Annex 3 - Proposed Grid Code Legal Text

This section contains the proposed legal text to give effect to the proposals. The

proposed new text is colour coded according to the following key.

Key

1) Blue Text — From Grid Code

2) Black Text — Changes / Additional words
3) Orange/ Brown text — From RfG

4) Purple —From HVDC Code

5) Highlighted yellow text — Nomenclature / Table / Figure numbers — to be finalised
when more detail has been added

DRAFT REACTIVE CAPABILITY / VOLTAGE CONTROL LEGAL TEXT

GLOSSARY AND DEFINITIONS

A complete review of the Glossary and Definitions will be required when the full suite of European
Codes has been implemented. The current assumption is to use GB definitions where appropriate
with use of European definitions where required. The current European definitions used in the
text are summarised below but it should be stressed that this is very much work in progress and
further revisions will be required in the future. It should be noted that consistency checks will be

required between the terms used in the Grid Code and those used in the Distribution Code.

Term

Definition

Power-Generating Module

Either a Synchronous Poewer-Generating Module or a
Power Park Module

Synchronous Power+
Generating Module

An indivisible set of installations which can generate
electrical energy such that the frequency of the generated
voltage, the generator speed and the frequency of
networkwoltage are in a constant ratio and thus in
synchronism. For the avoidance of doubt a Synchronous
Power Generating Module could comprise of one or more

Generating Unit _

Theinterfaceatwhich-the Power-Generating Module;

[ Formatted: Font: 11 pt

Maximum Capacity or
‘Pmax’

Generator-power-generating facility-owner Covered
under GC0101 Frequency definitions - see G&D Table




Onshere-Synchronous
Generating Unit

An Onshere-Generating Unit including, for the avoidance
of doubt, a CCGT Unit in which, under all steady state
conditions, the rotor rotates at a mechanical speed equal
to the electrical frequency of the National Electricity
Transmission System divided by the number of pole pairs
of the Generating Unit. Fortheavoidance-of-doubtan
Onsh Svnl 5 ina Unit |

aliomrater

Configuration 1 AC
Connected Offshore
Power Park Module

One or more Offshore Power Park Modules that are
connected to an AC Offshore Transmission System and
that AC Offshore Transmission System is connected to

only one Onshore Transmission-System-substation.

Configuration 2 AC
Connected Offshore
Power Park Module

One or more Offshore Power Park Modules that are
connected to a meshed AC Offshore Transmission System
and that AC Offshore Transmission System is connected

to two or more Onshore Trapsmission-System

substations.

Configuration 1 DC
Connected Power Park
Module

One or more DC Connected Power Park Modules that are
connected to an.HVDC System or Transmission DC
Converter and that HVDC System or Transmission DC
Converter is connected to only one Onshore Fransmission

System-substation.

Configuration 2 DC
Connected Power Park
Module

One or more DC Connected Power Park Modules that are
connected to an HVDC System or Transmission DC
Converter and that HVDC System or Transmission DC
Converter is connected to only more than one Onshore

Fransmission-System substation.

HVDC System

Aol - - : -
: et ol .

. (AC) | .
HVDC.C Stati . scionli |
betweenthe HVDC Converter-Stations—Covered under
GC101 Frequency - see G&D Table

HVDC Converter Station

7 7 7

auxHiary-equipment—- Covered under GC101 Frequency -
see G&D Table

Generator

foperson who feneraies cleciriciy under icence s
SxempHionuAderhe Actacting e e_a'“e"’asa
avoidance ot doubt o DC Connected Rower Park Module.

Covered under GC101 Freqguency - see G&D Table

Active Power (P)

f‘l’he product of voltage and the in-phase component of
alternating current measured in units of watts and
standard multiples thereof,




ie: 1000 Watts = 1 kW

1000 kW =1 MW
1000 MW =1 GW

Pmax

The ratio of Reactive Power to the Maximum Capacity.

The relationship between Power Factor and Q/Pmax is
given by the formula:-

Q
max]'l

Power Factor = Cos [arctan[P

HVDC Interface Point

A point at which HVDC Plant and Apparatus eguipment is
connected to an AC System at which technical
specifications effecting the performance of the eguipment
Plant and Apparatus can be prescribed.

HV Generator
Performance Chart

A diagram.showing the Real Power (MW) and Reactive

Power (MVAr) capability limits within which a
Synchronous Power Generating Module or Power Park
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will be expected to operate under steady state conditions.

LV Generator Performance

A diagram showing the Real Power (MW) and Reactive <«

Chart

Power (MVAr) capability limits within whicha |

Synchronous.Generating Unit at its stator terminals will
be expected to operate under steady state conditions.
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GB Synchronous Area

See Frequency definitions <
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Power Station

An installation comprising one or more Generating Units <
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or Power Generating Modules erPowerPark-Meodules
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(even where sited separately)owned and/or controlled by
the same Generator, which may reasonably be considered

as being managed as one Power Station.

Private Network

L’-\ User which connects to a Network Operators System <

and that User is not classified as a Generator, Network
Operator or Non Er

[ Formatted: Indent; First line: 0 cm

1000GW =1 TW‘ [ Comment [NG1]: GB term used ]
Reactive Power (Q) The product of voltage and current and the sine of the

phase angle between them measured in units of

voltamperes reactive and standard multiples thereof, ie:

1000 VAr = 1 kVAr

1000 kVAr = 1 Mvar, [Formatted: Font: +Body (Calibri) J
Power Factor The ratio of Active Power to Apparent Power, ( comment [NG2]: GB term used )
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Comment [NG3]: The term equipment
has been replaced by Plant and
Apparatus to prevent and risk of
confusion with the term HVDC
Equipment.

Formatted: Font: Bold

Formatted: Font: Bold

Formatted: Font: Bold

(
(
(
(
(
[Formatted: Font: Bold
(
(
(
(
(

Formatted: Font: Bold

Formatted: Font: Not Bold

Formatted: Indent: First line: 0 cm

Formatted: Font: Bold

A A A

[ comment [NG4]: Retains GB defintion

but removes the term Power Park
Modula nd replaces this with Power
Generating Module.
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lLarge, Medium and Small issue requires further cIariﬁcation.\

ECC.2 DEFINITIONS OF PHYSICAL QUANTITIES
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Comment [NG5]: This requires further
checking
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Comment [NG6]: This links to CUSC
and TSOG
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ECC.2.1 For the purposes of the Grid Code, physical quantities such as current or [ Formatted (—}
voltage are not defined terms as their meaning will vary depending upon [ Formatted (—}
the context of the obligation. For example, voltage could mean positive ‘:‘[ Formatted (ﬁ
phase sequence root mean square voltage, instantaneous voltage, phase [Formatted (—}
to phase voltage, phase to earth voltage. The same issue equally applies [Formatted (—}
to current, and it therefore felt that in view of these variations the terms [ Formatted (—}
current and voltage should remain undefined with the meaning [ Formatted (—ﬂ
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ECC.6.1.4.2
ECC.6.1.4.2.1

Subject as provided below, the voltage on the 400kV part of the National
Electricity Transmission System at each Connection Site with a User (and
in the case of OTSDUW Plant and Apparatus, a Transmission Interface
Point, excluding DC Connected Power Park Modules and Remote End DC
Converters) will normally remain within £5% of the nominal value unless
abnormal conditions prevail. The minimum voltage is -10% and the
maximum voltage is +10% unless abnormal conditions prevail, but
voltages between +5% and +10% will not last longer than 15 minutes
unless abnormal conditions prevail. Voltages on the 275kV and +18132kV
parts of the National Electricity Transmission System at each Connection
W—Use# (and in the case of OTSDUW Plant and Apparatus,
a Transmission Interface Point) will normally remain within the limits
+10% of the nominal value unless abnormal conditions prevail. At
nominal System voltages below 110132kV the voltage of the National
Electricity Transmission System at each Connection Site with a User (and
in the case of OTSDUW Plant and Apparatus, a Transmission Interface
Point), excluding Connection Sites for {DC Connected Power Park
Modules and Remote End DC Converters) will normally remain within the
limits £6% of the nominal value unless abnormal conditions prevail.
Under fault conditions, the voltage may collapse transiently to zero at the
point of fault until the fault is cleared. The‘normal operating ranges of
the National Electricity Transmission System are summarised below:

[ Formatted: Not Strikethrough J

Comment [NG7]: It is not clear if an
Offshore AC Collector network which is
connected behind a HVDC System is
part of the MITS
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National Electricity Normal Operating Time period for
Transmission System Range Operation
Nominal Voltage
400kV 400kV -10% to | Unlimited
RRP=5% 15 minutes
400kV +5% to +10%
275kV 275kV £10% Unlimited
132kV 132kV £10% Unlimited
110kV 110kV £10% Unlimited
Below 110kV Below 110kV +6% Unlimited
NGET and a User may agree greater erlesserwider variations or longer

minimum time periods of operation in voltage to those set out above in
relation to a particular Connection Site, and insofar as a greater erlesser
variation is agreed, the relevant figure set out above shall, in relation to
that User at the particular Connection Site, be replaced by the figure
agreed.

Grid Voltage Variations for all DC Connected Power Park Modules

All DC Connected Power Park Modules shall be capable of staying
connected to the Remote End HVDC Converter Station at the HVDC

[ Formatted: Not Strikethrough
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Interface Point retweork and operating within the voltage ranges and time
periods specified in Tables X1 and X2 below. The applicable voltage range
and time periods specified are selected based on the reference 1pu
voltage.

[Formatted: Font: Bold




Voltage Range (pu) Time Period for Operation (s)

0.85pu —0.9pu 60 minutes

0.9pu—-1.1pu Unlimited

1.1pu—1.1548pu 15 minutes, Formatted: Font color: Custom
Color(RGB(204,0,102)), Not Highlight

+318pu—1d5pu _ Formatted: Font color: Custom
Color(RGB(204,0,102))

Table X1 — Minimum time periods for which DC Connected Power Park Modules shall be

capable of operating for different voltages deviating from reference 1pu
without disconnecting from the network where the nominal voltage base
is 110kV or above and less than 300kV.

Voltage Range (pu) Time Periodfor Operation (s)
0.85pu—0.9pu 60 minutes
0.9pu —1.05pu Unlimited
LOSpu - L15p0 Lnutes | Eopmettes Font caar custon o |

Table X2 — Minimum time periods for which DC Connected Power Park Modules shall be

ECC.6.1.4.2.2

ECC.6.1.4.2.3

ECC.6.1.4.2.4

ECC.6.1.4.2.5

ECC.6.1.4.3

capable of operating for different voltages deviating from reference 1pu
without disconnecting from the network where the nominal voltage base
is from 300kV up to and including 400kV.

NGET and a Generator may agree greaterwider voltage ranges or longer
minimum operating times if—agreed—with—the—Relevant—Transmission
Licensee. If wider greaterveltage ranges or longer minimum times for
operation are economically and technically feasible, the Generator shall
not unreasonably withhold any agreement eensem\

For DC Connéected Power Park Modules which have an HVDC Interface

Comment [NG8]: Ensure
consisentecny throughout
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coordination with the Relevant Transmission Licensee may specify
voltage limits,at the HVDC Interface Point at which the DC Connected
Power Park Module is capable of automatic disconnection. Fhe-terms

[ECC.6.1.4.2.2 and ECC.6.1.4.2.3 NGET in coordination with the Relevant

Transmission Licensee shall specify any applicable requirements_at the

Where the nominal frequency of the AC collector Systemnretwerk which is
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Comment [NG9]: User System Entry
Point is not really relevant but added for
completness

connected to an HVDC Interface Point is at a value other than 50Hz, the
voltage ranges and time periods specified by NGET in coordination with
the Relevant Transmission Licensee shall be proportional to the values
specified in Tables X1 and X2 of ECC.6.1.4.2.1

Grid Voltage Variations for all Remote End HVDC Converters

‘[Formatted: Font: Bold J
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ECC.6.1.4.2.1

All Remote End HVDC Converter_Stationss shall be capable of staying
connected to the HVDC Interface PointRemete—End—BC—Converter
netweork and operating within the voltage ranges and time periods
specified in Tables X3 and X4 below. The applicable voltage range and

time periods specified are selected based on the reference 1pu voltage.

[Formatted: Font: Bold

Voltage Range (pu) Time Period for Operation (s)
0.85pu—0.9pu 60 minutes
0.9pu—-1.1pu Unlimited
1.1pu— 1.82pul5pu 1520 minutes —checkreport [Formatted: Not Highlight
‘ ' 20 minates  Formatted: Not Highlight

| Table X1 — Minimum time periods for which a Remote End'HVDC Converter shall be

capable of operating for different voltages deviating fromreference 1pu
without disconnecting from the network where the nominal voltage base
is 110kV or aboveand less than 300kV.

Voltage Range (pu) TimePeriod for Operation (s)
0.85pu—0.9pu 60.minutes
0.9pu —1.05pu Unlimited
1.05pu — 1.15pu 15 minutes —checkreport ( Formatted: Not Highlight

| Table X2 — Minimum time periods for which a Remote End HVDC Converter shall be

ECC.6.1.4.2.2

ECC.6.1.4.2.4

ECC.6.1.4.2.5

ECC.6.3.1

capable of operating for different voltages deviating from reference 1pu
without disconnecting from the network where the nominal voltage base
is from:300kV up to and including 400kV.

NGET and a Generator may agree greaterwider voltage ranges or longer

minimum_operating times if—-agreed—with—theRelevant—Transmission
Licensee—and which shall be in accordance with the requirements of

ECC.6.1.4.2.

For HVDC Interface Points which fall outside the scope of ECC.6.1.4.2.1
NGET  in coordination with the Relevant Transmission Licensee shall
specify any applicable requirements_at the Grid Entry Point or User

[Formatted: Font: Not Bold

System Entry Point-in-the Bilateral-Agreement.
Where the nominal frequency of the AC collector Systemnetweork which is

connected to an HVDC Interface Point is at a value other than 50Hz, the

voltage ranges and time periods specified by NGET in coordination with
the Relevant Transmission Licensee shall be proportional to the values
specified in Tables X3 and X4 of ECC.6.1.4.2.1

GENERAL POWER GENERATING MODULE, HVDC EQUIPMENT—B€
COMNVERTERAT DCCOMNVERTER STATIONS DC CONPNECTED-POWERPARIC
MOPILES—AND REMOTEEND-DC COMNVERTERS {AND OTSDUW}
REQUIREMENTS
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ECC.6.3.1.1

| ECC.6.3.2
ECC.6.3.2.1

| Ecce3.2.11

ECC.6.3.2.2

h’his section sets out the technical and design criteria and performance

requirements for Fype-A—Fype-B,FypeCandType-B-Power Generating
Modules and HVDC Equipment,-DC-Converters-at-a-DC-ConverterStation;

(whether directly connected to the National Electricity Transmission
System or Embedded) and (where provided in this section) OTSDUW
Plant and Apparatus which each Generator or HVDC System Cenverter
Statien-Oewner must ensure are complied with in relation to its Power

Generating Modules, HVDC Equipment Generating-Units,-DC-Converters

at—aDC Converter—Station,—DCConnected—PRower ParkMeodules—and
Remote—End-DC Converters—andPRowerRark—Medules and OTSDUW
Plant and Apparatus but-does—notapplyto-Small-PowerStations—or

individualy-to-RPowerPRark-Units. References to Type A, Type B, Type C
and Type D Power Generating Modules Units, BE-Convertersand-Rower

PaFk—Medules in this ECC63 should be read accordlngly—Fer—the

PLANT PERFORMANCE REQUIREMENTS
REACTIVE CAPABILITY

Reactive Capability for Type B Synchronous Power Generating
Modules

When operating at Maximum Capacity supplying Rated-MW all Type B
Synchronous Power Generating Modules must be capable of
continuous operation at any points between the limits of 0.95 Power
Factor lagging and 0.95 Power Factor leading at the Grid Entry Point
or'User System Entry PointCennectionPoint unless otherwise agreed
withspeecified—by NGET or relevant Network Operator—in—the
Connection-Agreement. At Active Power output levels other than
Maximum_CapacityRated-MW, all Generating Units within a Type B
Synchronous Power Generating Modules must be capable of
continuous operation at any point between the Reactive Power
capability limits identified on the HV Generator Performance Chart

unless otherwise agreed with NGET or relevant Network Operator.

Reactive Capability for Type B Power Park Modules

[Formatted: Font: Not Bold J
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Comment [NG10]: References to
Embedded have been retained as this
links up the Large, Medium and Small
issue.

Comment [NG11]: Remove references
to Embedded?
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ECC.6.3.2.2.1

ECC.6.3.2.3

ECC.6.3.2.3.1

ECC.6.3.2.3.3

ECC.6.3.2.3.4

When operating at supphyingRated-MW Maximum Capacity all Type B

[Formatted:
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Power Park Modules must be capable of continuous operation at any
points between the limits of 0.95 Power Factor lagging and 0.95
Power Factor leading at the Grid Entry Point or User System Ent
PointCennection—Peoint unless otherwise agreed with speecified—by
NGET or relevant Network Operator-in-the-Connection-Agreement.
%t Active Power output levels other than Maximum CapacityRated
MW, each Power Park Module -—must be capable of continuous
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operation at any point between the Reactive Power capability limits
identified on the HV Generator Performance Chart unless otherwise
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agreed with NGET or Network Operator. P&uln\e—Reaet-l-\.ﬁe—llewel=

bl . " fiod NGET N I
Operatorpursuanttothe termsofthe Connection-Agreement:
Reactive Capability for Type C and D Synchronous Power Generating
Modules

In _addition to meeting the requiréments of »ECC.6.3.2.3.2 —

Comment [NG12]: Slightly modified to
ensure consisteny with
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ECC.6.3.2.3.5, Generators which connect a Type € or Type D [Formatted: Font: Bold
Synchronous Power Generating{Module(s) to a Non)Embedded ; [Formatted:Font: Bold
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additional reactive compensation requirements at the Grid Supply [Formatted: Font: Bold
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All Type C and Type D Synchronous Power Generating Modules shall
be capable of satisfying the Reactive Power capability requirements at
the Grid Entry Point or User System Entry PointCennectionPeoint as
defined in Figure X1 when operating at Maximum Capacity.

At Active Power output levels other than Maximum Capacity all
Generating Units within a Synchronous Power Generating Module
must be capable of continuous operation at any point between the
Reactive Power capability limit identified on the HV_Generator

| N, NS/ N, W ) ) W ) W) W, N ) W) ) —

‘ Comment [NG13]: Drafting improved -

AJ and SC to discuss
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Performance Chart at least down to the Desighed Minimum Stable
Operating Level. At reduced Active Power output, Reactive Power
suppliedy at the Grid Entrv Point (or User System Entry Point jf
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Performance Chart of the Generaﬂng—Umt—A#emat%m%M—thafe

Synchronous Power Generating Module, taking the auxiliary supplies
and the Active Power and Reactive Power losses of the Generating
Unit transformer or Station Transformer into account.
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ECC.6.3.2.3.5

ECC.6.3.2.6

ECC.6.3.2.6.1

Connection Point Voltage

106 oo

095 -cccmeeeaeae

-0.92 1 0.92

Consumption (lead) Production {lag)

Figure X1

In addition, to the requirements of ECC.6.3.2.3.1 — ECC.6.3.2.3.4 the
short circuit ratio of all Onshore Synchronous Generating Units with
an Apparent Power rating of less than 1600MVA shall not be less than
0.5. The short circuit ratio of Onshore Synchronous Generating Units
with a rated Apparent Power of 1600MVA or above shall be not less
than 0.4.

Reactive Capability for Type C and D Power Park Modules, HVDC

Equipment DC Convertersata-DC ConverterStation Remote End DC
Converters-and OTSDUW Plant and Apparatus at the Interface Point

In addition». to meeting the requirements of ECC.6.3.2.3.2 -
ECC.6.3.2.3.5, Generators or HVDC System Owners which connect a

Power Factor
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Type C or Type D Power Park Module or HVDC Equipment to a Non
Embedded Customers System or Private Network, may be required to
meet additional reactive compensation requirements at the Grid
Supply Point of that Non Embedded Customer or point of connection

with the Network Operator where this is required for System reasons.
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ECC.6.3.2.6.2

ECC.6.3.2.6.3

All Type C and Type D Power Park Modules, or DC Converters at a DC
Converter Station with a Grid Entry Point or User System Entry Point
Connection—PRoint voltage above 33kV, or Remote End HVDC
Converters with an HVDC Interface Point voltage above 33kV, or
OTSDUW Plant and Apparatus with an Interface Point voltage above
33kV shall be capable of satisfying the Reactive Power capability
requirements at the Grid Entry Point or User System Entry Point
Connection-Roint (or Interface Point in the case of OTSDUW Plant and
Apparatus, or HVDC Interface Point in the case of a Remote End
HVDC Converter_Station) as defined in Figure X2 when operating at
Maximum Capacity (or Interface Point Capacity in the case of OTSUW
Plant and Apparatus).

Connection Point Voltage or
Interface Point Voltage or HVDC
Interface Point Voltage

(p.u}
11

1.05

1.0

0.225
0.95

09
0.875

Consumption {lead) Production (lag)

Figure X2

All Type C or Type D Power Park Modules or HVDC Converters at a
HVDC Converter Station with a Grid Entry Point or User System Entry
PointCennection-Point voltage at or below 33kV or Remote End HVDC
Converter Stations with an HVDC Interface Point Voltage at or below
33kV shall be capable of satisfying the Reactive Power capability
requirements at the Grid Entry Point or User System Entry
PointCennection—Point as defined in Figure X3 when operating at
Maximum Capacity.

