ECP.7.

ECP.7.25

EUROPEAN COMPLIANCE PROCESSES
(ECP)

EINAL OPERATIONAL NOTIFICATION

Final Operational Notification in respect of Generators and HVDC
SystemOw ners

Following completion of each of the tests specified in this ECP.7.2, The
Company will notify the Generator or HYDC System Ow ner whether, in the
opinion of The Company, the results demonstrate compliance with the
relevant Grid Code conditions. When the Generator or HYDC System
Ow ner submits test results to The Company, the Generator or HYDC
System Owner may request the The Company to advise when the

notification is expected to be provided. The Company should not undul
delay the notification.r
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MANUFACTURER’S DATA & PERFORMANCE REPORT

A Generator referencing a Manufacturer’s Data & Performance Report
should insert the relevant Manufacturer’s Data & Performance Report
reference in the appropriate place in the DRC data submission, Power
Generating Module Document and / or in the User Data File Structure. The
Company will consider the suitabilty of a Manufacturer’s Data &
Performance Report:

(@) in place of DRC data submissionsa mathematical model suitable for
representation of the entire Power Park Module asper ECP.A.3.4.4.
For the avoidance of doubt only the relevant sectionsas specified in
PC.A.2.55.7 apply. Site specific parameters will still need to be
submitted by the Generator.

(b) Not Used.inplace-of Fault simulation-studiesasfolows;

(c) to reduce the scope of compliance site testsasfollows;
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comments by SIB. This provision is rarely used. Virtuallyall
sites undertake the basic FRT studies to demonstrate to owner
as well as the Company that the FRT obligationis being met.
FRT studies have to be done when there are multiple types of
device ina wind farm and for small sites suitable MDPR for
FRT testing is not mandatory and may not be available. Given
the low useag e of this provision and that in responding to the
9" August report calling for more robustness to the compliance
process GCO0141 is proposing additional FRT simulations for
some sites it seems appropriate to remove this provision.




ECP.A.3.1

ECP.A31.1

ECP.A.3.1.2

ECP.A.3.1.3

ECP.A31.4

ECP.A.3.1.5

ECP.A.3.2

0] Where there is a Manufacturer’s Data & Performance
Reportin respectof a Power Park Unit which covers Fault
Ride Through, The Company may agree that no Fault Ride
Through testing isrequired.

APPENDIX 3
SIMULATION STUDIES
SCOPE

ThisAppendix setsout the smulation studies required to be submitted to The
Company to demonstrate compliance with the Connection Conditionsunless
otherwise agreed with The Company. This Appendix should be read in
conjunction with ECP.6 with regard to the submission of the reportsto The
Company. Where there isany inconsistency in the technical requirementsin
respect of which compliance is being demonstrated by simulation in this
Appendix and ECC.6.3 and the Bilateral Agreement, the provisions of the
Bilateral Agreement and ECC.6.3 prevail. The studies specified in this
Appendix will nomally be sufficient to demonstrate compliance. However The
Company may agree an alternative set of studies proposed by the Generator
or HVDC System Owner provided The Company deem the alternative st of
studies sufficient to demonstrate compliance with the Grid Code and the
Bilateral Agreement.

The Generator or HYDC System Owner shall submit simulation studiesin the
form of a report to demonstrate compliance. In all casesthe simulation studies
must utilise models applicable to the Synchronous Pow er Generating
Module, HVDC Equipment or Power Park Module with proposed or actual
parameter settings. Reportsshould be submitted in English with all diagrams
and graphsplotted clearly with legible axes and scaling provided to ensure any
variationsin plotted valuesisclear. In all casesthe simulation studies mus be
presented over a sufficient time period to demonstrate compliance with all
applicable fequirements,

In the case of an Offshore Power Station where OTSDUW Arrangements
apply simulation studies by the Generator should include the action of any
relevant OTSUA where applicable to demonstrate compliance with the Grid
Code and the Bilateral Agreement at the Interface Point.

The Company will permit relaxation from the requirement ECP.A.3.2 to
ECP.A.3.8 where an Equipment Certificate for the Power Generating
Module or HVYDC Equipment has been provided which details the
characteristics from appropriate simulations on a representative ingallation
with the same equipment and settings and the performance of the Power
Generating Module or HYDC Equipment can, in The Company’s opinion,
reasonably represent that of the installed Power Generating Module or HYDC
Equipment.

