to disconnect the capacitors at higher short circuit voltages.

Developers and manufacturers have asked that National Grid review the benefits
that faster and repeatable actions from static components provide to the system,
and to clarify the requirement to generate maximum reactive currentduring a fault.

Workshop attendees expressed a strong desire for these questions to be
addressed and proposals for changes to the Grid Code to be progressed by an
appropriate workgroup.

Assessment against Grid Code Objectives

The improvement in performance proposed, aims to allow manufacturers,
developers and generators to benefit from the cost reduction offered by Hybrid
STATCOM/ SVC’s whilst restoring some of the capability lost, thereby improving
system security and operability.

Clarification of the Grid Code will minimise the financial risk, posed by non-
compliance to developers and manufacturers. It will also minimise the risk of
Transmission Licensees having to make up a shortfall in reactive capability with
alternative sources.

We believe the proposed changes to the Grid Code better facilitate the Grid Code
Objectives:

(i) to permit the development, maintenance and operation of an efficient,
coordinated and economical system for the transmission of electricity;

The main cost saving offered by Hybrid STATCOM/ SVC’s would be available
provided their performance meets the minimum needs of the System.

(ii) to facilitate competition in the generation and sup ply of electricity (and without
limiting the foregoing, to facilitate the national electricity transmission system being
made available to persons authorised to supply or generate electricity on terms
which neither prevent nor restrict competition in the supply or generation of
electricity);

Transparency of requirement and clarification of the code creates a market in
which all manufacturers, developers and generators are able to compete fairly
without the burden of unnecessary risk.

(iii) subject to sub-paragraphs (i) and (ii), to promote the security and efficiency of
the electricity generation, transmission and distribution systems in the national
electricity transmission system operator area taken as a whole;

Clarity of the requirement and subsequent improvementin performance, such that
most of the originally intended capability is restored, whilst allowing the use of
Hybrid solutions provides, in our view, the best compromise between ensuring
system security and efficiency of delivery.

(iv) to efficiently discharge the obligations imposed upon the licensee by this
license and to comply with the Electricity Regulation and any relevant legally
binding decisions of the European Commission and/or the Agency.

Future system security will be maintained assuming adequate improvement in
performance can be achieved in a timely manner.
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Impact & Assessment

Impact on the National Electricity Transmission System (NETS)

Hybrid STATCOM/SVC performance as proposed would ensure security of supply
is maintained and will provide greater resilience with respect to voltage collapse.

Impact on Greenhouse Gas Emissions
None
Impact on core industry documents

The Grid Code will be modified to clarify the requirements on Hybrid STATCOM/
SVC'’s.

Impact on other industry documents
There may be a need to review similar provisions in STC Section K.

Supporting Documentation

GC0075 Hybrid Statcom Draft WG ToRs.doc
Hybrid_STATCOM_SVC_Workshop_20_09_ 2013.pdf

Recommendation

The Grid Code Review Panel is invited to:

Progress this issue to a Workgroup with the aim of clarifying the Grid Code so that
the performance requirements of Hybrid STATCOM/ SVC'’s are defined
appropriately.

Document Guidance

This proforma is used to raise an issue at the Grid Code Review Panel, as well as
providing an initial assessment. An issue can be anything that a party would like to
raise and does not have to result in a modification to the Grid Code or creation of a
Working Group.

Guidance has been provided in square brackets within the document but please
contact National Grid, The Code Administrator, with any questions or queries
about the proforma at grid.code@nationalgrid.com.

49



mailto:grid.code@nationalgrid.com

Annex 2 — Terms of Reference

GCO0075 HYBRID STATIC COMPENSATOR

TERMS OF REFERENCE

Governance

1. The Hybrid Static Compensator Workgroup was established by Grid Code
Review Panel (GCRP) at the [November 2013] GCRP meeting.

2. The Workgroup shall formally report to the GCRP.

Membership

3. The Workgroup shall comprise a suitable and appropriate cross-section of
experience and expertise from across the industry, which shall include:

Name Role Representing
Graham Stein Chair
Franklin Roderick Technical Secretary
Antony Johnson / National Grid Representative National Grid
Richard lerna
Industry Representative [PPM Developers
Industry Representative [Hybrid STATCOM
Equipment
Manufacturers]
Industry Representative [Transmission Owners]
Authority Representative Ofgem
Obsenver

Meeting Administration

4. The frequency of Workgroup meetings shall be defined as necessary by the
Workgroup chair to meet the scope and objectives of the work being
undertaken at that time.

5. National Grid will provide technical secretary resource to the Workgroup
and handle administrative arrangements such as venue, agenda and
minutes.

6. The Workgroup will have a dedicated section on the National Grid website
to enable information such as minutes, papers and presentationsto be
available to a wider audience.

cope

|

7. The Workgroup shall consider and report on the following:

e The performance of Hybrid Static Compensators and comparable
equipment with respect to repeatability and the supply of reactive current

during a fault
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e The performance required from voltage control equipment within Power
Park Modules to control voltage on the networks in the steady state, during
and after secured events, and in the event of a wider system disturbance.