Power Factor
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‘ ECC.6.3.2.6.4

ECC.6.3.2.7

Connection Point Voltage
(p.u}

L

[
'
:
|
085 |- D
|
|
|
0
'
]
'

-0.33 1 0.33 Q/Pmax

Consumption (lead) Production (lag)

Figure X3

All Type C and Type D Power Park Modules, HVDC Converters at a
HVDC Converter Station_including; Remote End HVDC Converters or
OTSDUW Plant and Apparatus, shall be capable of satisfying the
Reactive Power capability requirements at the Grid Entry Point or
User System Entry PointCennection-Point (or Interface Point Capacity
in the case of OTSUW Plant and Apparatus or HVDC Interface Point in
the case of Remote End HVDC Converter_Stationss) as defined in
Figure X4 when operating below Maximum Capacity. With all Plant in
service, the Reactive Power limits will reduce linearly below 50%
Active Power output as shown in Figure X4 unless the requirement to
maintain the R’eactive Power limits defined at Maximum
CapacityRated—MW (or Interface Point Capacity in the case of
OTSDUW Plant and Apparatus) under absorbing Reactive Power
conditions down to 20% Active Power output hasis been specified by

reduced pro rata to the amount of Plant in service.

Power

(p.u) o b

L

02 ool

N
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Comment [NG15]: Based on meeting
on the 10/11th August the reference to
Bilateral Agreement has been removed.
This is however a direct lift from the
current Grid Code and represents no
change from the current GB drafting
requirements.
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T
033 0420 ' 0.33
Consumption (lead) -0.05 6 0.05 Production {lag)
Figure X4

Reactive Capability for Offshore Synchronous Power Generating
Modules, Configuration 1 AC connected Offshore Power Park
Modules and Configuration 2 DC Connected Power Park Modules.

Q/Pmax



ECC.6.3.2.7.1

ECC.6.3.2.7.2

ECC.6.3.2.8

| Ecce3.2.8.1

The short circuit ratio of any Offshore Synchronous Generating Units

within a Synchronous Power Generating Module atalarge—Power [Formatted: Font: Bold
Statien shall not be less than 0.5. All Offshore Synchronous

Generating Units, Configuration 1 AC connected Offshore Power Park [Formatted: Font: Bold
Modules or Configuration 2 DC Connected Power Park Modules must [Formatted: Font: Bold
be capable of maintaining zero transfer of Reactive Power at the [Formatted: Font: Bold

—

Offshore Grid Entry Point Cennection—Peint. The steady state
tolerance on Reactive Power transfer to and from an Offshore
Transmission System expressed in MVAr shall be no greater than 5%
of the Maximum CapacityRated-MW.

For the avoidance of doubt if a Generator (including those in respect
of DC Connected Power Park Modules) wishes to provide a Reactive
Power capability in excess of the minimum requirements defined in

Formatted: Not Highlight

ECC.6.3.2.7.1 then such capability (including steady state tolerance)

Bilteral Agreement - use Agreement

4 | | } | o al :

Formatted: Not Highlight

. il . eal , |

Formatted: Not Highlight

(

shallwit be pa%suant—te—the—terms—ef—the%&la&e#al—Ag#eemenﬂ {Comment [NG16]: Change ref to
(
(

been-agreed it-could-considertheuse—of a—commereialagreement

- J o A

between the Generator, Offshore Transmission Licensee and NGET

- J o J

and/or the rRelevant Network Operator. [Formatted: Font: Not Bold, Not
Highlight
Reactive Capability for Configuration 2/AC connected Offshore Power [Formatted; Not Highlight
Park Modules and Configuration 2 DC Connected Power Park [Formaﬂed: Font: Not Bold
Modules.
All Configuration 2; AC connected Offshore Power Park Modules and
Configuration 2 DC Connected Power Park Modules shall be capable
of satisfying the minimum_Reactive Power capability requirements at
the Offshore Grid EntryCennection Point as defined in Figure X5 when
operating at Maximum Capacity.
Offshore Connection Point
Voltage (p.u)_
1.1
1.05
0 0.225
0.95
0.9
0.875
0.98 1 0.98 Power Factor

Consumption (lead) Production {lag)

Figure X5



ECC.6.3.2.8.3

ECC.6.3.2.8.4

ECC.6.3.4

All AC Connected Configuration 2 Offshore Power Park Modules and
Configuration 2 DC Connected Power Park Modules (where the HVDC
Converter System or Transmission DC Converter is connected to one
or more Onshore substations) shall be capable of satisfying the
Reactive Power capability requirements at the Offshore
ConnectionGrid Entry Point as defined in Figure X6 when operating
below Maximum Capacity. With all Plant in service, the Reactive
Power limits will reduce linearly below 50% Active Power output as
shown in Figure X6 unless the requirement to maintain the Reactive
Power limits defined at Maximum CapacityRated-MW (or Interface
Point Capacity in the case of OTSDUW Plant and Apparatus) under
absorbing Reactive Power conditions down to 20% Active Power
output has beenis specified with NGETir—the Bilateral-Agreement.
These Reactive Power limits will be reduced pro rata to the amount of
Plant in service.

Power '

)y,

os

1
1

AN

' T
0165 0421 ! 0.165

Consumption (lead) -0.05 é 0.05 Production (lag)
Figure X6

For the avoidance of doubt if a Generator (including Generators in
respect of DC. Connected Power Park Modules referred to in
ECC.6.3.2.8.2) wishes to provide a Reactive Power capability in excess of
the minimum requirements defined in ECC.6.3.2.8.1 then such capability

(including any steady state tolerance) then—such——capability—wil—be

the-meost-economical-solution—and-has—been—shall be agreed itecould
consider—theuse—ofa—commercial-agreement-between the Generator,

Offshore Transmission Licensee and NGET and/or the rRelevant Network

Operator

ACTIVE POWER OUTPUT UNDER SYSTEM VOLTAGE VARIATIONS
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ECC.6.3.4.1

ECC.6.3.6
ECC.6.3.6.1

ECC.6.3.6.2

ECC.6.3.8
ECC.6.3.8.1

| Ecce3.8.1.1

At the Grid Entry Point or User System Entry Point ConnectionPoint,
the Active Power output under steady state conditions of any Power
Generating Module_or HVDC Equipment, BE—Cenverter—ata—DC

[Formatted: Font: Not Bold

[Formatted: Font: Bold

DBCc—Converter—directly connected to the National Electricity
Transmission System or in the case of OTSDUW, the Active Power
transfer at the Interface Point, under steady state conditions of any
OTSDUW Plant and Apparatus should not be affected by voltage
changes in the normal operating range specified in paragraph
ECC.6.1.4 by more than the change in Active Power losses at reduced
or increased voltage.

MODULATION OF ACTIVE AND REACTIVE POWER

{Formatted: Font: Not Bold

Each Power Generatlng Module_ or HVDC ngpment—DGGenveFter—at

End—DC—Converter must be capable of contributing to Frequency
control by continuous modulation-of Active Power supplied to the
National Electricity Transmission System or the User System.in which
it is Embedded. For the avoidance of doubt each Transmission
OFSBUW DC Converter or HVDC System shall provide each User in
respect of its Offshore Power Generating ModulesStatiens or DC

Connected Power Park Modules connected to and/or using a Offshere
Transmission DC Converter System or HVDC System a continuous
signal indicating' the real ~time Frequency measured at the
Transmission Interface Point or derived from the GB Synchronous

Each Power Generating Module_or HVDC Equipment,-BE-Converterat
a—DC—ConverterStation,—-DCConnectedPowerPark—Meodule (and
OTSDUW Plant and Apparatus at a Transmission Interface Point and
Remote End HVDC Converter at anthe HVDC Interface Point) must be
capable of contributing to voltage control by continuous changes to
the Reactive Power supplied to the National Electricity Transmission
System or the User System in which it is Embedded.

EXCITATION AND VOLTAGE CONTROL PERFORMANCE REQUIREMENTS

Excitation Performance Requirements for Type B Synchronous Power
Generating Modules

Each Synchronous Generating Unit within a Type B Synchronous

[Formatted: Font: Bold
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Power Generating Module shall be equipped with a permanent
automatic excitation control system that can provide constant
Generating—Unit—terminal voltage at a selectable setpoint without
instability over the entire operating range of the Type B Synchronous
Power Generating Module.




ECC.6.3.8.1.2

ECC.6.3.8.2
ECC.6.3.8.2.1

ECC.6.3.8.3

| Ecce.3.83.1

ECC.6.3.8.3.2

ECC.6.3.8.3.3

ECC.6.3.8.3.4

ECC.6.3.8.3.5

In addition to the requirements of ECC.6.3.8.1.1, NGET or the relevant
Network Operator will specify in—theConnection-Agreement-if the
control system of the Type B Synchronous Power Generating Module
shall contribute to voltage control or Reactive Power control or Power
Factor control at the Grid Entry Point or User System Entry
PointCennection—Point (or other defined busbar). The performance
requirements of the control system including ]droop\ (where applicable)

shall be agreed between NGET and/or the relevant Network Operator

and the Generator.specified-in-the Connection-Agreement: |

[Formatted: Font: Not Bold

Comment [NG17]: droop is an
undefined term here as it refers to the
voltage control system not the
frequency control system.

Voltage Control Requirements for Type B Power Park Modules

NGET or the relevant Network Operator will specify inthe-Connection
Agreement-if the control system of the Type B Power Park Module
shall contribute to voltage control or Reactive Power control or Power
Factor control at the_Grid Entry Point or User System Entry Point
Connection—Point (or other defined busbar). . The performance
requirements of the control system including ]droopl(ﬂhere applicable)
shall be_agreed between NGET and/onthe relevant Network Operator

and the Generator-specified-in-the‘Connection-Agreement.

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

Each Synchronous Generating Unit within a Type C and Type D
Onshore Synchronous Power Generating Modules shall be equipped
with a permanent “automatic excitationy control system that can
provide constant Generating—Unit—terminal voltage control at a
selectable setpoint without inStability over the entire operating range
of thesSynchronous PowerGenerating Module.

The requirements for excitation control facilities,—ineluding—PRower

System—Stabilisers are specified in ECC.A.6. with—aAny site specific
requirements shallube specified by NGET or the relevant Network
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Coeratorkbeingpursuant-to-the-terms-ef-the Bilateral Agreement.

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

< equal to its rated value: or

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

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

Bilateral-Agreementrecords—otherwise. Operation of such control

facilities will be in accordance with the provisions contained in BC2.

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

specified by NGETin-the Bilateral-Agreement.
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ECC.6.3.8.4

ECC.6.3.8.4.1

ECC.6.3.8.4.2

Voltage Control Performance Regquirements for Type C and Type D
Onshore Power Park Modules, HVDC Equipment DC-Ceonvertersata
DC ConverterStationRemote End DC Converters—{and OTSUW Plant

and Apparatus at the Interface Point}

Each Type C and Type D Power Park Module, HVDC Equipment BDC
Converterata-DCConverter-Station-Remote End-DCConverter{and
OTSDUW Plant and Apparatus} shall be fitted with a continuously
acting automatic control system to provide control of the voltage at
the Grid Entry Point or User System Entry Point Cennection-Roint (or
Interface Point in the case of OTSDUW Plant and Apparatus or HVDC
Interface Point in the case of a Remote End HVDC Converter Station)
without instability over the entire operating range of the Onshore
Power Park Module, or HVDC EquipmentB€—Converter—at—a—DC
ConverterStation-or-Remote-End-DC-Converter or OTSDUW Plant and
Apparatus. Any Plant or Apparatus used in the provisions of such
voltage control within a Power Park Module (including a DC
Connected Power Park Module)<may be located at the Power Park
Unit terminals, an appropriate‘intermediate busbar or the Grid Entry
Point or User System Entry PointCennection-Peint. In the case of an
HVDC Converter at a HVDC Converter Station or a Remote End HVDC
Converter Station any Plant or Apparatus used in the provisions of
such voltage control.may be located at any point within the User’s
Plant and Apparatus including the Grid Entry Point or User System
Entry Point Connection-Point (or HVDC Interface Point in the case of
Remote End HVDC Converter_ Stationss). OTSDUW Plant and
Apparatus used in the provision of such voltage control may be
located at the Offshore Grid Entry Point an appropriate intermediate
busbar or at the Interface Point. When operating below 20%
Maximum< Capacity Rated—-MW-the automatic control system may

continue to provide voltage control using any available reactive
capability. If voltage control is not being provided the automatic
control system shall be designed to ensure a smooth transition
between the shaded area bound by CD and the non-shaded area
bound by AB'in Figures X4 of ECC.6.3.2.6.4.

The performance requirements for a continuously acting automatic
voltage control system that shall be complied with by the User in
respect of Onshore Power Park Modules, HVDC Converters at an
HVDC Converter Station, OTSDUW Plant and Apparatus at the
Interface Point and Remote End HVDC Converter_Stationss at anthe
HVDC Interface Point are defined in ECC.A.7.

[Formatted:

Not Highlight

[Formatted:

Font:

Not Bold

[Formatted:

Font:

Not Bold

{Formatted:

Font:

Bold

L

Formatted:

Font:

Bold

Formatted:

Font:

Bold

Font:

Bold

Formatted:

(
(
[Formatted:
(

Font:

Bold

- L L

[Formatted:

Font:

Not Bold

[Formatted:

Font:

Bold

[Formatted:

Font:

Bold




ECC.6.3.8.4.3

ECC.6.3.8.5

ECC.6.3.8.5.1

ECC.6.3.8.5.2

ECC.6.3.8.5.3

ECC.6.3.9

In particular, other control facilities, including constant Reactive
Power output control modes and constant Power Factor control
modes (but excluding VAR limiters) are not required. However if
present in the voltage control system they will be disabled unless
otherwise agreed with NGET or the relevant Network Operator-the

Bilateral-Agreementrecords—otherwise. Operation of such control

facilities will be in accordance with the provisions contained in BC2.
Where Reactive Power output control modes and constant Power
Factor control modes have been fitted within the voltage control
system they shall be required to satisfy the requirements of
ECC.A.7.3.1.

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

Modules

A continuously acting automatic control system is required to provide
control of Reactive Power (as specified in ECC.6.3.2.7) at the Offshore
Grid Entry Connection Point (or HVDC Interface Point in the.case of
Configuration 1 DC Connected Power’ Park Modules) without
instability over the entire operating<range of the AC connected
Offshore Synchronous Power Generating Module or Configuration 1
AC connected Offshore Power Park Module_or Configuration 1 DC
Connected Power Park Modules. The performance requirements for

this automatic control system will be specified by NGET-in-the-Bilateral

A continuously acting-automatic control system is required to provide
control of Reactive Power (as specified in ECC.6.3.2.8) at the Offshore
Grid Entry PointCennection—Roint (or HVDC Interface Cennection
Point in the case of Configuration 2 DC Connected Power Park
Modules) without instability over the entire operating range of the
Configuration 2 AC connected Offshore Power Park Module or
Configuration 2 DC Connected Power Park Modules. wherethe DC
Converter—or—HVDC System—which—has—more—than—oneOnshore
substation,—otherwise the requirements of ECC.6.3.2.7 shall apply.
The performance requirements for this automatic control system are

specified in ECC.A.8

In addition to ECC.6.3.8.5.1 and ECC.6.3.8.5.2 the requirements for
excitation or voltage control facilities, including Power System
Stabilisers, where these are necessary for system reasons, will be

specified_by NGET-in-the-Bilateral-Agreement. Reference is made to

on-load commissioning witnessed by NGET in BC2.11.2.

STEADY STATE LOAD INACCURACIES
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ECC.6.3.9.1

ECC.6.3.10
ECC.6.3.10.1

ECC.6.3.11

ECC.6.3.11.1

ECC.6.3.12
ECC.6.3.12.1
ECC.6.3.12.1.1

The standard deviation of Load error at steady state Load over a 30
minute period must not exceed 2.5 per cent of a Power Generating
Module’s or DC Connected Power Park Module’s Genset's-Registered
Maximum Capacity. Where a Power Generating Module Genset is
instructed to Frequency sensitive operation, allowance will be made in
determining whether there has been an error according to the
governor Ddroop characteristic registered under the PC.

For the avoidance of doubt in the case of a Power Park Module
(including a DC Connected Power Park Module) allowance will be
made for the full variation of mechanical power output.

NEGATIVE PHASE SEQUENCE LOADINGS

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

NEUTRAL EARTHING

At nominal System voltages of 110432kV and above the higher voltage
windings of a transformer of a Power Generating Medule-Module or

HVDC Equipment Generating-Unit—DC-Converterata-DC-Converter
Station,—PowerParkModule, DC Connected Power Park Meodule;
Remote-End-DC—Converter or transformer resulting from OTSDUW
must be star connected with the star point suitable for connection to
earth. The earthing and lower voltage winding arrangement shall be
such' as to ensure that the Earth Fault Factor requirement of
paragraph ECC.6.2.1.1 (b)) will be met on the National Electricity
Transmission System at nominal System voltages of 110432kV and
above.

VOLTAGE AND FREQUENCY SENSITIVE RELAYS

Combined Voltage and Frequency Sensitive Relays

As stated in ECC.6.1.3, the System Frequency could rise to 52Hz or fall
to 47Hz and the System voltage at the Grid Entry Point or User
System Entry Point Cennection—Point could rise or fall within the
values outlined in ECC.6.1.4. Each Power Generating Module_or DC
Connected Power Park Module Generating-Unit—DC-Converter; or
OTSDUW Plant and Apparatus;-PewerPark-Medule or any constituent
element must continue to operate within this Frequency range for at
least the periods of time given in ECC.6.1.3 and voltage range as
defined in ECC.6.1.4 unless NGET has agreed to any simultaneous
overvoltage and underfrequency relays and/or simultaneous
undervoltage and over frequency relays or Frequency-level relays
and/or rate-of-change-of-Frequency relays which will trip such Power
Generating Module, Generating—Unit,—DC—Converter;, or OTSDUW
Plant and Apparatus,—Rewer—Rark—Medule and any constituent
element within this Frequency or voltage range, as specified under the
Bilateral Agreement.
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APPENDIX E6 - PERFORMANCE REQUIREMENTS FOR CONTINUOUSLY ACTING
AUTOMATIC EXCITATION CONTROL SYSTEMS FOR ONSHORE SYNCHRONOUS POWER

ECC.A6.1
ECC.A6.1.1

ECC.A.6.1.2

ECC.A6.1.3

ECC.A.6.2
ECC.A6.2.1

ECC.A.6.2.3

GENERATING MODULES,

Scope

This Appendix sets out the performance requirements of continuously
acting automatic excitation control systems for Type C and Type D
Onshore Synchronous Power Generating Modules that must be complied
with by the User. This Appendix does not limit any site specific
requirements that-may-beincludedin—aBilateral-Agreement-where in
NGET's reasonable opinion these facilities are necessary for system
reasons.

Where the requirements may vary the likely range of variation is given in
this Appendix. It may be necessary to specify values outside this range
where NGET identifies a system need, and notwithstanding anything to
the contrary NGET may specify inthe-Bilateral-Agreement-values outside
of the ranges provided in this Appendix 6. The most commaon variations
are in the on-load excitation<ceiling voltage requirements and the
response time required of the Exciter. %ctual values will be included in
the Bilateral Agreement.\

Should a Generator anticipate making a change to the excitation control
system it shall notify NGET under the Planning Code (PC.A.1.2(b) and (c))
as soon as the Generator anticipates-making the change. fThe change may
require a revision to the Bilateral Agreement.\

Requirements

The Excitation System of a Type C or Type D Onshore Synchronous
Power Generating Module shall include an excitation source (Exciter), a
Power-System-Stabiliser and a continuously acting Automatic Voltage
Regulator (AVR) and shall meet the following functional specification.
Type D Synchronous Power Generating Modules are also required to be
fitted. with' a. Power System Stabiliser in accordance with the
requirements of ECC.A.6.2.5.

Steady State Voltage Control

Comment [NG21]: We need to include
reference here to Bilateral Agreement
as it is part of the specification and will
need to be inlcuded as part of the offer.
Itis a direct lift from current GB Grid
Code

Comment [NG22]: This is a lift from
the current Grid Code and retains
reference to the Bilateral Agreement.
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ECC.A6.2.3.1

ECC.A6.2.4
ECC.A6.2.4.1

ECC.A.6.2.4.2

ECC.A6.2.4.3

ECC.A6.2.4.4

An accurate steady state control of the Onshore Synchronous Power
Generating Module pre-set Synchronous Generating Unit terminal
voltage is required. As a measure of the accuracy of the steady-state
voltage control, the Automatic Voltage Regulator shall have static zero
frequency gain, sufficient to limit the change in terminal voltage to a drop
not exceeding 0.5% of rated terminal voltage, when the output of a
Synchronous_Generating Unit within an Onshore Synchronous Power

Generating Module is gradually changed from zero to rated MVA output
at rated voltage, Active Power and Frequency.

