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THE NATIONAL GRID COMPANY plc
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GENERIC PROVISIONS WORKING GROUP

Introduction

1.

This paper proposes revision of the Grid Code to clarify the obligations on
Generators utilising technology other than synchronous machines and on
operators of DC Converter Stations. The Generic Provisions Working Group
includes representatives nominated by Generators, Transmission Operators,
Distribution Network Operators, British Wind Energy Association (BWEA) and
wind farm developers. Also Ofgem is present as an observer. The Working
Group members are listed in Appendix 1.

Although wind turbine manufactures were not present on the group, National
Grid consulted with five large European manufacturers namely NEG Micon,
Bonus Energy, Vestas, Enercon and GE Wind. To meet the manufacturers
concerns on commercially sensitive information, National Grid was obliged to
agree confidentiality with these companies.

Background

3.

With the changes in Government energy strategy to increase the proportion of
electricity generated from renewable sources, the number of power stations
using generation technology other than “synchronous” machines is set to
increase dramatically. Early discussions between National Grid and potential
developers of new generation (mainly wind farms), indicated that there was a
lack of clarity in the Grid Code on the requirements that new plant employing
non-synchronous generation technologies were obliged to meet and some
doubt on the technical capabilities of the emerging technology.

The Grid Code Generic Provisions Working Group was established following
the acceptance of paper GCRP 02/21 at the 5 September 2002 meeting of the
Grid Code Review Panel. Paper GCRP 02/21 recommended that the Working
Group would propose revisions to the Grid Code to clarify the Connection
Conditions in relation to the requirements on new generation technologies and
modify other sections of the Grid Code to ensure continued clarity and
consistency. Paper GCRP 02/21 asked the Working Group to take into account
the recommendations of the HVYDC Working Group as reported to the Grid
Code Review Panel in paper 02/31 tabled at the November 2002 GCRP
meeting, which relate to new HVDC Interconnectors.

The Working Group undertook to report back to the Grid Code Review Panel at
the May 2003 meeting proposing detailed drafting changes for the Grid Code.

Scope of Work

6.

The Generic Provisions Working Group has met on six occasions to develop
the proposed revisions to the Grid Code. The full terms of reference for the
Working Group can be found in Appendix 2. The general aim was to develop
generic provisions to include changes for all existing and anticipated

Page 1



GCRP 03/11
22 May 2003

generation systems and interconnector technology developments for both
constant and intermittent energy sources.

The high level principles followed in order to meet this objective were:-

(@) Maintain transmission system security, stability and quality of supply,

(b) Avoid undue discrimination between Users and classes of Users taking
due regard of the economic impact of requirements,

(c) Phase in the requirements to allow the generation technology to
continue to develop and mature consistent with transmission system
security needs,

(d) Involve input from all stakeholders including Generators, BWEA, wind
farm developers, DNOs, and other transmission operators,

(e) Be aware of existing technical requirements of overseas utilities and
their relevance to the England and Wales technical context,

() Ensure that the requirements help to facilitate the growth in renewable
generation technologies in the medium and long term in line with the
Government target, and

(9) Ensure that the requirements are transparent and clear and attempt to
minimise Grid Code wording changes a practically as possible,

(h) Specify requirements functionally at the connection point, where
possible, in order to maximise the Generators flexibility in choosing how
to meet the requirements.

As a consequence the final proposals can be summarised as follows:

i) no change to the requirements on “synchronous” generating units,

1)) redrafting to clarify the application of existing requirements in
relation to DC Converters and developing renewable generation
technology,

iii) codifying capabilities required for secure system operation that are

inherent for synchronous machines but cannot be assumed for
other technologies.

Discussion of Major Issues

9.

10.

The Generic Provisions Working Group explored a number of issues regarding
the current and future capabilities of the new generation technologies. These
issues are summarised below and discussed in detail in the Appendices. Of
these, Fault Ride Through, Stability and Loss of Power Infeed and Frequency
Range remained requirements that some members of the working group were
unable to endorse.

Reactive Capability

In order to transmit active power on an AC transmission system there is a
technical need for reactive support to be provided. In the case of synchronous
generators, the need to remain transiently stable results in some inherent
reactive capability being available within the generator. This may not be the
case with some non-synchronous generation technologies where additional
equipment may have to be provided to give a controllable reactive power
capability range. In addition, the user network that may be associated with
non-synchronous generation developments may have a significant effect on
the reactive characteristics seen at the interface with the transmission system.
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The attached reactive capability proposals (CC6.3.2) have been drafted to
reflect both the needs of the transmission system in terms of security and
quality of supply and the need to allow the continued development of the new
technologies to provide improved capability. To allow time for this and to
provide an appropriate signal of the transmission system requirement in the
longer term, a staged introduction of the requirements is proposed. Initially, the
non-synchronous generation would be required to be capable of operating at
unity power factor at the connection point. From 1° January 2006, the
requirement to have a symmetrical capability between a leading and lagging
power factor of 0.95 at the connection point would be introduced in line with
the Reactive Power Working Group’s recommendations.

The proposals for conventional current-sourced DC Interconnecters are based
on the recommendations of the HVDC Working Group. A more detailed
discussion of the issues can be found in Appendix 3.

Frequency Range

Under normal system operating conditions NGC is required to control the
system frequency within the statutory range of 49.5Hz to 50.5Hz. However,
the Grid Code specifies that all generating plant should also be able to operate
between a wider frequency range of 47Hz to 52Hz. This requirement is tied to
the national transmission system frequency defence plan where low frequency
demand disconnection relays are provided as an emergency network security
protection and resilience plan against a full or partial system blackout situation.

During a severe incident such as a break up of the transmission system into
power islands with deficits in generation can cause system frequency to fall to
47Hz causing demand to be shed by operation of the national transmission
system frequency defence plan. The discrete nature of this scheme can, in
turn, cause system frequency to overshoot and rise transiently to 52Hz.
Therefore, it is very important that wind farms are not disconnected down to
47Hz or up to 52Hz otherwise the number of consumers whose supply would
be disconnected would be increased leading, in the worst case, to a total
system blackout situation. A more detailed discussion of the issues can be
found in Appendix 4.

Frequency Response

The NGC Security and Quality of Supply Standard reflect the obligations on
National Grid to maintain system frequency in line with The Electricity Safety,
Quality and Continuity Regulations 2002. In order to achieve this, Generators
are required by the Grid Code to have the capability to vary power output in
response to changes in system frequency. Substantial and ongoing advances
in wind farm generation technologies are reaching the point such that
frequency response capability can be designed into modern wind farms. Also
the anticipated number of such plant to be connected is such that there is a
system need to ensure that response capability is provided. Overseas utilities
have already begun specifying a requirement for a frequency response
capability and at least one renewable generation project has been
commissioned with such a facility.

National Grid proposes that the full existing requirements in the Grid Code to

encompass non-synchronous generating technologies from I*' January 2006
with plant capable of providing limited frequency sensitive mode operation
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immediately. A more detailed discussion of the issues can be found in
Appendix 5.

Fault Ride Through

The NGC Security and Quality of Supply Standard (SQSS) used for planning
and operating the transmission system restricts the maximum generation loss
for any secured event to 1320MW. The system is therefore designed and
operated so that any credible fault (and subsequent switching out of
transmission system plant to clear the fault) will not cause the disconnection of
more than 1320MW of generation. Since a fault may cause large system
voltage depression down to as low as zero at the point of fault, any
neighbouring generation will see a short term reduction in voltage which is
dependent on the proximity of the fault. While a synchronous generator is
inherently able to “ride through” such transient conditions, some types of non-
synchronous technologies may trip. Manufacturers have been made aware of
this requirement not to trip by NGC and developers and have been developing
and improving the technology to overcome this issue. Similar capabilities are
now required by many overseas utilities. Disconnection of generation in excess
of 1320 MW could cause widespread customer demand disconnection by the
national frequency defence plan.

The consequences of not having a fault ride through capability would result in
one or more of the following:-
increased risk of widespread customer disconnection.
restriction on generation development in some geographic areas.
substantial increase in balancing costs for holding additional
frequency response, ultimately paid for by customers.

As described above, fault ride through has important implications for the
security and economics of electricity supply in England and Wales. In view of
this and the development of similar requirements by other utilities, National
Grid believes these requirements to be reasonable, even though it is
acknowledged that there may be technical issues associated in meeting this
requirement for a particular type of non-synchronous generator technology. A
more detailed discussion of the issues can be found in Appendix 6.

Stability and Loss of Power Infeed

The NGC SQSS includes criteria for the connection of a power station which
have particular relevance here. Following a secured Fault Outage, there shall
not be :

i) Insufficient Voltage Performance Margins
ii) System Instability
i) Any Loss of Power Infeed.

Note : The above terms are defined in the SQSS

In general, the inherent characteristics of synchronous machines are such that
these requirements are rarely an issue and therefore no specific, explicit
requirements are deemed to be necessary in the Grid Code. However, for
other types of technology where the response to a Fault Outage is less clear, it
is important to ensure that the requirements in the SQSS continue to be
satisfied, particularly those identified above.
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It should be noted that 20(iii) above in practice requires the mechanical power
during and immediately after a fault to be nominally constant. This is virtually
the case for synchronous machines where the mechanical power slightly and
very transiently, reduces through normal governor action as the speed
transiently increases by a small amount. Similarly, if it were the case for
induction machine technology that no deliberate control action in response to a
fault to reduce mechanical power was taken during and immediately after the
fault duration, it is apparent that no significant Loss of Power Infeed would
occur. Obviously, a certain amount of natural or normal control action could
occur for other purposes during the short time of the fault and immediately
after. However, as with governor action for synchronous machines, this should
be relatively small.

It was decided to include the specific requirement regarding no deliberate
action to be taken to reduce prime mover mechanical power output as it is
apparent that some wind-turbine manufacturers could consider doing so by
fast pitch control to prevent over-speeding in some circumstances. In order to
prevent a Loss of Power Infeed occurring, such control action would need to
be inhibited for the relatively small speed deviation which would occur during a
fault condition.

All of the above is relevant to non-synchronous generating units. However, for
DC Converters, these can easily be designed to recover from faults very
quickly both in terms of power and voltage but this may be too quick for the
system in the vicinity. It would therefore seem reasonable that the fault
recovery characteristics should be site specific and therefore specified in the
Bilateral Agreement. The purpose of the site specific requirements is therefore
to ensure the co-ordination of the converter recovery with the capabilities of the
system by controlling the recovery characteristics. In practice, this will always
mean slowing down recovery rates from what could actually be achieved and
therefore should not impose any constraints on the converter design.

Outline of Proposed Grid Code Revisions

While the full text of the proposed Grid Code revisions can be found in
Appendix 8 the proposed changes are outlined as follows:-

Additional and revised definitions to cover windfarms and other renewable
energy parks (Power Park Modules) and DC Interconnectors (DC Converter

Addition of the detailed data required for Power Park Modules and DC
Converter Stations added in the Appendices.

Generally clarifications to explicitly include Power Park Modules and DC
Converter stations in existing clauses. Additions in CC6.3 to clearly state
requirements on non-synchronous technology.

25.

26. Glossary & Definitions
Stations)

27. Planning Code

28. Connection Conditions

29. Operating Codes

Generally clarifications to explicitly include Power Park Modules and DC
Converter stations in existing clauses. Addition of Power Park Planning Matrix
and generator performance chart at HV connection point in OC2.
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30. Balancing Codes
Generally clarifications to explicitly include Power Park Modules and DC

Converter stations in existing clauses. Addition of requirement for Power Park
Matrix in BC2. BC3 updated to include recommendations of HVDC Working
Group.

31. Data Registration Code
Additional data items for Power Park Modules and DC Converters added.

Recommendation

32. The Grid Code Review Panel is invited to
consider the proposed Grid Code revisions
comment on the proposed revisions

33. Having considered comments from GCRP members, National Grid intends to
initiate a wider consultation on the proposed Grid Code provisions.

National Grid Company plc
Date
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Appendix 1 — Membership of Generic Provisions Working Group

Name

David Payne
Nasser Tleis
Steve Mortimer
Mark Horley
Mike Thorne

Hamish Dallachy

Peter Lang
John Norbury
Ham Hamza
John France
Paul Newton
Dave Ward
John Morris
Charlie Zhang
Francois Boulet
James Glennie
Elaine Grieg
Bridget Morgan

Additional input:
John Gaffney
Joe Duddy

(DP)
(NT)
(SM)
(MH)
(MT)
(HD)
(PL)
(IN)
(HH)
(JF)
(PN)
(bw)
(IM)
(C2)
(FB)
(JG)
(EG)
(BM)

JG)
(JD)

Company
National Grid (Chairman)

National Grid
National Grid
National Grid
National Grid
Scottish Power
Seeboard

Innogy

Innogy

Powergen
PowerTech
Magnox

British Energy
London Power Company
RTE

BWEA

AMEC

Ofgem (Observer)

Innogy
RES
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Appendix 2 — Terms of Reference

Grid Code Review Panel - Generic Provisions Working Group (GPWG)

TERMS OF REFERENCE

1. Objectives

The following two basic objectives have been identified as a viable starting point.

However, subsequent investigations may lead to these being modified depending on

outcomes :
Develop generic provisions to include for all existing and anticipated generation
systems and interconnector technology developments where a ‘constant’ source
or sink of energy is normally available. This will consider embedded and direct
transmission system connection together with the technical interaction and
operational co-ordination issues.
As above, but where an ‘intermittent’ source or sink of energy is normally
available.

2. Membership and Reporting

The group GPWG will comprise: -

Chairman (National Grid )
Secretary (National Grid)

A N Others — GCRP Representatives or other nominees

The Chairman of the group will report to the GCRP on the work progress.

3. Deliverables

The group will produce: -

Grid Code change proposals as part of a report that covers the objectives of the
Working Group and how these were met.

4. Timescales

A kick —off meeting is planned for mid-October 2002 at National Grid House.

A brief progress report would be produced for the 6th February 2003 GCRP meeting.

A final report and Grid Code change proposals would be produced for the 22nd May
2003 GCRP meeting.
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Appendix 3 - Reactive Capability

The Working Group considered at length the way in which reactive power capability
should be specified.

Background

Voltage and reactive power control are required for the following reasons;

a) protect plant and equipment from damaging over voltages,

b) facilitate transfer of active power,

€) maintain adequate voltage quality at the point of connection to customers.

Unlike active power, reactive power cannot be transmitted efficiently across large
distances and has to be supplied locally to meet the above three reasons.

While a synchronous machine has an inherent capability to provide a controlled
reactive power output resulting from the need to ensure stable synchronous operation,
the basic induction generator employed in many existing small size wind farms does
not. An induction generator absorbs reactive power from the host network. Further, a
wind farm may contain a considerable network that will have it's own reactive
characteristics that will vary with loading. Where large cable lengths are present, the
wind farm may naturally spill reactive power on to the host network.

The uncontrolled absorption of reactive power from the host network by a wind farm
would have the effect of depressing system voltage in the local area of connection.
Conversely the uncontrolled generation of reactive power by a wind farm would have
the effect of raising local system voltage. In order to control voltage quality to
customers additional reactive support may then be needed from other generators or
from dedicated reactive compensation plant assuming this is available in the area.
National Grid believes that to maintain quality of system voltage and avoid unfairness
to other users of the transmission system, some reactive capability requirement
should be placed on wind farm generators. This provides the opportunity to share in
reactive market opportunities.