Deliverables

8. The Workgroup will provide updates and a Workgroup Report to the
Grid Code Review Panel which will:

e Detail the findings of the Workgroup;

e Draft, prioritise and recommend changesto the Grid Code and associated
documents in order to implement the findings of the Workgroup; and

e Highlight any consequential changes which are or may be required,

Timescales

9. Itis anticipated that this Workgroup will provide an update to each GCRP
meeting and present a Workgroup Reportto the [Timetable to be
discussed] GCRP meeting.

10. If for any reason the Workgroup s in existence for more than one year,
there is a responsibility for the Workgroup to produce a yearly update
report, including but not limited to; current progress, reasons for any
delays, next steps and likely conclusion dates.
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Annex 3 - Proposed Legal Text

New text is shown in Red

Connection Conditions

CC.A.7.2.3 Transient Voltage Control

CC.A7.231...

'(ii.) the response shall be such thatfora-sufficienthylarge step; 90% of

the change in the Reactive Power output fullreactive-capability of
the Onshore Non-Synchronous Generating Unit, Onshore DC

Converter, OTSDUW Plant and Apparatus or Onshore Power
Park Module,

asrequired-by CC.6.3.2 (orifappropriate;
CCA 722 60rCCATZ227: will be produced achieved within

- 1 second, where the step is sufficiently large to require a
change in the steady state Reactive Power output from zero
to its maximum leading value or maximum lagging value, as
required by CC.6.3.2 (or, if appropriate, CC.A.7.2.2.6 or
CC.A.7.2.2.7);and

- 2 seconds, for Plant and Apparatus installed on or after 1
December 2017, where the step is sufficiently large to require
a change in the steady state Reactive Power output from its
maximum leading value to its maximum lagging value or vice
versa.

(iv) thesettlingtimeshall-be-no-greaterthan- within 2 seconds from the
application-ofthe step-change-inwltage-and-achieving 90% of the
response as defined in CC.A.7.2.3.1 (ii), the peak to peak magnitude
of any oscillations shall be less than 5% of the change in steady state
Reactive Power withinthistime.

CC.A.7.2.3.2 AnOnshore Non-Synchronous Generating Unit, Onshore DC
Converter, OTSDUW Plant and Apparatus or Onshore Power Park
Module installed on or after 1 December 2017 shall be capable of

0] changing its Reactive Power output from its maximum lagging value
to its maximum leading value, or vice versa, then reverting back to
the initial level of Reactive Power output once every 15 seconds for
at least 5 times withinany 5 minute period; and

(i)  changing its Reactive Power output from zero to its maximum
leading value then reverting back to zero Reactive Power output at
least 25 times within any 24 hour period and from zero to its
maximum lagging value then reverting back to zero Reactive Power
output at least 25 times within any 24 hour period. Any subsequent
restriction on reactive capability shall be notified to NGET in
accordance with BC2.5.3.2, and BC2.6.1.

In all cases, the response shall be in accordance to CC.A.7.2.3.1where the
change in reactive power output is in response to an on-load step change in
Onshore Grid Entry Point or Onshore User System Entry Point woltage,
or inthe case of OTSDUW Plant and Apparatus an on-load step change
in Transmission Interface Point woltage.
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CC.6.3.15 Fault Ride Through

CC.6.3.15.1 Fault Ride through applicable to Generating Units, Power Park Modules and
DC Converters and OTSDUW Plant and Apparatus

(@  Short circuit faults on the Onshore Transmission System (which
may include an Interface Point) at Supergrid Voltage up to 140ms
in duration.

0

(i)

Each Generating Unit, DC Converter, or Power Park Module
and any constituent Power Park Unit thereof and OTSDUW
Plant and Apparatus shall remain transiently stable and
connected to the System without tripping of any Generating
Unit, DC Converter or Power Park Module and / or any
constituent Power Park Unit, ard OTSDUW Plant and
Apparatus, and, for Plant and Apparatus installed on or after
1 December 2017, reactive compensation equipment, for a
close-up solid three-phase short circuit fault or any unbalanced
short circuit fault on the Onshore Transmission System
(including in respect of OTSDUW Plant and Apparatus, the
Interface Point) operating at Supergrid Voltages for a total
fault clearance time of up to 140 ms. A solid three-phase or
unbalanced earthed fault results in zero wltage on the faulted
phase(s) at the point of fault. The duration of zero woltage is
dependent on local Protection and circuit breaker operating
times. This duration and the fault clearance times will be
specified in the Bilateral Agreement. Following fault clearance,
recovery of the Supergrid Voltage on the Onshore
Transmission System to 90% may take longer than 140ms as
illustrated in Appendix 4A Figures CC.A.4A.1 (a) and (b). It
should be noted that in the case of an Offshore Generating
Unit, Offshore DC Converter or Offshore Power Park
Module (including any Offshore Power Park Unit thereof)
which is connectedto an Offshore Transmission System
which includes a Transmission DC Converter as part of that
Offshore Transmission System, the Offshore Grid Entry
Point woltage may not indicate the presence of a fault on the
Onshore Transmission System. The fault will affect the level
of Active Power that can be transferred to the Onshore
Transmission System and therefore subject the Offshore
Generating Unit, Offshore DC Converter or Offshore Power
Park Module (including any Offshore Power Park Unit
thereof) to a load rejection.