For Type B, Type C and Type D Power Generating Modules the relevant
Equipment Certificate must be suppliedin the Power Generating Module
DocumentorUsers DataFile structure asapplicable. ForHVDC Equipment
the relevant Equipment Certificates must be supplied in the Users Data File
structure.

Power System Stabiliser Tuning
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ECP.A.3.2.1 Inthe case of a Synchronous Power Generating Module with an Excitation
System Power System Stabiliser the Power System Stabiliser tuning
simulation study report required by ECC.A.6.2.5.6 or required by the Bilateral
Agreement shall contain:

0]

(in)

(iii)

(iv)

V)

(vi)

the Excitation System model including the Power System
Stabiliser with settings as required under the Planning Code
(PC.A.5.3.2(c))

open circuit time series smulation study of the response of the
Excitation System to a +10% step change from 90% to 100%
terminal voltage.

on load time seriesdynamic simulation studies of the response of
the Excitation System with and without the Power System
Stabiliser to 2% and 10% stepsin the reference voltage and a three
phase short circuit fault applied to the higher voltage side of the
Synchronous Power Generating Module transformer for 100ms
The simulation studies should be carried out with the Synchronous
Pow er Generating Module operating at full Active Power and
maximum leading Reactive Power import with the faultlevel at the
Supergrid HV connection point at minimum or asotherwise agreed
with The Company. The results should show the Synchronous
Pow er Generating Module field voltage, terminal voltage, Power
System Stabiliser output, Active Power and Reactive Power
output.

gain and phase Bode diagramsfor the open loop frequency domain
response of the Synchronous Power Generating Module
Excitation System with and without the Power System Stabiliser.
These should be in a suitable format to allow assessment of the
phase contribution of the Power System Stabiliser and the gain
and phase margin of the Excitation System with and without the
Pow er System Stabiliser in service.

an eigenvalue plot to demonstrate that all modesre main stable when
the Power System Stabiliser gain isincreased by atleast a factor
of 3 from the designed operating value.

gain Bode diagram for the closed loop on load frequency domain
response of the Synchronous Power Generating Module
Excitation System with and without the Power System Stabiliser.
The Synchronous Power Generating Modul e operating atfull load
and at unity power factor. These diagramsshould be in a suitable
formatto allow comparison ofthe Active Power damping across the
frequency range specified in ECC.A.6.2.6.3 with and without the
Pow er System Stabiliser in service.

fn the case of a Synchronous Power Generating Module that may operate

as Demand (eg. pumped storage) the on load simulations (ii) to (vi) should

also carried outin both modes of operation)
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In the case of Onshore Non-Synchronous Power Generating
Module, Onshore HVDC Equipment and Onshore Power Park
Modules and OTSDUW Plant and Apparatus at the Interface Point
the Power System Stabiliser tuning simulation study re port required
by ECC.A.7.2.41 or ECC.A.8.24 or required by the Bilateral
Agreement shall contain:
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0]

(in)

(iii)

the Voltage Control System model including the Power System
Stabiliser with settings as required under the Planning Code
(PC.A.5.4) and Bilateral Agreement.

on load time seriesdynamic simulation studies of the response of the
Voltage Control System with and without the Power System
Stabiliser to 2% and 10% stepsin the reference voltage and a three
phase short circuit fault applied to the Grid Entry Point or the
Interface Point in the case of OTSDUW Plant and Apparatus for
100ms. The simulation studiesshould be carried out operating at full
Active Power and maximum leading Reactive Power import
condition with the fault level atthe Supergrid HV connection point at
minimum or as otherwise agreed with The Company. The results
should show appropriate signals to demonstrate the expected
damping performance of the Power System Stabiliser.

any other simulation as specified in the Bilateral Agreement or agreed
between the Generator or HVDC System Ow ner or Offshore
Transmission Licensee and The Company.