Transient Voltage Control

For a step change from 90% to 100% of the nominal Onshore
Synchronous Generating Unit terminal voltage, with the Onshore
Synchronous Generating Unit on open circuit, the Excitation System
response shall have a damped oscillatory characteristic. For this
characteristic, the time for the Onshore Synchronous Generating Unit
terminal voltage to first reach 100% shall be less than 0.6 seconds. Also,
the time to settle within 5% of the voltage change shall be less than 3
seconds.

To ensure that adequate synchronising power is maintained, when the
Onshore Power Generating Module is® subjected to a large voltage
disturbance, the Exciter whose output is varied by the Automatic Voltage
Regulator shall be capable of providing its achievable upper and lower
limit ceiling voltages to the Onshore Synchronous Generating Unit field in
a time not exceeding that specified in the ]Bilateral Agreement\. This will
normally be not less than 50 ms and not greater than 300 ms. The
achievable upper and lower limit ceiling voltages may be dependent on
the'voltage disturbance.

The Exciter shall be capable of attaining an Excitation System On Load
Positive Ceiling Voltage of not less than a value specified in hhe Bilateral
Agreement\that will be:

not less than 2 per unit (pu)
normally not greater than 3 pu
exceptionally up to 4 pu

of Rated Field Voltage when responding to a sudden drop in voltage of 10
percent or more at the Onshore Synchronous Generating Unit terminals.
NGET may specify a value outside the above limits where NGET identifies
a system need.

If a static type Exciter is employed:

(i) the field voltage should be capable of attaining a negative ceiling
level specified in the Bilateral Agreement after the removal of the
step disturbance of ECC.A.6.2.4.3. The specified value will be 80% of
the value specified in ECC.A.6.2.4.3. NGET may specify a value
outside the above limits where NGET identifies a system need.

(i) the Exciter must be capable of maintaining free firing when the
Onshore Synchronous Generating Unit terminal voltage is depressed
to a level which may be between 20% to 30% of rated terminal
voltage

(
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ECC.A.6.2.5
| Ecca6.2.5.1

ECC.A.6.2.5.2

ECC.A.6.2.5.3

ECC.A6.2.5.4

ECC.A.6.2.5.5

ECC.A.6.2.5.6

(iii) the Exciter shall be capable of attaining a positive ceiling voltage not
less than 80% of the Excitation System On Load Positive Ceiling
Voltage upon recovery of the Onshore Synchronous Generating Unit
terminal voltage to 80% of rated terminal voltage following fault
clearance. NGET may specify a value outside the above limits where
NGET identifies a system need.

(iv) the requirement to provide a separate power source for the Exciter

will be specified in—the—Biateral-Agreement—if NGET identifies a

Transmission System need.

Power Oscillations Damping Control

To allow the Type D Onshore Power Generating Modules to maintain
second and subsequent swing stability and also to ensure an adequate
level of low frequency electrical damping power, the Automatic Voltage
Regulator of each Onshore Synchronous Generating Unit within theeach
Type D Onshore Synchronous Power Generating Module shall include a
Power System Stabiliser as a means of supplementary control.

Whatever supplementary control signal is employed, it shall be of the
type which operates into the Automatic Voltage Regulator to cause the
field voltage to act in a manner‘which results in the damping power being
improved while maintaining adequate synchronising power.

The arrangements for the supplementary control signal shall ensure that
the Power System Stabiliser output signal relates only to changes in the
supplementary control signal and not the steady state level of the signal.
For example, if generator electrical. power output is chosen as a
supplementary control signal then the Power System  Stabiliser output
should<relate only to changes in the Synchronous Generating Unit
electrical power output and not the steady state level of power output.
Additionally the Power System Stabiliser should not react to mechanical
power changes in isolation for example during rapid changes in steady
state load‘or when providing frequency response.

The output signal from the Power System Stabiliser shall be limited to
not more than +10% of the Onshore Synchronous Generating Unit
terminal voltage signal at the Automatic Voltage Regulator input. The
gain of the Power System Stabiliser shall be such that an increase in the
gain by a factor of 3 shall not cause instability.

The Power System Stabiliser shall include elements that limit the
bandwidth of the output signal. The bandwidth limiting must ensure that
the highest frequency of response cannot excite torsional oscillations on
other plant connected to the network. A bandwidth of 0-5Hz would be
judged to be acceptable for this application.

The Generator in respect of its Type D Synchronous Power Generating
Modules will agree Power System Stabiliser settings with NGET prior to
the on-load commissioning detailed in BC2.11.2(d). To allow assessment
of the performance before on-load commissioning the Generator will
provide to NGET a report covering the areas specified in CP.A.3.2.1.
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ECC.A.6.2.5.7

ECC.A.6.2.5.8

ECC.A6.2.6
ECC.A.6.2.6.1

ECC.A.6.2.6.2

ECC.A.6.2.6.3

ECC.A.6.2.7
ECC.A6.2.7.1

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

Where a Power System Stabiliser is fitted to a Pumped Storage Unit
within a Type D Synchronous Power Generating Module it must function
when the Pumped Storage Unit is in both generating and pumping
modes.

Overall Excitation System Control Characteristics

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

The response of the Automatic Voltage Regulator combined with the
Power System Stabiliser shall be demonstrated by injecting similar step
signal disturbances into the Automatic Voltage Regulator reference as
detailed in OC5A.2.2 and OC5.A.2.4. The Automatic Voltage Regulator
shall include a facility to allow step injections into the Automatic Voltage
Regulator voltage reference, with the Onshore Type D Power
Generating Module operating at points specified by NGET (up to rated
MVA output). The damping shall be judged to be adequate if the
corresponding Active Power response to the disturbances decays within
two cycles of oscillation.

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

Under-Excitation Limiters

The security of the power system shall also be safeguarded by means of
MVAr Under Excitation Limiters fitted to the Synchronous Power
Generating Module generator Excitation System. The Under Excitation
Limiter shall prevent the Automatic Voltage Regulator reducing the
Synchronous Generating Unitgenerater excitation to a level which would

endanger synchronous stability. The Under Excitation Limiter shall
operate when the excitation system is providing automatic control. The
Under Excitation Limiter shall respond to changes in the Active Power
(MW) the Reactive Power (MVAr) and to the square of the Synchronous
Generating Unitgenerater voltage in such a direction that an increase in
voltage will permit an increase in leading MVAr. The characteristic of the
Under Excitation Limiter shall be substantially linear from no-load to the

maximum Active Power output of the Onshore Power Generating
Module at any setting and shall be readily adjustable.
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ECC.A.6.2.7.2

ECC.A.6.2.7.3

ECC.A.6.2.8
ECC.A.6.2.8.1

ECC.A.6.2.8.2

CC.A6.2.8.3

The performance of the Under Excitation Limiter shall be independent of
the rate of change of the Onshore Synchronous Power Generating
Module load and shall be demonstrated by testing as detailed in
OC5.A.2.5. The resulting maximum overshoot in response to a step
injection which operates the Under Excitation Limiter shall not exceed 4%
of the Onshore Synchronous Generating Unit rated MVA. The operating
point of the Onshore Synchronous-Rewer Generating UnitMedule shall
be returned to a steady state value at the limit line and the final settling
time shall not be greater than 5 seconds. When the step change in
Automatic Voltage Regulator reference voltage is reversed, the field
voltage should begin to respond without any delay and should not be
held down by the Under Excitation Limiter. Operation into or out of the
preset limit levels shall ensure that any resultant oscillations are damped
so that the disturbance is within 0.5% of the Onshore Synchronous
Generating Unit-Generating MVA rating within a period of 5 seconds.

The Generator shall also make provision to prevent the reduction of the
Onshore Synchronous Generating Unit excitation to a level which would
endanger synchronous stability when the Excitation System is under
manual control.

Over-Excitation and Stator Current Limiters

The settings of the Over-Excitation Limiter and stator current limiter,
where-it-exists; shall ensure that the Onshore Synchronous Generating
Unit excitation is not limited to less than the maximum value that can be
achieved whilst ensuring the Onshore Synchronous Generating Unit is
operating within its design limits. If the Onshore Synchronous Generating
Unit excitation is reduced following a period of operation at a high level,
the rate of reduction shall not exceed that required to remain within any
time dependent operating characteristics of the Onshore Synchronous
Power Generating Module.

The performance of the Over-Excitation Limiter~where-it-exists; shall be
demonstrated by testing as described in OC5.A.2.6. Any operation beyond
the Over-Excitation Limit shall be controlled by the Over-Excitation
Limiter or stator current limiter without the operation of any Protection
that could trip the Onshore Synchronous Power Generating Module.

The Generator shall also make provision to prevent any over-excitation
restriction of the Onshore Synchronous Generating Unit when the
Excitation System is under manual control, other than that necessary to
ensure the Onshore Power Generating Module is operating within its
design limits.



APPENDIX 7 - PERFORMANCE REQUIREMENTS FOR CONTINUOUSLY ACTING
AUTOMATIC VOLTAGE CONTROL SYSTEMS FOR AC CONNECTED ONSHORE NON-
SYNCHRONOUS-GENERATING-UNITS,-ONSHORE-DC-CONVERTERS; POWER PARK

MODULES AND OTSDUW PLANT AND APPARATUS AT THE INTERFACE POINT, HVDC
CONVERTERS-AT-A-DC-CONVERTER-STAHON-SYSTEMS AND REMOTE END HVDC

ECCA7.1
ECCA7.1.1

| Ecca7.12

ECC.A.7.2
ECC.A7.2.1

ECC.A.7.2.2

CONVERTERSCONVERTER STATIONS

Scope

This Appendix sets out the performance requirements of continuously
acting automatic voltage control systems for Onshore Nen-Synchrenous
Generating-Units; Power Park Modules, HVDC Systems, Cenvertersata
DC—Converter—Station; Remote End HVDC Converter_Stationss and
OTSDUW Plant and Apparatus at the Interface Point that must be
complied with by the User. This Appendix does not limit any site specific
requirements thatay-be-inrcludedin—-aBilateral-Agreement-where in
NGET's reasonable opinion these facilities are necessary for system
reasons.

Proposals by Generators or HVDC SystemCenverter-Station Owners to
make a change to the voltage control systems are required to be notified
to NGET under the Planning Code (PC.A.1.2(b) and (c)) as soon as the
Generator or HVDC Cenverter-StationSystem Owner anticipates making
the change. h’he change may require a revision to the Bilateral
Agreement.‘

Requirements

NGET requires that the continuously acting automatic voltage control
system_for the Onshore-Nen-Synchronous-Generating-Unit, Onshore DC
Converteror Onshore Power Park Module, HVDC System or Remote End
HVDC Converter Station DC—Cenverter—at—a—DC—Converter—Station;
Remote-End-DC-Converter-or OTSDUW Plant and Apparatus shall meet
the following functional performance specification. If a Network
Operator has confirmed to NGET that its network to which an Embedded

Onshore Power Park Module or HVDC System or Remote End HVDC
Converter Station BC-ConverterataDC-ConverterStation-or OTSDUW
Plant and Apparatus is connected is restricted such that the full reactive
range/under the steady state voltage control requirements (ECC.A.7.2.2)
cannot be utilised, NGET may specify in—the—Bilateral-Agreement
alternative limits to the steady state voltage control range that reflect
these restrictions. Where the Network Operator subsequently notifies
NGET that such restriction has been removed, NGET may propose a
Modification to the ]Bilateral Agreement \(in accordance with the CUSC
contract) to remove the alternative limits such that the continuously

acting automatic voltage control system meets the following functional
performance specification. All other requirements of the voltage control
system will remain as in this Appendix.

Steady State Voltage Control
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ECC.A7.2.2.1

ECC.A.7.2.2.2

The Onshore-Nen-Synchronous-Generating Uni .
Onshore Power Park Module, HVDC System and/or Remote End HVDC
Converter Station PE-Converterata-DC-Converter-Station-or OTSDUW
Plant and Apparatus shall provide continuous steady state control of the
voltage at the CennectionPoint Onshore Grid Entry Point (or Onshore
User System Entry Point if Embedded) (or the Interface Point in the case
of OTSDUW Plant and Apparatus or HVDC Interface Point in the case of a
Remote End HVDC Converter Station) with a Setpoint Voltage and Slope
characteristic as illustrated in Figure ECC.A.7.2.2a. Hshould-be-noted-that

Grid Entry Point Violtage or

User System Entry Point Voltage or
Interface Point Voltage or

HVDC Interface Point Voltage
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0.95 leading Power Factor 0.95 lagging Power Factor
at Rated MW at Rated MW

Figure ECC.A.7.2.2a

The continuously acting automatic control system shall be capable of
operating to a Setpoint Voltage between 95% and 105% with a resolution
of 0.25% of the nominal voltage. For the avoidance of doubt values of
95%, 95.25%, 95.5% ... may be specified, but not intermediate values. The
initial Setpoint Voltage will be 100%. The tolerance within which this
Setpoint Voltage shall be achieved is specified in BC2.A.2.6. For the
avoidance of doubt, with a tolerance of 0.25% and a Setpoint Voltage of
100%, the achieved value shall be between 99.75% and 100.25%. NGET
may request the Generator or HVDC SystemCenwverter Owner to
implement an alternative Setpoint Voltage within the range of 95% to
105%. For Embedded Generators and Embedded HVDC SystemCenverter
Statien Owners the Setpoint Voltage will be discussed between NGET
and the relevant Network Operator and will be specified to ensure
consistency with ECC.6.3.4.
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ECC.A.7.2.2.3 The Slope characteristic of the continuously acting automatic control

system shall be adjustable over the range 2% to 7% (with a resolution of
0.5%). For the avoidance of doubt values of 2%, 2.5%, 3% may be
specified, but not intermediate values. The initial Slope setting will be 4%.
The tolerance within which this Slope shall be achieved is specified in
BC2.A.2.6. For the avoidance of doubt, with a tolerance of 0.5% and a
Slope setting of 4%, the achieved value shall be between 3.5% and 4.5%.
NGET may request the Generator or HVDC SystemCenverter—Station
Owner to implement an alternative slope setting within the range of 2%
to 7%. For Embedded Generators and Embedded HVDC Converter
Station Owners the Slope setting will be discussed between NGET and

the relevant Network Operator and will

consistency with ECC.6.3.4.

Grid Entry Point Voltage or

User SystemEntry PointVoltage or

Interface Point Voltage or

HVDC Interface Point Voltage
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0.225
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Figure ECC.A.7.2.2b
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ECC.A7.2.2.4

ECC.A.7.2.2.5

Figure ECC.A.7.2.2b shows the required envelope of operation for

OTSDUW Plant and Apparatus, Onshore Power Park Modules, HVDC
Systems and Remote End HVDC Converter Stations DC-Cenverters—ata

DC-ConverterStation-and-Remeote-End-DC-Converters-except for those
Embedded at 33kV and below or directly connected to the National
Electricity Transmission System at 33kV and below. Figure ECC.A.7.2.2c
shows the required envelope of operation for Onshere-Nen-Synchrenous
Generating—Units,—Onshore—DC—Converters—and Onshore Power Park
Modules Embedded at 33kV and below, )Deeenveﬂer-&at—a—DGGemeFteF
Station—connected—at 33k or below,—Remote—End—DC Converters
eeFmeeted—at—eJr—belewJ_éW—‘or directly connected to the National

Electricity Transmission System at 33kV and below. Where-the Reactive

33/400kV-transformer: The enclosed area within points ABCDEFGH . is the
required capability range within which the Slope and Setpoint Voltage

can be changed.

Should the operating point of the Onshere-Non-Synchronous-Generating
Unit,-Onshore-DC-Converter; OTSDUW Plant and Apparatus or Onshore

Power Park Module, or HVDC System Converter—at—a—DC—Converter
Statien or Remote End HVDC Converter Station deviate so that it is no
longer a-point on the operating characteristic (figure ECC.A.7.2.2a)
defined by the target Setpoint Voltage and Slope, the continuously acting
automatic voltage control system shall act progressively to return the
value to a point on the required characteristic within 5 seconds.
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ECC.A.7.2.2.6 Should the Reactive Power output of the Onshere—Non-Synchronous

Generating-Unit-Onshore-DC-Converter; OTSDUW Plant and Apparatus
or Onshore Power Park Module or HVDC System Cenverter—ata-DBE
Converter—Station or Remote End HVDC Converter Station reach its

maximum lagging limit at a Onshore Grid Entry-Connection Point voltage [Formatted: Not Strikethrough

(or Onshore User System Entry Point voltage if Embedded (or Interface
Point in the case of OTSDUW Plant and Apparatus or HVDC Interface

Point voltage_in_the case of Remote End HVDC Converter Stations) [Formatted:Font: Bold

above 95%, the Onshore-Non-Synchronous-Generating Unit Onshore DC
Converter; OTSDUW Plant and Apparatus or Onshore Power Park

Module or HVDC SystemCenverterata-DE-Converter-Station or Remote
End HVDC Converter Station shall maintain maximum lagging Reactive
Power output for voltage reductions down to 95%. This requirement is
indicated by the line EF in figures ECC.A.7.2.2b .and ECC.A.7.2.2c_as
applicable. Should the Reactive Power output of the Onsheore—Neon-

Synchronous—GeneratingUnit, Onshore-DC Converter;, OTSDUW Plant

and Apparatus or Onshore Power Park Module, or HVDC System [Formatted:Font: Bold
Converter—ata-DC-Converter-Station; or Remote End HVDC Converter

Station reach its maximum leading limit at @ Onshore Grid Entry [Formatted:NotStrikethrough
Cennection Point voltage (or Onshore User System Entry Point voltage if [Formatted: Not Strikethrough
Embedded or Interface Point in the case of OTSDUW Plant and ( Formatted: Not Strikethrough

Apparatus, or HVDC Interface Point v\oltage in the case of Remote End

HVDC Converter_Stationss) below 105%, the Onshore-Non-Synchronous

Generating-Unit, Onshore DC-Converter~OTSDUW Plant and Apparatus
or Onshore Power Park Module, or HVDC System Cenverterata-BC

Converter-Station-or Remote End HVDC Converter Station shall maintain
maximum leading Reactive Power output for voltage increases up to
105%. This requirement is indicated by the line AB in figures ECC.A.7.2.2b
and'ECC.A.7.2.2c as applicable.




ECC.A.7.2.2.7

ECC.A.7.2.2.8

For Onshore Grid Entry Cennection Point voltages (or Onshore User
System Entry Point voltages if Embedded-or Interface Point voltages)
below 95%, the lagging Reactive Power capability of the Onshere-Noen-
Synchronous—Generating Unit Onshore DCConverter,—OTSDUW Plant
and Apparatus or Onshore Power Park Module or HVDC System

Converterata-DC-Converter-Station-(or Remote End HVDC Converter
Stationss at a HVDC Interface Point) should be that which results from
the supply of maximum lagging reactive current whilst ensuring the
current remains within design operating limits. An example of the
capability is shown by the line DE in figures ECC.A.7.2.2b and
ECC.A.7.2.2c. For Onshore Cennection-Grid Entry Point voltages (or User
System Entry Point voltages if Embedded or Interface Point voltages or
HVDC Interface Point voltages) above 105%, the leading Reactive Power
capability of the Onshore—Noen-Synchronous—Generating-Unit,Onshore
DCConverter; OTSDUW Plant and Apparatus or Onshore Power Park
Module or HVDC Converterata-DCConverterStationSystem or Remote
End DC Converter should be that which results from the supply of
maximum leading reactive current whilst ensuring the current remains
within design operating limits. An example of the capability is.shown by
the line AH in figures ECC.A.7.2.2b and ECC.A.7.2.2c as applicable. Should
the Reactive Power output of the Onshere-Non-Synchronous-Generating
Unit-Onshoere-DC-Converter; OTSDUW Plant and Apparatus or Onshore
Power Park Module or HVDC System Cenverter—at—a—DBC—Converter
Statien or Remote End HVDC Converter Station reach its maximum
lagging limit at an Onshore Grid Entry Connection Point voltage (or
Onshore User System Entry Point voltage if Embedded or Interface Point
in the case of OTSDUW Plant and Apparatus or HVDC Interface Point in
the case of a Remote End DC Converter) below 95%, the Onsheore-Nen-
Synchronous-Generating Unit Onshore DC Converteror Onshore Power
Park Module, HVDC Converter System ata—BE-Converter—Station—or
Remote End HVDC Converter shall maintain maximum lagging reactive
current output for further voltage decreases. Should the Reactive Power
output of the Onshore-Non-Synchronous-Generating-Unit—Onshore DC
Converter; OTSDUW Plant and Apparatus or Onshore Power Park
Module or HVDC SystemCenverterat-a-DC-Converter-Station or Remote
End HVDC Converter Station reach its maximum leading limit at a
Onshore Grid Entry Connectien Point voltage (or User System Entry
Point'voltage if Embedded or Interface Point voltage in the case of an
OTSDUW Plant and Apparatus or HVDC Interface Point Voltage in the
case of a Remote End HVDC Converter_Stations) above 105%, the

OTSDUW Plant and Apparatus or Onshore Power Park Module or HVDC
System Converter at a DC Converter Station or Remote End DC
Converter shall maintain maximum leading reactive current output for
further voltage increases.