Each Generating Unit, Power Park Module and OTSDUW
Plant and Apparatus, shall be designed such that upon both
clearance of the fault on the Onshore Transmission System
as detailed in CC.6.3.15.1 (a) (i) and within 0.5 seconds of the
restoration of the wltage at the Onshore Grid Entry Point (for
Onshore Generating Units or Onshore Power Park Modules)
or Interface Point (for Offshore Generating Units, Offshore
Power Park Modules or OTSDUW Plant and Apparatus) to
the minimum lewels specified in CC.6.1.4 (or within 0.5 seconds
of restoration of the wiltage at the User System Entry Point to
90% of nominal or greater if Embedded), Active Power output
or in the case of OTSDUW Plant and Apparatus, Active
Power transfer capability, shall be restored to at least 90% of
the level available immediately before the fault. Once the
Active Power output, or in the case of OTSDUW Plant and
Apparatus, Active Power transfer capability, 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
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CC.6.3.15.2

- the oscillations are adequately damped

During the period of the fault as detailed in CC.6.3.15.1 (a) (i)
for which the wltage at the Grid Entry Point (or Interface
Point in the case of OTSDUW Plant and Apparatus) is
outside the limits specified in CC.6.1.4, each Generating Unit
or Power Park Module or OTSDUW Plant and Apparatus
shall generate maximum reactive current without exceeding
the transient rating limit of the Generating Unit, OTSDUW
Plant and Apparatus or Power Park Module and / or any
constituent Power Park Unit or reactive compensation
equipment. For Plant and Apparatus installed on or after 1
December 2017, switched reactive compensation equipment
(such as mechanically switched capacitors and reactors) shall
be controlled such that itis not switched in or out of service
during the fault but may act to assistin post fault voltage
recovery

Fault Ride Through applicable to Offshore Generating Units at a Large
Power Station, Offshore Power Park Modules at a Large Power Station and
Offshore DC Converters at a Large Power Station who choose to meet the
fault ride through requirements at the LV side of the Offshore Platform

@)

Requirements on Offshore Generating Units, Offshore Power
Park Modules and Offshore DC Converters to withstand woltage
dips onthe LV Side of the Offshore Platform for up to 140ms in
duration as a result of faults and / or wltage dips on the Onshore
Transmission System operating at Supergrid Voltage

0

Each Offshore Generating Unit, Offshore DC Converter, or
Offshore Power Park Module and any constituent Power
Park Unit thereof shall remain transiently stable and
connected to the System without tripping of any Offshore
Generating Unit, or Offshore DC Converter or Offshore
Power Park Module and / or any constituent Power Park
Unit or, in case of Plant and Apparatus installed on or after 1
December 2017, reactive compensation equipment, for any
balanced or unbalanced voltage dips on the LV Side of the
Offshore Platform whose profile is anywhere on or above the
heaw black line shown in Figure 6. For the awidance of
doubt, the profile beyond 140ms in Figure 6 shows the
minimum recovery in wltage that will be seen by the
generator following clearance of the fault at 140ms. Appendix
4B and Figures CC.A.4B.2 (a) and (b) provide further
illustration of the woltage recovery profile that may be seen. It
should be noted that in the case of an Offshore Generating
Unit, Offshore DC Converter or Offshore Power Park
Module (including any Offshore Power Park Unit thereof)
which is connected to an Offshore Transmission System
which includes a Transmission DC Converter as part of that
Offshore Transmission System, the Offshore Grid Entry
Point wltage may not indicate the presence of a fault on the
Onshore Transmission System. The wltage dip will affect
the level of Active Power that can be transferred to the
Onshore Transmission System and therefore subject the
Offshore Generating Unit, Offshore DC Converter or
Offshore Power Park Module (including any Offshore
Power Park Unit thereof) to a load rejection.
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Figure 6

V/VN is the ratio of the actual voltage on one or more phases
at the LV Side of the Offshore Platform to the nominal
wltage of the LV Side of the Offshore Platform.

Each Offshore Generating Unit, or Offshore Power Park
Module and any constituent Power Park Unit thereof shall
provide Active Power output, during voltage dips on the LV
Side of the Offshore Platform as described in Figure 6, at
least in proportion to the retained wltage at the LV Side of
the Offshore Platform except in the case of an Offshore
Non-Synchronous Generating Unit or Offshore Power
Park Module where there has been a reduction in the
Intermittent Power Source in the time range in Figure 6 that
restricts the Active Power output below this level and shall
generate maximum reactive current without exceeding the
transient rating limits of the Offshore Generating Unit or
Offshore Power Park Module and any constituent Power
Park Unit or, in case of Plant and Apparatus installed on or
after 1 December 2017, reactive compensation equipment.
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 and;

Each Offshore DC Converter shall be designed to meet the
Active Power recovery characteristics as specified in the
Bilateral Agreement upon restoration of the wltage at the
LV Side of the Offshore Platform.