Method of Specification

Although including a minimum capability specification in the Bilateral Agreement on a
site specific basis was considered, the Working Group considered that this was
undesirable for the following reasons:
- not transparent to users
could result in unequal treatment
is difficult for a connecting Generator to assess potential requirement
could result in a Generator having a very large reactive requirement in excess of
the current Grid Code limits placed upon it, although this could be capped
unclear division of reactive power capability provision responsibilities between
Generator and Network Operator.

Including a clear generic minimum requirement in the Grid Code was seen to offer the
following benefits:
- transparent to all system users
ensures fair and equitable treatment
limits the obligation on a generator to provide reactive power capability range
provides a clear division in responsibility between network operator and generator
to provide reactive power capability
clear specification to developers.
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Proposals Considered

A number of reactive capability proposals were considered by the Working Group for
inclusion in the Grid Code.

These can be summarised as:

Option1l —

Option 2 —

Option 3 —

Option 4 —

Capability of +/- 0.92 power factor at the HV connection point. This is
nominally equivalent to the current requirement for synchronous
machines.

Capability of +/- 0.95 power factor at the HV connection point. This is
similar to Option 1 but with the range reduced in line with Grid Code
Reactive Power Working Group recommendations.

Capability of unity power factor. Based on the recommendations of the
Grid Code HVDC Working Group and similar to the bare minimum
operational requirements of the Grid Code Reactive Power Working
Group.

Capability at the connection point resulting from +/- 0.95 power factor at
the individual unit LV terminals. The capability always includes unity
power factor at the connection point.

The four options are illustrated below.

Option 1 Option 2 Option 3 Option 4
MW MW MW MW
RC RC RC RC
DMOL DMOL DMOL DMOL
0.92 0.92 0.95 0.95 MVArLead O MVAr Lag MVArLead O MVAr Lag
MVAr Lead MVAr Lag MVAr Lead MVAr Lag

The advantages and disadvantages of the four options are considered below

particularly if current generation of wind
turbine technology used.

Option Pros Cons
1 Consistent with the current requirements | Difficult to justify as in excess of

for synchronous machines. recommendations of the Grid Code Reactive
Power Working Group.

Positive long term signals to developers. | May need some thyristor control of reactive
compensation if older generation of wind turbine
generators used.

Avoids long term issues on reactive Maybe potentially costly on developers

power provision.

2 Less cost implications for developers Inconsistent with the current requirements for

synchronous machines.

Consistent with bulk of manufacturers
claim that they can provide at least this
range at the individual machine
terminals.

May need some thyristor control of reactive
compensation if older generation of wind turbine
generators used.

Easier to meet for controllable
equipment than option 1.

May be some issues on future reactive power
provision for National Grid.
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3 Minimum demand on developers and Potential for major implications on long term

therefore least developer cost. procurement of reactive power by the
transmission operator.

Suitable for older generation of non- Potential cost penalties on transmission

synchronous generation technology. operation.

Consistent with bare minimum Operational difficulties for control of

operational recommendations of the transmission system voltage.

Reactive Power Working Group.

4 Development of Option 3. The lead & lag reactive capability not known to

National Grid at the application stage.

Simple specification for developer and Range eventually made available may not be of

manufacturer. practical use to network operator.

Capability incorporated at machine Less useable capability than options 1 & 2.

terminals may give better dynamic

performance

May provide some consequential Appears to be designed around a specific

capability at the Connection Point based | existing generator type so potential

on machine capability. disadvantages to some manufacturers or
developers using other technology.

Having considered these four options, National Grid has proposed a time staged
development of the Grid Code based on Options 2 and 3. This can be summarised as:

Wind farms, non-synchronous generating units and DC converters with
completion dates prior to 1 January 2006 would be required, as a minimum,
to be capable of operating to an instruction for zero MVAr transfer at the
connection point. To ease this requirement further, a tolerance around the
dispatch instruction would be acceptable and this would be specified at the
connection offer stage in the Bilateral Agreement.

wind farms, non-synchronous generating units and voltage-sourced DC
converters with completion dates after 1 January 2006 would be required to
meet the requirements of Option 2.

The decision not to increase the reactive capability requirement on conventional
current-sourced DC converter technology is based on the following:

compared to wind farms, the expected future market penetration is very low. No
current-sourced DC converter station has connected to the NGC transmission
system since 1986 and only one such DC converter station has a commitment for
connection.

DC converter stations utilising developing voltage-sourced technology are capable
of reactive power regulation in a similar manner to most wind farm technologies.
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Appendix 4 — Frequency Range

The National Grid transmission system operates to a nominal frequency of 50Hz by
balancing generation and demand continuously on a second by second basis.
System frequency is uniform across the total electricity system in Great Britain and at
privatisation the obligation to control system frequency was placed on NGC.

NGC is required to control the system frequency within the statutory range of 49.5Hz
to 50.5Hz under normal system operating conditions. However to ensure continued
transmission network security under some abnormal operating conditions, the Grid
Code specifies that all generating plant should also be able to operate, i.e. not to be
disconnected, between a wider frequency range of 47Hz to 52Hz.

This requirement is tied to the national transmission system frequency defence plan
where low frequency demand disconnection relays are provided as an emergency
network security protection and resilience plan against a full or partial system blackout
situation. Therefore, it is very important that wind farms are not disconnected down to
47Hz otherwise the number of consumers whose supply would be disconnected would
be increased leading, in the worst case, to a total system blackout situation.

The discrete nature of the operation of the national transmission system frequency
defence plan can in turn cause system frequency to overshoot and rise transiently to
52Hz. Therefore, it is very important that wind farms are not disconnected up to 52Hz
otherwise the number of consumers whose supply would be disconnected would be
increased leading, in the worst case, to a total system blackout situation.

Under the Grid Code, all generation projects above 50MW, irrespective of type, that
connect to the transmission or distribution networks, are required not to be
disconnected over this 47Hz to 52Hz frequency range. Although a slight relaxation
from the upper frequency range, where evidence from developers showing the plant
not to have the full capability, might be judged as acceptable, substantial relaxation
would increase the risk of additional customer demand disconnection and size of
blackout.
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Appendix 5 — Frequency Response

Background

One of the principal requirements of the Electricity Safety, Quality and Continuity
Regulations 2002requires that there should not be a permanent change in system
frequency outside the statutory limits of 50 Hz +/- 0.5Hz in the event of any of the
contingencies defined in the licence standards occurring.

In order to achieve this, a frequency response service is required from generating
plant. Generating plant providing this service is required to vary active power output in
response to changes in system frequency. Because electricity cannot be stored in
sufficient quantities, supply and demand have to be balanced instantaneously so
automatic frequency control is necessary.

Under the Grid Code, all Power Stations with an installed capacity of 50MW or more
are required to be capable of providing frequency response. Some nuclear generation
designed and built before 1990 was exempted on design safety grounds from
frequency response provision but not from limited frequency sensitive operation.

Wind Farm Frequency Response Capability

Historically generating units within wind farms have been simple induction generators
with no control over the power extracted from the wind (commonly referred to as
passive stall turbines). However, in recent years to improve efficiency, developments
have taken place allowing turbines to control the power extracted (commonly known
as active stall or variable speed pitch controlled turbines). Therefore this generation
technology has a latent capability to providing frequency response by controlling the
electrical power output in relation to the maximum energy that can be extracted from
the wind.

Published material from recently commissioned international wind farms such as
Horns Rev have demonstrated that wind farms can be designed and operated to
provide a “balancing” service to the transmission operator. Discussions over the last
year between National Grid and a cross section of European manufacturers indicate
that the frequency response technology should currently be considered as
developmental. However all the manufacturers have reasonable expectations of
marketing a commercial product with a full frequency response capability early in
2004. Therefore developers placing orders for wind farms in 2004 for commissioning
12 to 18 months later should be able to provide full frequency response.

Wind Farm Market Penetration

The first phase of off-shore wind farms comprising 18 sites are each limited to a
maximum of 30 turbines by the dti and developers are choosing capacities between
60 and 99 MW. It is expected that these developments will not be required to have a
generation licence, thereby relieving them from complying with the requirements of the
Grid Code. The development programme published by the dti shows that the
government is expecting these wind farms to start commissioning over 2004/2005.
The total potential development is expected to be around 1.6 GW by 2006.

For the second phase of off-shore wind farms recent press releases from the

government indicate that the dti has received applications for a total of 21 GW of off
shore wind farm licences. The development programme published by the dti shows
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that the government is expecting at least 4 GW of these wind farms to start
commissioning in 2006.

The scale of this development should be considered in relation to the total system
demand. Currently the typical overnight minimum summer demand is approximately
20 GW. In relation to this, it can be seen that wind farms have the potential to provide
a large proportion of this generation. Given the clean nature of this generation it would
seem illogical for it to be displaced with less environmentally friendly (fossil fuelled)
generation in order to provide the necessary frequency control to enable NGC to
continue to manage system frequency performance securely.

Proposed Requirements on Wind Farms

National Grid believes that it is reasonable to require the new generation technologies
with completion dates after ' January 2006 to provide a full frequency response
capab|||ty This view takes into account the following:

the current state of wind farm technology and the lead times in project

development

the potential future market penetration of wind farms

the need to maintain frequency control and system security in the future

to minimise operation of less environmentally friendly generation

to allow frequency response levels to be maintained independent of plant mix.

New generation technologies with commissioning before the 1°' January 2006 will be
required to be capable of limited frequency sensitive operation. Essentially this
requires generators to be capable of reducing active power by at least 2 percent of
output per 0.1Hz deviation of system frequency above 50.4 Hz. This can be delivered
from wind farms either by controlling the power output from individual wind turbines or
by reducing the number of wind turbines generating within the wind farm.

Discussion of frequency response delivery

National Grid understands that active power from a wind farm will vary with wind
speed however this is not a bar to providing frequency response. In the figure below
the top red line indicates the power that could potentially be exported by a wind farm
extracting maximum power from the wind energy. The lower blue line indicates initial
part loading of the wind farm and shows that when system frequency falls the power
output from the wind farm rises to its theoretical maximum and falls again as system
frequency recovers.
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Assessment of the delivery of the frequency response service from a wind farm will
require the variation in available energy at a site to be monitored in addition to active
power output. From this data, the performance can be checked using an agreed
power / wind speed curve for the site.

One area of discussion at the Working Group was the variability in wind speed within
any individual site and the effect this would have on the holding of frequency response
provision. This was raised from information tabled for a small five-turbine wind farm.
While an issue if only one wind farm was providing response, National Grid would
expect a number wind farms at geographically diverse locations to be providing
frequency response to smooth out sudden losses in response due to local wind speed
changes, maintaining an acceptable level of overall frequency control service. In
addition, in the Balancing Market, the Generator would be submitting Maximum Export
Limits and Physical Notifications for each half hour settlement period based on
forecasts of wind speed giving some expectation of output level.

With self-dispatch under NETA, the output level is declared by the Generator. If
National Grid requires plant to operate at a higher or lower level in order to provide
frequency response, the change in output is instructed by accepting the bid or offer at
the price declared by the generator. This market mechanism ensures that the
economics of renewable energy production are reflected in the scheduling of
frequency response.
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Appendix 6 — Fault Ride Through, Stability and Loss of Power Infeed

Under the NGC Security and Quality of Supply Standard referenced from the
Transmission Licence, the National Grid Transmission System is designed, planned
and operated so that the maximum loss of generation for a secured event will not
exceed 1320MW. Should a loss of generation occur exceeding 1320MW, the fall in
system frequency is likely to cause widespread customer demand disconnection by
the national network low frequency defence plan.

Traditional “synchronous” generating units are inherently capable of continuing to
operate through the transient voltage depression that accompanies any system fault
event. Therefore a fault on a generating unit or it's connections will not cause the loss
of any other generating unit outside the fault clearance zone. The transmission system
is designed and operated on this basis.

For clarity, the requirement to withstand faults on the transmission system has been
added to the Grid Code. Without this ability there will either be a significant increase in
the risk of customer disconnection spread across the whole country following a single
fault, or there will be severe restrictions on the future concentrations of wind farm
development in local areas.

This is illustrated by the figure below where the voltage across the system during a 3
phase fault applied at Cowley 400 kV substation is shown. It can be seen that all
substations in England and Wales are temporarily exposed to levels of less than 90 %
of nominal voltage. The area where transmission system voltages are depressed
below 10% covers a large part of Oxfordshire despite the presence of a large
synchronous generator connected to the adjacent substation.

Retained Voltage

Scotland

BN 0-10% Volts
1 10 - 30 % Volts
[ 30 - 40 % Volts
1 40-50 % Volts
3 50 - 60 % Volts
I 60 - 70 % Volts
[ 70 - 80 % Volts
[180-90 % Volts

France
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Some wind turbine technologies are reported to be susceptible to tripping even if the
voltage transiently falls to levels as high as 70 %. The outcome of this would be
significant volumes of generation would be lost. In this example all wind farms in the
South of England and Wales would disconnect.

In order to relax and ease this requirement as far a practicable, fault ride-through
capability is only required for faults on the 400/275 kV transmission system because
of the wide propagation of the voltage disturbance. For faults at 132 kV and lower
voltages the impedance of the supergrid transformers limits the severe transient
voltage depression across the transmission network. However the voltage on the
distribution system will be depressed. Current expectations are that it is unlikely that
very large amounts of wind farm generation (exceeding 1320MW) can practically be
connected within such a 132kV distribution group. From the transmission operators
point of view, fault-ride through capability for distribution faults should not be an issue
because the simultaneous loss of large amounts of centrally connected generation
would be very unlikely to be beyond the credible loss limit of 1320 MW.

The Disconnection Option

As discussed, several wind farm technologies are reported to be susceptible to
tripping in the event of a remote fault. The option of disconnecting wind farm
generators during a fault condition and reconnecting after the fault was cleared has
been considered. Whilst this might avoid a ‘permanent’ trip due to the fault, liaison
with manufacturers and developers indicates that the duration of disconnection would
be in the order of 5-10 seconds.

An analysis has been carried out into the impact of disconnecting wind farms following
a fault coincident with a 1320MW generation loss and instantaneously reconnecting
the wind farms at full power output. The table below shows the additional fall in
transient frequency caused by wind farms disconnecting.

Table showing additional frequency fall (Hz)

Wind Generation Disconnecting (MW)

Wind Generation post fault
disconnection time (Ss)

2 0.118 0.336_| 0.928 | 1.948

5 0.437 0.965 | 2.147 | 4.659

500 1000 2000 | 4000

When considering the results in the table it should be noted that there is only a 0.2 Hz
margin between the lowest frequency for a secured generation loss and (first stage)
disconnection of 5% of total national demand. It can clearly be seen that even a
temporary additional loss of wind farm output for a short duration will impact on
customer security.

While the disconnection and reconnection option may be acceptable on large
interconnected overseas networks where the impact on system frequency would be
small, National Grid does not believe that this option is acceptable on the England and
Wales system.
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Appendix 7

References to Documents on Requirements of Overseas Utilities

Specifications for Connecting Wind Farms to the Transmission Network - Second
Edition - Eltra - Transmission System Planning - 26 April 2000, Document Number
74557. (Denmark)

“E.ON Netz - Supplementary Grid Connection Rules for Wind Energy Plants -
Supplementary Technical and Organisational Regulations for Connecting Wind
Energy Converters to the Grid within the E.ON Netz Regulatory Zone. Dated -
01/12/2001" (Note we have three copies of this each being an unofficial translation
from German to English) (German)

NEG Micon - Electrical Grid Requirements Dowec - NM 6000 - Document Number
R090-JBZ-R0107. Jan Brozelie Dated 29/10/02 [Note that this is a comparison of
European Grid Code Requirements and includes the Netherlands, Germany,
Denmark, Scotland and England / Wales by NEG Micon.]