All OTSDUW Plant and Apparatus must be capable of enabling Users
undertaking OTSDUW to comply with an instruction received from NGET
relating to a variation of the Setpoint Voltage at the Interface Point
within 2 minutes of such instruction being received.
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ECC.A.7.2.2.9

ECC.A.7.2.3
ECC.A7.23.1

For OTSDUW Plant and Apparatus connected to a Network Operator’s
System where the Network Operator has confirmed to NGET that its
System is restricted in accordance with ECC.A.7.2.1, clause ECC.A.7.2.2.8
will not apply unless NGET can reasonably demonstrate that the
magnitude of the available change in Reactive Power has a significant
effect on voltage levels on the Onshore National Electricity Transmission
System.

Transient Voltage Control

For an on-load step change in CennectionPoint,Onshore Grid Entry Point
or Onshore User System Entry Point voltage, or in the case of OTSDUW
Plant and Apparatus an on-load step change in Transmission Interface
Point voltage, or in the case of Remote End HVDC Converter Stationss an
on-load step change in HVDC Interface Point voltage, the continuously
acting automatic control system shall respond according to the following
minimum criteria:

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

(ii) the response shall be such-.that 90% of the change in the Reactive
Power output of the Onshere—Non-Synchronous—Generating—Unit;
Onshore-BE-Converter; OTSDUW Plant and Apparatus or Onshore
Power Park Module, or HVDC System Cenverter—atDC-Converter
Statior or Remote End HVDC Converter Station will be achieved

Station
within

- 2 seconds, where the step is sufficiently large to require a
change in the steady state Reactive Power output from its
maximum leading value to its maximum lagging value or vice
versa and

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

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

(iv) within 2 5 seconds from achieving 90% of the response as defined in
ECC.A.7.2.3.1 (ii), the peak to peak magnitude of any oscillations shall
be less than 5% of the change in steady state maximum Reactive
Power.

(v) following the transient response, the conditions of ECC.A.7.2.2 apply.
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MVArs

Required response at 1
second

ECC.A.7.2.3.2

ECC.A7.2.4
ECC.A7.2.4.1

Figure ECC.A.7.2.3.1a

An O O Ng 0O ane H=Y. it—O af

OTSDUW Plant and Apparatus or Onshore Power Park Modules or HVDC
Systems Convertersata-DC-ConverterStation-or Remote End HVDC
Converters Stations shall be capable of

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

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

In all cases, the response shall be in accordance to ECC.A.7.2.3.1 where
the change in Reactive Power output is in response to an on-load step
change in Onshore-Cennection Grid Entry Point or Onshore User System
Entry Point voltage, or in the case of OTSDUW Plant and Apparatus an
on-load step change in Transmission Interface Point voltage or in the
case of Remote End HVDC Converter Stationss an on load step change in
HVDC Interface Point voltage.

Power Oscillation Damping

The requirement for the continuously acting voltage control system to be
fitted with a Power System Stabiliser (PSS) shall be specified in—the
Bilateral-Agreement—if, in NGET’s view, this is required for system
reasons. However if a Power System Stabiliser is included in the voltage
control system its settings and performance shall be agreed with NGET
and commissioned in accordance with BC2.11.2. To allow assessment of
the performance before on-load commissioning the Generator will
provide to NGET a report covering the areas specified in CP.A.3.2.2.
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ECC.A.7.2.5
ECC.A.7.25.1

ECC.A.7.2.5.2

ECC.A.7.2.5.3

ECC.A.7.3

ECC.A7.3.1

ECC.A.7.3.2

ECC.A.7.3.3

ECC.A7.4

ECCA74.1

Overall Voltage Control System Characteristics

The continuously acting automatic voltage control system is required to
respond to minor variations, steps, gradual changes or major variations in
Onshore Grid Entry Point voltage (or Onshore User System Entry Point
voltage if Embedded or Interface Point voltage in the case of OTSDUW
Plant and Apparatus or HVDC Interface Point voltage in the case of
Remote End HVDC Converter Stationss).

The overall voltage control system shall include elements that limit the
bandwidth of the output signal. The bandwidth limiting must be
consistent with the speed of response requirements and ensure that the
highest frequency of response cannot excite torsional oscillations on
other plant connected to the network. A bandwidth of 0-5Hz would be
judged to be acceptable for this application. All other control systems
employed within the Onshere—Non-Synchronous—Generating—Unit;
Onshere-DC-Converter; OTSDUW Plant and Apparatus or Onshore Power
Park Module or HVDC System Cenverterat-a-DC-ConverterStation or
Remote End HVDC Converter Station should also meet this requirement

—_—

The response of the voltage control'system (including the Power System
Stabiliser if employed) shall be‘demonstrated. by testing in accordance
with OC5A.A.3.

Reactive Power Control

As defined in ECC.6.3.8.3.4, Reactive Power control mode of operation is
not required in respect of Onshore Power Park Modules or OTSDUW
Plant and Apparatus or HVDC Systems DC-Converters-ata-DC-Converter
Statien—or_Remote End HVDC Converter_Stationss unless otherwise
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Power Factor Control

As defined in ECC.6.3.8.4.3, Power Factor control mode of operation is
not required in respect of Onshore Power Park Modules or OTSDUW
Plant and Apparatus or HVDC Systems Cenverters—ata—DBE-Converter

—




ECC.A.7.4.2

ECC.A7.43

Statieh or Remote End HVDC Converter Stations unless otherwise
specified by NGET in coordination with the relevant Network Operator.
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requirement for Power Factor control mode of operation, the following
requirements shall apply.

The Onshore Power Park Module or OTSDUW Plant and Apparatus or
HVDC SystemCenverterata-DC-Converter-Station or Remote End HVDC
Converter Station shall be capable of controlling the Power Factor at the
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HVDC Interface Point in the case of a Remote End HVDC Converter
Stations) within the required Reactive Power range as specified in
ECC.6.3.2.2.1 and ECC.6.3.2.4 with-to a specified target Power Factor i
steps—ho-greaterthan-0:01. NGET shall specify theftarget Power Factor
value (which shall be achieved within 0.01 of the set Power Factor), its
tolerance and the period of time to achiey@ the tasget Power Factor
following a sudden change of Active Power@utput. The tolerance of the
target Power Factor shall be expreséed” through the tolésance of its
corresponding Reactive Power. THis Reactive Power tolerance,shall be
expressed by either an absolutedialtie or by a percentage of the maximum
Reactive Power of the Onshore Power Park Module or OTSDUW Plant
and Apparatus or HVDC Cenverterat-a-DC-ConverterStation-or Remote
End DC Converter. The details of these requirements being pursuant to
the terms of the Bilateral Agreement.

Any additional requirements for Power Factor control mode of operation
shall be_specified_by NGET in coordination with the relevant Network
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Operator-in-the Bilateral-Agreement.

APPENDIX 8 - PERFORMANCE REQUIREMENTS FOR CONTINUOUSLY ACTING
AUTOMATIC VOLTAGE CONTROL SYSTEMS FOR CONFIGURATION 2 AC CONNECTED
OFFSHORE POWER PARK MODULES AND DC CONNECTED POWER PARK MODULES

ECC.A8.1
ECC.A8.1.1

Scope

This Appendix sets out the performance requirements of continuously
acting automatic voltage control systems for Configuration 2 AC
connected Offshore Power Park Modules that must be complied with by
the User. This Appendix does not limit any site specific requirements that

may be specified ineluded—in—a—Bilateral-Agreement-where in NGET's

reasonable opinion these facilities are necessary for system reasons.
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ECC.A8.1.2

ECC.A8.1.2

ECC.A.8.2
ECC.A8.2.1

ECC.A.8.2.2
ECC.A.8.2.2.1

These requirements also apply to DC Connected Power Park Modules. In
the case of a Configuration 1 DC Connected Power Park Module where
HVDC.C s T issionDC.C .
to-only-one-Onsheresubstatien-the technical performance requirements
shall be specified_by NGET-in—the-Bilateral-Agreement. Where the DC

Connected Power Park Module has agreed to a wider reactive capability
range as defined under ECC.6.3.2.7.3 then the requirements that apply
will be specified by NGET in—the-Bilateral-Agreement-and which shall
reflect the performance requirements detailed in ECC.A.8.2 below but
with different parameters such as droop and Setpoint Voltage.

Proposals by Generators to make a change to the voltage control systems
are required to be notified to NGET under the Planning Code (PC.A.1.2(b)
and (c)) as soon as the Generator anticipates making the change. h’he
change may require a revision to the Bilateral Agreement.\m

Requirements

NGET requires that the continuously acting automatic voltage control
system for the Configuration 2 AC connected Offshore Power Park
Module and Configuration 2 DC Connected Power Park Module shall
meet the following functional performance specification.

Steady State Voltage Control

The Configuration 2 AC connected Offshore Power Park Module and
Configuration 2 DC Connected Power Park Module shall provide
continuous steady state control of the voltage at the Offshore
Connection Point with a Setpoint Voltage and Slope characteristic as
illustrated in Figure ECC.A.8.2.2a.

Offshore Connection
Point Voltage or HVDC Interface

Point Voltage (pu) MOT TO
SCALE

SetpointVoltage

85%<=V=et<105%
/ Slope

changein veltage,

reactive power
from 0 to Qmin

)

\:

|
'
i
! or 0 to Qmax.
|
|
i
i
i
i
i
|
|
|
|

Qamin 0 Qmax
Reactive capability corresponding to Reactive capabilty corresponding to
0.98 leading PowerFactor 0.88 lagging Power Factor
at Rated MW at Rated MWW

Thiz is the percentage

based on nominal, that
rezults in a change of
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Figure ECC.A.8.2.2a



ECC.A.8.2.2.2 The continuously acting automatic control system shall be capable of
operating to a Setpoint Voltage between 95% and 105% with a resolution
of 0.25% of the nominal voltage. For the avoidance of doubt values of
95%, 95.25%, 95.5% ... may be specified, but not intermediate values. The
initial Setpoint Voltage will be 100%. The tolerance within which this
Setpoint Voltage shall be achieved is specified in BC2.A.2.6. For the
avoidance of doubt, with a tolerance of 0.25% and a Setpoint Voltage of
100%, the achieved value shall be between 99.75% and 100.25%. NGET
may request the Generator to implement an alternative Setpoint Voltage
within the range of 95% to 105%.

ECC.A.8.2.2.3 The Slope characteristic of the continuously acting automatic control
system shall be adjustable over the range 2% to 7% (with a resolution of
0.5%). For the avoidance of doubt values of 2%, 2.5%, 3% may be
specified, but not intermediate values. The initial Slope setting will be 4%.
The tolerance within which this Slope shall be achieved is specified in
BC2.A.2.6. For the avoidance of doubt, with a tolerance of 0.5% and a
Slope setting of 4%, the achieved value shall be between 3.5% and 4.5%.
NGET may request the Generator to implement an alternative slope
setting within the range of 2% to 7%.

Offshore Connection Point
Voltage (p.u)_

14
1.05

1.0 0.225

0.95

0.9
0.8675

|
|
|
|
|
I
-
I
|
I
|
|
|
|
I
|
I
|
|
|
|

-0.98 1 0.98 Power Factor

Consumption (lead) Production (lag)

Figure ECC.A.8.2.2b

ECC.A.8.2.2.4 Figure ECC.A.8.2.2b shows the required envelope of operation for
Configuration 2 AC connected Offshore Power Park Module and
Configuration 2 DC Connected Power Park Module. The enclosed area
within points ABCDEFGH is the required capability range within which the
Slope and Setpoint Voltage can be changed.



ECC.A.8.2.2.5

ECC.A.8.2.2.6

Should the operating point of the Configuration 2 AC connected Offshore
Power Park or Configuration 2 DC Connected Power Park Module
deviate so that it is no longer a point on the operating characteristic
(Figure ECC.A.8.2.2a) defined by the target Setpoint Voltage and Slope,
the continuously acting automatic voltage control system shall act
progressively to return the value to a point on the required characteristic
within 5 seconds.

Should the Reactive Power output of the Configuration 2 AC connected
Offshore Power Park Module or Configuration 2 DC Connected Power
Park Module reach its maximum lagging limit at an Offshore
ConnectionGrid Entry Point or Offshore User System Entry Point or
HVDC Interface Point voltage above 95%, the Configuration 2 AC

connected Offshore Power Park Module or Configuration 2 DC
Connected Power Park Module shall maintain maximum lagging Reactive
Power output for voltage reductions down to 95%. This requirement is
indicated by the line EF in figure ECC.A.8.2.2b:. Should the Reactive Power
output of the Configuration 2 AC connected Offshore Power Park
Module or Configuration 2 DC Connected Power Park Module reach its

Peoint voltage below 105%, the Configuration 2 AC connected Offshore
Power Park Module or Configuration°'2 DC Connected Power Park
Module shall maintain maximum leading Reactive Power output for
voltage increases up to 105%. This requirement is indicated by the line AB
in figures ECC.A.7.2.2b.
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ECC.A.8.2.2.7

ECC.A.8.2.3
ECC.A8.2.3.1

For Offshore Grid Entry Point or User System Entry Point or HVDC
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Interface Point Cennection—Roint—or—Connection—Point-voltages below
95%, the lagging Reactive Power capability of the Configuration 2 AC
connected Offshore Power Park Module or Configuration 2 DC
Connected Power Park Module should be that which results from the
supply of maximum lagging reactive current whilst ensuring the current
remains within design operating limits. An example of the capability is
shown by the line DE in figures ECC.A.8.2.2b. For Offshore
ConnectionGrid _Entry Point or Offshore User System Entry Point
voltages or Onshere—Connection—Point\oltages—_HVDC Interface Point
voltages above 105%, the leading Reactive Power capability of the
Configuration 2 AC connected Offshore Power Park Module or
Configuration 2 DC Connected Power Park Module should be that which
results from the supply of maximum leading reactive current whilst
ensuring the current remains within design operating limits. An example
of the capability is shown by the line AH in figures ECC.A.8.2.2b. Should
the Reactive Power output of the Configuration 2 AC connected Offshore
Power Park Module or Configuration 2 DC Connected Power Park
Module reach its maximum lagging limit at an Offshere-ConnectionPoint

Offshore Grid Entry Point or Offshore User System Entry voltage or

HVDC Interface Point voltage ‘©Onshore-Connéction-Roint-\oltage-below
95%, the Configuration 2 AC connected Offshore Power Park Module or
Configuration 2 DC Connected Power Park Module shall maintain
maximum lagging reactive current output for further voltage decreases.
Should the Reactive Power output of the Configuration 2 AC connected
Offshore Power Park Module or Configuration 2 DC Connected Power
Park Module reach its maximum leading limit at an Offshere-Connection

int-Offshore Grid Entry Point or Offshore User System Entry voltage

e ———
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or HVDC Interface Point voltage Onshere-ConnectionPointVeltage-above
105%, the Configuration 2 AC connected Offshore Power Park Module or

Configuration 2 DC Connected Power Park Module shall maintain
maximum‘leading reactive current output for further voltage increases.

Transient Voltage Control

For an on-load step change in Offshore Grid Entry Point or Offshore User
System Entry Point voltage or HVDC Interface Point Offshore-Connection

Point-erConnection—Point—voltage, the continuously acting automatic
control system shall respond according to the following minimum criteria:

(i) the Reactive Power output response of the Configuration 2 AC
connected Offshore Power Park Module or Configuration 2 DC
Connected Power Park Module shall commence within 0.2 seconds
of the application of the step. It shall progress linearly although
variations from a linear characteristic shall be acceptable provided
that the MVAr seconds delivered at any time up to 1 second are at
least those that would result from the response shown in figure
ECC.A.8.2.3.1a.

(i) the response shall be such that 90% of the change in the Reactive
Power output of the Configuration 2 AC connected Offshore Power
Park Module or Configuration 2 DC Connected Power Park Module
will be achieved within

- 2 seconds, where the step is sufficiently large to require a
change in the steady state Reactive Power output from its
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maximum leading value to its maximum lagging value or vice
versa and

- 1 second where the step is sufficiently large to require a
change in the steady state Reactive Power output from zero
to its maximum leading value or maximum lagging value as
required by ECC.6.3.2 (or, if appropriate ECC.A.8.2.2.6 or
ECC.A.8.2.2.7);

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

(iv) within 5 seconds from achieving 90% of the response as defined in
ECC.A.8.2.3.1 (ii), the peak to peak magnitude of any oscillations shall
be less than 5% of the change in steady state maximum Reactive
Power.

(v) following the transient response, the conditions of ECC.A.8.2.2 apply.

MVArs

Required response at 1
second

v

Seconds

Figure ECC.A.8.2.3.1a

ECC.A.8.2.3.2 Configuration 2 AC connected Offshore Power Park Module or
Configuration 2 DC Connected Power Park Module shall be capable of

(a) changing their Reactive Power output from maximum lagging value
to maximum leading value, or vice versa, then reverting back to the
initial level of Reactive Power output once every 15 seconds for at
least 5 times within any 5 minute period; and

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



ECC.A8.2.4
ECC.A8.2.4.1

ECC.A.8.2.5
ECC.A.8.2.5.1

ECC.A.8.2.5.2

ECC.A.8.2.5.3

ECC.A.8.3

ECC.A83.1

ECC.A.8.3.2

In all cases, the response shall be in accordance to ECC.A.8.2.3.1 where
the change in Reactive Power output is in response to an on-load step
change in Offshore ‘Grid Entry Point or Offshore User System Entry Point
Connection-Point-voltage-or-ConnectionPoint-voltage_ or HVDC Interface
Point voltage.

Power Oscillation Damping

The requirement for the continuously acting voltage control system to be
fitted with a Power System Stabiliser (PSS) shall be specified in—the
Bilateral-Agreement—if, in _NGET’s view, this is required for system
reasons. However if a Power System Stabiliser is included in the voltage
control system its settings and performance shall be agreed with NGET
and commissioned in accordance with BC2.11.2. To allow assessment of
the performance before on-load commissioning the Generator or HVDC
System Owner will provide to NGET a report covering the areas specified
in CP.A.3.2.2.

Overall Voltage Control System Characteristics

The continuously acting automatic‘voltage control system is required to
respond to minor variations, steps, gradual changes or major variations in
Offshore Grid Entry Point or Offshore UserSystem Entry Point or HVDC

Interface Point Connection-Peint-orConnection-Point-voltage.

The overall voltage control system shall include elements that limit the
bandwidth of the output signal. The bandwidth limiting must be
consistent with the speed of response requirements and ensure that the
highest frequency of response’cannot excite torsional oscillations on
other plant connected to the network. A bandwidth of 0-5Hz would be
judged to be acceptable for this application. All other control systems
employed within the Configuration 2 AC connected Offshore Power Park
Module or Configuration 2 DC Connected Power Park Module should
also meet this requirement

The response of the voltage control system (including the Power System
Stabiliser if employed) shall be demonstrated by testing in accordance
with OC5A.A.3.

Reactive Power Control

Reactive Power control mode of operation is not required in respect of
Configuration 2 AC connected Offshore Power Park Modules or
Configuration 2 DC Connected Power Park Modules unless otherwise
specified by NGETrecerded-in-the-Bilateral-Agreement. However where
there is a requirement for Reactive Power control mode of operation, the
following requirements shall apply.

Configuration 2 AC connected Offshore Power Park Modules or
Configuration 2 DC Connected Power Park Modules shall be capable of
setting the Reactive Power setpoint anywhere in the Reactive Power
range as specified in ECC.6.3.2.8.2 with setting steps no greater than 5
MVAr or 5% (whichever is smaller) of full Reactive Power, controlling the
reactive power at the Offshore Grid Entry Point or Offshore User System
Entry PointCennectionPeoint or HVDC Interface Connection-Point to an

—_— e
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ECC.A.8.3.3

ECC.A8.4

ECC.A.84.1

ECC.A.8.4.2

ECC.A.8.4.3

accuracy within plus or minus 5MVAr or plus or minus 5% (whichever is
smaller) of the full Reactive Power.

Any additional requirements for Reactive Power control mode of

operation shall be specified by NGET-in-the Bilateral-Agreement.

Power Factor Control

Power Factor control mode of operation is not required in respect of
Configuration 2 AC connected Offshore Power Park Modules or
Configuration 2 DC Connected Power Park Modules unless otherwise
specified by NGET-recorded-in-the-Bilateral-Agreement. However where
there is a requirement for Power Factor control mode of operation, the
following requirements shall apply.

Configuration 2 AC connected Offshore Power Park Modules or
Configuration 2 DC Connected Power Park Modules shall be capable of
controlling the Power Factor at the Offshore Grid Entry Point.or Offshore
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User System Entry Point or HVDC Interface PointCennection-Point-within
the required Reactive Power range as specified in ECC.6.3.2.8.2with a

target Power Factor. NGET shall specify the target Power Factor (which
shall be achieved to within 0.01 of the set Power Factor), its tolerance
and the period of time to achieve the target Power Factor following a
sudden change of Active Power output. The tolerance of the target
Power Factor shall be expressed through the tolerance of its
corresponding Reactive Power. <This Reactive Power tolerance shall be
expressed by either an absolute value or by a percentage of the maximum
Reactive Power of the Configuration 2 AC connected Offshore Power
Park Module or Configuration 2 DC Connected Power Park Module. The
details of these requirements being specified by NGET.putrsuantte—the

terms-of the Bilateral-Agreement:

Any additional requirements for Power Factor control mode of operation

shall be specified by NGET-rtheBilateral-Agreement.