Requirements of Offshore Generating Units, Offshore Power
Park Modules to withstand wltage dips on the LV Side of the
Offshore Platform greater than 140ms in duration.

In addition to the requirements of CC.6.3.15.2. (a) each Offshore
Generating Unit or Offshore Power Park Module and / or any
constituent Power Park Unit, shall:

(i)

remain transiently stable and connected to the System without
tripping of any Offshore Generating Unit or Offshore Power
Park Module and/ or any constituent Power Park Unit, for
any balanced wiltage dips on the LV side of the Offshore
Platform and associated durations anywhere on or above the
heawy black line shown in Figure 7. Appendix 4B and Figures
CC.A.4B.3. (a), (b) and (c) provide an explanation and
illustrations of Figure 7. It should be noted that in the case of
an Offshore Generating Unit, or Offshore Power Park
Module (including any Offshore Power Park Unit thereof)
which is connected to an Offshore Transmission System
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which includes a Transmission DC Converter as part of that
Offshore Transmission System, the Offshore Grid Entry
Point wltage may not indicate the presence of a voltage dip
on the Onshore Transmission System. The woltage dip will
affect the level of Active Power that can be transferred to the
Onshore Transmission System and therefore subject the
Offshore Generating Unit, or Offshore Power Park Module
(including any Offshore Power Park Unit thereof) to a load
rejection.

ooitage al LV Sidw of Oftshore Pistierm

Tés 135 25 3 mnulee
Ofshore Platiorm LV Volage Duration |

Figure 7

provide Active Power output, during woltage dips on the LV
Side of the Offshore Platform as described in Figure 7, at
least in proportion to the retained balanced or unbalanced
wltage at the LV Side of the Offshore Platform except in the
case of an Offshore Non-Synchronous Generating Unit or
Offshore Power Park Module where there has been a
reduction in the Intermittent Power Source in the time range
in Figure 7 that restricts the Active Power output below this
level and shall generate maximum reactive current (where the
wltage at the Offshore Grid Entry Point is outside the limits
specified in CC.6.1.4) without exceeding the transient rating
limits of the Offshore Generating Unit or Offshore Power
Park Module and any constituent Power Park Unit or reactive
compensation equipment. For Plant and Apparatus installed
on or after 1 December 2017, switched reactive compensation
equipment (such as mechanically switched capacitors and
reactors) shall be controlled such that itis not switched in or
out of senice during the fault but may act to assist in post fault
wltage recowery; and,
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Annex 4 — Register of Attendance

The table below details the Workshop (WS) and Workgroup (WG) attendance. Workgroup
members were additionally invited to answer the following question:

Do the proposals address the Grid Code defects? Yes/No

Transmission Owners & Operators

Yelold>

04

Richard lerna National Grid Y,Y,Y
Graham Stein National Grid Y, Y, Y
AthonyJohnson |National Grid Y,Y, Y
Razwan Pabat-Stro|Scottish Power| Y, Y, Y

Sridhar Sahukari

Dong Energy

Mustafa Kayikci

TNEI

Developers

Lee Holdsworth RES Yes
OFTOs
Mike Lee Transmission | | |
Generators
Mick Chowns RWE Yes
Isaac Gutierez Iberdrola/Scott Yes
Rui Rui Iberdrola/Scott
Damian Jackman |SSE Generation
Manufacturers (Hybrids & Switch Gear)
PeterJones ABB
Anne Palesjo ABB
Alireza Mousavi |ABB
Phillipe Maibach |ABB
Simon Vogelsange|ABB
Fahd Hashiesh ABB
Alireza Mousavi |ABB
Matthias Gautschi|ABB
Shafiu Ahmed Siemens Yes
Chinglai Mor Siemens
lan Cunningham [Alstom Grid
Vesa Oinonen Alstom Grid
Martin Lyster AMSC
John Diaz de Leon |AMSC Yes
Steve Mortimer S&C Electric
Clifton Ellis S&C Electric
Mick Barlow S&C Electric
Laurent Poutrain [Vizimax
Manufacturers (Wind Turbines)
Peter Thomas Nordex
Amir Dahresobh |Nordex
Charles Creswell [Senvion UK
Niall Duncan Senvion UK
Sigrid Bolik Senvion UK
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Annex 5 — Manufacturers Survey

Various manufacturers were consulted throughout the discussions to ensure that the

requirements proposed are technically feasible and do not impose significant costs on
developers.

In addition, a questionnaire was sent to six manufacturers that offer hybrid STATCOM /
SVC solutions requesting that they confirm whether they could offer solutions that meet the
requirements proposed or not and provide estimates of any increase in costs that might
result from these requirements. A summary of responses is given in Table 8.