Estonian Requirements “Technical Requirements for Connecting Wind Turbine
Installations to the Power Network - Reference EE 1042162 ST 7:2001”
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Appendix 8
Grid Code Change Proposals
EXTRACTS FROM PREFACE (Not forming part of the Grid Code)
1. The operating procedures and principles governing NGC's relationship with all

Users of the NGC Transmission System, be they Generators, DC
Converter Owners, Suppliers or Non-Embedded Customers are set out in
the Grid Code. The Grid Code specifies day-to-day procedures for both
planning and operational purposes and covers both normal and exceptional
circumstances.

3. The Grid Code is divided into the following sections:-

€)) a Planning Code which provides generally for the supply of certain
information by Users in order for NGC to undertake the planning
and development of the NGC Transmission System,

(b) Connection Conditions, which specify the minimum technical,
design and operational criteria which must be complied with by NGC
at Connection Sites and by Users connected to or seeking
connection with the NGC Transmission System or by Generators
(other than in respect of Small Power Stations) or DC Converter
Owners connected to or seeking connection to a User's System;
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Extracts from Glossary and Definitions

Term

Definition

Auxiliaries

Any item of Plant and/or Apparatus not directly a part of the boiler plant
or Generating Unit or DC Converter or Power Park Module, but
required for the boiler plant's or Generating Unit's or DC Converter’s
or Power Park Module’s functional operation.

Control Centre

A location used for the purpose of control and operation of the NGC
Transmission System or a User System other than a Generator's or
DC Converter Station owner's System or an External System.

Control Point

The point from which:-
A Non-Embedded Customer's Plant and Apparatus is controlled; or

A BM Unit, in England or Wales at a Large Power Station or at a
Medium Power Station or with a Demand Capacity with a magnitude
of 50MW or more, is physically controlled by a BM Participant; or

In the case of any other BM Unit, data submission is co-ordinated for a
BM Participant and instructions are received from NGC,

as the case may be. For a Generator this will normally be at a Power
Station_and for a DC Converter Station owner, the Control Point will
be at a location agreed with NGC. In the case of a BM Unit of an
Interconnector User, the Control Point will be the Control Centre of
the relevant Externally Interconnected System Operator.

DC Converter

Any Apparatus with a Completion Date after 1 January 2004 used to
convert alternating current electricity to direct current electricity, or vice-
versa. A DC Converter is a standalone operative configuration at a
single site comprising one or more converter bridges, together with one
or more converter transformers, converter control equipment, essential
protective and switching devices and auxiliaries, if any, use for
conversion. In a bipolar arrangement, a DC Converter represents the
bipolar configuration.

DC Converter

An installation comprising one or more DC Converters connecting a

Station direct current interconnector:
to the NGC Transmission System: or,
(if the installation has a rating of 50MW or more) to a User System,
comprising part of an External Interconnection.
DC Network All items of Plant and Apparatus connected together on the direct
current side of a DC Converter.
Designed The output (in whole MW) below which a Genset or a DC Converter at
Minimum a DC Converter Station (in any of its operating configurations) has no

Operating Level

High Frequency Response capability.

De-Synchronise

a) The act of taking a Generating Unit, Power Park Module or DC
Converter off a System to which it has been Synchronised, by
opening any connecting circuit breaker; or

b) The act of ceasing to consume electricity at an importing BM Unit;

and the term "De-Synchronising" shall be construed accordingly.

External

In relation to an Externally Interconnected System Operator means
the transmission or distribution system which it owns or operates which
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Term Definition
System is located outside England and Wales and any Apparatus or Plant
which connects that system to the External Interconnection and which
is owned or operated by such Externally Interconnected System
Operator.
Genset A Generating Unit, Power Park Module or CCGT Module at a Large

Power Station.

Generating Unit

Unless otherwise provided in the Grid Code, any Apparatus which
produces electricity, including—forthe-avoidance of doubt, 2 CCGT Unit
a Synchronous Generating Unit and Non-synchronous Generating
Unit.

Grid Entry Point

A point at which a Generating Unit or a CCGT Module or a CCGT Unit
ora DC Converter or a Power Park Module, as the case may be,
which is directly connected to the NGC Transmission System,
connects to the NGC Transmission System.

HV Generator
Connections

Apparatus connected at the same voltage as that of the NGC
Transmission System, including Users' circuits, the higher voltage
windings of Users' transformers and associated connection Apparatus.

Import Usable

That portion of Reqgistered Import Capacity which is not unavailable

due to a Planned Outage or breakdown.

Intermittent
Power Source

The primary source of power for a Generating Unit that can not be
considered as controllable, e.q. wind, wave or solar.

Limited

Frequency
Sensitive Mode

A mode whereby the operation of the Genset (or DC Converter ata
DC Converter Station exporting Active Power to the Total System) is
Frequency insensitive except when the System Frequency exceeds
50.4Hz, from which point Limited High Frequency Response must be
provided.

Limited High A response of a Genset (or DC Converter at a DC Converter Station

Frequency exporting Active Power to the Total System) to an increase in System

Response Frequency above 50.4Hz leading to a reduction in Active Power in
accordance with the provisions of BC3.7.2.

Minimum The minimum output (in whole MW) which a Genset or DC Converter at

Generation a DC Converter Station can generate or export to the Total System

under stable operating conditions, as registered with NGC under the PC
(and amended pursuant to the PC). For the avoidance of doubt, the
output may go below this level as a result of operation in accordance
with BC3.7.

Minimum Import

The minimum input (in whole MW) into a DC Converter ata DC

Capacity

Converter Station (in any of its operating configurations) at the Grid
Entry Point (or in the case of an Embedded DC Converter at the User
System Entry Point) at which a DC Converter can operate in a stable
manner, as registered with NGC under the PC (and amended pursuant

to the PC).

Non-synchronous

A Generating Unit that is not a Synchronous Generating Unit.

Generating Unit

Operational The automatic tripping of circuit-breakers to prevent abnormal system

Intertripping conditions occurring, such as over voltage, overload, System instability,
etc. after the tripping of other circuit-breakers following power System
fault(s) which includes System to Generating Unit, System to CCGT
Module, System to Power Park Module, System to DC Converter and
System to Demand intertripping schemes.

Power Park A collection of Non-synchronous Generating Units (reqgistered as a

Module Power Park Module under the PC) that are powered by an Intermittent
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Term

Definition

Power Source, joined together by a System with a single electrical
point of connection to the NGC Transmission System (or User System
if Embedded). The connection to the NGC Transmission System (or
User System if Embedded) may include a DC Converter.

Power Park
Module Matrix

The matrix described in Appendix 1 to BC1 under the heading Power
Park Module Matrix.

Power Park
Module Planning

A matrix in the form set out in Appendix 4 of OC2 showing the
combination of Power Park Units within a Power Park Module which

Matrix

would be expected to be running under normal conditions.

Power Park Unit

A Generating Unit within a Power Park Module.

Rated MW

The “rating-plate” MW output of a Generating Unit, Power Park
Module or DC Converter, being:

(a) that output up to which the Generating Unit was designed to operate
(Calculated as specified in British Standard BS EN 60034 - 1: 1995); or
(b) the nominal rating for the MW output of a Power Park Module being
the maximum continuous electric output power which the Power Park
Module was designed to achieve under normal operating conditions; or
(c) the nominal rating for the MW import capacity and export capacity (if
ata DC Converter Station) ofa DC Converter.

Registered
Capacity

(@ Inthe case of a Generating Unit other than that forming part of a
CCGT Module or Power Park Module, the normal full load
capacity of a Generating Unit as declared by the Generator, less
the MW consumed by the Generating Unit through the
Generating Unit's Unit Transformer when producing the same
(the resultant figure being expressed in whole MW).

(b) In the case of a CCGT Module_or Power Park Module, the
normal full load capacity of thea CCGT Module_or Power Park
Module (as the case may be) as declared by the Generator,
being the Active Power declared by the Generator as being
deliverable by the CCGT Module_or Power Park Module at the
Grid Entry Point (or in the case of an Embedded CCGT Module
or Power Park Module, at the User System Entry Point),
expressed in whole MW.

(c) Inthe case of a Power Station, the maximum amount of Active
Power deliverable by the Power Station at the Grid Entry Point
(or in the case of an Embedded Power Station at the User
System Entry Point), as declared by the Generator, expressed
in whole MW. The maximum Active Power deliverable is the
maximum amount deliverable simultaneously by the Generating
Units and/or CCGT Modules_and/or Power Park Modules less
the MW consumed by the Generating Units and/or CCGT
Modules and/or Power Park Modules in producing that Active
Power.

(d) In the case of a DC Converter at a DC Converter_Station, the
normal full load amount of Active Power transferable from a DC
Converter _at the Grid Entry Point (or _in _the case of an
Embedded DC Converter Station at the User System Entry
Point), as declared by the DC Converter Station owner,
expressed in whole MW,

(e) Inthe case of a DC Converter Station, the maximum amount of
Active Power transferable from a DC Converter Station at the
Grid Entry Point (or_in the case of an Embedded DC Converter
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Term

Definition

Station at the User System Entry Point), as declared by the DC
Converter Station owner, expressed in whole MW.

Registered Import

In the case of a DC Converter Station containing DC Converters

Capability

connected to an external system, the maximum amount of Active
Power transferable into a DC Converter Station at the Grid Entry
Point (or in the case of an Embedded DC Converter Station at the
User System Entry Point), as declared by the DC Converter Station
owner, expressed in whole MW.

In the case of a DC Converter in a DC Converter Station, the normal
full load amount of Active Power transferable into a DC Converter at
the Grid Entry Point (or in the case of an Embedded DC Converter
Station at the User System Entry Point), as declared by the DC
Converter owner, expressed in whole MW.

Station
Transformer

A transformer supplying electrical power to the Auxiliaries of:
a Power Station, which is not directly connected to the Generating
Unit terminals (typical voltage ratios being 132/11kV or 275/11kV),
or

a DC Converter Station.

Synchronised

a) The condition where an incoming Generating Unit, Power Park
Module, DC Converter or System is connected to the busbars of
another System so that the Frequencies and phase relationships of
that Generating Unit, Power Park Module, DC Converter or
System, as the case may be, and the System to which it is
connected are identical, like terms shall be construed accordingly.

b) The condition where an importing BM Unit is consuming electricity.

Synchronous
Generating Unit

A Generating Unit which operates in synchronism with the System,
including, for the avoidance of doubt, a CCGT Unit

System
Constrained

Capacity

That portion of Registered Capacity or Registered Import Capacity
not available due to a System Constraint.

User System
Entry Point

A point at which a Generating Unit, a CCGT Module, a CCGT Unit,a
Power Park Module or a DC Converter, as the case may be, which is
Embedded connects to the User System.

Page 23




GCRP 03/11

22 May 2003
Extracts From The Planning Code
PC.3 SCOPE
PC.3.1 The PC applies to NGC and to Users, which in the PC means:
€) Generators;

(b) Network Operators; and
(c) Non-Embedded Customers; and

(d) DC Converter Station owners.

The above categories of User will become bound by the PC prior to

them generating, supplying ,e+ consuming or importing/exporting, as
the case may be, and references to the various categories (or to the
general category) of User should, therefore, be taken as referring to
them in that prospective role as well as to Users actually connected.

PC.3.2 In the case of Embedded Power Stations and Embedded DC
Converters, unless provided otherwise, the following provisions
apply with regard to the provision of data under this PC:

€)) each Generator shall provide the data direct to NGC in
respect of Embedded Large Power Stations and
Embedded Medium Power Stations;

(b) each DC Converter owner shall provide the data direct to
NGC in respect of Embedded DC Converter Stations;

(bC) although data is not normally required specifically on
Embedded Small Power Stations or on Embedded
installations of direct current converters which do not form a
DC Converter Station under this PC, each Network
Operator in whose System they are Embedded should
provide the data (contained in the Appendix) to NGC in
respect of Embedded Small Power Stations or
Embedded installations of direct current converters which
do not form a DC Converter Station if:

(i) it falls to be supplied pursuant to the application for a
CUSC Contract or in the Statement of Readiness to

be supplied in connection with a Bilateral
Agreement and/or Construction Agreement, by the
Network Operator; or

(i) itis specifically requested by NGC in the
circumstances provided for under this PC.
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Certain data does not normally need to be provided in respect of
certain Embedded Power Stations or Embedded DC Converter
Stations, as provided in PC.A.1.12.

PLANNING PROCEDURES

Pursuant to Supplementary Standard Condition C7G of the
Transmission Licence, the means by which Users and proposed
Users of the NGC Transmission System are able to assess
opportunities for connecting to, and using, the NGC Transmission
System comprise two distinct parts, namely:

(@)

(b)

a statement, prepared by NGC under the Transmission
Licence, showing for each of the seven succeeding NGC
Financial Years, the opportunities available for connecting
to and using the NGC Transmission System and
indicating those parts of the NGC Transmission System
most suited to new connections and transport of further
guantities of electricity (the "Seven Year Statement"); and

an offer, in accordance with the Transmission Licence, by
NGC to enter into a CUSC Contract for connection to (or,
in the case of Embedded Large Power Stations and,
Embedded Medium Power Stations and Embedded DC
Converter Stations, use of) the NGC Transmission
System. ABilateral Agreement is to be entered into for
every Connection Site (and for certain Embedded Power
Stations and for Embedded DC Converter Stations, as
explained above) within the first two of the following
categories and the existing Bilateral Agreement may be
required to be varied in the case of the third category:

(i) existing Connection Sites (and for certain
Embedded Power Stations, as detailed above) as
at the Transfer Date;

(i) new Connection Sites (and for certain Embedded
Power Stations, and for Embedded DC Converter
Stations as detailed above) with effect from the
Transfer Date;

(i)  aModification at a Connection Site (or in relation
to the connection of certain Embedded Power
Stations and for Embedded DC Converter
Stations, as detailed above) (whether such
Connection Site or connection exist on the
Transfer Date or are new thereafter) with effect from
the Transfer Date.

In this PC, unless the context otherwise requires,
"connection” means any of these 3 categories.
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Clearly, an existing User proposing a new Connection Site (or
Embedded Power Station or Embedded DC Converter Station in
the circumstances outlined in PC.4.1) will need to supply data both
in an application for a Bilateral Agreement and under the PC in
relation to that proposed new Connection Site (or Embedded
Power Station or Embedded DC Converter Station in the
circumstances outlined in PC.4.1) and that will be treated as
Preliminary Project Planning Data or Committed Project
Planning Data (as the case may be), but the data it supplies under
the PC relating to its existing Connection Sites will be treated as
Connected Planning Data.

Seven Year Statement

To enable the Seven Year Statement to be prepared, each User is
required to submit to NGC (subject to the provisions relating to
Embedded Power Stations and Embedded DC Converter
Stations in PC.3.2) both the Standard Planning Data and the
Detailed Planning Data as listed in parts | and 2 of the Appendix.
This data should be submitted in calendar week 24 of each year
(although Network Operators may delay the submission until
calendar week 28) and should cover each of the seven succeeding
NGC Financial Years (and in certain instances, the current year).
Where, from the date of one submission to another, there is no
change in the data (or in some of the data) to be submitted, instead
of re-submitting the data, a User may submit a written statement
that there has been no change from the data (or in some of the data)
submitted the previous time.