OPERATING CONDITIONS 2 (OC2)

0C2.4.2

0C2.4.2.1(g)

DATA REQUIREMENTS

rThe HV_Generator Performance Chart and LV Generator Performance

e — ——————

[Formatted: Font: Not Bold

[Formatted: Font: Bold

[Formatted: Font: Bold

[Formatted:

Font:

Bold

Chart_must be as described below and demonstrate the limitation on
reactive capability of the System voltage at 3% above nominal. It must
also include any limitations on output due to the prime mover (both
maximum and minimum), Generating Unit step up transformer or User

System as applicable.

(i) For a Synchronous Generating Unit within a Synchronous Power

Generating Module-en—aGeneratingUnit-specific basisat-the
Generating—Unit—Stator—Terminals_-both the LV Generator

Performance Chart and HV Performance Chart shall be provided.
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OC2 — APPENDIX 1 - PERFORMANCE CHART

LV Generator Performance Chart [Formatted: Font: Bold
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GENERATOR PERFORMANCE CHART
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Generator toprovide Performance Chart at:
Generating Unit Stator Terminals and
the Connection Point

POWER PARK MODULE PERFORMANCE CHART AT THE CONNECTION POINT OR USER'S SYSTEM

ENTRY POINT

Point A Is equivalent {in MWAr) to:
Point B Is equivalent (in MVAr) o

MW
Rated MW
Output —e F 1 G
100% ! :
T —— . S -
' N:
RN
A EC 8] B MVAr
LEADIMG LAGGING

Point C is equivakant (in MyAT) to: -5% of Rated MW cutput
Podnt D Is equivakent (in MAT) oo 5% of Rated MW cutput

Point E Is equivalent {in MVAr) to: -12% of Rated MW output

Line F is equivalent {in MWAr) to:
Line G i equivakant (in MVAr) o

‘Where a Reactive Despatch Metwork Restriction & in place which reguires
following of local voltage conditions, alternatively to Line F and &, please check

this o,

0.95 leading Power Factor at Rated MW output
0.95 lagging Power Factor at Reated MW output

Leading Power Factor Reactive Despatch Network Restriction
Lepging Power Factor Reactive Despateh Network Restriction
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/| Generator performance chart
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DRC Schedule 1 — Page 13

Ynit atthe Offshore Grid Entry

Roint-(PC.A.3.2.2(f)(ii))

* Maximum terminal voltage
setpoint(PC.A.5.3.2.(a) &
PC.A5.4.2 (b))

* Terminal voltage setpoint step
resolution — if not continuous
(PC.A5.3.2.(a) & PC.A5.4.2 (b))

DATAto | DATA GENERATING UNIT (OR CCGT
DATA DESCRIPTION UNITS RTL CAT. MODULE, AS THE CASE MAY BE)
cusc | cusc Gl | G2 | G3 | G4 | G5 | G6|STN
cont | App.
ract | Form
Rated MVA (PC.A.3.3.1) MVA o | w | sPp+
Rhted MW (PC.A.3.3.1) MW o | = | spD+
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GLOSSARY AND DEFINITIONS APPLICABLE TO GC100 AND GC0101

TO BE UPDATED ON AN ONGOING BASIS

Term

Definition

Active Power (P)

|The product of voltage and the in-phase component of alternating
current measured in units of watts and standard multiples thereof,

ie: 1000 Watts = 1 kW
1000 kW =1 MW
1000 MW =1 GW
1000 GW =1TW

Black Start Contract

An agreement between a Generator and NGET under which the
Generator provides Black Start Capability and other associated
services.

Block Load Capability

The incremental Active Power steps, from no load to Rated MW,
which a Generator can instantaneously supply without causing it to
trip or go outside the Frequency range of 47.5 — 52Hz (or an
otherwise agreed Frequency range). The time between each
incremental step shall also be provided.

CCGT Module

A collection of Generating Units (registered as a CCGT Module under
the PC) comprising one or more Gas Turbine Units (or other gas
based engine units) and one or more Steam Units where, in normal
operation, the waste heat from the Gas Turbines is passed to the
water/steam system of the associated Steam Unit or Steam Units and
where the component units within the CCGT Module are directly
connected by steam or hot gas lines which enable those units to
contribute to the efficiency of the combined cycle operation of the
CCGT Module.

Configuration 1 AC Connected
Offshore Power Park Module

One or more Offshore Power Park Modules that are connected to an
AC Offshore Transmission System and that AC Offshore Transmission
System is connected to only one Onshore substation.

Configuration 2 AC Connected
Offshore Power Park Module

One or more Offshore Power Park Modules that are connected to a
meshed AC Offshore Transmission System and that AC Offshore
Transmission System is connected to two or more Onshore
substations.

Configuration 1 DC Connected
Power Park Module

One or more DC Connected Power Park Modules that are connected
to an HVDC System or Transmission DC Converter and that HVDC
System or Transmission DC Converter is connected to only one
Onshore substation.

[Comment [NG1]: GB term used




Configuration 2 DC Connected
Power Park Module

One or more DC Connected Power Park Modules that are connected
to an HVDC System or Transmission DC Converter and that HVDC
System or Transmission DC Converter is connected to only more than
one Onshore substation.

DC Connected Power Park
Module

A Power Park Module that is connected to one or more HVDC
Interface Points to one or more HVDC Systems.

af

Droop

fThe ratio of the per unit steady state change in speed, or in
Frequency to the per unit steady state change in power output.

Fast Fault Current

A current delivered by a Power Park Module or HVDC System during
and after a voltage deviation caused by an electrical fault within the
System with the aim of identifying a fault by network Protection
systems at the initial stage of the fault, supporting System voltage
retention at a later stage of the fault and System voltage restoration
after fault clearance.

Fault Ride Through

The capability of Power Generating Modules and HVDC Systems to
be able to be able to remain connected to the System and operate
through periods of low voltage at the Grid Entry Point or User System
Entry Point caused by secured Haults]

In the case of mechanical governor systems the Governor Deadband
is the same as Frequency Response Insensitivity

GB Synchronous Area

fThe AC power System in Great Britain which connects User’s,
Transmission Licensee’s and NGET whose AC Plant and Apparatus
and is considered to operate in synchronism with each other at each
Connection Point and at the same System Frequency.‘

“ 7

Comment [NG2]: GB defintion used -
not RfG - RfG and GB are broadly the
same other than RfG defines droop in
percentage terms. Need to be careful
with droop in RfG regarding Maximum
Capacity for Power Park Modules and
Synchronous Plant

{

Comment [NG3]: Suggest is revised
in relation to Generators and HVDC

Comment [NG4]: New definition
added - the RfG term is considered too
generic

Comment [NG5]: This issue requires
further workgroup discussion but is
dependent upon the Small, Medium
and Lage debate and how new Power
Generating Modules are treated. Itis
suggested this defintion is taken out of
this consultation and considered as part
of System Management or TSOG.




Operation which ensures that a Power Station is able to continue to
supply its in-house load in the event of multiple System faults
resulting in Power-Generating Modules being disconnected from the
System and tripped onto their auxiliary supplies‘

HV Generator Performance
Chart

A diagram showing the Real Power (MW) and Reactive Power (MVAr)
capability limits within which a Synchronous Power Generating
Module or Power Park Module at its Grid Entry Point or User System
Entry Point will be expected to operate under steady state
conditions.

Comment [NG6]: RfG defintion used
with modifications

HVDC Converter Station

Part of an HVDC System which consists of one or more HVDC
Converters installed in a single location together with buildings,
reactors, filters reactive power devices, control, monitoring,
protective, measuring and auxiliary equipment.

HVDC Equipment

Collectively means an HVDC System and a DC Connected Power Park
Module and a Remote End HVDC Converter Station

HVDC Interface Point

% point at which HVDC Plant and Apparatus eguipment is connected
to an AC System at which technical specifications effecting the
performance of the eguipment Plant and Apparatus can be
prescribed.

HVDC System

An electrical power system which transfers energy in the form of high
voltage direct current between two or more alternating current (AC)
buses and comprises at least two HVDC Converter Stations with DC
transmission lines or cables between the HVDC Converter Stations.

Comment [NG7]: The term
equipment has been replaced by Plant
and Apparatus to prevent and risk of
confusion with the term HVDC
Equipment.

HVDC System Owner

A party who owns and is responsible for an HVDC System. For the
avoidance of doubt a DC Connected Power Park Module owner
would be treated as a Generator.

Limited Frequency Sensitive
Mode

A mode whereby the operation of a Power Generating Module, DC
Connected Power Park Module (or HVDC System exporting Active
Power to the Total System) is Frequency insensitive except when the
System Frequency exceeds 50.4Hz in which case Limited Frequency
Sensitive Mode — Overfrequency (LFSM-0) must be provided or
Limited Frequency Sensitive Mode - Underfrequency (LFSM-U)
should be provided.




LV Synchronous Generating
Unit Performance Chart

A diagram showing the Real Power (MW) and Reactive Power (MVAr)
capability limits within which a Synchronous Generating Unit at its
stator terminals will be expected to operate under steady state
conditions.

Minimum Regulating Level

the minimum Active Power, as specified in the Bilateral Agreement
or as agreed between NGET and the Generator, down to which the
Power Generating Module can control Active Power;

Minimum Stable Operating
Level

the minimum Active Power, as specified in the Bilateral Agreement
or as agreed between NGET and the Generator, at which the Power
Generating Module can be operated stably for an unlimited time

Onshore Synchronous Power
Generating Module

A Synchronous Power Generating Module located Onshore

Operating Angle

The angle of the voltage source of a Power Park Module, HVDC
Equipment (whose converter control system meets the requirements
of ECC.6.3.16.2) with respect to the System

Power-Generating Module

Either a Synchronous Power-Generating Module or a Power Park
Module

Power Factor

fThe ratio of Active Power to Apparent Power‘.

Power Station

%n installation comprising one or more Generating Units or Power
Generating Modules erPeower—Park—Meodules (even where sited
separately)owned and/or controlled by the same Generator, which
may reasonably be considered as being managed as one Power
Station.\

Private Network

LA User which connects to a Network Operators System and that
User is not classified as a Generator, Network Operator or Non
Embedded Customer.

Q/Pmax

The ratio of Reactive Power to the Maximum Capacity. The
relationship between Power Factor and Q/Pmax is given by the
formula:-

Power Factor = Cos [arctan[ﬁ]]

Reactive Power (Q)

The product of voltage and current and the sine of the phase angle
between them measured in units of voltamperes reactive and standard
multiples thereof, ie: 1000 VAr = 1 kVAr

[Comment [NG8]: GB term used

)

Comment [NG9]: Retains GB
defintion but removes the term Power
Park Modula nd replaces this with
Power Generating Module.

Comment [NG10]: This requires
further checking




1000 kVAr = 1 Mvar

Remote End HVDC Converter
Station

An HVDC Converter Station which forms part of an HVDC System and
is not directly connected to the AC part of the GB Synchronous Area.

Synchronous Area

LAn area covered by synchronously interconnected Transmission
Licensees, such as the Synchronous Areas of Continental Europe,
Great Britain, Ireland-Northern Ireland and Nordic and the power
systems of Lithuania, Latvia and Estonia, together referred to as
‘Baltic’ which are part of a wider Synchronous Area;‘

Comment [NG11]: Taken from RfG
but requires checking

Synchronous Power-
Generating Module

An indivisible set of installations which can generate electrical energy
such that the frequency of the generated voltage, the generator
speed and the frequency of network voltage are in a constant ratio
and thus in synchronism. For the avoidance of doubt a Synchronous
Power Generating Module could comprise of one or more
Synchronous Generating Units

Synchronous Generating Unit

A Generating Unit including, for the avoidance of doubt, a CCGT Unit
in which, under all steady state conditions, the rotor rotates at a
mechanical speed equal to the electrical frequency of the National
Electricity Transmission System divided by the number of pole pairs
of the Generating Unit. Fortheaveidance-of doubtan-Synchronous
G ine Unit i i

Type A Power Generating
Module

A Power-Generating Module with a Grid Entry Point or User System
Entry Point below 110 kV and a Maximum Capacity of 0.8 kW or
greater but less than 1MW,

Type B Power Generating
Module

A Power-Generating Module with a Grid Entry Point or User System
Entry Point below 110 kV and a Maximum Capacity of 1MW or
greater but less than 10MW;

Type C Power Generating
Module

A Power-Generating Module with a Grid Entry Point or User System
Entry Point below 110 kV and a Maximum Capacity of 10MW or
greater but less than 50MW;

Type D Power Generating
Module

A Power-generating Module:

with a Grid Entry Point or User System Entry Point at, or greater
than, 110 kV; or

with a Grid Entry Point or User System Entry Point below 110 kV and

with Registered Capacity of 50MW or greater







DRAFT FREQUENCY LEGAL TEXT

Key
1) Blue Text — From Grid Code
2) Black Text — Changes / Additional words
3) Orange/ Brown text — From RfG
4) Purple — From HVDC Code

5) Highlighted yellow text — Nomenclature / Table / Figure numbers — to be finalised when more detail

has been added

GLOSSARY AND DEFINITIONS

A complete review of the Glossary and Definitions will be required when the full suite of European Codes has been
implemented. The current assumption is to use GB definitions where appropriate with use of European definitions
where required. The current European definitions used in the text are summarised below but it should be stressed

that this is very much work in progress and further revisions will be required in the future.

Term

Definition

Black Start Contract

An agreement between a Generator and NGET under which the
Generator provides Black Start Capability and other associated
services.

Block Load Capability,

The incremental Active Power steps, from no load to Rated MW,

which a Generator, can instantaneously supply without causing it to

B s

trip or go outside the Frequency range of 47.5 — 52Hz (or an
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otherwise agreed Frequency, range). The time between each
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incremental step shall also be provided.

Droop

The ratio of the per unit steady state change in speed, or in

Frequency to the per unit steady state change in power output. l

%

O\

G e Uni

Frequency Response
Insensitivity

The itnherent feature of the control system specified as the minimum
magnitude of change in the frequency or input signal that results in a
change of output power or output signal
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Comment [NG2]: This issue requires
further workgroup discussion but is
dependent upon the Small, Medium
and Lage debate and how new Power
Generating Modules are treated. It is
suggested this defintion is taken out of
this consultation and considered as part
| of System Management or TSOG.

Comment [NG3]: Like Genset this is
an issue for the Large, Medium and
Small debate. It is proposed that the
current defintion of Registered Capacity
is retained for Exisiting and for new the
term Pmax is used which is the RfG
term. Again workgroup discussion is

\C required on this point.
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In the case of mechanical governor systems the Governor Deadband
is the same as Frequency Response Insensitivity

Houseload Operation

Operation which ensures that a Power Station is able to continue to

supply its in-house load in the event of multiple System faults resulting
in Power-Generating Modules being disconnected from the System
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and tripped onto their auxiliary supplies|

Limited Frequency Sensitive

Mode — Overfrequency or

A Power Generating Module or HVDC System operating mode which

will result in Active Power output reduction in response to a change

[

with modifications
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in System Frequency above a certain value.
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Limited Frequency Sensitive

Mode - Underfrequency or

A Power Generating Module or HVDC System operating mode which

Formatted

will result in Active Power output increase in response to a change in

LFSM-U

System Frequency below a certain value.

Minimum Regulating Level

the minimum Active Power, as specified in the Bilateral Agreement
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or as agreed between NGET and the Generator, down to which the

Power, Generating Module can control Active Power;

Minimum Stable Operating
Level

the minimum Active Power, as specified in the Bilateral Agreement

or as agreed between NGET and the Generator, at which the Power
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Limited Frequency Sensitive
Mode

A mode whereby the operation of a Power Generating Module, DC

Connected Power Park Module  (or HVDC System exportin
Power to the Total System) is Frequency insensitive except when the

ctive
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System Frequency exceeds 50.4Hz in which case Limited Frequency

Sensitive Mode — Overfrequency (LFSM-O) must be provided or,




Limited Frequency Sensitive Mode - Underfrequency (LFSM-U)
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should be provided.

GB Synchronous Area

hhe AC power System in Great Britain which connects User’s,

and is considered to operate in synchronism with each other at each
Connection Point and at the same System Frequency

e

Synchronous Area

LAn area covered by synchronously interconnected Transmission

Licensees, such as the Synchronous Areas of Continental Europe,

Great Britain, Ireland-Northern Ireland and Nordic and the power
systems of Lithuania, Latvia and Estonia, together referred to as
‘Baltic’ which are part of a wider Synchronous Area;
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Comment [NG5]: New definition added
- the RfG term is considered too
generic

DC Connected Power Park

A Power Park Module that is connected to one or more HVDC

Module

Interface Points to one or more HVDC Systems.

HVDC Equipment

ColectivelymeansaAn HVDC System-and, a DC Connected Power
Park Module andor _a Remote End HVDC Converter Station

HVDC System

An electrical power system which transfers energy in the form of high

voltage direct current between two or more alternating current (AC)
buses and comprises at least two HVDC Converter Stations with DC
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transmission lines or cables between the HVDC Converter Stations, | [Formatted: Font: Not Bold J
HVDC System Owner A party who owns and-srespensibleferan HVDC System. For the
avoidance of doubt a DC Connected Power Park Module owner
would be treated as a Generator.
HVDC Converter Station Part of an HVDC System which consists of one or more HVDC
Converters installed in a single location together with buildings,
reactors, filters reactive power devices, control, monitoring,
protective, measuring and auxiliary equipment.
HVDC Converter Station A party who owns and-isrespensibleforan HVDC Converter Station.
Owner
HVDC Interface Point A point at which HVDC Plant and Apparatus eguiprent is connected
to an AC network at which technical specifications affecting the
performance of the Plant and Apparatus can be prescribed.
Remote End HVDC Converter | An HVDC Converter Station which forms part of an HVDC System and [Formatted: Font: Bold }
Station is not directly connected to the AC part of the GB Synchronous Area. [Formatted; Font: Bold ]

ECC.2

DEFINITIONS OF PHYSICAL QUANTITIES
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ECC.2.1
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ECC.6.1.2
ECC.6.1.2.1

ECC6.1.2.1.1

ECC.6.1.2.1.2

ECC.6.1.2.1.3

ECC.6.1.2.1.4

ECC.6.1.2.2

For the purposes of the Grid Code, physical guantities such as current or voltage are not<

defined terms as their meaning will vary depending upon the context of the obligation. For
example, voltage could mean positive phase sequence root means square voltage,
instantaneous voltage, phase to phase voltage, phase to earth voltage. The same issue
equally applies to current, and it therefore felt that in view of these variations the terms
current_and voltage should remain undefined with the meaning depending upon the
context of the application. The European Connection Codes define requirements of current
and voltage but they have not been adopted as part of EU implementation.,
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Grid Frequency Variations

Grid Frequencv Variations for all User’s excluding HVDC EquipmentCenverters—ata-DC

The Frequency of the National Electricity Transmission System shall be nominally 50Hz and
shall be controlled within the limits of 49.5 - 50.5Hz unless exceptional circumstances
prevail.

The System Frequency could rise to 52Hz or fall to 47Hz in exceptional circumstances.
Design of User's Plant and Apparatus and OTSDUW Plant and Apparatus must enable
operation of that Plant and Apparatus within that range in accordance with the following:

Frequency Range Requirement

51.5Hz - 52Hz Operation for a period of at least 15 minutes is required
each time the Frequency is above 51.5Hz.

51Hz-51.5Hz Operation for a period of at least 90 minutes is required
each time the Frequency is above 51Hz.

49.0Hz - 51Hz Continuous operation is required

47.5Hz - 49.0Hz Operation for a period of at least 90 minutes is required
each time the Frequency is below 49.0Hz.

47Hz - 47.5Hz Operation for a period of at least 20 seconds is required
each time the Frequency is below 47.5Hz.

For the avoidance of doubt, disconnection, by frequency or speed based relays is not
permitted within the frequency range 47.5Hz to 51.5Hz. Generators should however be
aware of combined voltage and frequency operating ranges as defined in ECC.6.3.12 and
ECC.6.3.14X.

NGET in co-ordination with the Relevant Transmission Licensee and/or Network Operator
and a User may agree on wider variations in frequency or longer minimum operating times
to those set out in ECC.6.1.2.1.2 or specific requirements for combined frequency and
voltage deviations. Any such requirements in relation to Generaters-Power Generating
Modules enty-shall be in accordance with ECC.6.3.12-and-be—pursuant-to-the-terms-of-the

Connection-Agreement. The User shall not unreasonably withhold consent to apply wider
frequency ranges or longer minimum times for operation taking account of their economic

and technical feasibility.

Grid Frequency VVariations for HVDC Systems Cenverters—ata-DC-Converter-Station and

Remote End HVDC Converter Stationss
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ECC.6.1.2.2.1 HVDC SystemsBE-Converters-ata-DC-ConverterStation-and Remote End HVDC Converter
Stationss shall be capable of staying connected to the System and remaining operable
within the frequency ranges and time periods specified in Table X1 below.

requirement shall continue to apply during the conditions defined in ECC.6.3.15 _

Frequency Range (Hz)

Time Period for Operation (s)

47.0—47.5Hz

60 seconds

47.5-49.0Hz

100 minutes

49.0-51.0Hz

Unlimited

51.0-51.5Hz

100 minutes

51.5Hz-52 Hz

20 minutes

Table X1 — Minimum time periods a-HVDC Systems and Remote End HVDC Converter StationsB€

ECC.6.1.2.2.2

ECC.6.1.2.2.3

ECC6.1.2.2.4

ECC.6.1.2.3
ECC.6.1.2.3.1

Cepverterata-DCCenverterStationand-PemeteEnd-DC Cenvertaersshall be able to
operate for different frequencies deviating from a nominal value without disconnecting
from the National Electricity Transmission System netwerk
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‘NGET in_coordination with the Relevant Transmission Licensee and a HVDC SystemB€
Converter-Station Owner may agree wider frequency ranges or longer minimum operating

times ifagreed—with-theRelevantTransmission-Licensee—and-if required to preserve or

restore system security. If wider frequency ranges or longer minimum times for operation

are economically and technically feasible, the HVDC Cenverter-Systemtation Owner shall

not unreasonably withhold consent.\
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Multiple agrees ?