% Increase in unit

new repeatability
&y costif not

Compliant with
Requirement
Compliant with

| % Increasein unit
costif not
compliant
Availability
requirement
compliant
Availability

94 Manufacturer

Current design meets
proposed change

Current design meets
proposed change or
Blocks at 0.4pu (Both
Available Now )

B  Current design meets 0% Now Current design meets 0% Now
proposed change proposed change

C  Current design meets 0% Now Current design meets 0% Now
proposed change proposed change

D Proposed change is 0% Now Current design meets 0% Now
feasible _ proposed change

E Proposed change is -13% 12 Current design meets 0% Now
feasible Mths proposed change

to
+7%"
F  Current design meets 0% Now No Answ er - -

proposed change

Table 8: Survey results

7 -13% to +7% depends on equipment rating. Clarification of the requirement has in this
case leads to cost decreases for some equipment ratings and increases for others.
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Annex 6 — Fault Statistics

Annual fault records for the period from 1990 to 2002 are shown in the Table 9. This table
aims to provide Users and manufacturers with an indication of the typical number and
nature of faults that may take place over the course of a year. It also highlights the potential
variability and difficulties associated with specifying an annual cap on the number of events
a Power Park Module would be required to respond to.

YEAR | Phase-E | 2-Phase | 2-Phase-E| 3 & 3-Phase-E| Total
1990 746 732 53 39 1571 |
1991 153 22 4 20 198
1992 178 0 4 22 204
1993 134 19 6 26 185
1994 212 4 8 36 260
1995 110 37 8 5 160
1996 175 87 4 5 272
1997 183 14 0 7 204
1998 204 24 3 3 235
1999 174 14 4 8 200
2000 121 28 1 7 158
2001 86 78 4 1 169
2002 103 2 0 3 108
Ave.pa | 198 82 8 14 302

Table 9: Annual Fault Figures 1990 to 2002
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Annex 7 — Acronyms and Abbreviations

This section contains abbreviations and acronyms used in this document.

Acronym /

AbbreviationDescription

AC
BC
CB
CcC
CCs
cct
CHP
CusC
DAR
DC
DFIG
EMF
ENTSOe
ETYS
HSAR
FES
FON
FRT
GB
GC
GCRP
GW
HCDC
HV
KPI
kv
LV
M/C
MSC
Mths
MVA
MVAr
MW
NB
NETS
NGET
OEM
OFGEM
OFTO
OHL
OTSDUW
P

PF
Plc
POC
POD
PPM
pu

Q

RfG
SF6
SHETL
SQSS
STATCOM
SO

Alternating Current

Balancing Code

Circuit Breaker

Connection Conditions

Carbon Capture and Storage

Circuit

Combined Heat and Power
Connection and Use of System Code
Delayed Auto Reclose

Direct Current

Doubly Fed Induction Generator
Electro Motive Force

European Network of Transmission System Operators for Electricity
Electricity Ten Year Statement

High Speed Auto Reclose

Future Energy Scenario

Final Operational Notification
Fault Ride Through

Great Britain

Grid Code

Grid Code Review Panel

Giga Watts

High Voltage Direct Current

High Voltage

Key Performance Indicators

kilo Volts

Low Voltage

Machine

Mechanically Switched Capacitor
Months

Mega Volt Ampere’s — Apparent Power
Mega Volt Ampere’s Reactive — Reactive Power
Mega Watts

Nota Bene - Note Well

National Electricity Transmission System
National Grid Electricity Transmission
Original Equipment Manufacturer
Office of Gas and Electricity Markets
Offshore Transmission Owner
Overhead Line

Offshore Transmission System Developer User Works
Real Power (i.e. MW)

Power Factor

Public Limited Company
Point of Connection

Power Oscillation Damping
Power Park Modules

Per Unit

Reactive Power (i.e. MVAr’s)
Requirements for Generators
Sulphur Hexafluoride

Scottish Hydro Transmission Ltd.
System Quality of Supply Standards
Static Compensator

System Operator
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STC
SSD
svC
TF
TO
UK

VN
S

WF
WG

System operator Transmission owner Code
Switched Shunt Device

Static VAr Compensator

Transfer function

Transmission Owner

United Kingdom

Voltage

Voltage Nominal (i.e. Nominal Volts)
Verses

Voltage Transformer

Wind Farm

Work Group
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Annex 8 — Consultation Responses

Grid Code Industry Consultation Response — CR-01

Respondent:

Richard Lowe
E-mail: richard.lowe @sse.com

Company Name:

SHE Transmission

Do you support the proposed
implementation approach? Please
clarify why.

Yes

Do you believe that GCO075 better
facilitatesthe appropriate Grid
Code objectives? If not,whydo
they fail to do so?

For reference the applicable Grid Code objectives
are:

(i) to permit the development, maintenance and
operation of an efficient, coordinated and
economical system for the transmission of
electricity;

The modification promotes a good balance
between achieving system operational
requirements and use of available technology in an
economic manner.