Submissions by Users

(b)  Where there is any change (or anticipated change) in
Committed Project Planning Data or a significant change in
Connected Planning Data in the category of Forecast Data
or any change (or anticipated change) in Connected
Planning Data in the categories of Registered Data or
Estimated Registered Data supplied to NGC under the PC,
notwithstanding that the change may subsequently be notified
to NGC under the PC as part of the routine annual update of
data (or that the change may be a Modification under the
CUSC), the User shall, subject to PC.A.3.2.3 and PC.A.3.2.4
notify NGC in writing without delay.

(d)  The routine annual update of data, referred to in (a)(iii) above,
need not be submitted in respect of Small Power Stations or
Embedded installations of direct current converters which do
not form a DC Converter Station (except as provided in
PC.3.2.(b)), or unless specifically requested by NGC, or
unless otherwise specifically provided.
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PC.A.1.6 The following paragraphs in this Appendix relate to Forecast Data:

3.2.2(b), (h), (i) and (j)(part)
421

4.3.1

432

433

4.3.4

435

4.5(a)(ii) and (b)(ii)
4.7.1

5.2.1.

5.2.2

PC.A.1.7 The following paragraphs in this Appendix relate to Registered Data
and Estimated Registered Data:

2.2.1
2.24
2.25
2.2.6
23.1
2.4.1
24.2

3.2.2(a), (c), (d), (e). (f), (9), (1) (part) and (k)
34.1

3.4.2
4.2.3

4.5@)(i), (@)(iii), (b)(i) and (b)iii)
4.6

5.3.2
54.2
5.4.3
5.45
6.2
6.3

PC.A.1.12 Certain data does not need to be supplied in relation to Embedded
Power Stations or Embedded DC Converter Stations where
these are connected at a voltage level below the voltage level
directly connected to the NGC Transmission Systemexcept in
connection with a CUSC Contract, or unless specifically requested
by NGC.

PART 1
STANDARD PLANNING DATA

PC.A.2 USER'S SYSTEM DATA
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Introduction

Each User, whether connected directly via an existing Connection
Point to the NGC Transmission System, or seeking such a direct
connection, shall provide NGC with data on its User System which
relates to the Connection Site and/or which may have a system
effect on the performance of the NGC Transmission System. Such
data, current and forecast, is specified in PC.A.2.2 to PC.A.2.5. |n
addition each Generator with Embedded Large Power Stations or
Embedded Medium Power Stations connected to the
Subtransmission System, shall provide NGC with fault infeed data
as specified in PC.A.2.5.5, and each DC Converter owner with
Embedded DC Converter Stations connected to the
Subtransmission System shall provide NGC with fault infeed data
as specified in PC.A.2.5.6.

Each User must reflect the system effect at the Connection Site(s)
of any third party Embedded within its User System whether
existing or proposed.

Although not itemised here, each User with an existing or proposed
Embedded Small Power Station or Medium Power Station or
Embedded DC Converter Station with a Registered Capacity of
less than 100MW or an Embedded installation of direct current
converters which does not form a DC Converter Station in its User
System may, at NGC's reasonable discretion, be required to
provide additional details relating to the User's System between the
Connection Site and the existing or proposed Embedded Small
Power Station or Medium Power Station or Embedded DC
Converter Station or Embedded installation of direct current
converters which does not form a DC Converter Station.

At NGC'’s reasonable request, additional data on the User’s System
will need to be supplied. Some of the possible reasons for such a
request, and the data required, are given in PC.A.6.2, PC.A.6.4,
PC.A.6.5 and PC.A.6.6.

User's System Layout

Each User shall provide a Single Line Diagram, depicting both its
existing and proposed arrangement(s) of load current carrying
Apparatus relating to both existing and proposed Connection
Points.

The Single Line Diagram (twe three examples are shown in
Appendix B) must include all parts of the User System operating at
Supergrid Voltage, and those parts of its Subtransmission
System at any NGC Site. In addition, the Single Line Diagram
must include all parts of the User’'s Subtransmission System
operating at a voltage greater than 50kV which, under either intact
network or Planned Outage conditions:-
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@) normally interconnects separate Connection Points, or

busbars at a Connection Point which are normally run in
separate sections; or

(b) connects Embedded Large Power Stations, or Embedded

Medium Power Stations, or Embedded DC Converter
Stations connected to the User’'s Subtransmission
System, to a Connection Point.

At the User’s discretion, the Single Line Diagram can also
contain additional details of the User’s Subtransmission System
not already included above, and also details of the transformers
connecting the User’'s Subtransmission System to a lower
voltage. With NGC’s agreement, the Single Line Diagram can
also contain information about the User’s System at a voltage
below the voltage of the Subtransmission System.

The Single Line Diagram for a Power Park Module must include
all parts of the System connecting generating equipment to the
Grid Entry Point or (User System Entry Point if Embedded). As an
alternative the User may choose to submit a Single Line Diagram
of an electrically equivalent system connecting generating
equipment to the Grid Entry Point (or User System Entry Point
if Embedded). An example of a Single Line Diagram for a Power
Park Module electrically equivalent system is shown in Appendix
B.

The Single Line Diagram must include the points at which
Demand data (provided under PC.A.4.3.4) and fault infeed data
(provided under PC.A.2.5) are supplied.

The above mentioned Single Line Diagram shall include:

(@) electrical circuitry (ie. overhead lines, identifying which
circuits are on the same towers, underground cables,
power transformers, reactive compensation equipment
and similar equipment); and

(b) substation names (in full or abbreviated form) with
operating voltages.

In addition, for all load current carrying Apparatus operating at
Supergrid Voltage, the Single Line Diagram shall include:-

@) circuit breakers

(b) phasing arrangements.

For the avoidance of doubt, the Single Line Diagram to be
supplied is in addition to the Operation Diagram supplied
pursuant to CC.7.4.

For each circuit shown on the Single Line Diagram provided

under PC.A.2.2.1, each User shall provide the following details
relating to that part of its User System:
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Circuit Parameters:

Rated voltage (kV)

Operating voltage (kV)

Positive phase sequence reactance

Positive phase sequence resistance

Positive phase sequence susceptance

Zero phase sequence reactance (both self and mutual)
Zero phase sequence resistance (both self and mutual)
Zero phase sequence susceptance (both self and mutual)

In the case of a Single line Diagram for a Power Park Module
electrically equivalent system the data should be on a 100MVA
base. Depending on the equivalent system supplied an equivalent
tap changer range may need to be supplied. Similarly mutual
values, rated voltage and operating voltage may be inappropriate.

For each transformer shown on the Single Line Diagram provided
under PC.A.2.2.1, each User shall provide the following details:

Rated MVA
Voltage Ratio
Winding arrangement
Positive sequence reactance

(max, min and nominal tap)
Positive sequence resistance

(max, min and nominal tap)
Zero sequence reactance

In addition, for all interconnecting transformers between the User's
Supergrid Voltage System and the User's Subtransmission
System the User shall supply the following information:-

Tap changer range

Tap change step size

Tap changer type: on load or off circuit

Earthing method: Direct, resistance or reactance
Impedance (if not directly earthed )

Each User shall supply the following information about the User’s
equipment installed at a Connection Site which is owned,
operated or managed by NGC:-

@) Switchgear. For all circuit breakers:-

Rated voltage (kV)

Operating voltage (kV)

Rated 3-phase rms short-circuit breaking current, (kA)
Rated 1-phase rms short-circuit breaking current, (kA)
Rated 3-phase peak short-circuit making current, (kA)
Rated 1-phase peak short-circuit making current, (kA)
Rated rms continuous current (A)

DC time constant applied at testing of asymmetrical
breaking abilities (secs)
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(b) Substation __Infrastructure. For the substation
infrastructure (including, but not limited to, switch
disconnectors, disconnectors, current transformers, line
traps, busbars, through bushings, etc):-

Rated 3-phase rms short-circuit withstand current (kA)
Rated 1-phase rms short-circuit withstand current (kA).
Rated 3-phase short-circuit peak withstand current (kA)
Rated 1- phase short-circuit peak withstand current (kA)
Rated duration of short circuit withstand (secs)

Rated rms continuous current (A)

A single value for the entire substation may be supplied, provided
it represents the most restrictive item of current carrying
apparatus.

Lumped System Susceptance

For all parts of the User’s Subtransmission System which are
not included in the Single Line Diagram provided under
PC.A.2.2.1, each User shall provide the equivalent lumped shunt
susceptance at nominal Frequency.

This should include shunt reactors connected to cables which are
not normally in or out of service independent of the cable (ie. they
are regarded as part of the cable).

This should not include:

(@) independently switched reactive compensation equipment
connected to the User's System specified under
PC.A.2.4, or;

(b) any susceptance of the User's System inherent in the
Demand (Reactive Power) data specified under
PC.A.4.3.1.

Reactive Compensation Equipment

For all independently switched reactive compensation equipment,
including that shown on the Single Line Diagram, not owned by
NGC and connected to the User's System at 132kV and above,
other than power factor correction equipment associated directly
with Customers' Plant and Apparatus, the following information
is required:

(@) type of equipment (eg. fixed or variable);

(b) capacitive and/or inductive rating or its operating range in
Mvar;

(©) details of any automatic control logic to enable operating

characteristics to be determined;

Page 31



GCRP 03/11
22 May 2003

(d) the point of connection to the User's System in terms of
electrical location and System voltage.

PC.A.2.4.2 DC Converter Station owners are also required to provide
information about the reactive compensation and harmonic filtering
equipment required to ensure that their Plant and Apparatus
complies with the criteria set out in CC.6.1.5.

PC.A25 Short Circuit Contribution to NGC Transmission System

PC.A25.1 General
€)) To allow NGC to calculate fault currents, each User is

required to provide data, calculated in accordance with
Good Industry Practice, as set out in the following
paragraphs of PC.A.2.5.

(b) The data should be provided for the User's System with
all Generating Units, Power Park Units and DC
Converters Synchronised to that User's System. The
User must ensure that the pre-fault network conditions
reflect a credible System operating arrangement.

(©) The list of data items required, in whole or part, under the
following provisions, is set out in PC.A.2.5.6. Each of the
relevant following provisions identifies which data items in
the list are required for the situation with which that
provision deals.

The fault currents in sub-paragraphs (a) and (b) of the
data list in PC.A.2.5.6 should be based on an a.c. load
flow that takes into account any pre-fault current flow
across the Point of Connection being considered.
Measurements made under appropriate System
conditions may be used by the User to obtain the relevant
data.

(d) NGC may at any time, in writing, specifically request for
data to be provided for an alternative System condition,
for example minimum plant, and the User will, insofar as
such request is reasonable, provide the information as
soon as reasonably practicable following the request.

PC.A.25.2 Network Operators and Non-Embedded Customers are
required to submit data in accordance with PC.A.2.5.4.
Generators and DC Converter Station _owners are required to
submit data in accordance with PC.A.2.5.5.

PC.A.2.5.3 Where prospective short-circuit currents on equipment owned,

operated or managed by NGC are close to the equipment rating,
and in NGC'’s reasonable opinion more accurate calculations of
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the prospective short circuit currents are required, then NGC will
request additional data as outlined in PC.A.6.6 below.

Data from Network Operators and Non-Embedded Customers

Data is required to be provided at each node on the Single Line
Diagram provided under PC.A.2.2.1 at which motor loads and/or
Embedded Small Power Stations and/or Embedded Medium
Power Stations and/or Embedded installations of direct current
converters which do not form a DC Converter Station are
connected, assuming a fault at that location, as follows:-

The data items listed under the following parts of PC.A.2.5.6:-

(@) (), (i), (iii), (iv), (v) and (vi);

and the data items shall be provided in accordance with the detailed

PC.A.255

PC.A255.1

provisions of PC.A.2.5.6(c) - ().

Data from Generators and DC Converter Station owners

For each Generating Unit with one or more associated Unit
Transformers, the Generator is required to provide values for the
contribution of the Power Station Auxiliaries (including Auxiliary
Gas Turbines or Auxiliary Diesel Engines) to the fault current
flowing through the Unit Transformer(s).

The data items listed under the following parts of PC.A.2.5.6(a) should be

provided:-
(i), (ii) and (v);

(iii) if the associated Generating Unit step-up

transformer can supply zero phase sequence
current from the Generating Unit side to the
NGC Transmission System;

(iv) if the value is not 1.0 p.u;

and the data items shall be provided in accordance with the detailed

PC.A255.2

provisions of PC.A.2.5.6(c) - (f), and with the following parts of this
PC.A.2.5.5.

Auxiliary motor short circuit current contribution and any Auxiliary
Gas Turbine Unit contribution through the Unit Transformers
must be represented as a combined short circuit current
contribution at the Generating Unit's terminals, assuming a fault
at that location.
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If the Power Station or DC Converter Station has separate
Station Transformers, data should be provided for the fault
current contribution from each transformer at its high voltage
terminals, assuming a fault at that location, as follows:-

The data items listed under the following parts of PC.A.2.5.6

(@) (), (i), i), (iv), (v) and (vi);

and the data items shall be provided in accordance with the
detailed provisions of PC.A.2.5.6(b) - (f).

Data for the fult infeeds through both Unit Transformers and
Station Transformers shall be provided for the normal running
arrangement when the maximum number of Gersets Generating
Units are Synchronised to the System or when all the DC
Converters at a DC Converter Station are transferring rated MW
in_either direction. ~ Where there is an alternative running
arrangement (or transfer in the case of a DC Converter Station)
which can give a higher fault infeed through the Station
Transformers, then a separate data submission representing this
condition shall be made.

Unless the normal operating arrangement within the Power
Station is to have the Station and Unit Boards interconnected
within the Power Station, no account should be taken of the
interconnection between the Station Board and the Unit Board.

Auxiliary motor short circuit current contribution and any auxiliary

PC.A.2.5.6

DC Converter Station contribution through the Station
Transformers must be represented as a combined short circuit
current contribution through the Station Transformers.

Data ltems

(@) The following is the list of data utilised in this part of the
PC. It also contains rules on the data which generally

apply:-

() Root mean square of the symmetrical three-
phase short circuit current infeed at the instant
of fault, (Lb");

(i) Root mean square of the symmetrical three-
phase short circuit current after the
subtransient fault current contribution has
substantially decayed, (I,");

(iii) the zero sequence source resistance and
reactance values of the User's System as
seen from the node on the Single Line
Diagram provided under PC.A2.2.1 (or
Station Transformer high voltage terminals or
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Generating Unit terminals or DC Converter

terminals, as appropriate) consistent with the
infeed described in PC.A.2.5.1.(b);

(iv) root mean square of the pre-fault voltage at
which the maximum fault currents were
calculated;

V) the positive sequence X/R ratio at the instant of
fault;

(vi) the negative sequence resistance and

reactance values of the User's System seen
from the node on the Single Line Diagram
provided wunder PC.A2.2.1 (or Station
Transformer high voltage terminals, or
Generating Unit terminals, or DC Converter
terminals if appropriate) if substantially different
from the values of positive sequence resistance
and reactance which would be derived from the
data provided above.

In considering this data, unless the User notifies NGC
accordingly at the time of data submission, NGC will
assume that the time constant of decay of the subtransient
fault current corresponding to the change from |" to I,
(T") is not significantly different from 40ms. If that
assumption is not correct in relation to an item of data, the
User must inform NGC at the time of submission of the
data.

The value for the X/R ratio must reflect the rate of decay
of the d.c. component that may be present in the fault
current and hence that of the sources of the initial fault
current. All shunt elements and loads must therefore be
deleted from any system model before the X/R ratio is
calculated.

In producing the data, the User may use "time step
analysis" or “fixed-point-in-time analysis" with different
impedances.