ECP.A.33 Reactive Capability acrossthe Voltage Range
ECP.A.3.3.1(a) Fora Synchronous Power Generating Module, the Fhe-Generator shall

supphy-simulation-studiesto-demonstrate-the capability to meet ECC.6.3.4-12
by submission of a report containing_load flow simulation study results to
demonstrate;]

(0]

ate-the maximum

Iagglng Reactlve Power capablllty ef—theéynel%eneus—Pewe;
Generating-Module OTSUA or Power Park Module

at Maximum
Capacity when the Grid Entry Point or User System Entry Point if
Embedded or Interface Point (in the case of OTSUA) voltage is at
105% of nominal.

(ii) atoad-flow simulation-study result to-demonstrate-the maximum leading

(i)

@iv)

(b)
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Reactive Power capability efthe Synchronous—Power Generating
Module OTSUA orPowerPark ModuleatMaximum Capacity when
the Grid Entry Point or User System Entry Point if Embedded or
Interface Point (in the case of OTSUA) voltage isat 95% of nominal.

a—load flow simulation-study result to-demonstrate-the maximum
lagging Reactlve Pow er capability efthe-SynchronousPower

atthe Minimum
Regulating Level when the Grid Entry Point or User System Entry
Point if Embedded or Interface Point (in the case of OTSUA) voltage
isat 105% of nominal.

the maximum
leading Reactive Power capability
atthe Minimum
Regulating Level When the Grid Entry Point or User System Entry
Point if Embedded or Interface Point (in the case of OTSUA) voltage
isat 95% of nominal.

fFor an OSTUA with an Interface Point above 33KV or Pow er Park
Modules with a Grid Entry Point or User System Entry Point above
33KV, the Generator shall demonstrate the capability to meet
ECC.6.3.2 by submission of a report containing load flow simulation
study results to demonstrate operation at points A, B, E and F in
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accordance with Figure ECC.A.7.2.2(b) or Figure ECC.A.8.2.2(b). The
studiesshould be run with both the OTSUA and Power Park Module
operating at Maximum Capacity and at the Minimum Stable
Operating Level.

For an OSTUA with an Interface Point at or below 33KV or Power

(d)

Park Modules with a Grid Entry Point or User System Entry Point
atorbelow 33KV, a load flow simulation study resultsto demonstrate
operation at points A, B, E and F in accordance with Figure

ECC.A.7.2.2(c) or Figure ECC.A.8.2.2(b). The studiesshould be run
with boththe OTSUA and Pow er Park Module operating at Maximum

Capacity and atthe Minimum Stable Operating Level]

fFor an HVDC System. theThe HVDC System Owner shall supply smulation

ECP.A.33.2

ECP.A.33.3

studiesto demonstrate the capability to meet ECC.6.3.4-12 by submisson of a
report containing_load flow simulation study resultsto demonstrate operation at
pointsA, B, E and F in accordance with Fiqure ECC.A.7.2.2(b). The studies
should be run with both the HYDC System operating at the Maximum HVDC
Activ e Power Transmission Capacity and Minimum HVDC Active Power

Transmission Capacity.:

.| Commented [H(MZ7]: Add insimulations for a Non-
synchronous g enerator to alignwiththe voltag e rang es
applicable inECC

Commented [H(M8]: Correct requirements for HVDC

Inthe case of a Synchronous Pow er Generating Module the terminal voltage
in the simulation should be the nominal voltage for the machine.

In the case of a Power Park Module where the load flow simulation studies
show that the individual Power Park Units deviate from nominal voltage to
meet the Reactive Power requirementsthen evidence must be provided from
factory (e.g. in a Manufacturer’s Data & Performance Report) or site tesing
that the Power Park Unit is capable of operating continuously at the operating
pointsdetermined in the load flow simulation studies.
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ECP.A.34

ECP.A.34.1

0]

(in)

dD)

@iv)

(v)

Voltage Control and Reactive Power Stability

Thissectionappliesto HVDC Equipment; and Type C & Type D Power Park
Modules to demonstrate the voltage control capability and Type B Pow er Park
Modules to demonstrate the voltage control capability if specified by The
Company.