(i) to facilitate competition in the generation and
supply of electricity (and without limiting the
foregoing, to facilitate the national electricity
transmission system being made available to
persons authorised to supply or generate electricity
on terms which neither prevent nor restrict
competition in the supply or generation of
electricity);

The modification does not present any material
barriers to competition.

(i) subject to sub-paragraphs (i) and (ii), to
promote the security and efficiency of the electricity
generation, transmission and distribution systems
in the national electricity transmission system
operator area taken as a whole; and

We concur with the WG viewpoint, namely:

The proposal minimises risks that might arise
during severe weather conditions and,
consequently, the costs and the burden required to
ensure that the systemrides through such events.
It has minimal impact on generators and
manufacturers and ensures the majority of events
are covered.

(iv) to efficiently discharge the obligationsimposed
upon the licensee by this license and to comply
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with the Electricity Regulation and any relevant
legally binding decisions of the European
Commission and/or the Agency.

We believe that this efficiently discharges
obligations under the Electricity Regulations and
complies with European Commission requirements.

Do the proposed changes
facilitate efficient connection and
operation of new and/or existing
Power Park Modules which utilise
Hybrid STATCOMs /SVCs? If not,
why do theyfail to do so?

Yes. With the WG input from manufacturers, a
practical solution is proposed which meets the
operational requirements for response during
network disturbance events.

Do the proposed changes impose
any additional material risks on
the System Operator, e.g. reduced
stability margins, reduced
reactive capability margins, or
difficulty in managing
transmission system voltages? If
yes, please highlightthese risks.

No. The proposal is an improvement on the known
issues with some existing Hybrid Statcom systems.
This Grid Code modification gives assurance of
repeated performance capability within prescribed
criteria.

Do the proposed changes impose
any additional material risks on
Transmission Owners, e.g.
additional investmentthat might
be neither economic nor efficient?
If yes, please highlightthese
risks.

No

Do the proposed changes
adequately protectthe interests of
all Transmission System Users? If
not, whydo they fail to do so?

Yes

Are there further technical
considerations to be takeninto
account? If yes, please highlight
these technical considerations.

We believe that the technical considerations that
need to be taken into account are adequately
covered either directly in this modification or within
existing Grid Code requirements.

Isthere any evidence that Users
will be inappropriately or
adversely affected by the changes
proposed? If so please provide
details.

No

Do the modifications proposed
strike an appropriate balance
between the needs of Generators,
Transmission Licensees, and
otherinterested parties? If not,
why do they fail to do so?

Yes, we believe this is the case.

Please provide any other
comments you feel are relevant to
the proposed change.

This is a good proposal from a well run Work
Group, having effective input from the necessary
parties. We are happy to support this changeto
Grid Code.
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Grid Code Industry Consultation Response - CR-02

Respondent:

John Norbury

Network Connections Manager
RWE Supply & Trading GmbH
Windmill Hill Business Park
Whitehill Way

Swindon SN5 6PB

T +44 (0)1793 89 2667

M +44 (0)7795 354 382

john.norbury@rwe.com

Company Name:

RWE Group of GB companies including RWE
Generation UK plc, RWE Innogy UK Limited and

RWE Supply & Trading GmbH

Do you support the proposed
implementation approach? Please
clarify why.

Yes

Do you believe that GC0075 better
facilitates the appropriate Grid
Code objectives? If not, whydo
theyfail to do so?

We believe that GC0075 better facilitates the
appropriate Grid Code objectives for the reasons

given in the Consultation Paper

For reference the applicable Grid Code objectives
are:

(i) to permit the development, maintenance and
operation of an efficient, coordinated and
economical system for the transmission of
electricity;

(ii) to facilitate competition in the generation and
supply of electricity (and without limiting the
foregoing, to facilitate the national electricity
transmission system being made available to
persons authorised to supply or generate electricity
on terms which neither prevent nor restrict
competition in the supply or generation of
electricity);

(i) subject to sub-paragraphs (i) and (ii), to
promote the security and efficiency of the electricity
generation, transmission and distribution systems
in the national electricity transmission system
operator area taken as a whole; and

(iv) to efficiently discharge the obligationsimposed
upon the licensee by this license and to comply
with the Electricity Regulation and any relevant
legally binding decisions of the European
Commission and/or the Agency.

Do the proposed changes
facilitate efficient connection and
operation of new and/or existing
Power Park Modules which utilise

Yes
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Hybrid STATCOMs /SVCs? If not,
why do they fail to do so?

Do the proposed changes impose
any additional material risks on
the System Operator, e.g. reduced
stability margins, reduced
reactive capability margins, or
difficulty in managing
transmission system voltages? If
yes, please highlightthese risks.

We do not believe that the propose changes will
impose any additional risks on the System

Operator

Do the proposed changes impose
any additional material risks on
Transmission Owners, e.g.
additional investmentthat might
be neither economic nor efficient?
If yes, please highlightthese
risks.

We do not believe that the propose changes will
impose any additional risks on the Transmission
Owners

Do the proposed changes
adequately protectthe interests of
all Transmission System Users? If
not,whydo they fail to do so?