If a fixed-point-in-time analysis with different impedances
method is used, then in relation to the data submitted
under (a) (i) above, the data will be required for "time
zero" to give L". The figure of 120ms is consistent with a
decay time constant T" of 40ms, and if that figure is
different, then the figure of 120ms must be changed
accordingly.
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Where a "time step analysis" is carried out, the X/R ratio
may be calculated directly from the rate of decay of the
d.c. component. The X/R ratio is not that given by the
phase angle of the fault current if this is based on a
system calculation with shunt loads, but from the
Thévenin equivalent of the system impedance at the
instant of fault with all non-source shunts removed.

GENERATING UNIT AND DC CONVERTER DATA

Introduction

Directly Connected

Each Generator and DC Converter Station owner with an
existing, or proposed, Power Station or DC Converter Station
directly connected, or to be directly connected, to the NGC
Transmission System, shall provide NGC with data relating to
that Power Station or DC Converter Station, both current and
forecast, as specified in PC.A.3.2 to PC.A.3.4.

Embedded

(@)

(b)

(@)

(b)

Each Generator and DC Converter Station owner with
an existing, or proposed, Embedded Large Power
Station and/or an Embedded Medium Power Station
and/or Embedded DC Converter Station connected to
the Sub Transmission System, shall provide NGC with
data relating to that Power Station, both current and
forecast, as specified in PC.A.3.2 to PC.A.3.4.

No data need be supplied in relation to any Small Power
Station or any Medium Power Station_or installations of
direct current converters which does not form a DC
Converter Station, connected at a voltage level below
the voltage level of the Subtransmission System
except:-

0] in connection with an application for, or under,
a CUSC Contract, or

(i) unless specifically requested by NGC under
PC.A3.1.4.

Each Network Operator shall provide NGC with the data
specified in PC.A.3.2.2(c).

Network Operators need not submit planning data in
respect of an Embedded Small Power Station unless
required to do so under PC.A.1.2(b) or unless specifically
requested under PC.A.3.1.4 below, in which case they
will supply such data.
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PC.A.4.2.3(b) and PC.A.4.3.2(a) explain that the forecast
Demand submitted by each Network Operator must be
net of the output of all Small Power Stations and
Medium Power Stations and Customer Generating
Plant and all installations of direct current converters
which do not form a DC Converter Station Embedded in
that Network Operator's System. The Network
Operator must inform NGC of the number of such
Embedded Power Stations and such Embedded
installations of direct current converters (including the
number of Generating Units or Power Park Modules or
DC Converters) together with their summated capacity.

On receipt of this data, the Network Operator or
Generator (if the data relates to Power Stations referred
to in PC.A.3.1.2) may be further required, at NGC's
reasonable discretion, to provide details of Embedded
Small Power Stations and Embedded Medium Power
Stations and Customer Generating Plant_ and
Embedded installations of direct current converters which
do not form a DC Converter Station, both current and
forecast, as specified in PC.A.3.2 to PC.A.3.4. Such
requirement would arise where NGC reasonably considers
that the collective effect of a number of such Embedded
Power Stations and Customer Generating Plants and
Embedded installations of direct current converters may
have a significant system effect on the NGC Transmission
System.

Where Generating Units, which term includes CCGT Units,
Power Park Modules andDC Converters are connected to the

NGC Transmission System via a busbar arrangement which is or
is expected to be operated in separate sections, the section of
busbar to which each Generating Unit, DC Converter _or Power
Park Module is connected is to be identified in the submission.

Output Data

(@)

(b)

Large Power Stations

Data items PC.A.3.2.2 (a), (b), (c), (d), (e), (f) and (h) are
required with respect to each Large Power Station and
each Generating Unit and Power Park Module of each
Large Power Station (although (a) is not required for
CCGT Units and (b), (d) and (e) are not normally required
for CCGT Units and (a), (b), (c), (d), (e), (f) (q) and (h)
are not required for Power Park Units).

Small Power Stations and Medium Power Stations
Data item PC.A.3.2.2 (a) is required with respect to each
Small Power Station and Medium Power Station and
each Generating Unit and Power Park Module of each
Small Power Station and Medium Power Station
(although (@) is not required for CCGT Units or Power
Park Units).
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CCGT Units/Modules
0) Data item PC.A.3.2.2 (g) is required with
respect to each CCGT Unit;
(i) data item PC.A.3.2.2 (a) is required with

respect to each CCGT Module; and

(iii) data items PC.A.3.2.2 (b), (c), (d) and (e) are
required with respect to each CCGT Module
unless NGC informs the relevant User in
advance of the submission that it needs the
data items with respect to each CCGT Unit for
particular studies, in which case it must be
supplied on a CCGT Unit basis.

Where any definition utilised or referred to in relation to
any of the data items does not reflect CCGT Units, such
definition shall be deemed to relate to CCGT Units for the
purposes of these data items. Any Schedule in the DRC
which refers to these data items shall be interpreted to
incorporate the CCGT Unit basis where appropriate;

Power Park Units/Modules

(e)

Data items PC.A.3.2.2 (a), (b), (c), (d) (e) (f) (h) and (j)
are required with respect to each Power Park Module

DC Converters

Data items PC.A.3.2.2 (a), (b), (c), (d) (e) (f) (h) and ()
are required with respect to each DC Converters in a

DC Converter Stations. For installations of direct
current converters which do not form a DC Converter
Station only data item PC.A.3.2.2.(a) is required.

ltems (a), (b), (d), (e), (f), (g) anrd (h) (i) and (]) are to be supplied
by each Generator, DC Converter Station owner or Network

Operator (as the case may be) in accordance with PC.A.3.1.1,
PC.A3.1.2, PC.A3.1.3 and PC.A.3.1.4. Item (c) is to be supplied
by each Network Operator in all cases:-

(@)
(b)
(c)

Registered Capacity (MW);
Output Usable (MW) on a monthly basis;

System Constrained Capacity (MW) ie. any constraint
placed on the capacity of the Embedded Generating
Unit, Embedded Power Park Module, or DC Converter
at an Embedded DC Converter Station due to the
Network Operator’'s System in which it is embedded.
Where Generating Units (which term includes CCGT
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Units), Power Park Modules or DC Converters are
connected to a Network Operator’'s User System via a
busbar arrangement which is or is expected to be
operated in separate sections, details of busbar running
arrangements and connected circuits at the substation to
which the Embedded Generating Unit, Embedded
Power Park Module or Embedded DC Converter_is
connected sufficient for NGC to determine where the MW
generated by each Generating Unit), Power Park
Module or DC Converter_at that Power Station or DC
Converter Station would appear onto the NGC
Transmission System;

Minimum Generation (MW);

MW obtainable from Generating Units, Power Park
Modules or DC Converters at a DC Converter Station
in excess of Registered Capacity;,

Generator Performance Chart

(1) at the Synchronous Generating Unit stator
terminals
(i) at the electrical point of connection to the NGC

Transmission System (or User System if Embedded)
for a Non Synchronous Generating Unit (excluding a
Power Park Unit), Power Park Module and DC
Converter at a DC Converter Station;

a list of the CCGT Units within a CCGT Module,
identifying each CCGT Unit, and the CCGT Module of
which it forms part, unambiguously. In the case of a
Range CCGT Module, details of the possible
configurations should also be submitted, together:-

() (in the case of a Range CCGT Module
connected to the NGC Transmission System)
with details of the single Grid Entry Point
(there can only be one) at which power is
provided from the Range CCGT Module;

(i) (in the case of an Embedded Range CCGT
Module) with details of the single User System
Entry Point (there can only be one) at which
power is provided from the Range CCGT
Module;

Provided that, nothing in this sub-paragraph (g) shall
prevent the busbar at the relevant point being operated in
separate sections;

expected running regime(s) at each Power Station or DC
Converter Station and type of Generating Unit, eg.
Steam Unit, Gas Turbine Unit, Combined Cycle Gas
Turbine Unit, Power Park Module, Novel Units (specify
by type), etc;
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The following additional items are only applicable to DC
Converters at DC Converter Stations.

Registered Import Capacity (MW);

Import Usable (MW) on a monthly basis;

Minimum Import Capacity (MW);

MW that may be absorbed by a DC Converter in excess
of Reqgistered Import Capacity and the duration for
which this is available;

the number and types of the Power Park Units within a
Power Park Module, identifying each Power Park Unit,
and the Power Park Module of which it forms part,
unambiguously. In the case of a Power Station directly
connected to the NGC Transmission System with
multiple Power Park Modules where Power Park Units
can be selected to run in different Power Park Modules,
details of the possible configurations should also be
submitted.

Notwithstanding any other provision of this PC, the CCGT Units
within a CCGT Module, details of which are required under
paragraph (g) of PC.A.3.2.2, can only be amended in accordance
with the following provisions:-

(@)

(b)

if the CCGT Module is a Normal CCGT Module, the
CCGT Units within that CCGT Module can only be
amended such that the CCGT Module comprises different
CCGT Units if NGC gives its prior consent in writing.
Notice of the wish to amend the CCGT Units within such a
CCGT Module must be given at least 6 months before it is
wished for the amendment to take effect;

if the CCGT Module is a Range CCGT Module, the CCGT
Units within that CCGT Module and the Grid Entry Point
at which the power is provided can only be amended as
described in BC1.A1.6.4.

Notwithstanding any other provision of this PC, the Power Park

Units within a Power Park Module, details of which are required

under paragraph (j) of PC.A.3.2.2, can only be amended in

accordance with the following provisions:-

(a)

if the Power Park Units within that Power Park Module

can only be amended such that the Power Park Module
comprises  different Power Park Units due to
repair/replacement of individual Power Park Units if NGC

gives its prior consent in writing. Notice of the wish to
amend a Power Park Unit within such a Power Park
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Module must be given at least 4 weeks before it is wished
for the amendment to take effect;

(b) if the Power Park Units within that Power Park Module
can be selected to run in different Power Park Modules as
an alternative operational running arrangement the Power
Park Units within the Power Park Module and the Grid
Entry Point at which the power is provided can only be
amended as described in BC1.A1.7.4.

Rated Parameters Data

The following information is required to facilitate an early
assessment, by NGC, of the need for more detailed studies;

(@) for all Generating Units and Power Park Modules:

Rated MVA,;
Rated MW,
. . . :
Inertia constant, MWsecs/MVA (for whole machine);

(b) for each Synchronous Generating Unit:

Short circuit ratio;
Direct axis transient reactance;

(c) for each Synchronous Generating Unit step-up
transformer:

Rated MVA,
Positive sequence reactance (at max, min and
nominal tap).

(d) for each DC Converter at a DC Converter Station or DC
Converter connecting a Power Park Module

DC Converter type (e.qg. current/voltage sourced)
Rated MW per pole

Number of poles and pole arrangement

Rated DC voltage/pole (kV)

Return Path Arrangement

Remote AC connection arrangement

(e) for each type of Power Park Unit in a Power Park Module
not connected to the Total System by a DC Converter

Rated MVA
Inertia Constant (MWsec/MVA)
Stator Reactance.
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Magnetising Reactance.

Rotor Resistance.

Rotor Reactance.

Rotor Speed Range (Doubly Fed Induction only)
Converter Rating (Doubly Fed Induction only)

This information should only be given in the data supplied with the
application for a CUSC Contract (if appropriate for any variation),

as the case may be.

General Generating Unit, Power Park Module and DC
Converter Data

The point of connection to the NGC Transmission System or the
Total System, if other than to the NGC Transmission System, in
terms of geographical and electrical location and system voltage is
also required.

(a) Type of Generating Unit (ie Synchronous Generating
Unit, Non-synchronous Generating Unit , DC
Converter or Power Park Module).

(ab) In the case of a Synchronous Generating Unit details of
the Exciter category, for example whether it is a rotating
Exciter or a static Exciter or in the case of a Non-
synchronous Generating Unit the voltage control

system.

(bC) Whether a Power System Stabiliser is fitted.

DEMAND AND ACTIVE ENERGY DATA

Introduction

Each User directly connected to the NGC Transmission System
with Demand shall provide NGC with the Demand data, historic,
current and forecast, as specified in PC.A.4.2, PC.A.4.3 and

PC.A.4.5. Paragraphs PC.A.4.1.2 and PC.A.4.1.3 apply equally to
Active Energy requirements as to Demand unless the context

otherwise requires.
Data will need to be supplied by:

(@) each Network Operator, in relation to Demand and
Active Energy requirements on its User System;

(b) each Non-Embedded Customer (including Pumped
Storage Generators with respect to Pumping Demand)
in relation to its Demand and Active Energy
requirements.

(c) each DC Converter Station owner, in relation to Demand

and Active Energy transferred (imported) to its DC
Converter Station.
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Demand of Power Stations directly connected to the NGC
Transmission System is to be supplied by the Generator under

PC.A5.2.
References in this PC to data being supplied on a half hourly basis

refer to it being supplied for each period of 30 minutes ending on
the hour or half-hour in each hour.

Demand (Active Power) and Active Energy Data

Forecast daily Demand (Active Power) profiles, as specified in
(@), (b) and (c) below, in respect of each of the User's User
Systems (each summated over all Grid Supply Points in each
User System) are required for:

(@) peak day on each of the User's User Systems (as
determined by the User) giving the numerical value of the
maximum Demand (Active Power) that in the Users'
opinion could reasonably be imposed on the NGC
Transmission System;

(b) day of peak NGC Demand (Active Power) as notified by
NGC pursuant to PC.A.4.2.2;

(©) day of minimum NGC Demand (Active Power) as
notified by NGC pursuant to PC.A.4.2.2.

In addition, the total Demand (Active Power) in respect of the
time of peak NGC Demand in the preceding NGC Financial Year
in respect of each of the User's User Systems (each summated
over all Grid Supply Points in each User System) both outturn
and weather corrected shall be supplied.

No later than calendar week 17 each year NGC shall notify each
Network Operator and Non-Embedded Customer in writing of
the following, for the current NGC Financial Year and for each of
the following seven NGC Financial Years, which will, until
replaced by the following year’s notification, be regarded as the
relevant specified days and times under PC.A.4.2.1:

a) the date and time of the annual peak of the NGC
Demand;

b) the date and time of the annual minimum of the NGC
Demand.

The total Active Energy used on each of the Network Operators’
or Non-Embedded Customers’ User Systems (each summated
over all Grid Supply Points in each User System) in the
preceding NGC Financial Year, both outturn and weather
corrected, together with a prediction for the current financial year,

Page 43



PC.A4.2.4

PC.A4.3

PC.A43.1

GCRP 03/11
22 May 2003

is required. Each Active Energy submission shall be subdivided
into the following categories of Customer tariff:

LV1

LVv2

LV3

HV
EHV
Traction
Lighting

In addition, the total User System losses and the Active Energy
provided by Embedded Small Power Stations and Embedded
Medium Power Stations shall be supplied.

All forecast Demand (Active Power) and Active Energy specified
in PC.A.4.2.1 and PC.A.4.2.3 shall:

(@) in the case of PC.A.4.2.1(a), (b) and (c), be such that the
profiles comprise average Active Power levels in 'MW

for each time marked half hour throughout the day;

(b) in the case of PC.A4.2.1(a), (b) and (c), be that
remaining after any deductions reasonably considered
appropriate by the User to take account of the output
profile of all Embedded Small Power Stations and
Embedded Medium Power Stations and Customer
Generating Plant and imports across Embedded
External Interconnections including imports across
Embedded installations of direct current converters which
do not form a DC Converter Station and Embedded DC
Converter Stations with a Reqgistered Capacity of less
than 100MW;

(©) in the case of PC.A.4.2.1(a) and (b), be based on Annual
ACS Conditions and in the case of PC.A.4.2.1(c) and the
details of the annual Active Energy required under
PC.A.4.2.3 be based on Average Conditions.