Not withstanding the requirements of ECC.6.1.2.2.1, an HVDC System DC-Cenverterata
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automatic disconnection at frequencies specified by NGET and/or Relevant Network
Operator. uch—reguiremen would—be pursuantto—the terms of the Connection

In the case of Remote End_HV-DC Converter Stationss where the Remote End DC Converter
Stationnetwerk is operating at either nominal frequency other than 50Hz or a variable

[ Formatted: Font:
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frequency, the requirements defined in ECC6.1.2.2.1 to ECC.6.1.2.2.3 shall apply to the
Remote End HVDC Converter Station other than in respect of the frequency ranges and

Grid Frequency Variations for DC Connected Power Park Modules

DC Connected Power Park Modules shall be capable of staying connected to the Remote
End DC Converter network and operating within the frequency ranges and time periods
specified in Table X2 below. Where a nominal frequency other than 50Hz, or a Frequency
variable by design is used as agreed with NGET and the Relevant Transmission Licensee the
applicable frequency ranges and time periods shall be specified in the Bilateral Agreement
which shall (where applicable) reflect the requirements in Table X2.

Frequency Range (Hz) Time Period for Operation (s)

[ Formatted: Font:
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47.0-47.5Hz 60 seconds
47.5-49.0Hz 100 minutes
49.0-51.0Hz Unlimited
51.0-51.5Hz 100 minutes
51.5Hz—-52 Hz 20 minutes

Table X1 — Minimum time periods a DC Converter at a DC Converter Station shall be able to operate for

ECC.6.1.2.3.2

ECC.6.1.2.2.3

ECC.6.3.1
ECC.6.3.1.1

different frequencies deviating from a nominal value without disconnecting from the
National Electricity Transmission Systemnetweork

NGET in coordination with the Relevant Transmission Licensee and a Generator may agree
wider frequency ranges or longer minimum operating times #f-agreed-with-the Relevant
Transmission-Licensee-and if required to preserve or restore system security and to ensure
the optimum capability of the DC Connected Power Park Module. If wider frequency
ranges or longer minimum times for operation are economically and technically feasible,
the GeneratorBC-Converter-Station-Owner shall not unreasonably withhold consent.

Not withstanding the requirements of ECC.6.1.2.3.1, a DC Connected Power Park Module
shall be capable of automatic disconnection at frequencies specified by NGET—{and-/eF
Relevant—Net-weFk-OpeFa-teﬁ Such requirements (including the conditions and settings) for
automatic disconnection shall be agreed between NGET; {the-Relevant-Network-Operator
as—appheabie)—ﬂ;e—kelevant—hansmassnon—Lmensee—and the Generator and—would—be
drafting as this is picked up by ECC.6.3.3 ~ Output Power with falling frequency).

GENERAL POWER GENERATING MODULE, DC CONVERTER (AND OTSDUW) REQUIREMENTS

rThis section sets out the technical and design criteria and performance requirements for

1y-pe+\—1’-y=pe—B—'Fy-pe—Gand—'l’-y-pe—D—Power Generatmg Modules and HVDC Equipment -BC

End-DC Converters DC-Converters—and-RowerRark-Modules (whether dlrectly connected
to the National Electricity Transmission System or Embedded) and (where provided in this
section) OTSDUW Plant and Apparatus which each Generator or HVDC SystemConverter

Station—Oewner must ensure are complied with in relation to its Power Generating ~

Modules, HVDC Equipment Generating-Units, DC-Converters—and-PowerPark-Medules

and OTSDUW Plant and Apparatus but—does—ot—apply—te—Small-Rower—Stations—or

ndividuaty-to-PeowerPark-Units. References to Type A, Type B Type Cand Type D-Power
Generatmg Modules Units, HVDC Equipment BC-Converters-ata-DC-ConverterStation,BDC

(
(
A
(
(

Comment [NG8]: Agreement via
NGET and the Relevant Transmission
Licensee would be via the STC
Proresses hence reference to Relevent
Network Operator has been removed
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contigent upon the decisoion made on
Large, Medium and Small. For the time
being it is assumed that plant above a
certain size would need to meet the
requirements of the Grid Code and
Distribution Code as per current
practice but this needs to be tied up
with the Large, Medium Small issue. In
addition it is assumed that OTSDUW
plant and Apparatus would subsumed
into the new drafting otherwise
Generators will need to refer to the
exisiting CC's for OTSDUW Plant and
the ECC's for Generation and HVDC
Converters. This becomes even more
confusing where you have different
requirements between HVDC
connections and AC connections.
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ECC.6.3.3
ECC.6.3.3.1

CC6.33.1.1

OUTPUT POWER WITH FALLING FREQUENCY

Output power with falling frequency for—TFype-A—Type B TypeC andTypeD Power

Generating Modules and HVDC Equipment,-BE-Converters-at-a-DC-Converter-Station-DC
Connected PowerPark-Modules and Remote End DC Converters

[Formatted: Font: Bold

[Formatted: Font: Not Bold

End-DC-Converter must be capable of:
(a)

(b)

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

(subject to the provisions of ECC.6.1.2) maintaining its Active Power output at a level
not lower than the figure determined by the linear relationship shown in Figure X2 for
System Frequency changes within the range 49.5 to 47 Hz for all ambient
temperatures up to and including 25°C, such that if the System Frequency drops to 47
Hz the Active Power output does not decrease by more than 5%. In the case of a CCGT
Module, the above requirement shall be retained down to the Low Frequency Relay
trip setting of 48.8 Hz, which reflects the first stage of the Automatic Low Frequency
Demand Disconnection scheme notified to Network Operators under EOC6.6.2. For
System Frequency below that setting, the existing requirement shall be retained for a
minimum period of 5 minutes while System Frequency remains below that setting,
and special measure(s) that may be required to meet this requirement shall be kept in
service during this period. After that 5 minutes period, if System Frequency remains
below that setting, the special measure(s) must be discontinued if there is a materially
increased risk of the Gas Turbine tripping. The need for special measure(s) is linked to
the inherent Gas Turbine Active Power output reduction caused by reduced shaft
speed due to falling System Frequency. Where the need for special measures is
identified in order to maintain output in line with the level identified in Figure X2 these
measures should be still continued at ambient temperatures above 25°C maintaining
as much of the Active Power achievable within the capability of the plant.

Figure X2
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(c)

(d)

(f)

For the avoidance of doubt, in the case of a Power Generating Module including a DC
Connected Power Park Module Generating-Unit-or-PowerPRark-Meodule (o+OFSDUW
DC-Converters—at-the lnterfacePoint} 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.

An HVDC Systemeerweﬁer—a{—a—%eefweﬂev—smﬁen—{and a Remote End HVDC

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

In the case of an Offshore Generating Unit or Offshore Power Park Module or DC
Connected Power Park Module or Remote End HVDC Converter or Transmission DC
Converter (legal check does this includes OTSDUW DC Converter?) Offshore—DC
Converter—and—OTSDUW--DC—Converter, the Generator shall comply with the
requirements of ECC.6.3.3. Generators should be aware that Section K of the STC
places requirements on Offshore Transmission Licensees which utilise a Transmission
DC Converter as part of their Offshore Transmission System to make appropriate
provisions to enable Generators to fulfil their obligations.

tr—the—case—ofa-Transmission DC Converters and Remote End HVDC Converters
OTSDUW —the—OTSDUW Plant—and—Apparatus—shall provide a continuous signal
indicating the real time frequency measured at the Interface Point to the Offshore
Grid Entry Point or HVDC Interface Point for the purpose of Offshore Generators or
DC Connected Power Park Modules to respond to changes in System Frequency on
the Main Interconnected Transmission System. A DC Connected Power Park Module
or Offshore Power Generating ModuleGenerater shall be capable of receiving and
processing this signal within 100ms.

ACTIVE POWER CONTROL
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ECC.6.3.X.1

ECC.6.3.X.1.1

ECC.6.3.X.1.2

ECC.6.3.X.1.3

ECC.6.3.X.2

ECC.6.3.X.2.1

ECC.6.3.X.2.2

ECC.6.3.X.2.3

ECC.6.3.5

Active Power control in respect of Power Park Modules including DC Connected Power
Park Modules

Type A Power Generating Modules shall be equipped with a logic interface (input port) in
order to cease Active Power output within five seconds following an instruction being

received at the input port. -.
remote operation)

INGET may specify any additional requirements (including

Type B Power Generating Modules shall be equipped with an interface (input port) in order
to be able to reduce Active Power output following an instruction at the input port. NGET
or-the-Network-Operater-maywill specify any additional requirements (including remote
operation)-in-the-Connection-Agreement.

r'l'ype C and Type D Power Generating Modules and DC Connected Power Park Modules
shall be capable of adjusting the Active Power setpoint in accordance with instructions
issued by NGET;-a-lelevaniTronsmissienticensec-ara-tletwercOperator. Fhetimingetf
respense%e—sueh—mstruetmns—m—spee#ed—m—the—aalanemg—cede\ hn the event the load

controller or related control system is out of service, manual local measures may be
ermitted. In such cases ify The Authority of the time required to reach an

new Active Power setpo

StationsBE-Ce

Each HVDC System Cenverterat-a-BE-ConverterStation and Remote End HVDC Converter
tation shall be capable of adjusting the transmitted Active Power up to its maximum
Active Power transfer capability in each direction following an instruction from NGET in
accordance with the requirements of the Balancing Codes.

r'l'he requirements for fast Active Power reversal (if required) shall be specified in—the
Where Active Power reversal is specified-in-the-Bilateral

Agreement, each HVDC System Cenverter—ataDCConverterStatien and Remote End

HVDC Converter Station shall be capable of operating from maximum import to maximum

export in a time no greater than 2 seconds except where a HVDC Converter Station Owner
has justified to NGET that a longer reversal time is required.\

Y )

specification is likely to be required
here for both Type A and Type B for
example what form does the signal take
and is it digital or analogue.
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Comment [NG13]: Amend - shoud this

Comment [NG12]: An addtional ]
be part of the RES / Standard? }

Comment [NG14]: Consider in more
detail - tolerance and new setpoint -
This requires more thought and is also
linked to the Large / Medium / Small
debate. Generators would need to
respond within 2 minutes of an
instruction from National Grid - the
tolerance and time of reaching the new
set point revolves around PN data from
BM parties and the dynamic paramters
of the Generating Unit. It is still felt that
referring to the Balancing Codes is the
best option but needs to be discussed
with Stakeholders.
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Comment [NG15]: Not sure this is
required - | am not sure we would
permit this and even then notifying
Ofgem of the parameters for each new
load point would be a challenging task
initself. Suggest itis deleted but needs
to be reflected in the mapping table.
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Where an HVDC System connects various Control Areas or Synchronous Areas, each HVDC

System Cenverterata-DC-ConverterStation or Remote End HVDC Converter Station shall

be capable of responding to instructions issued by NGET under the Balancing Code to
modify the transmitted Active Power for the purposes of cross-border balancing. -

BLACK START
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Bilateral Agreement in this case
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ECC.6.3.5.1

ECC.6.3.5.22

ECC.6.3.5.2

ECC.6.3.5.3

Black Start is not a mandatory requirement, however Users may wish to notify NGET of«

[Formatted: Font: Not Bold, Highlight ]

their_ability to provide a Black Start facility and the cost of the service. NGET will then
consider whether it wishes to contract with the User for the provision of a Black Start

‘ [Formatted: Indent: Left: 0cm,

Hanging: 2.5 cm

)

)
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service which would be specified via a Black Start Ceontract. Where a User does not offer [Formatted: Font: Bold
to provide a cost for the provision of a Black Start Capability, NGET may make such a
request if it considers System security to be at risk due to a lack of Black Start capability.
It is an essential requirement that the National Electricity Transmission System must
incorporate a Black Start Capability. This will be achieved by agreeing a Black Start
Capability at a number of strateglcally located Power Stations and_HVDC Systems-B€ [Formatted: Font: Bold
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aJse—a-ppl-y—te—aH—Type C and Type D Power Generating Modules |nclud|ng DC Connected "[Formatted: Font: Bold

Power Park Modules the following requirements shall apply.

o U )

(i) TheA Power-Generating Module-ireludinga or DC Connected Power Park Module
with-a-Black-Start-Capability-shall be capable of starting from shutdown without
any external electrical energy supply within a time frame specified by NGET in the
Black Start Ceontract.

[Formatted:

Font: Bold

(i) In-addition-te-thereguirements-of- ECC6-3-5-3{i}-Eeach Power Generating Module

orineluding-a DC Connected Power Park Module with-a-Black-Start-Capability shall
alse- be able to synchronise within the frequency limits defined in ECC.6.1.2 laid

down-inpeint{ajef-Article 131} and, where applicable, voltage limits specified by

therelevant system operatororinArticle 16{2) in ECC.6.1.4; Fortheaveidanceof
doubt

{i#(iii) Thea Power Generating Module ireludinga or DC Connected Power Park Module
with—a-Black-Start-Capability shall-alse be capable of connecting on to an dead
unenergised System.

{ifij(iv) TheA Power-Generating Module orineluding-a DC Connected Power Park Module
with—Black-Start-Capability shall be capable of automatically regulating dips in
voltage caused by connection of demand;

{iv}(v) TheA Power Generating Module ireluding-a or DC Connected Power Park Module
with-Black Start Capability <hall:

be capable of Block Load Capabilit i i } ! ;

be capable of operating in LFSM-O and LFSM-U, as specified in peint{e}-of

paragraph2-and-Article 13(2), XXXXI(subnote — include ECC refs to LFSM-O and
LFSM-U).

Comment [NG17]: Need to check with
the Black Start team the specification of
times between each incramental step
and where this information is provided.
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ECC.6.3.5.4

ECC.6.3.5.4

control Frequency in case of overfrequency and underfrequency within the

whole Active Power output range between the Minimum Regulating Level \and

Maximum Capacity as well as at Hhouseload Operation levels,

be capable of parallel operation of a few Power Generating Modules including !

DC Connected Power Park Modules within an isolated part of the Total System

that is still supplying Customers ene-island, and control voltage automatically
during the system restoration phase;

Each HVDC System -Coenverterat-a-DC-Converter-Station or Remote End HVDC Converter

—_— =

\ kRegulating level included in definitions )

=

“(‘comment [NG19]: Unbold in

| Legal

[ comment [NG18]: RfG Defintion used )
- capability requirement - Minimum
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susequent sections of code or consider
this in wider context -. Defined as a new
term copied from RfG - discuss with
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Station—which—forms—part—ofa—HVDC-System and has a Black Start Capability shall be

capable of energising the busbar of an AC substation to which another DC Converter
Station is connected. The timeframe after shutdown of the HVDC System prior to
energisation of the AC substation shall be pursuant to the terms of the Black Start
Ceontract. The HVDC System shall be able to synchronise within the Ffrequency limits
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defined in ECC.6.1.2.1.2 and voltage limits defined in ECC.6.1.4.1 unless otherwise specified
in the Black Start Ceontract. Wider Ffrequency and voltage ranges can be specified in the

Black Start Ccontract in order to restore System security. [AREBZ(3) SOt reflectedds these
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(i) Power Generating Modules including DC Connected Power Park Modules shall be
capable of taking part in island operation if specified in the Black Start Contract

 NGET the relevant-system-operatorin-coordination-with-the relevant
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FSO and:

the Frequency limits for island operation shall be those specified in ECC.6.1.2
) . . int () of Arti 31),
the voltage limits for island operation shall be those defined in ECC.6.1.4 (Need

to ensure consistency with Art 15(3) established-inaccordance-with-Article 15(3)
or-Article 16{2) - where-applicable;

[t Power Generating Modules including DC Connected Power Park Modules shall be
able to operate in Frequency Sensitive Mode during island operation, as specified
in ECC.6.3.7 Xpeint{d}-of paragraph—2. In the event of a power surplus, Power
Generating Modules including DC Connected Power Park Modules shall be capable
of reducing the Active Power output from a previous operating point to any new
operating point within the Generator Performance Chart P-O-Capability-Diagram.
ta-thatregardthe Power Generating Modules including DC Connected Power Park
Modules shall be capable of reducing Active Power output as much as inherently
technically feasible, but to at least 55 % of its Maximum Capacity;




ECC.6.3.5.5

ECC.6.3.6
ECC.6.3.6.1

The method for detecting a change from interconnected system operation to island

operation shall be agreed between the Generator powergeneratingfaciity-ewner

NGET and the Relevant Transmission Licensee. the—relevantsystem—eperaterin
coordination-with-therelevant¥SO. The agreed method of detection must not rely

solely on NGET, Relevant Transmission Licensee’s or Network Operators system
operaters switchgear position signals;

(iv) Power Generating Modules including DC Connected Power Park Modules shall be
able to operate in LFSM-O and LFSM-U during island operation, as specified in
ECC.6.3.7.X peint{elofparagraph2 and ECC.6.3 . X.X.Article13{2};

With regard to quick re-synchronisation capability:

(iii) In case of disconnection of the Power Generating Module including DC Connected
Power Park Modules from the SystemMNetwerk, the Power Generating Module
shall be capable of quick re-synchronisation in line with the Protection strategy
agreed between NGET and/or Network Operator in co-ordination with the

Relevant Transmission Licensee.therelevantsystem-eperatorin-coordination-with
therelevantFSO-and the Generator power-generating-faciity;

(iv) A Power Generating Module including a DC Connected Power Park Module with a
minimum re-synchronisation time greater than 15 minutes after its disconnection
from any external power supply must be capable of Houseload Operation desigred
to—trip—to—heuseload-from any operating point on in-its-P-Q—CapabilityDiagram

Generator Performance Chart. In this case, the identification of Houseload,
Operatlon must not be based solely on the System’sthe—NGEFs—Relevant

position signals;

(v) Power Generating Modules including DC Connected Power Park Modules shall be

capable of eentinuing—_Houseload Oeperation—fellowing—tripping—to—houseload,
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irrespective of any auxiliary connection to the System externalnetwerk. The
minimum operatlon time shall be specn‘led by NGET and,lef—l\l-et-wer-k—OPeFat-eF—m

Fe#e#ant—&ys%an—epe#ater—M—eeeFd#}aﬁeﬂ—M%h—ﬂ%—Fe#emH’é@, taking into

consideration the specific characteristics of prime mover technology.

MODULATION OF ACTIVE AND REACTIVE POWER

Each Power Generatmg Module_and- HVDC Egumment DC Converterat-a-DC Converter

capable of contributing to Frequency control by continuous modulation of Active Power

supplied to the National Electricity Transmission System-erthe-UserSystem-in-which-itis
Embedded. For the avoidance of doubt each HVDC SystemCenverter at-a-DC-Converter
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Station-Remeote-End-DC-Converter-and/or OTSDUW DC Converter shall provide each User
in respect of its Offshore Power Stations connected to and/or using an Offshore
Transmission System a continuous signal indicating the real time Frequency measured at
the Transmission Interface Point. A DC Connected Power Park Module or Offshore Power

Generating ModuleGenerater shall be capable of receiving and processing this signal
within 100ms.

 Formatted: Not Highlight




ECC.6.3.6.2

ECC.6.3.7
ECC.6.3.7.1
ECC.6.3.7.1.1

ECC.6.3.7.1.2

Each Power Generating Module_and HVDC Equipment; BC-Converterata-DC-Converter
Station,—DCConnectedPower ParkModuleRemote End-DC Converter—-(and OTSDUW
Plant and Apparatus at a Transmission Interface Point) must be capable of contributing to
voltage control by continuous changes to the Reactive Power supplied to the National
Electricity Transmission System or the User System in which it is Embedded.
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FREQUENCY RESPONSE

Limited Frequency Sensitive Mode — Overfrequency (LFSM-0)
Each Iype—A—T—y-pe—B—'l’-ype—G—and—Ipre—D—Power Generatmg Module_and HVDC Equipment;

aﬂd—Remete—End—D@Genveﬂer shall be capable of reducing Active Power output in
response to System Frequency when this rises above 50.4Hz. For the avoidance of doubt,
the provision of this reduction in Active Power output is not an Ancillary Service. Such
provision is known as Limited High Frequency Response. The Power Generating Module or

Meodule-or-Remote-End-BC-Converter-shall be capable of operating stably during LFSM-0O
operation. However for a Power Generatmg Viodule,-DC-Converterata-DC-Converter
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(i)

(ii)

[Formatted: Font: Bold
when the frequency exceeds 50.5Hz.
The rate of change of Active Power output must be at a minimum a rate of 2 percent
of output per 0.1 Hz deviation of System Frequency above 50.4Hz (ie a Droop of [Formatted: Font: Bold
10%) as shown in Figure X1 below._For the avoidance of doubt, this would not
preclude a Generator or HVDC System Owner from designing their Power [Formatted: Font: Bold
Generating Module with a lower Droop setting, for example between 3 — 5%. ‘ [Formatted: Font: Bold
. . . . ) [ Formatted: Font: Bold
The reduction in Active Power output must be continuously and linearly [ ormatted: Font Bo
[Formatted: Font: Bold

(iii)

(vi)

proportional, as far as is practicable, to the excess of Frequency above 50.4 Hz and
must be provided increasingly with time over the period specified in (iii) below.