We believe that the proposed changes adequately
protect the interests of all Transmission System

Users

Are there further technical
considerations to be takeninto
account? If yes, please highlight
these technical considerations.

We are not aware of any further technical
considerations to be taken into account

Is there any evidence that Users
will be inappropriately or
adversely affected by the changes
proposed? If so please provide
details.

We are not aware of any such evidence

Do the modifications proposed
strike an appropriate balance
between the needs of Generators,
Transmission Licensees, and
otherinterested parties? If not,
why do theyfail to do so?

We believe that the modifications proposed strike
an appropriate balance between the needs of the
various parties

Please provide any other
comments you feel are relevant to
the proposed change.

RWE has actively participated in the Workgroup
leading up to this consultation and has no further

comments to add
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Grid Code Industry Consultation Response — CR-03

Respondent:

Alastair Frew

Company Name:

ScottishPower Generation

Do you support the proposed
implementation approach? Please
clarify why.

Yes

Do you believe that GC0075 better
facilitates the appropriate Grid
Code objectives? If not,whydo
theyfail to do so?

For reference the applicable Grid Code objectives
are:

(i) to permit the development, maintenance and
operation of an efficient, coordinated and
economical system for the transmission of
electricity;

(i) to facilitate competition in the generation and
supply of electricity (and without limiting the
foregoing, to facilitate the national electricity
transmission system being made available to
persons authorised to supply or generate electricity
on terms which neither prevent nor restrict
competition in the supply or generation of
electricity);

(iif) subject to sub-paragraphs (i) and (ii), to
promote the security and efficiency of the electricity
generation, transmission and distribution systems
in the national electricity transmission system
operator area taken as a whole; and

(iv) to efficiently discharge the obligationsimposed
upon the licensee by this license and to comply
with the Electricity Regulation and any relevant
legally binding decisions of the European
Commission and/or the Agency.

Do the proposed changes
facilitate efficient connection and
operation of new and/or existing
Power Park Modules which utilise
Hybrid STATCOMs /SVCs? If not,
why do they fail to do so?

Yes

Do the proposed changes impose
any additional material risks on
the System Operator, e.g. reduced
stability margins, reduced
reactive capability margins, or
difficulty in managing
transmission system voltages? If
yes, please highlight these risks.

No

Do the proposed changes impose
any additional material risks on
Transmission Owners, e.g.

No
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additional investmentthat might
be neither economic nor efficient?
If yes, please highlightthese
risks.

Do the proposed changes Yes
adequately protectthe interests of
all Transmission System Users? If
not,whydo theyfail to do so?

Are there further technical No
considerations to be takeninto
account? If yes, please highlight
these technical considerations.

Is there any evidence that Users No
will be inappropriately or
adversely affected by the changes
proposed? If so please provide
details.

Do the modifications proposed Yes
strike an appropriate balance
between the needs of Generators,
Transmission Licensees, and
otherinterested parties? If not,
why do they fail to do so?

Please provide any other
comments you feel are relevant to
the proposed change.
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Grid Code Industry Consultation Response — CR-04

Respondent:

Faithful Chanda

Company Name:

Western Power Distribution

Do you support the proposed
implementation approach? Please
clarify why.

The proposed approach is important in that it
protects the transmission system and ensures a
stable and reliable network.

Do you believe that GC0075 better
facilitates the appropriate Grid
Code objectives? If not,whydo
theyfail to do so?

For reference the applicable Grid Code objectives
are:

(i) to permit the development, maintenance and
operation of an efficient, coordinated and
economical system for the transmission of
electricity;

National Grid maintains the transmission system
which operates at 400kV to 132kV. The voltages
have to be maintained within set parameters
(e.g. 400kV within +5%/-10%). National Grid is
obliged to secure the transmission network to
closely defined voltage and stability Criteria. This
is predominantly achieved through circuit
arrangements, transformers and shunt or Static
compensation.

(ii) to facilitate competition in the generation and
supply of electricity (and without limiting the
foregoing, to facilitate the national electricity
transmission system being made available to
persons authorised to supply or generate electricity
on terms which neither prevent nor restrict
competition in the supply or generation of
electricity);

The major requirements imposed by System
Operators is that generating companies should
meet the relevant Grid Code for their region or
country in terms of steady state reactive power
supply; voltage control and dynamic reactive
power supply. Secondly, there may be a
requirement to provide filters for harmonic
control. For the purpose of dynamic voltage
support static synchronous compensators
(STATCOM) or Static Var Compensators (SVC)
are available in the market. So far both
technologies have been used separately
depending on the respective electric
requirements and project needs. In most cases
the use ofa STATCOM's superior undervoltage
performance was limited to projects where a
(almost) symmetrical operating range was
required.

(i) subject to sub-paragraphs (i) and (ii), to
promote the security and efficiency of the electricity
generation, transmission and distribution systems
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in the national electricity transmission system
operator area taken as a whole; and

Selection of technology for a compensation project
is driven by several factors such as but not limited
to design points, required undenoltage
performance, existing network conditions, loss
evaluation and operating scheme.