Connection Point Demand (Active and Reactive Power)

Forecast Demand (Active Power) and Power Factor (values of
the Power Factor at maximum and minimum continuous
excitation may be given instead where more than 95% of the total
Demand at a Connection Point is taken by synchronous motors)
to be met at each are required for:

(@) the time of the maximum Demand (Active Power) at the
Connection Point (as determined by the User) that in
the User's opinion could reasonably be imposed on the
NGC Transmission System;
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(b) the time of peak NGC Demand as provided by NGC
under PC.A.4.2.2;

(©) the time of minimum NGC Demand as provided by NGC
under PC.A.4.2.2.

All forecast Demand specified in PC.A.4.3.1 shall:

@) be that remaining after any deductions reasonably
considered appropriate by the User to take account of the
output of all Embedded Small Power Stations and
Embedded Medium Power Stations and Customer
Generating Plant and imports across Embedded
External Interconnections, including Embedded
installations of direct current converters which do not form
a DC Converter Station and Embedded DC Converter
Stations and such deductions should be separately
stated,;

(b) include any User's System series reactive losses but
exclude any reactive compensation equipment specified
in PC.A.2.4 and exclude any network susceptance
specified in PC.A.2.3;

(©) in the case of PC.A.4.3.1(a) and (b) be based on Annual
ACS Conditions and in the case of PC.A.4.3.1(c) be
based on Average Conditions.

Where two or more Connection Points normally run in parallel
with the NGC Transmission System under intact network
conditions, and a Single Line Diagram of the interconnection has
been provided under PC.A.2.2.2, the User may provide a single
submission covering the aggregate Demand for all such
Connection Points.

Each Single Line Diagram provided under PC.A.2.2.2 shall
include the Demand (Active Power) and Power Factor (values of
the Power Factor at maximum and minimum continuous
excitation may be given instead where more than 95% of the
Demand is taken by synchronous motors) at the time of the peak
NGC Demand (as provided under PC.A.4.2.2) at each node on
the Single Line Diagram. These Demands shall be consistent
with those provided under PC.A.4.3.1(b) above for the relevant
year.

So that NGC is able to assess the impact on the NGC
Transmission System of the diversified NGC Demand at various
periods throughout the year, each User shall provide additional
forecast Demand data as specified in PC.A.4.3.1 and PC.A.4.3.2
but with respect to times to be specified by NGC. However, NGC
shall not make such a request for additional data more than once
in any calendar year.
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NGC will assemble and derive in a reasonable manner, the
forecast information supplied to it under PC.A.4.2.1, PC.A.4.3.1.
and PC.A.4.3.4 above into a cohesive forecast and will use this in
preparing Forecast Demand information in the Seven Year
Statement and for use in NGC's Operational Planning. If any
User believes that the cohesive forecast Demand information in
the Seven Year Statement does not reflect its assumptions on
Demand, it should contact NGC to explain its concerns and may
require NGC, on reasonable request, to discuss these forecasts. In
the absence of such expressions, NGC will assume that Users
concur with NGC's cohesive forecast.

Demand Transfer Capability

Where a User's Demand or group of Demands (Active and
Reactive Power) may be offered by the User to be supplied from
alternative Connection Point(s), (either through non-NGC
interconnections or through Demand transfer facilities) and the
User reasonably considers it appropriate that this should be taken
into account (by NGC) in designing the Connection Site the
following information is required:

€)) First Circuit (Fault) Outage Conditions
() the alternative Connection Point(s);
(i) the Demand (Active and Reactive Power)

which may be transferred under the loss of the
most critical circuit from or to each alternative
Connection Point (to the nearest
5MW/5Mvar);

(iii) the arrangements (eg. manual or automatic) for
transfer together with the time required to effect
the transfer.

(b) Second Circuit (Planned) Outage Conditions
0] the alternative Connection Point(s);
(i) the Demand (Active and Reactive Power)

which may be transferred under the loss of the
most critical circuit from or to each alternative
Connection Point (to the nearest
5MW/5Mvar);

(iii) the arrangements (eg. manual or automatic) for
transfer together with the time required to effect
the transfer.

Control of Demand or Reduction of Pumping Load Offered as

Reserve

- Magnitude of Demand or pumping load
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which is tripped

M

w
System Frequency at which tripping
is initiated Hz
Time duration of System Frequency
below trip setting for tripping to
be initiated S
Time delay from trip initiation to tripping S

General Demand Data

The following information is infrequently required and should be
supplied (wherever possible) when requested by NGC.:

(@)

(b)

(c)

(d)

()

(f)

details of any individual loads which have characteristics
significantly different from the typical range of Domestic,
Commercial or Industrial loads supplied;

the sensitivity of the Demand (Active and Reactive
Power) to variations in voltage and Frequency on the
NGC Transmission System at the time of the peak
Demand (Active Power). The sensitivity factors quoted
for the Demand (Reactive Power) should relate to that
given under PC.A.4.3.1 and, therefore, include any
User's System series reactive losses but exclude any
reactive compensation equipment specified in PC.A.2.4
and exclude any network susceptance specified in
PC.A.2.3;

details of any traction loads, e.g. connection phase pairs
and continuous load variation with time;

the average and maximum phase unbalance, In
magnitude and phase angle, which the User would

expect its Demand to impose on the NGC Transmission
System;

the maximum harmonic content which the User would
expect its Demand to impose on the NGC Transmission
System;

details of all loads which may cause Demand fluctuations
greater than those permitted under Engineering
Recommendation P28, Stage 1 at a Point of Common
Coupling including the Flicker Severity (Short Term)
and the Flicker Severity (Long Term).
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DETAILED PLANNING DATA

GENERATING _UNIT, POWER PARK MODULE AND DC
CONVERTER DATA

Introduction

Directly Connected

PC.A5.1.1

Embedded

PC.A5.1.2

PC.A5.1.3

PC.A5.14

Each Generator, with existing or proposed Power Stations directly
connected, or to be directly connected, to the NGC Transmission
System, shall provide NGC with data relating to that Plant and
Apparatus, both current and forecast, as specified in PC.A.5.2 and
PC.A5.3.

Each Generator, with existing or proposed Embedded Large
Power Stations and Embedded Medium Power Stations shall
provide NGC with data relating to each of those Large Power
Stations and/or Medium Power Stations, both current and
forecast, as specified in PC.A.5.2 and PC.A.5.3. However, no data
need be supplied in relation to those Embedded Medium Power
Stations if they are connected at a voltage level below the voltage
level of the Subtransmission System except in connection with an
application for, or under a, CUSC Contract or unless specifically
requested by NGC under PC.A.5.1.4.

Each Network Operator need not submit Planning Data in respect
of Embedded Small Power Stations unless required to do so
under PC.A.1.2(b) or unless specifically requested under PC.A.5.1.4
below, in which case they will supply such data.

PC.A4.23(b) and PC.A.4.3.2(a) explained that the forecast
Demand submitted by each Network Operator must be net of the
output of all Medium Power Stations and Small Power Stations
and Customer Generating Plant Embedded in that User's
System. In such cases (PC.A.3.1.4 also refers), the Network
Operator must inform NGC of the number of such Power Stations
(including the number of Generating Units) together with their
summated capacity. On receipt of this data, the Network Operator
or Generator (if the data relates to Power Stations referred to in
PC.A.5.1.2) may be further required at NGC's discretion to provide
details of Embedded Small Power Stations and Embedded
Medium Power Stations and Customer Generating Plant, both
current and forecast, as specified in PC.A.5.2 and PC.A.5.3. Such
requirement would arise when NGC reasonably considers that the
collective effect of a number of such Embedded Small Power
Stations and Embedded Medium Power Stations and Customer
Generating Plants may have a significant system effect on the
NGC Transmission System.
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Demand

For each Generating Unit which has an associated Unit
Transformer, the value of the Demand supplied through this Unit
Transformer when the Generating Unit is at Rated MW output is
to be provided.

Where the Power Station has associated Demand additional to the
unit-supplied Demand of PC.A.5.2.1 which is supplied from either
the NGC Transmission System

or the Generator's User System the Generator shall supply
forecasts for each Power Station of:

a) the maximum Demand that, in the User's opinion, could
reasonably be imposed on the NGC Transmission
System or the Generator's User System as appropriate;

b) the Demand at the time of the peak NGC Demand;
c) the Demand at the time of minimum NGC Demand.

No later than calendar week 17 each year NGC shall notify each
Generator with Large Power Stations and/or Medium Power
Stations in writing of the following, for the current NGC Financial
Year and for each of the following seven NGC Financial Years,
which will be regarded as the relevant specified days and times
under PC.A.5.2.2:

a) the date and time of the annual peak of the NGC Demand
at Annual ACS Conditions;

b) the date and time of the annual minimum of the NGC
Demand at Average Conditions.

At its discretion, NGC may also request further details of the
Demand as specified in PC.A.4.6

Synchronous Generating Unit and Associated Control System
Data

The data submitted below are not intended to constrain any
Ancillary Services Agreement

The following Synchronous Generating Unit and Power Station
data should be supplied:

@) Synchronous Generating Unit Parameters

Rated terminal volts (kV)

Rated MVA

Rated MW

Minimum Generation MW

Short circuit ratio

Direct axis synchronous reactance

* Ok X F
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Direct axis transient reactance

Direct axis sub-transient reactance

Direct axis short-circuit transient time constant.

Direct axis short-circuit sub-transient time constant.
Quadrature axis synchronous reactance

Quadrature axis sub-transient reactance

Quadrature axis short-circuit sub-transient time constant.
Stator time constant

Stator leakage reactance

Armature winding direct-current resistance.

Note: The above data item relating to armature winding

direct-current resistance need only be supplied by
Generators with respect to Generating Units

commissioned after 1st March 1996 and in cases
where, for whatever reason, the Generator is

aware of the value of the relevant parameter.

Turbogenerator inertia constant (MWsec/MVA)
Rated field current (amps) at Rated MW and Mvar output

and at rated terminal voltage.

Field current (amps) open circuit saturation curve for
Generating Unit terminal voltages ranging from 50% to
120% of rated value in 10% steps as derived from
appropriate manufacturers test certificates.

Parameters for Generating Unit Step-up Transformers

Rated MVA
Voltage ratio
Positive sequence reactance
(at max, min, & nominal tap)
Positive sequence resistance
(at max, min, & nominal tap)
Zero phase sequence reactance
Tap changer range
Tap changer step size
Tap changer type: on load or off circuit

Excitation Control System parameters

Note: The data items requested under Option 1 below
may continue to be provided by Generators in
relation to Generating Units on the System at
09 January 1995 (in this paragraph, the "relevant
date") or they may provide the new data items
set out under Option 2. Generators must supply
the data as set out under Option 2 (and not those
under Option 1) for Generating Unit excitation
control systems commissioned after the relevant
date, those Generating Unit excitation control
systems recommissioned for any reason such as
refurbishment after the relevant date and
Generating Unit excitation control systems
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where, as a result of testing or other process, the
Generator is aware of the data items listed
under Option 2 in relation to that Generating
Unit.

DC gain of Excitation Loop

Rated field voltage

Maximum field voltage

Minimum field voltage

Maximum rate of change of field voltage (rising)

Maximum rate of change of field voltage (falling)

Details of Excitation Loop described in block diagram
form showing transfer functions of individual elements.

Dynamic characteristics of Over-excitation Limiter.

Dynamic characteristics of Under-excitation Limiter

Option 2

Excitation System Nominal Response
Rated Field Voltage
No-Load Field Voltage

Excitation System On-Load Positive Ceiling Voltage

(d)

Excitation System No-Load Positive Ceiling Voltage
Excitation System No-Load Negative Ceiling Voltage

Details of Excitation System (including PSS if fitted)
described in block diagram form showing transfer
functions of individual elements.

Details of Over-excitation Limiter described in block
diagram form showing transfer functions of individual
elements.

Details of Under-excitation Limiter described in block
diagram form showing transfer functions of individual
elements.

Governor Parameters

Incremental Droop values (in %) are required for each
Generating Unit at six MW loading points (MLP1 to
MLP6) as detailed in PC.A.5.4.1 (this data item needs
only be provided for Large Power Stations)

Note: The data items requested under Option 1 below
may continue to be provided by Generators in
relation to Generating Units on the System at
09 January 1995 (in this paragraph, the "relevant
date") or they may provide the new data items set
out under Option 2. Generators must supply the
data as set out under Option 2 (and not those
under Option 1) for Generating Unit governor
control systems commissioned after the relevant

Page 51



GCRP 03/11
22 May 2003

date, those Generating Unit governor control
systems recommissioned for any reason such as
refurbishment after the relevant date and
Generating Unit governor control systems where,
as a result of testing or other process, the
Generator is aware of the data items listed under
Option 2 in relation to that Generating Unit.

Option 1

(i)

(ii)

Governor Parameters (for Reheat Steam

units)

HP governor average gain MW/Hz

Speeder motor setting range

HP governor valve time constant

HP governor valve opening limits

HP governor valve rate limits

Reheater time constant (Active Energy stored
in reheater)

IP governor average gain MW/Hz
IP governor setting range

IP governor valve time constant
IP governor valve opening limits
IP governor valve rate limits

Details of acceleration sensitive elements in HP
& IP governor loop.

A governor block diagram showing transfer
functions of individual elements.

Governor Parameters (for Non-Reheat Steam
Units and Gas Turbine Units)

Governor average gain

Speeder motor setting range

Time constant of steam or fuel governor valve
Governor valve opening limits

Governor valve rate limits

Time constant of turbine

Governor block diagram

The following data items need only be supplied for Large

Power Stations:-

(i)

Boiler & Steam Turbine Data

Boiler Time Constant (Stored Active Energy)
S

HP turbine response ratio:

proportion of Primary Response
%

arising from HP turbine.
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HP turbine response ratio:
proportion of High Frequency Response %
arising from HP turbine.

[End of Option 1]

Option 2
()

(ii)

Governor and associated prime mover
Parameters - All Generating Units

Governor Block Diagram showing transfer
function of individual elements including
acceleration sensitive elements.

Governor Time Constant (in seconds)

Speeder Motor Setting Range (%)

Average Gain (MW/Hz)

Governor Deadband (this data item need only

be provided for Large Power Stations)

- Maximum Setting

- Normal Setting

- Minimum Setting
Where the Generating Unit governor does not
have a selectable deadband facility, then the
actual value of the deadband need only be

provided

Governor and associated prime mover
Parameters - Steam Units

HP Valve Time Constant (in seconds)

HP Valve Opening Limits (%)

HP Valve Opening Rate Limits (%/second)
HP Value Closing Rate Limits (%/second)
HP Turbine Time Constant (in seconds)

IP Valve Time Constant (in seconds)

IP Valve Opening Limits (%)

IP Valve Opening Rate Limits (%/second)
IP Value Closing Rate Limits (%/second)
IP Turbine Time Constant (in seconds)

LP Valve Time Constant (in seconds)

LP Valve Opening Limits (%)

LP Valve Opening Rate Limits (%/second)
LP Value Closing Rate Limits (%/second)
LP Turbine Time Constant (in seconds)

Reheater Time Constant (in seconds)
Boiler Time Constant (in seconds)
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HP Power Fraction (%)
IP Power Fraction (%)
(iii) Governor _and associated prime __mover

Parameters - Gas Turbine Units

Inlet Guide Vane Time Constant (in seconds)
Inlet Guide Vane Opening Limits (%)

Inlet Guide Vane Opening Rate Limits
(%/second)

Inlet Guide Vane Closing Rate Limits
(%/second)

Fuel Valve Constant (in seconds)

Fuel Valve Opening Limits (%)

Fuel Valve Opening Rate Limits (%/second)
Fuel Valve Closing Rate Limits (%/second)

Waste Heat Recovery Boiler Time Constant (in
seconds)

(iv) Governor _and associated prime _mover
Parameters - Hydro Generating Units

Guide Vane Actuator Time Constant (in
seconds)

Guide Vane Opening Limits (%)

Guide Vane Opening Rate Limits (%/second)
Guide Vane Closing Rate Limits (%/second)
Water Time Constant (in seconds)

[End of Option 2]

(e) Unit Control Options

The following data items need only be supplied with
respect to Large Power Stations:

Maximum droop %
Normal droop %
Minimum droop %

Maximum Frequency deadband
tHz

Normal Frequency deadband
tHz

Minimum Frequency deadband
tHz

Maximum output deadband
*MW

Normal output deadband
+MW
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Minimum output deadband
+MW

Frequency settings between which Unit Load Controller
droop applies:

- Maximum Hz
- Normal Hz
- Minimum Hz

State if sustained response is normally selected.