As much as possible of the proportional reduction in Active Power output must
result from the frequency control device (or speed governor) action and must be
achieved within 10 seconds of the time of the Frequency increase above 50.4 Hz.
The Power Generatmg Module orHVDCEulment—Deeenverter—at—a-DC—eeaweFter
a odu shall be
capable of initiating a power Frequency response with an initial delay that is as short
s possibleminimal—delay. If the delay exceeds 2 seconds the Generator or DC
Converter Station Owner shall justify the delay, providing technical evidence to

NGET, —the-lletnerk Operator or Delevant Transpaission teansoa(Multiple 7SO

clatise-isste)

The residue of the proportional reduction in Active Power output which results from
automatic action of the Power Generatlng Module_or HVDC Equipment,—B€

End—DGGenver—t-er output control dewces other than the frequency control devices
(or speed governors) must be achieved within 3 minutes for the time of the
Frequency increase above 50.4Hz.

o U L _J
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ECC.6.3.7.1.3

ECC.6.3.7.1.4

ECC.6.3.7.1.5

Active powerfrequency response capability of power genemting modules in LFSM-O

ap
A Prer
1.01 4
49.9 50.1 50.2 50.3 50.4 50.5
v T v v >
/ / Hz
0999 .+ s,[5] setting is 10%inGB area. /

* Synchronous Power Generating Modules
Pras i the Maximum Capacity
0984-------mmmmmm e

* Power Park Modules
Preis the Meximum Capecity taking into

0.97 4 sccount any Power Park Units notin service

the change in Active Power output from the Power Generating Module or HVDC

| Comment [NG20]: Update or duplicate
diagram to include DC Converters, DC

/| Connected Power Park Modules and

Remote End DC Converters
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Equipment. Fn is the nominal frequency (50Hz) in the network and Af is the Frequency
deviation in the network. At overfrequencies where Af is below Af; the Power Generating
Module or HVDC Equipment has to provide a negative Active Power output change

[Formatted: Font: Bold ]

according to droop S, which shall be no greater than 10%. |

Each Power Generatmg Module or HVDC Equ_pment meluémg—a—l;@@enneet-ed—llower—llapk

which is
prowdmg Limited High Frequency Response (LFSM 0) must continue to provide it until the
Frequency has returned to or below 50.4Hz or until otherwise instructed by NGET-erthe
Netwerk-Operater. Generators in respect of Gensets and HVDC Converter Station Owners

in respect of an HVDC System Gmwe;tees—at—a—l;@@enve;ter—Staﬂen—and—Remote—End—DG

Steady state operation below Minimum Generation in the case of Power Generating
Modules including DC Connected Power Park Modules or minimum Active Power transfer
capability in the case of HVDC Systems Convertersata-DCConverterStation-orRemete

) [Formatted: Font: Bold
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Comment [NG21]: . Note
Synchronous Plant is treated differently
from Asynchronous Plant. We would
not want this characterisitc as we would
expect all plant to behave in the same
way irrespective of its type - ie deload
by 2% of output irrespective of its
loading level. The diagram wiull be
updated to include this.
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o L

End-DC Converters is not expected but if System operating conditions cause operation
below Minimum Generation or minimum Active Power transfer capability which give rise
to operational difficulties for the Power Generating Module including a DC Connected
Power Park Module or HVDC Systems BPC-Converterat-a-DC-ConverterStation-or-Remote

End-DC-Converter-then the Generator or DC Converter Station Owner shall be able to
return the output of the Power Generating Module including a DC Connected Power Park
Module to an output of not less than the Minimum Generation or BC-CenverterataDC
Converter-Station—or-Remote-End-DCConverter—HVDC System to an output of not less

[Formatted: Font: Bold ]
[Formatted: Font: Bold ]
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[Formatted: Font: Bold ]

than the minimum transfer capability. =~



ECC.6.3.7.1.6 All reasonable efforts should in the event be made by the Generator or DC Converter
Station Owner to avoid such tripping provided that the System Frequency is below 52Hz in
accordance with the requirements of-._ If the System Frequency is at or [Formatted: Highlight ]

above 52Hz, the requirement to make all reasonable efforts to avoid tripping does not
apply and the Generator or DC Converter Station Owner is required to take action to
protect its Power Generating Modules including DC Connected Power Park Modules or

HVDC Converter Stationss as-specifiednECC6-3-13-

ECC.6.3.7.2 Limited Frequency Sensitive Mode — Underfrequency (LFSM-U)

ECC.6.3.7.2.1 [Each Type C and Type D Power Generating Module_or HVDC Equipment operatin
Limited Frequency Sensitive Mode,-BE-Connected-PowerPark-Module,-DC-Converterata
DC-ConverterStation-and-Remete-End-DC-Converters shall be capable of increasing Active
Power output in response to System Frequency when this falls below 49.5Hz. For the
avoidance of doubt, the provision of this increase in Active Power output is not an
mandatory Anmllary Service and it is not ant|C|pated Power Generating Modules_or HVDC
Equipment; B = 2rte : aF
and-Remote-End-DC-Converters are operated in an inefficient mode to facilitate dellvery of

LFSM-U response, but any inherent capability should be made available without undue

delay The Power Generatlng Module_or HVDC Equipment,—DC—Converter—at—a—bC [Formatted: Font: Not Bold ]
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be capable of stable operation during LFSM-U Mode. \

Comment [NG22]: Wording tided up -
Example to be added

ECC.6.3.7.2.2 (i) The rate of change of Active Power output must be at a minimum a rate of 2 percent
of output per 0.1 Hz deviation of System Frequency below 49.5Hz (ie a Droop of
10%) as shown in Figure X2 below. This requirement only applies if plart-the Power
Generating Module has headroom and the_ability to increase Active Power output
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enerate] For the [ Formatted: Highlight
avoidance of doubt, this would not preclude a Generator or HVDC System Owner \' { Formatted: Font: Bold, Highlight

from designing their Power Generating Module with a lower Droop setting, for Y\ { Formatted: Highlight
example between 3 —5%.

| Comment [NG23]: Additional sentence
added to clarify the droop issue. This
will need to be added to compensate
for the droop defintion defined in RfG

(i) As much as possible of the proportional increase in Active Power output must result

from the Ffrequency control device (or speed governor) action and must be achieved for Figure 4. The same argument also
for Ffrequencies below 49.5 Hz. The Power Generating Module_or HVDC applies to LFSM-O and FSM. To be

||\ | discussed internally
Equipment;,-DC Converterata-DC-Converter Station,—DC ConnectedPowerPark

Medule—orRemete—End—DC Converter shall be capable of initiating a power Formatted: Font: Bold, Highlight

Frequency response with minimal delay. If the delay exceeds 2 seconds the
Generator or DC Converter Station Owner shall justify the delay, providing technical
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(iii)  The actual delivery of Active Power Frequency Response in LFSM-U mode shall take
into account
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The ambient conditions when the response is to be triggered



ECC.6.3.7.3
ECC.6.3.7.3.1

or HVDC Equipment;

The operating conditions of the Power Generating Module

Remote-End-DC-Converter in particular limitations on operation near Registered
Maximum Capacity or maximum transfer capacity at low frequencies and the

[Formatted: Font: Not Bold ]
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respective impact of ambient conditions as detailed in ECC.6.3.3.
The availability of primary energy sources.

(iv) In LFSM_U Mode the Power Generating Module, DC Converter at a DC Converter
Station, DC Connected Power Park Module or Remote End DC Converter shall be
capable of providing a power increase up to its Registered Maximum Capacity.

Active Power Frequency Response Capability of Power Park Modules and HVDC
Equipmentoperatingin LFSM-U Mode AP

Pm_ax

NOT TO SCALE

The reguired Droop shall be 10% or less 1.025 +

1.015

101

1.005 4

I T 1 1 1 T T
494 49.5 49.6 49.7 49.3 49.9 50.1 50.2
Frequency (HZ)

|

Figure X2 —Limited Frequency Sensitive Mode — Underfrequency capability of Power
Generating Modules and HVDC Equipment.Prefis-thereference-Active-Powerto-which-AP

a ad nd m ha cpha ad d eranth fo nchrona Dowe ane na Mod e

Frequency Sensitive Mode — (FSM)

In addition to the requirements of ECC.6.3.7.1 and ECC.6.3.7.2 each Type C and Type D
Power Generating Module_or ; BC-Cenverter—ata-DC-ConverterStation,—DC-Connected
Power-PRark-Module-or-Remeote-End-DC-Converter HVDC Equipment must be fitted with a
fast acting proportional Frequency control device (or turbine speed governor) and unit load
controller or equivalent control device to provide Frequency response under normal
operational conditions in accordance with Balancing Code 3 (BC3). In the case of a Power
Park Module including a DC Connected Power Park Module, the Frequency or speed
control device(s) may be on the Power Park Module (including a DC Connected Power Park
Module) or on each individual Power Park Unit (including a Power Park Unit within a DC
Connected Power Park Module) or be a combination of both. The Frequency control
device(s) (or speed governor(s)) must be designed and operated to the appropriate:

Comment [NG24]: This diagram will
need to be updated in respect of DC
Converters

Comment [NG25]: Diagram updated to
reflect GB interpretation. Droop set at
10% on maximum capacity which is the
same for Power Park Modules and
Synchronous Power Generating
Modules - note this is capability on full
output not based on loading level Will
need to be raised as part of
Stakeholder consultation




ECC.6.3.7.3.2

ECC.6.3.7.3.3

(i) European Specification: or

(ii) in the absence of a relevant European Specification, such other standard which is
in common use within the European Community (which may include a
manufacturer specification);

as at the time when the installation of which it forms part was designed or (in the case of
modification or alteration to the Frequency control device (or turbine speed governor))
when the modification or alteration was designed.

The European Specification or other standard utilised in accordance with sub paragraph

ECC.6.3.7.3.1 (a) (ii) will be notified to NGET erthe-Network-Operater-by the Generator or

DC Converter Station Owner:

(i) as part of the application for a Bilateral Agreement; or

(i) as part of the application for a varied Bilateral Agreement; or

(iliv) as soon as possible prior to any modification or alteration to the Frequency
control device (or governor); and

The Frequency control device (or speed governor) in co-ordination with other control

Comment [NG26]: Removed -
LEEMPS clause though further
discussion required on Large, Medium
and Small issue.

[Formatted: Font: Not Bold

devices must control each Type C and Type D Power Generating Module_or HVDC

Equipment; 3 3 du
Remote-End-DC-Converter Active Power Output or Active Power transfer capability with

D onvearte on nne ad-RPowerP Mod a-o
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stability over the entire operating range of the Power Generating Module_or HVDC
EguiEment’ olrerbelat a2 oerke .:-! ophected-Power2e AlodHe-e
Remote End DC Converter; and

Type C and Type D Power Generating Modules and DC Connected Power Park Modules
shall also meet the following minimum requirements:

(i)

capable of providing Active Power Frequency response in accordance with the

performance characteristic shown in Figure X3 and parameters in Table X1.



Active power frequency response capability of power genemting modules in F5M

Ap
AP
004 * 5, [%6] setting is 3-5% in GB area,

A" *  Synchronous Power Generating Modules
Poyis the Maximum Cspacity

*  Power Park Modules
Py s the Mesimum Capacity teking into
Account any Power Park Units not in senice

[
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50.2 50.4 Hz
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Comment [NG27]: Diagram to be
changed to remove the difference
Parameter Settin between Synchrongug and Power Park
g Modules. - Capability is based on
Maximum Capacity - further discussion

Nominal System Frequency 50Hz required with Generator Compliance
Active Power as a percentage of 10%
Maximum Capacity (22)

Pmax

Frequency Response Insensitivity in #15mHz [Formatted: Not Highlight
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Table X1 — Parameters for Active Power Frequency response in Frequency Sensitve
Mode including the mathematical expressions in Figure X3.

(ii) In satisfying the performance requirements specified in ECC.6.3.7.3(i) Generators in
respect of each Type C and Type D Power Generating Modules and DC Connected
Power Park Module should be aware:-

in the case of overfrequency, the Active Power Frequency response is
limited by the Minimum Regulating Level,

in the case of underfrequency, the Active Power Frequency response is

limited by the Registered Maximum Capacity, [Formatted: Not Strikethrough




the actual delivery of Active Power frequency response depends on the
operating and ambient conditions of the Power Generating Module
(including DC Connected Power Park Modules) when this response is
triggered, in particular limitations on operation near Maximum Capacity at
low Frequencies as specified in ECC.6.3.3 and available primary energy
sources.

The frequency control device (or speed governor) must also be capable of
being set so that it operates with an overall speed Droop of between 3 —
5%. The Frequency Response Ddeadband and Ddroop must be able to be

[Formatted: Font: Bold

reselected repeatedly. For the avoidance of doubt, in the case of a Power
Park Module (including DC Connected Power Park Modules) the speed
Droop should be equivalent of a fixed setting between 3% and 5% applied
to each Power Park Unit in service.

(iii) In the event of a Frequency step change, each Type C and Type D Power
Generating Module and DC Connected Power Park Module shall be capable of
activating full and stable Active Power Frequency response (without undue power
oscillations), in accordance with the performance characteristic shown in Figure X4
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and parameters in Table X2. agt{which—shall aim—at—aveiding—activepower

Active powerfrequency response capability of power genemting modules in F5M
AP

Pmm'

F 3

12.5%

10% -

7.5%

5.0%

2.5%

L J

——————t, =10 sec ————————— t/s

* 1, = 1s for Power Generating Modules without Inertia

Figure X4 Active Power Frequency Response capability. P, is the Maximum Capacity to
which AP relates. AP is the change in Active Power output from the Power Generating
Module including DC Connected Power Park Modules. The Power Generating Module
including DC Connected Power Park Modules has to provide Active Power output AP up to
the point AP, in accordance with the times t; and t, with the values of AP;, t;and t, being
specified in Table X2. t; is the initial delay. t; is the time for full activation.

Comment [NG28]: This could be
simplified with just the parameters
inserted and references to t1 and t2
removed.




(iv)

(v)

Parameter Setting

Active Power as a percentage of 10%
Maximum Capacity (frequency
14P4]
response range) (‘D
Maximum admissible initial delay t; for 2 seconds

Power Generating Modules (including
DC Connected Power Park Modules)
with inertia unless justified as specified
in ECC.6.3.7.3.3 (iv)

Maximum admissible initial delay t1 for 1 second
Power Generating Modules (including
DC Connected Power Park Modules)
which do not contribute to System

[Formatted: Font: Bold

witheut-inertia unless justified as
specified in ECC.6.3.7.3.3 (iv)

Activation time t2 10 seconds

Table X2 — Parameters for full activation of Active Power Frequency response
resulting from a Frequency step change. Table X2 also includes the mathematical
expressions used in Figure X4.

The initial activation of Active Power Primary Frequency response reguired shall
not be unduly delayed. For Type C and Type D Power Generating Modules
(including DC Connected Power Park Modules) with inertia the delay in initial
Active Power Frequency response shall not be greater than 2 seconds. For Type C
and Type D Power Generating Modules (including DC Connected Power Park
Modules) without inertia, the delay in initial Active Power Frequency response
shall not be greater than 1 second. If the Generator cannot meet this requirement
they shall provide technical evidence to NGET demonstrating why a longer time is
needed for the initial activation of Active Power Frequency response.

in the case of Type C and Type D Power Generating Modules (including DC
Connected Power Park Modules) other than the Steam Unit within a CCGT Module
the combined effect of the Frequency Response Insensitivity and Frequency
Response Deadband of the Frequency control device (or speed governor) should
be no greater than 0.03Hz (for the avoidance of doubt, +0.015Hz). In the case of
the Steam Unit within a CCGT Module, the Frequency Response Deadband should
be set to an appropriate value consistent with the requirements of ECC.6.3.7(c)(i)
and the requirements of BC3.7.2 for the provision of LFSM-O taking account of any

Frequency Response Insensitivity of the Frequency control device (or speed
governor);

[ Formatted: Not Highlight
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ECC.6.3.7.3.4 HVDC Systems Cenverterspta-DC-ConverterStation-and Remote End HVDC Converter [Formatted: Font: Not Bold ]
Stationss shall also meet the following minimum requirements:
(i) HVDC SystemsCenverters—at—a—DC—Converter—Station and Remote End HVDC
Converter_Stationss shall be capable of responding to Ffrequency deviations in [Formatted: Font: Bold ]
each connected AC System netwerk by adjusting their Active Power import or [Formatted: Font: Bold ]

export as shown in Figure X4 with the corresponding parameters in Table X2.

AP

Maimum Active Power Transmission Capacity fimpost)

AP I(){) —\_I t
P ‘r‘“o !

Th

-
Mininum Active Power Transmission € 4pacity fmpor)

7 2 ~ (£

Minimum Active Pos 'AL.Tmmmmx 1 Capacity fespot] F
..................................................... P %

Maximum Active Powes Transinission Capachty esp sport)

]Figure X4 — Active Power frequency response capability of a HVDC Cenverterata-BE

Comment [NG29]: Diagram needs to
be re-drawn - with GB parameters.

/| There needs to be a reduction in the

equations
r af
Range available for ESM
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Converter—Statien_System or Remote End HVDC Converter Station operating in
Frequency Sensitive Mode (FSM) ilustrating—the—case—of—zero—deadband—and

insensitivity-with-a-pesitive-active-powersetpoint{impert-mode}. AP is the change in
active power output from the HVDC System. fn is the target frequency in the AC

network where the FSM service is provided and Af is the frequency deviation in the AC
network where the FSM service is provided.‘

Comment [NG30]: The title and Figure
will require updating.

Parameter Setting
[Frequency Response Deadband 0 [Formatted: Font: Bold ]
Droop S1 (upward regulation) 3-5% [Formatted: Font: Bold ]
Droop S2 (downward regulation) 3-5% [Formatted: Font: Bold ]




(ii)

(iii)

[Frequency Response Insensitivity +15mHz

Table X2 — Parameters for Active Power Frequency response in FSM including the
mathematical expressions in Figure X3.

Each HVDC SystemConverter at-a-DC-ConverterStationor and Remote End HVDC

Converter Station shall be capable of adjusting the Ddroop for both upward and

downward regulation the—frequeney—response—deadband and the Active Power
range over which Frequency Sensitive Mode of operation is available as defined in
ECC.6.3.7.3.4.

In addition to the requirements in ECC.6.3.7.4(i) and ECC.6.3.7.4(ii) each HVDC
SystemCenverter—ata-DC-Converter—Station and Remote End HVDC Converter
Station shall be capable of:-

—

delivering the response as soon as technically feasible

delivering the response on or above the solid line in Figure X2 in
accordance with the parameters shown in Table X3

initiating the delivery of Primary Response in no less than 0.5 seconds
unless otherwise agreed with NGET. Where the initial delay time (t; — as
shown in Figure X2) is longer than 0.5 seconds the DC Converter Station
Owner shall reasonably justify it to NGET.

Active Power Frequency Response Capability of DC Converters ata DC Converter
Station or Remote End DC Converter

AP
Prax HOT TO SCALE

12.5% 1

AP,

10%
Prmx

7.5%

5.0%

2.5%

—]

Time (s}

Figure X2 Active Power Frequency Response capability of a HVDC System Cenverterata
DC-ConverterStation-and Remote End HVDC Converter Station. AP is the change in Active
Power triggered by the step change in frequency

Parameter Setting
Active Power as a percentage of 10%
Maximum Capacity (frequency
14P4]
response range) (P—)
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(iv)

ECC.6.3.7.3.5

(vi)

Maximum admissible delay t; 0.5 seconds

Maximum admissible time for full 10 seconds
activation t,, unless longer activation
times are agreed withspecified-by
NGET inthe Bilateral-Agreement

Table X3 — Parameters for full activation of Active Power Frequency response
resulting from a Frequency step change.

For HVDC Systems connecting various Centrel-Areas—or-Synchronous Areas, each
JHVDC SystemCenverter—at—a—DCConverter—Station and Remote End HVDC

Response when operating in Frequency Sensmve Mode at any time and for a
continuous time period. In addition, the Active Power controller of each HVDC
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SystemCenverterat-a-DC-Converter-Station-or Remote End DC Converter Station
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shall not have any adverse impact on the delivery of frequency response.