(iv) to efficiently discharge the obligationsimposed
upon the licensee by this license and to comply
with the Electricity Regulation and any relevant
legally binding decisions of the European
Commission and/or the Agency.

National Grid is obliged to maintain certain
standards of voltage at sites to which users are
connected. Connection Condition CC.6.1.4 - Grid
Voltage Variation states the following:

“The voltage on the 400k V part of the GB
Transmission System at each connection site with
a user will normally remain within +/- 5% of the
nominal value unless abnormal conditions prevail.
The minimum voltage is -10% and the maximum
voltage is +10% unless abnormal conditions
prevail, but voltages between +5% and +10% will
not last longer than 15 minutes unless abnormal
conditions prevail. Voltages on the 275kV and
132kV parts of the GB Transmission System at
each connection site with a User will normally
remain within the limits of +/- 10% of the nominal
value unless abnormal conditions prevail. At
nominal system voltages below 132kV the voltage
of the GB Transmission System at each connection
site with a user will normally remain within the limits
of +/-6% of the nominal value unless abnormal
conditions prevail. This equates to 124kV-140kV
on the 132kV busbars with the target volts set at
132kV. Commonly DNO target volts are specified
at 134 -138kV and at some points 140kV. Under
fault conditions, the voltage may transiently
collapse to zero at the point of fault until the fault is
cleared

Do the proposed changes
facilitate efficient connection and
operation of new and/or existing
Power Park Modules which utilise
Hybrid STATCOMs /SVCs? If not,
why do they fail to do so?

Itis widely expected that all Hybrid STATCOM /
SVCs should not switch out the capacitors during a
fault condition which could further reduce reactive
support. We expect that, if and when required,
capacitors or reactors should remain connected
during a fault and / or post fault This increases the
risks from voltage depression after a fault and
increases the risk of post fault voltage depression
and cascade tripping.
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Do the proposed changes impose
any additional material risks on
the System Operator, e.g. reduced
stability margins, reduced
reactive capability margins, or
difficulty in managing
transmission system voltages? If
yes, please highlightthese risks.

Equipment should be capable of Repeatable,
Consistent, Predictable and Continuously Available
operations which are quicker than DAR time
scales; failure to support the volts to within 85%
could result in cascade tripping. The performance
required from voltage control equipment within
Power Park Modules to control voltage on the
networks in the steady state, during and after
secured events, and in the event of a wider system
disturbance.

Do the proposed changes impose
any additional material risks on
Transmission Owners, e.g.
additional investment that might
be neither economic nor efficient?
If yes, please highlightthese
risks.

According to the RfG, we expect the Power
Generating Module to remain connectedto the
Network and continue stable operation when the
actual course of the phase-to-phase Voltages on
the Network Voltage level at the Connection Point
during a symmetrical fault. It is therefore incumbent
on all power generating modules to ensure that
their equipment operates in the correctmanner at
all times.

Do the proposed changes
adequately protectthe interests of
all Transmission System Users? If
not,whydo theyfail to do so?

The Power Park Module shall be capable of
providing Reactive Power automatically by either
Voltage Control mode, Reactive Power Control
mode or Power Factor Control mode.

Are there further technical
considerations to be takeninto
account? If yes, please highlight
these technical considerations.

For the purposes of Voltage Control mode, the
Power Park Module shall be capable of
contributing to Voltage control at the Connection
Point by provision of Reactive Power exchange
with the Network with a Setpoint Voltage covering
atleast 0.95t0 1.05 pu in steps no greater than
0.01 pu with a Slope with arange of atleast2to 7
% in steps no greater than 0.5 %. The Reactive
Power output shall be zero when the grid Voltage
value at the Connection Point equals the Voltage
Setpoint.

Isthere anyevidence that Users
will be inappropriately or
adversely affected by the changes
proposed? If so please provide
details.

National Grid is obliged to maintain certain
standards of voltage at sites to which users are
connected. Changes to any operating regime
should be consistent with requirements set out in
the Grid Code.

Do the modifications proposed
strike an appropriate balance
between the needs of Generators,
Transmission Licensees, and
otherinterested parties? If not,
why do theyfail to do so?

SVC comprises a combination of capacitive and
reactive elements under thyristor control. They are
arranged so that a smooth transition of MVAr
output from end to end of the range of MVAr output
is possible. Typically an installation will have a
nominal capability of -75 (Reactive) to +150MVAr
(Capacitive). SVCs control the reactive power by
switching on/off one or more Thyristor-Switched
Capacitors (TSCs), and by adjusting the firing
angle of Thyristor-Controlled reactors (TCRs).
Some SVCs also consist of a number of fixed
capacitors (FCs) or Mechanical-Switched
capacitors (MSCs) which supply a steady amount
of capacitive power.

Hybrid SVCs/Statcoms should be able to fulfil the
same functionality without having any detrimental
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effect on the existing system.

Please provide any other
comments you feel are relevant to
the proposed change.
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