Plant Flexibility Performance

The following data items need only be supplied with respect
to Large Power Stations, and should be provided with
respect to each Genset:

Run-up rate to Registered Capacity,

Run-down rate from Registered Capacity,

Synchronising Generation,

Regulating range

Load rejection capability while still Synchronised and able
to supply Load.

Data items marked with a hash (#) should be applicable to
a Genset which has been Shutdown for 48 hours.

Data items marked with an asterisk are already requested
under part 1, PC.A.3.3.1, to facilitate an early assessment
by NGC as to whether detailed stability studies will be
required before an offer of terms for a CUSC Contract can
be made. Such data items have been repeated here
merely for completeness and need not, of course, be
resubmitted unless their values, known or estimated, have
changed.

Non-Synchronous Generating Unit and Associated Control

System Data

The data submitted below are not intended to constrain any

Ancillary Services Agreement

The following Power Park Unit, Power Park Module and Power

Station parameters data should be supplied in the case of a

Power Park Module not connected to the Total System by a DC

Converter:

(@

Power Park Unit parameters

Rated MVA
Rated Terminal Voltage
Inertia Constant (MWsec/MVA)
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Stator Resistance.
Stator Reactance.
Magnetising Reactance.
Rotor Resistance.
Rotor Reactance.

The optimal rotor power coefficient (Cp) versus tip
speed ratio curve where applicable. The tip speed
ratio is defined as WR/U where Wis the angular
velocity of the rotor, R is the radius of the wind
turbine rotor and U is the wind speed.

Where applicable the electrical power versus rotor
speed for a range of wind speeds. Where
applicable, the transfer function block diagram
including parameters should be provided including
the torque speed controller (maximum power
tracking control system)

Note: Rotor resistance and reactance values should be
given for both starting and running conditions.

Additionally for Doubly Fed Induction Generators the
following information is also required:

[0)] The rotor speed range.
(i) Power Converter Rating (MVA)

iii Transfer function block diagram, parameters and
description of the operation of the power
electronic converter including the torque speed
controller.

For a Power Park Unit consisting of a synchronous
machine in combination with a back to back DC
Converter the information should be given in
accordance with the applicable sections of PC.A.5.4.3.1
and PC.A.5.4.3.2 together with the inertia constant and
symmetrical three phase short-circuit current infeed after

subtransient contribution has significantly decayed at the
machine side of the back to back DC Converter.

Voltage/Reactive Power/Power Factor Control System

parameters

For the Power Park Unit and Power Park Module
details of Voltage/Reactive Power/Power Factor
controller (and PSS if fitted) described in block diagram
form showing transfer functions and parameters of
individual elements.

Frequency Control System parameters
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For the Power Park Unit and Power Park Module

details of the frequency controller described in block
diagram form showing transfer functions and parameters
of individual elements.

Protection

Details of settings for the following protection relays:
Under frequency, Over Frequency, Under Voltage, Over
Voltage, Rate of Change of Frequency, Rotor Over
current, Stator Over current, High Wind Speed Shut
Down Level.

Harmonic and Flicker Parameters

When connecting a Power Park Module, it is necessary
for NGC to evaluate the production of flicker and
harmonics on NGC and User's Systems. At NGC's
reasonable request, the User is required to submit the
following data (as defined in IEC 61400-21 (2001)) for
each Power Park Unit:-

Flicker coefficient for continuous operation.

Flicker step factor.

Number of switching operations in a 10 minute window.
Number of switching operations in a 2 hour window.
Voltage change factor.

Harmonic Current Injection.

DC Converter

For a DC Converter at a DC Converter Station or a Power Park

Module connected to the Total System by a DC Converter the

following information for DC Converter and DC Network should

be supplied:
(a) DC Converter Parameters

Rated MW per pole for transfer in each direction;
DC Converter type (i.e. current or voltage source);
Number of poles and pole arrangement;

Rated DC voltage/pole (kV);

Return path arrangement;

DC Converter Transformer Parameters

Rated MVA

Nominal primary voltage (kV);

Nominal secondary (converter-side) voltage(s) (kV);
Winding and earthing arrangement;

Positive phase sequence reactance at minimum,
maximum and nominal tap;
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Positive phase sequence resistance at minimum,
maximum and nominal tap;

Zero phase seqguence reactance;

Tap-changer range in %;

number of tap-changer steps;

(©) DC Network Parameters
Rated DC Voltage per pole;
Rated DC Current per pole;
Single line diagram of the complete DC Network;
Details of the complete DC Network, including
resistance, inductance and capacitance of all DC cables
and/or DC lines;
Details of any DC reactors (including DC reactor
resistance), DC capacitors and/or DC-side filters that
form part of the DC Network;

(d) AC Filter Reactive Compensation Equipment Parameters

Note: The data provided pursuant to this paragraph must
not include any contribution from reactive compensation
plant owned by NGC.

Total number of AC filter banks.

Single line diagram of filter arrangement and
connections;

Reactive Power rating for each AC filter bank ,capacitor

bank or operating range of each item of reactive

compensation equipment, at rated voltage;

Performance Chart showing Reactive Power capability

of the DC Converter, as a function of MW transfer, with

all filters and reactive compensation plant, belonging to

the DC Converter Station working correctly.

Note: Details in PC.A.5.4.3.1 are required for each DC Converter
connected to the DC Network, unless each is identical or where
the data has already been submitted for an identical DC Converter
at another Connection Point.

Note: For a Power Park Module connected to the Grid Entry
point or (User System Entry Point if Embedded) by a DC
Converter the equivalent inertia and fault infeed at the Power
Park Unit should be given.

DC Converter Control System Models

The following data is required by NGC to represent DC Converters
and associated DC Networks in dynamic power system
simulations, in which the AC power system is typically represented
by a positive sequence equivalent. DC Converters are
represented by simplified equations and are not modelled to
switching device level.
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Static Vpc-Ioc (DC voltage - DC current) characteristics,

(vi)

for both the rectifier and inverter modes for a current
source converter. Static Vpc-Ppc (DC voltage - DC
power) characteristics, for both the rectifier and inverter
modes for a voltage source converter. Transfer function
block diagram including parameters representation of the
control systems of each DC Converter and of the DC
Converter Station, for both the rectifier and inverter
modes. A suitable model would feature the DC
Converter firing angle as the output variable.

Transfer function block diagram representation including
parameters of the DC Converter transformer tap

changer control systems, including time delays

Transfer function block diagram representation including
parameters of AC filter and reactive compensation
equipment control systems, including any time delays.

Transfer function block diagram representation including
parameters of any frequency and/or load control

systems.

Transfer function block diagram representation including
parameters of any small signal modulation controls such
as power oscillation damping controls or sub-

synchronous oscillation damping controls, that have not
been submitted as part of the above control system data

Transfer block diagram representation of the reactive
power control at converter ends for a voltage source
converter.

Plant Flexibility Performance

The following information on plant flexibility and performance

should be supplied:

(i)

(ii)

(iv)

Nominal and maximum (emergency) loading rate with
the DC Converter in rectifier mode.

Nominal and maximum (emergency) loading rate with
the DC Converter in inverter mode.

Maximum recovery time, to 90% of pre-fault loading,
following an AC system fault or severe voltage

depression.

Maximum recovery time, to 90% of pre-fault loading,
following a transient DC Network fault.

Harmonic Assessment Information
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DC Converter owners shall provide such additional further
information as required by NGC in order that compliance with
CC.6.1.5 can be demonstrated.

Response data for Frequency changes

The information detailed below is required to describe the actual
frequency response capability profile as illustrated in Figure
CC.A.3.1 of the Connection Conditions, and need only be
provided for each Genset at a Large Power Stations.

In this PC.A5.4, for a CCGT Module with more than one
Generating Unit, the phrase Minimum Generation applies to the
entire CCGT Module operating with all Generating Units
Synchronised to the System. Similarly for a Power Park Module
with more than one Power Park Unit, the phrase Minimum
Generation applies to the entire Power Park Module operating with
all Power Park Units Synchronised to the System.

MW loading points at which data is required

Response values are required at six MW loading points (MLP1 to
MLP6) for each Genset. Primary and Secondary Response
values need not be provided for MW loading points which are below
Minimum Generation. MLP1 to MLP6 must be provided to the
nearest MW.

Prior to the Genset being first Synchronised, the MW loading
points must take the following values :-

MLP1 Designed Minimum Operating Level
MLP2 Minimum Generation

MLP3 70% of Registered Capacity

MLP4 80% of Registered Capacity

MLP5 95% of Registered Capacity

MLP6 Registered Capacity

When data is provided after the Genset is first Synchronised, the
MW loading points may take any value between Designed
Minimum Operating Level and Registered Capacity but the value
of the Designed Minimum Operating Level must still be provided if
it does not form one of the MW loading points.

Primary and Secondary Response to Frequency fall

Primary and Secondary Response values for a -0.5Hz ramp are
required at six MW loading points (MLP1 to MLP6) as detailed
above

High Frequency Response to Freguency rise

High Frequency Response values for a +0.5Hz ramp are required
at six MW loading points (MLP1 to MLP®6) as detailed above.
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USERS' SYSTEM DATA

Introduction

Each User, whether connected directly via an existing Connection
Point to the NGC Transmission System or seeking such a direct
connection, shall provide NGC with data on its User System which
relates to the Connection Site containing the Connection Point
both current and forecast, as specified in PC.A.6.2 to PC.A.6.6.

Each User must reflect the system effect at the Connection Site(s)
of any third party Embedded within its User System whether
existing or proposed.

PC.A.6.2, and PC.A.6.4 to PC.A.6.6 consist of data which is only to
be supplied to NGC at NGC’s reasonable request. In the event that
NGC identifies a reason for requiring this data, NGC shall write to
the relevant User(s), requesting the data, and explaining the
reasons for the request. If the User(s) wishes, NGC shall also
arrange a meeting at which the request for data can be discussed,
with the objective of identifying the best way in which NGC’s
requirements can be met.

Transient Overvoltage Assessment Data

It is occasionally necessary for NGC to undertake transient
overvoltage assessments (e.g. capacitor switching transients,
switchgear transient recovery voltages, etc). At NGC’s reasonable
request, each User is required to provide the following data with
respect to the Connection Site, current and forecast, together with
a Single Line Diagram where not already supplied under
PC.A.2.2.1, as follows:-

(@) busbar layout plan(s), including dimensions and geometry
showing positioning of any current and voltage
transformers, through bushings, support insulators,
disconnectors, circuit breakers, surge arresters, etc.
Electrical parameters of any associated current and voltage
transformers, stray capacitances of wall bushings and
support insulators, and grading capacitances of circuit
breakers;

(b) Electrical parameters and physical construction details of
lines and cables connected at that busbar. Electrical
parameters of all plant e.g., transformers (including neutral
earthing impedance or zig-zag transformers, if any), series
reactors and shunt compensation equipment connected at
that busbar (or to the tertiary of a transformer) or by lines or
cables to that busbar;

(©) Basic insulation levels (BIL) of all Apparatus connected
directly, by lines or by cables to the busbar;
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characteristics of overvoltage Protection devices at the

busbar and at the termination points of all lines, and all
cables connected to the busbar;

fault levels at the lower voltage terminals of each
transformer connected directly or indirectly to the NGC
Transmission System without intermediate
transformation;

the following data is required on all transformers operating
at Supergrid Voltage: three or five limb cores or single

phase units to be specified, and operating peak flux density
at nominal voltage;

an indication of which items of equipment may be out of
service simultaneously during Planned Outage conditions.

User's Protection Data

Protection

The following information is required which relates only to
Protection equipment which can trip or inter-trip or close any
Connection Point circuit-breaker or any NGC circuit-breaker.
This information need only be supplied once, in accordance with
the timing requirements set out in PC.A.1.4(b), and need not be
supplied on a routine annual basis thereafter, although NGC
should be notified if any of the information changes

(@)

(b)

(c)

(d)

()

a full description, including estimated settings, for all
relays and Protection systems installed or to be installed
on the User's System,;

a full description of any auto-reclose facilities installed or
to be installed on the User's System, including type and

time delays;

a full description, including estimated settings, for all
relays and Protection systems or to be installed on the

generator, generator transformer, Station Transformer
and their associated connections;

for Generating Units (other than Power Park Units) or
Power Park Modules having (or intended to have) a
circuit breaker at the generator terminal voltage,
clearance times for electrical faults within the Generating
Unit (other than a Power Park Unit) or Power Park
Module zone;

the most probable fault clearance time for electrical faults
on any part of the User's System directly connected to
the NGC Transmission System.

Page 62



PC.A6.4

PC.A6.4.1

PC.A.6.4.2

PC.A6.5

GCRP 03/11
22 May 2003

Harmonic Studies

It is occasionally necessary for NGC to evaluate the
production/magnification of harmonic distortion on NGC and
User’s Systems, especially when NGC is connecting equipment
such as capacitor banks. At NGC's reasonable request, each User
is required to submit data with respect to the Connection Site,
current and forecast, and where not already supplied under
PC.A.2.2.4 and PC.A.2.2.5, as follows:-

Overhead lines and underground cable circuits of the User's
Subtransmission System must be differentiated and the
following data provided separately for each type:-

Positive phase sequence resistance;
Positive phase sequence reactance;
Positive phase sequence susceptance;

and for all transformers connecting the User's Subtransmission
Systemto a lower voltage:-

Rated MVA;

Voltage Ratio;

Positive phase sequence resistance;
Positive phase sequence reactance;

and at the lower voltage points of those connecting transformers:-

Equivalent positive phase sequence susceptance;

Connection voltage and Mvar rating of any capacitor bank
and component design parameters if configured as a
filter;

Equivalent positive phase sequence interconnection
impedance with other lower voltage points;

The minimum and maximum Demand (both MW and
Mvar) that could occur;

Harmonic current injection sources in Amps at the
Connection voltage points. Where the harmonic
injection current comes from a diverse group of
sources, the equivalent contribution may be
established from appropriate measurements;

Details of traction loads, eg connection phase pairs,
continuous variation with time, etc;

An indication of which items of equipment may be out of
service simultaneously during Planned Outage
conditions.