For HVDC Converters—ata-DCConverterStation-Systems and Remote End HVDC
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Converter Stations s and Type C and Type D Power Generating Modules (including
DC Connected Power Park Modules), other than the Steam Unit within a CCGT
Module the combined effect of the Frequency Response Insensitivity and
Frequency Response Deadband of the Frequency control device (or speed
governor) should be no greater than 0.03Hz (for the avoidance of doubt, +0.015Hz).
In the case of the Steam Unit within a CCGT Module, the Frequency Response
Deadband should be set to an appropriate value consistent with the requirements
of ECC.6.3.7(c)(i) and the requirements of BC3.7.2 for the provision of LFSM-O
taking account of any Frequency Response Insensitivity of the Frequency control
device (or speed governor);

With regard to disconnection due to underfrequency, Generators responsible for
Type C and Type D Power Generating Modules (including DC Connected Power
Park Modules) capable of acting as a load, including but not limited to Pumped
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Storage and tidal Power Generating Modules,—ard, HVDC Systems Cenverters—at

DC-Converter-Stations and Remote End HVDC Converter Stations s hydro-pump-

storage-power-generatingfacilities, shall be capable of disconnecting their load in
case of underfrequency which will be_agreed with NGET-pursuant-to-the-termsof
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the—Bilateral-Agreement. For the avoidance of doubt this requirement does not

apply to station auxiliary supplies; Generators in respect of Type C and Type D

[Formatted:

Font: Bold

JPumped Storage Power Generating Modules should also be aware of the
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requirements in O€C.6.6.6.



ECC.6.3.7.3.4

ECC.6.3.7.3.5

ECC.6.3.9
ECC.6.3.9.1

ECC.6.3.12

(vii) Where a Type C or Type D Power Generating Module, DC Connected Power Park

[Formatted: Font: Not Bold

Module, HVDC SystemCenverterata-BDE-ConverterStation or Remote End HVDC

—_——— e sy T ="
Converter Station becomes isolated from the rest of the Total System but is still
supplying Customers, the Frequency control device (or speed gGovernor) must also
be able to control System Frequency below 52Hz unless this causes the Type C or
Type D Power Generating Module or DC Connected Power Park Module BC

Converterata-DC ConverterStationor—Remote End DC Converterto operate

possible that it may, as detailed in BC 3.7.3, trip after a time. For the avoidance of
doubt Power Generating Modules {including-DE-Connected-PowerPark-Modules)
and HVDC EquipmentSystems are only required to operate within the System
Frequency range 47 - 52 Hz as defined in ECC.6.1.3 and for converter based
technologies, the remaining island contains sufficient fault level for effective
commutation;

(viii)  Each Type C and Type D Power Generatlng Module and HVDC Equipment

Getweﬁe#—Staﬂen—and—Remete—End—D@Genveﬂ-e&shall have the facility to modify
the Target Frequency setting either continuously or in @ maximum of 0.05Hz steps
over at least the range 50 +0.1Hz should be provided in the unit load controller or
equivalent device. Suchrequirementsare-necessarytofulfilthe requirementsof
the-BalonsingCades:

In addition to the requirements of ECC.6.3.7.3 each Type C and Type D Power Generatmg
Module g shaste s g ave 3
Converter-Stationand-Remote-End-DC-Converters -and HVDC Equipment shall be capable

of meeting the minimum Frequency response requirement profile subject to and in
accordance with the provisions of Appendix 3.

For the avoidance of doubt, the requirements of Appendix 3 do not apply to Type A and
Type B Power Generating Modules.

STEADY STATE LOAD INACCURACIES

The standard deviation of Load error at steady state Load over a 30 minute period must not
exceed 2.5 per cent of a Type C or Type D Power Generating Modules (including a DC
Connected Power Park Module) Genset Maximum Capacity. Where a Type C or Type D
Power Generating Module (including a DC Connected Power Park Module) Genset is

[Formatted: Font: Not Bold
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Comment [NG31]: For DC Converters
they are bi-directional so reference to
HVDC Systems has been removed.
Discussion point? Nedd to make sure
these terms work equally well for DC
Converters.
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instructed to Frequency sensitive operation, allowance will be made in determining
whether there has been an error according to the governor droop characteristic registered
under the PC.

For the avoidance of doubt in the case of a Power Park Module allowance will be made for
the full variation of mechanical power output.

FREQUENCY AND VOLTAGE DEVIATIONS




ECC.6.3.12.1

ECC.6.3.13
ECC.6.3.13.1

ECC.6.3.14X

ECC.6.3.14X.1

ECC.6.3.15X

ECC.6.3.15X.1

As stated in ECC.6.1.3, the System Frequency could rise to 52Hz or fall to 47Hz. Each Power
Generatlng Module (mcludlng DC Connected Power Park Modules) Gene#atmg—UM—DG

must continue to operate within this Frequency range for at least the periods of time given
in ECC.6.1.3 unless NGET and/orthe-Network-Operatorin-coordination-with-the Relevant
TransmissionLicensee-has specified agreed-inthe Connection-Agreement-to any specific

requirements for combined Frequency and voltage deviations which are required to
ensure the best use of technical capabilities of-a Power Generating Modules (including DC

Connected Power Park Modules) if-itis required to preserve or restore system security.

B&Iateral—Ag#eement— Notwnthstandmg this requirement, Generators should aIso be aware
of the requirements of ECC.6.3.14X.

GENERATOR FREQUENCY PROTECTION SETTING ARRANGEMENTS

Generators (including in respect of OTSDUW Plant and Apparatus) and HVDC
SystemECenverter—Station—Oewners will be responsible for protecting all their Power
Generating Modules Generating—Units—(and OTSDUW Plant and Apparatus) or HVDc
EquipmentDC—Converters—or—Rower—Park—Meodules against damage should Frequency
excursions outside the range 52Hz to 47Hz ever occur. Should such excursions occur, it is up
to the Generator or HVDC SystemCenverter—Stationh—owner to decide whether to
disconnect his Apparatus for reasons of safety of Apparatus, Plant and/or personnel.

SIMULTANEOUS OVER VOLTAGE AND UNDERFREQUENCY OR SIMULTANEOUS
UNDERVOLTAGE AND OVERFREQUENCY

As stated in ECC.6.1.3, the System Frequency could rise to 52Hz or fall to 47Hz and the
System voltage at the Grid Entry Point or User System Entry PointCennection-Poeint could
rise or fall within the values outlined in CC.6.1.4. Each Type C and Type D Power
Generating Module (including DC Connected Power Park Modules) Generating-Unit,-DC
Converter—or—OTSDUW Plant—and-Apparatus,—PowerPark—Medule or any constituent
element must continue to operate within this Frequency range for at least the periods of
time given in ECC.6.1.3 and voltage range as defined in ECC.6.1.4 unless NGET has agreed
to any simultaneous overvoltage and underfrequency relays and/or simultaneous
undervoltage and over frequency relays erFrequency-levelrelays—and/orrate-of-change-
of-Frequeney—relays which will trip such Power Generating Module (including DC
Connected Power Park Modules), Generating-Unit-DC-Converter—orOTFSDUW-Plant-and
Apparatus,—Power—PRark—Meodule and any constituent element within this Frequency or
voltage rangeas-specified-underthe Bilateral- Agreement.

RATE OF CHANGE OF FREQUENCY WITHSTAND CAPABILITY

Each Type-A, Type B, TypeCandTFype-B-Power Generating Module when connected and
synchronised to the Fransmission-System, shall be capable of withstanding without tripping

a rRate of cChange of Frequency up to and including 1 Hz per second as measured over a
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rolling 500 milliseconds period. Voltage dips may cause localised rRate of cChange of
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Frequency values in excess of 1 Hz per second for short periods, and in these cases, the
requirements under ECC.6.3.15 (fault ride through) supersedes this clause. For the
avoidance of doubt, this requirement relates to the capabilities of Power Generating
Modules only and does not impose the need for rRate of c€hange of Frequency protection
nor does it impose a specific setting for anti-islanding or loss-of-mains protection relays.
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ECC.6.3.15X.2

ECC.6.3.15X.3

ECC.6.3.16X

ECC.6.3.16X.1

protection relays.

Each HVDC System Converter-ato-DC Converter Station-and Remote End HVDC Converter [ Formatted: Font: Bold
Stations when connected and synchronised to the Fransmission-System, shall be capable of
withstanding without tripping a rRate of cchange of Frequency up to and including +2.5Hz [Formaﬂedi Font: Not Bold
per second as measured over the previous 1 second period. Voltage dips may cause [FOFmaﬁedi Font: Not Bold
localised rRate of cChange of Frequency values in excess of +2.5 Hz per second for short [FOfmf’mEdi Font: Not Bold
periods, and in these cases, the requirements under ECC.6.3.15 (fault ride through) [FOfmatTEf’: Font: Not Bold
supersedes this clause. For the avoidance of doubt, this requirement relates to the
capabilities of HVDC Systems Converters-at-a-DC Converter-Station and Remote End HVDC —{ Formatted: Font: Bold
Converter Stationss only and does not impose the need for rRate of c€hange of Frequency [Fofmattedi Font: Not Bold
protection nor does it impose a specific setting for anti-islanding or loss-of-mains
Each DC_Connected -Converter Connected-Power Park Module when connected to the [FOfmaﬁedi Font: Bold
Fransmission-System, shall be capable of withstanding without tripping a rRate of cChange [Formattedr Font: Not Bold
of Frequency up to and including +2.0Hz per second as measured over the previous 1
second period. Voltage dips may cause localised rRate of c€hange of Frequency values in [Formaﬂedi Font: Not Bold
excess of +2.0 Hz per second for short periods, and in these cases, the requirements under
ECC.6.3.15 (fault ride through) supersedes this clause. For the avoidance of doubt, this
requirement relates to the capabilities of DC Connected Power Park Modules BE [Formaﬁﬂii Font: Bold
Converters—ataDC-Converter-Station—and—Remote—End-Converters—only and does not
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impose the need for rRate of c€hange of Frequency protection nor does it impose a specific

setting for anti-islanding or loss-of-mains protection relays.

FAST START CAPABILITY

It may be agreed in the Bilateral Agreement that a kienset\ shall have a Fast-Start

Capability. Such - may be used for Operating Reserve and their Start-Up may be
initiated by Frequency-level relays with settings in the range 49Hz to 50Hz as specified
pursuant to OC2.

Comment [NG32]: Needs to be
discussed in the context of Large,

Medium and Small.
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Comment [NG33]: Suggest the design
requirements are moved to the
Connection Conditions and BC3 is
updated to cover only operational
issues. Need to check there is no
overlap with TSOG.

-1 Comment [NG34]: It is suggested that
similar text is placed in the Connection
Conditions and for exisiting plant -
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APPENDIX E3 - MINIMUM FREQUENCY RESPONSE CAPABILITY REQUIREMENT
PROFILE AND OPERATING RANGE FOR NEW POWER GENERATING MODULES AND
HVDC EQUIPMENT-€EGTMODULES, - DC CONVERTERS-ATA DCCONVERTER

The current text has been taken from Issue 5 Revision 16 of the Grid Code and will require checking to
ensure consistency with latest version of the GB Grid Code.

ECC.A3.1 Scope

The frequency response capability is defined in terms of Primary Response, Secondary
Response and High Frequency Response. In addition to the requirements defined in
ECC.6.3.7 this appendix defines the minimum frequency response requirements for:-

(a) each Type C and Type D Power Generating Module
(b) each DC Connected Power Park Module

(c) each HVDC Converter at a HVDC Converter Station

Comment [NG35]: Suggest this
section is re-written - place the design
obligations in the CC for Exisiting Plant
and ECC's for new plant and elements
which relate only to operation are then
covered in the revised BC3 text. The
design and operational requirements
are then clear and seperated.
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(d) each HVDC Converter at a HVDC Converter Station including Remote End HVDC
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ECC.A3.2

ECC.A3.3

For the avoidance of doubt, this appendix does not apply to Type A and Type B Power
Generating Modules.

OTSDUW Plant and Apparatus should facilitate the delivery of frequency response services
provided by Offshore Generating Units and Offshore Power Park Units.

The functional definition provides appropriate performance criteria relating to the
provision of Frequency control by means of Frequency sensitive generation in addition to
the other requirements identified in ECC.6.3.7.

In this Appendix 3 to the ECC, for a Power Generating Module including a CCGT Module or
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a Power Park Module or DC Connected Power Park Module—with—mere—than—ene

Generating-Unit, the phrase — applies to the entire

[Formatted:

Not Highlight

CCGT Module or Power Park Module or DC Connected Power Park Module operating with
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all Generating Units Synchronised to the System.

The minimum Frequency response requirement profile is shown diagrammatically in Figure
ECC.A.3.1. The capability profile specifies the minimum required level of Frequency
Response Capability throughout the normal plant operating range.

Plant Operating Range

The upper limit of the operating range is the Maximum Capacity of the Power Generating
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Not Highlight

Module or Generating Unit or CCGT Module or- HVDC EquipmentDC-Cenverterata-DC

The Minimum Regulating LevelGeneration level may be less than, but must not be more
than, 65% of the Maximum Capacity. Each Power Generating Module and/or Generating
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Unit and/or CCGT Module and/or Power Park Module or HVDC Equyment(-mel-udmg—a—gc

End—D@Genver—ter—must be capable of operating satlsfactorlly down to the Minimum
Regulating Level Desighed-Minimum—Operating—Level-as dictated by System operating

conditions, although it will not be instructed to below its Minimum Stable Operatin
LevelMinimum-Generation-level. If a Power Generating Module or Generating Unit or
CCGT Module or Power Park Module, or HVDC Equipment Hnek&émg—a—%@enneeted

Genver—tel-is operating below Minimum Stable Operatin_g LeveIGeneFatien because of high

System Frequency, it should recover adequately to its Minimum Stable Operating
LevelGeneration-level as the System Frequency returns to Target Frequency so that it can
provide Primary and Secondary Response from its Minimum Stable Operating
LevelGeneration if the System Frequency continues to fall. For the avoidance of doubt,
under normal operating conditions steady state operation below the Minimum Stable

Operating LevelGeneration is not expected. The Pesighed Minimum RegulatingOperating
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Level must not be more than 55% of Maximum Capacity.

In the event of a Power Generating Module or Generating Unit or CCGT Module or Power

Park Module or HVDC Equipment {including-a-DC-Connected-PowerPRark-Module}-o~DC
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Converterata-DC-ConverterStation-or-Remote-End-DC-Converter-load rejecting down to

no less than its-Besigred Minimum RegulatingOperating Level it should not trip as a result
of automatic action as detailed in BC3.7. If the load rejection is to a level less than the
Designed Minimum RegulatingOperating Level then it is accepted that the condition might
be so severe as to cause it to be disconnected from the System.

Minimum Frequency Response Requirement Profile




ECCA3.4

Figure ECC.A.3.1 shows the minimum Frequency response capability requirement profile
diagrammatically for a 0.5 Hz change in Frequency. The percentage response capabilities
and loading levels are defined on the basis of the Maximum Capacity of the Power
Generating Module or CCGT Module or Power Park Module or HVDC Equipment-{inctuding

Remeote-End-DCConverter. Each Power Generating Module or and/or CCGT Module or
Power Park Module (including a DC Connected Power Park Module) and/or HVDC
EquipmentDC-Converterata-DC-Converter-Station-orRemote-End-DC-Converter-must be
capable of operating in a manner to provide Frequency response at least to the solid
boundaries shown in the figure. If the Frequency response capability falls within the solid
boundaries, the Power Generating Module or CCGT Module or Power Park Module or
HVDC Equipment {includinga-DC-Connected-PowerPRark-Module)-or DC ConverterataDC
Converter-Station-or-Remote-End-DC-Converter-is providing response below the minimum
requirement which is not acceptable. Nothing in this appendix is intended to prevent a
HVDC Equipment

I dine D onnected-Power P Mod el orD onverte D onverte ion

Power Generating Module or CCGT Module or Power Park Module or

from being designed to deliver a Frequency response in
excess of the identified minimum requirement.

The Frequency response delivered for Frequency deviations of less than 0.5 Hz should be
no less than a figure which is directly proportional to the minimum Frequency response
requirement for a Frequency deviation of 0.5 Hz. For example, if the Frequency deviation is
0.2 Hz, the corresponding minimum Frequency response requirement is 40% of the level
shown in Figure ECC.A.3.1. The Frequency response delivered for Frequency deviations of
more than 0.5 Hz should be no less than the response delivered for a Frequency deviation
of 0.5 Hz.
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Each Power Generating Module and/or CCGT Module and/or Power Park Module or HVDC
Equipment {ineludinga-B onnectedPe Pa ata
i must be capable of providing some
response, in keeping with its specific operational characteristics, when operating between
95% to 100% of Maximum Capacity as illustrated by the dotted lines in Figure ECC.A.3.1.

a Mod e} and/lorD onverte D

At the Minimum Stable Operating Generation—level, each Power Generating Module
and/or CCGT Module and/or Power Park Module {includinga-DCConnectedPowerPRark
Medule}-and/or HVDC Equipment Converter-ata-DC-ConverterStation-orRemoteEnd-DC
Converter is required to provide high and low frequency response depending on the
System Frequency conditions. Where the Frequency is high, the Active Power output is
therefore expected to fall below the Minimum Stable OperatingGeneration level.

The—Besighed Minimum RegulatingOperating Level is the output at which a Power
Generating Module and/or CCGT Module and/or Power Park Module {ineliding—a—BC
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Connected—PowerPark—Medule) and/or HVDC Equipment Converter—ata-DC-Converter
Station-ora-Remeote-End-DC-Converter has no High Frequency Response capability. It may
be less than, but must not be more than, 55% of the Maximum Capacity. This implies that
a Power Generating Module or CCGT Module or Power Park Module {including—a-DC
Connected-PowerPark-Module) or HVDC Equipment Converterat-a-DC-ConverterStation

or-Remeote-End-DC-Converter is not obliged to reduce its output to below this level unless
the Frequency is at or above 50.5 Hz (cf BC3.7).

Testing 09f Frequency Response Capability
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ECC.A3.5

The frequency response capabilities shown diagrammatically in Figure ECC.A.3.1 are
measured by taking the responses as obtained from some of the dynamic step response
tests specified by NGET and carried out by Generators and HVDC System CenverterStation

owners for compliance purposes. _(an additional
diagram may be required here)| ffom zefo to 0.5 Hz Frequency change evera-ten second

-, and is sustained at 0.5 Hz Frequency change thereafter, the latter as illustrated
diagrammatically in figures EEE-A32-ard-ECCA3-3 ECC.A.3.4 and ECC.A.3.5.

In addition to provide and/or to validate the content of Ancillary Services Agreements a
progressive injection of a Frequency change to the plant control system (i.e. governor and
load controller) is used.

, and is sustained at 0.5 Hz Frequency change
thereafter, the latter as illustrated diagrammatically in figures ECC.A.3.2 and ECC.A.3.3.—.

tests will be conducted with ramp signals for the purposes of determining Primary,
Secondary and High Frequency Responses.

The Primary Response capability (P) of a Power Generating Module or a CCGT Module or
Power Park Module or HVDC Equipment {inchudinga-DC-Connected-PowerRark-Module}

to LEEMPS

: [ Comment [NG36]: Removed - relates

1
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or-DC-Converterata-DC-Converter-Station-or-Remote-End-DC-Converter is the minimum
increase in Active Power output between 10 and 30 seconds after the start of the ramp
injection as illustrated diagrammatically in Figure ECC.A.3.2. This increase in Active Power
output should be released increasingly with time over the period 0 to 10 seconds from the
time of the start of the Frequency fall as illustrated by the response from Figure ECC.A.3.2.

The Secondary Response capability (S) of a Power Generating Module or a CCGT Module
or Power Park Module or HVDC Equipment (-meladmg—DG—Ge;meet-edJlewer—Pa-ﬂ(—Med-ule-)

- [ Formatted: Font: Not Bold

» ata-E atic C is the minimum
increase in Active Power output between 30 seconds and 30 minutes after the start of the
ramp injection as illustrated diagrammatically in Figure ECC.A.3.2.

The High Frequency Response capability (H) of a Power Generating Module or a CCGT
Module or Power Park Module or HVDC Equipment (-mel-udmg—a—DG-Gonneet-ed-Pewer—PaFk

- [ Formatted: Font: Bold

decrease in Active Power output provided 10 seconds after the start of the ramp injection
and sustained thereafter as illustrated diagrammatically in Figure ECC.A.3.3. This reduction
in Active Power output should be released increasingly with time over the period 0 to 10
seconds from the time of the start of the Frequency rise as illustrated by the response in
Figure ECC.A.3.2.

Repeatability Of Response

- [ Formatted: Font: Bold

When a Power Generatlng Module or CCGT Module or Power Park Module or HVDC
Equipment { g = shheste g 2 -
Genvener—&tat-mr—epRemet-e-End-Dc-cen-vemhas responded toa S|gn|f|cant Frequency
disturbance, its response capability must be fully restored as soon as technically possible.
Full response capability should be restored no later than 20 minutes after the initial change
of System Frequency arising from the Frequency disturbance.




Figure ECC.A.3.1 - Minimum Frequency Response rRequirement pProfile for a 0.5 Hz frequency change [Formatted: Font: Bold

from Target Frequency [Formatted: Font: Bold
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Figure ECC.A.3.2 - Interpretation of Primary and Secondary Response v¥alues [Formatted: Font: Bold
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Figure ECC.A.3.2 - Interpretation of Primary and Secondary Response Service Values

-0.5 Hz

Frequency Change [Hz)

Plant Response (MW)

=
@

10s 30s time — 30 min

Figure ECC.A.3.3 - Interpretation of High Frequency Response Values [Formatted: Font: Bold

Figure ECC.A.3.3 - Interpretation of High Frequency Response Service Values
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Mew Figure ECC.A.3.5 — Interpretationof Low Frequency Response Capability Values
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Figure ECC.A.3.5—-Intempretation of High Frequency Response Capability Values
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