Voltage Assessment Studies

It is occasionally necessary for NGC to undertake detailed voltage
assessment studies (e.g., to examine potential voltage instability,
voltage control co-ordination or to calculate voltage step changes).
At NGC'’s reasonable request, each User is required to submit the
following data where not already supplied under PC.A.2.2.4 and
PC.A.2.2.5:-
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For all circuits of the User’s Subtransmission System:-

Positive Phase Sequence Reactance;

Positive Phase Sequence Resistance;

Positive Phase Sequence Susceptance;

Mvar rating of any reactive compensation equipment;

and for all transformers connecting the User's Subtransmission
Systemto a lower voltage:-

Rated MVA;

Voltage Ratio;

Positive phase sequence resistance;

Positive Phase sequence reactance;

Tap-changer range;

Number of tap steps;

Tap-changer type: on-load or off-circuit;
AVCltap-changer time delay to first tap movement;
AVCltap-changer inter-tap time delay;

and at the lower voltage points of those connecting transformers:-

Equivalent positive phase sequence susceptance;

Mvar rating of any reactive compensation equipment;

Equivalent positive phase sequence interconnection
impedance with other lower voltage points;

The maximum Demand (both MW and Mvar) that could
occur;

Estimate of voltage insensitive (constant power) load
content in % of total load at both winter peak and 75%
off-peak load conditions.

Short Circuit Analysis:

Where prospective short-circuit currents on equipment owned,
operated or managed by NGC are greater than 90% of the
equipment rating, and in NGC’s reasonable opinion more accurate
calculations of short-circuit currents are required, then at NGC's
request each User is required to submit data with respect to the
Connection Site, current and forecast, and where not already
supplied under PC.A.2.2.4 and PC.A.2.2.5, as follows:

For all circuits of the User’s Subtransmission System:-

Positive phase sequence resistance;

Positive phase sequence reactance;

Positive phase sequence susceptance;

Zero phase sequence resistance (both self and mutuals);
Zero phase sequence reactance (both self and mutuals);
Zero phase sequence susceptance (both self and mutuals);

and for all transformers connecting the User's Subtransmission
Systemto a lower voltage:-
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Rated MVA;

Voltage Ratio;

Positive phase sequence resistance (at max, min and nominal
tap);

Positive Phase sequence reactance (at max, min and nominal
tap);

Zero phase sequence reactance (at nominal tap);

Tap changer range;

Earthing method: direct, resistance or reactance;

Impedance if not directly earthed;

and at the lower voltage points of those connecting transformers:-

The maximum Demand (in MW and Mvar) that could occur;

Short-circuit infeed data in accordance with PC.A.2.5.6 unless
the User’s lower voltage network runs in parallel with the
User’s Subtransmission System, when to prevent double
counting in each node infeed data, a p equivalent comprising
the data items of PC.A.2.5.6 for each node together with the
positive phase sequence interconnection impedance
between the nodes shall be submitted.

ADDITIONAL DATA FOR NEW TYPES OF POWER STATIONS,
DC CONVERTER STATIONS AND CONFIGURATIONS

Notwithstanding the Standard Planning Data and Detailed
Planning Data set out in this Appendix, as new types of
configurations and operating arrangements of Power Stations
and DC Converter _Stations emerge in future, NGC may
reasonably require additional data to represent correctly the
performance of such Plant and Apparatus on the System, where
the present data submissions would prove insufficient for the
purpose of producing meaningful System studies for the relevant
parties.

PLANNING CODE APPENDIX B

Single Line Diagram

The diagrams below show twe three examples of single line diagrams, showing the
detail that should be incorporated in the diagram. The first example is for an Network
Operator connection, the second for a Generator connection, the third for a Power
Park Module electrically equivalent system.
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Power Park Module Single Line Diagram
R Note2 ——————— |
Connection _I?on;ectlon
Line/Cable ranstormer
(if present) (i present)

Equivalent ( : >
Network

Equivalent
Machine*

Substation A

Notes : 1) Itisrecommended that this consistsof ‘N’ actual generatorsi.e.
any equipment external to the generator terminalsis considered as
part of the Equivalent Network

2) Where a Power Park Module consists of different Power Park Units, the
equivalent machine and network can be repeated for each different unit
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Connection Conditions

CC.11

The Connection Conditions ("CC") specify both the minimum technical,
design and operational criteria which must be complied with by any User
connected to or seeking connection with the NGC Transmission System
or Generators (other than in respect of Small Power Stations) or DC
Converter Station owners connected to or seeking connection to a User's
System which is located in England and/or Wales, and the minimum
technical, design and operational criteria with which NGC will comply in
relation to the part of the NGC Transmission System at the Connection
Site with Users.

CC.3.1

The CC applies to NGC and to Users, which in the CC means:

@ Generators (other than those which only have Embedded Small
Power Stations)

(b) Network Operators;
(© Non-Embedded Customers;

(d) DC Converter Station owners; and

{(d)(e) BM Participants and Externally Interconnected System
Operators in respect of CC.6.6 only.

CC41

The CUSC contains provisions relating to the procedure for connection to
the NGC Transmission System or, in the case of Embedded Power
Stations or Embedded DC Converter Stations, becoming operational
and includes provisions relating to certain conditions to be complied with by
Users prior to NGC notifying the User that it has the right to become
operational.

CC.si1

The provisions relating to connecting to the NGC Transmission System
(orto a User's System in the case of a connection of an Embedded Large
Power Station or Embedded Medium Power Station or Embedded DC
Converter Station) are contained in the CUSC and/or CUSC Contract (or
in the relevant application form or offer for a CUSC Contract), and include
provisions relating to both the submission of information and reports relating
to compliance with the relevant Connection Conditions for that User,
Safety Rules, commissioning programmes, Operation Diagrams and
approval to connect. References in this CC to the "Bilateral Agreement”
and/or “Construction Agreement" shall be deemed to include references
to the application form or offer therefor.

CC.5.3

As explained in the Bilateral Agreement and/or Construction Agreement,
of the list:

[E)) items CC.5.2(c), (e), (9), (h) and (k) need not be supplied in respect
of Embedded Power Stations or Embedded DC Converter
Stations,

Page 67



GCRP 03/11
22 May 2003

(b) item CC.5.2(i) need not be supplied in respect of Embedded Small
Power Stations or Embedded Medium Power Stations or
Embedded DC Converter Stations with a Registered Capacity of
less than 100MW, and

(c) items CC.5.2(d) and (j) are only needed in the case where the
Embedded Power Station or the Embedded DC Converter
Station is within a Connection Site with another User.

CC.6.211

(@ The design of connections between the NGC Transmission System
and:-

0] any Generating Unit (other than a CCGT Unit or Power Park
Unit), DC Converter, Power Park Module or CCGT Module,
or

(i)  any Network Operator’'s User System, or
(i)  Non-Embedded Customers equipment, or

will be consistent with the Licence Standards.

CC.6.2.2

Requirements relating to Generator or DC Converter Station owner/NGC

Connection Points

CC.6.2.21

Each connection between a Generating Unit (other than a CCGT Unit or
Power Park Unit) ,e~a-CCGT Module, DC Converter or Power Park
Module and the NGC Transmission System must be controlled by a
circuit breaker capable of interrupting the maximum short circuit current at
the point of connection. The Seven Year Statement gives values of short
circuit current and the rating of NGC circuit breakers at existing and
committed Connection Points for future years.

CC.6.2.2.2.1

Minimum Requirements

Protection of Generating Units (other than Power Park Units), DC
Converters or Power Park Modules and their connections to the NGC
Transmission System must meet the minimum requirements given below.
These are necessary to reduce to a practical minimum the impact on the
NGC Transmission System of faults on circuits owned

CC.6.2.2.2.2

Fault Clearance Times

® e

On a Generating Unit (other than Power Park Units), DC
Converter or Power Park Module connected to the NGC
Transmission System where only one Main Protection is provided
to clear faults on the HV Generator Connections within the required
fault clearance time, the Back-Up Protection provided by the
Generators or DC Converter Station owners shall operate to give a
fault clearance time of no slower than 300 ms at the minimum infeed
for normal operation for faults on the HV Generator Connections.
On Generating Units (other than Power Park Units), DC
Converters or Power Park Modules connected to the NGC
Transmission System at 400 kV and 275 kV where two Main
Protections are provided and on Generating Units (other than
Power Park Units), DC Converters or Power Park Modules
connected to the NGC Transmission System at 132 kV and below,
the Back-Up Protection shall operate to give a fault clearance time
of no slower than 800 ms at the minimum infeed for normal operation
for faults on the HV Generater Connections.
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(c) When the Generating Unit_(other than Power Park Unit), DC
Converter or Power Park Module is connected to the NGC
Transmission System at 400kV or 275kV and a circuit breaker is
provided by the Generator, DC Converter Station owner or NGC,
as the case may be, to interrupt fault current interchange with the
NGC Transmission System, or Generator's System, DC
Converter Station owner’s System, as the case may be, circuit
breaker fail Protection shall be provided by the Generator, DC
Converter Station owner, or NGC, as the case may be, on this
circuit breaker. In the event, following operation of a Protection
system, of a failure to interrupt fault current by these circuit-breakers
within the Fault Current Interruption Time, the circuit breaker fail
Protection is required to initiate tripping of all the necessary
electrically adjacent circuit-breakers so as to interrupt the fault
current within the next 200 ms.

CC.6.2.2.3.2 | Circuit-breaker fail Protection

The Generator_or DC Converter Station owner will install circuit breaker
fail Protection equipment in accordance with the requirements of the
Bilateral Agreement. The Generator_or DC Converter Station owner will
also provide a back-trip signal in the event of loss of air from its pressurised
head circuit breakers, during the Generating Unit (other than a CCGT Unit
or Power Park Unit), o CCGT Module, DC Converter or Power Park
Module run-up sequence, where these circuit breakers are installed.

CC.6.2.2.3.5 | Signals for Tariff Metering

Generators and DC Converter Station owners will install current and
voltage transformers supplying all tariff meters at a voltage to be specified
in, and in accordance with, the Bilateral Agreement.

CC.6.2.2.4 Work on Protection Equipment

No busbar Protection, mesh corner Protection, circuit-breaker fail
Protection relays, AC or DC wiring (other than power supplies or DC
tripping associated with the Generating Unit, DC Converter or Power
Park Module itself) may be worked upon or altered by the Generator or DC
Converter Station owner personnel in the absence of a representative of
NGC.

Voltage Waveform Quality

CC.6.1.5 All Plant and Apparatus connected to the NGC Transmission System,
and that part of the NGC Transmission System at each Connection Site,
should be capable of withstanding the following distortions of the voltage
waveform in respect of harmonic content and phase unbalance:

(@ Harmonic Content

Engineering Recommendation G5/4 contains planning criteria
which NGC will apply to the connection of non-linear Load to the
NGC Transmission System, which may result in harmonic emission
limits being specified for these Loads in the relevant Bilateral
Agreement. The application of the planning criteria will take into
account the position of existing and prospective Users’ Plant and
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Apparatus in relation to harmonic emissions. Users must ensure
that connection of distorting loads to their User Systemsdo not
cause any harmonic emission limits specified in the Bilateral
Agreement to be exceeded.

CC.6.3 GENERAL GENERATING UNIT, POWER PARK MODULEAND DC
CONVERTER REQUIREMENTS
CC.6.3.1 This section sets out the technical and design criteria and performance

requirements for Generating Units, DC Converters and Power Park
Modules (whether directly connected to the NGC Transmission System or
Embedded) which each Generator or DC Converter Station owner must
ensure are complied with in relation to its Generating Units, DC
Converters and Power Park Modules but does not apply to Small Power

Statrons or mdrvrduallv to Power Park Unrts—hydro-unns-and-renewable

. References
to Generatrng Unrts DC Converters and Power Park Modules in this
CC.6.3 should be read accordingly.

CC.6.3.2.(a) | All Synchronous Generating Units must be capable of supplying rated
power output (MW) at any point between the limits 0.85 power factor
lagging and 0.95 power factor leading at the Generating Unit terminals.
The short circuit ratio of Synchronous Generating Units shall be not less
than 0.5.

(b) Subject to paragraph (c) below, all Non-synchronous Generating Units,
DC Converters and Power Park Modules must be capable of maintaining
zero transfer of Reactive Power at the Grid Entry Point (or User System
Entry Point if embedded) at all times and at all active power output levels.
The tolerance on Reactive Power transfer to and from the NGC
Transmission System will be specified in the Bilateral Agreement.

(©) All Non-synchronous Generating Units, DC Converters (excluding
current source technology) and Power Park Modules (excluding those
connected to the Total System by a current source DC Converter) with a
Completion Date after 1 January 2006 must be capable of supplying rated
power output (MW) at any point between the limits 0.95 power factor
lagging and 0.95 power factor leading at the Grid Entry Point (or User
System Entry Point if Embedded). With all plant in service, the reactive
power limits defined at rated power will apply at all active power output
levels above the Designed Minimum Operating Level. These reactive
power limits will be reduced pro rata to the amount of plant in service.

CC.6.3.3 Each Generating Unit, DC Converter, Power Park Module and/or CCGT
Module er must be capable of

@)
continuously maintaining constant Active Power output for System

(b) Frequency changes within the range 50.5 to 49.5 Hz; and

maintaining its Active Power output at a level not lower than the figure
determined by the linear relationship shown in Figure 1 for System
Frequency changes within the range 49.5 to 47 Hz, such that if the System
Frequency drops to 47 Hz the Active Power output does not decrease by
(©) more than 5%.
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For the avoidance of doubt in the case of a Generator using an
Intermittent Power Source where the mechanical power input will not be
constant over time, the requirement is that the Active Power output shall
be independent of System Frequency under (a) above and should not drop
with System Frequency by greater than the amount specified in (b) above.

CC633 Fig 1

—

47 Frequency 495 505

100% of Active
Power outout

95% of Active
Powver output

A DC Converter Station must be capable of maintaining its Active Power
input (i.e., when operating in a mode analogous to Demand) from the NGC
Transmission System (or User System in the case of an Embedded DC

Converter Station) at a level not greater than the figure determined by the

linear relationship shown in Figure 2 for System Frequency changes within
the range 49.5 to 47 Hz, such that if the System Frequency drops to 47 Hz
the Active Power input decreases by more than 60%.

e Frequency (Hz) 495 520

100% of Active
Power Input

40% of Active
Power Input

CC.6.3.4

TFhe At the Grid Entry Point the Active Power output under steady state
conditions of any Generating Unit, DC Converter or Power Park Module
directly connected to the NGC Transmission System should not be
affected by voltage changes in the normal operating range specified in
paragraph CC.6.1.4 by more than the change in Active Power losses at
reduced or increased voltage. The Reactive Power output under steady
state conditions should be fully available within the voltage range +5% at
400kV, 275kV and 132kV and lower voltages.

CC.6.3.5

It is an essential requirement that the NGC Transmission System must
incorporate a Black Start Capability. This will be achieved by agreeing a
Black Start Capability at a number of strategically located Power
Stations. For each Power Station NGC will state in the Bilateral

CC.6.3.6

Agreement whether or not a Black Start Capability is required.
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(a) Each Generating Unit, DC Converter (with a Completion Date after 1

January 2004) or Power Park Module (with a Completion Date after 1
January 2006) must be capable of contributing to Frequency control by
continuous modulation of Active Power supplied to the NGC
Transmission System or the User System in which it is Embedded.

(b) Each Generating Unit, DC Converter (excluding current source
technologies or those with a Completion Date before 1 January 2004) or
Power Park Module (with a Completion Date after 1 January 2004) must
be capable of contributing to voltage control by continuous changes to the
Reactive Power supplied to the NGC Transmission System or the User
System in which i