In the case of a power station containing Pow er Park Modules and/or OTSUA
the Generator shallprovide a reportto demonstrate the dynamic capability and
control stability of the Power Park Module. The report shall contain:

a dynamic time seriessimulation study result of a sufficiently large negative
step in System voltage to cause a change in Reactive Power from zero to the
maximum lagging value at Rated MW.

a dynamictime seriessimulation studyresultof a sufficiently large positive sep
in System voltage to cause a change in Reactive Power from zero to the
maximum leading value at Rated MW.

a dynamic time series simulation study result to demonstrate control dability at
the lagging Reactive Power limit by application of a -2% voltage step while
operating within 5% of the lagging Reactive Power limit.

a dynamic time seriessimulation study resultto demonstrate control stability

at the leading Reactive Pow er limit by application of a +2% voltage step while
operating within 5% of the leading Reactive Power limit.

b dynamic time series simulation study result of a sufficiently large negative

step in System voltage to cause a change in Reactive Power from the
maximum leading value to the maximum lagging value at Rated MW

[ Commented [H(M9]: Toalignwith ECC.A.7.2.3.1(ii)
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The Generator should also provide the voltage control study specified in
ECP.A.3.7.4.

ECP.A.34.2

ECP.A.35

ECP.A.35.1
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All the above studies should be completed with a network operating at the
voltage applicable for zero Reactive Power transfer at the Grid Entry Point
orUser System Entry Pointif Embeddedor, inthe case of OTSUA, Interface
Pointunlessstated otherwise. T he fault levelatthe HV connection point should
be set at the minimum level asagreed with The Company.

Fault Ride Through and Fast Fault Current Injection

This section appliesto Type B, Type C and Type D Pow er Generating
Modules and HVDC Equipment to demonstrate the modulesfaultride through
and Fast Fault Current injection capability.

The Generator or HYDC System Owner shall supply time seriessimulation
study results to demonstrate the capability of Synchronous Power
Generating Module, HVYDC Equipment, and Power Park Modules and
OTSUA to meet ECC.6.3.15 and ECC.6.3.16 by submission of a report
containing:

() atime seriessimulation study ofa 140msthree phase short circuitfault
with a retained voltage asdetailedintable A.3.5.1 belowapplied atthe
Grid Entry Point or (User System Entry Point if Embedded) of the
Pow er Generating Module or HVDC Equipment or OTSUA.

ECP 5 April 2019
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(i) a time series simulation study of 140ms unbalanced short
circuit faultswith a retained voltage asdetailedin table 1 on
the faulted phase(s) applied at the Grid Entry Point or (User
System Entry Point if Embedded) of the Power Generating
Module or HYDC Equipment or OTSUA. The unbalanced
faultsto be simulated are:

1. a phase to phase fault
2. a two phase to earth fault
3. a single phase to earth fault.

Pow er Generating Module Retained
Voltage
Synchronous Power Generating Module
Type B 30%
Type C or Type D with Grid connection point 10%
voltage <110kV
Type D with connection point voltage >110kV 0%
Pow er Park Module
Type B or Type C or Type D with connection 10%
point voltage < 110kV
Type D with connection point voltage >110kV 0%
HVDC Equipment fLOPo [ Commented [H(M10]: Responding to MG. Correctionto
Table A.35.1 alignwithFigure ECC 6.3.15.7

For a Power Generating Module or HYDC Equipment or OTSUA the
simulation study should be completed with the Pow er Generating Module or
HVDC Equipment or OTSUA operating at full Active Power and maximum
leading Reactive Power and the fault level at the Supergrid HV connection
pointat minimum or as otherwise agreed with The Company asdetailed in
ECC.6.3.15.8.

(iii) time series simulation studies of balanced Supergrid voltage dips
applied onthe nearest point ofthe National Electricity Transmission
System operating at Supergrid voltage to the Synchronous Power
Generating Module or OTSUA. The simulation studies should
include:

1. 50% retained voltage lasting 0.45 seconds
2. 70% retained voltage lasting 0.81 seconds
3. 80% retained voltage lasting 1.00 seconds
4. 85% retained voltage lasting 180 seconds.

For a Synchronous Power Generating Module or OTSUA, the simulation
study should be completedwiththe Synchronous Pow er Generating Module
or OTSUA operatingat full Active Power and zero Reactive Pow er output
and the fault level at the Supergrid HV connection point at minimum or as
otherwise agreed with The Company. Where the Synchronous Power
Generating ModuleisEmbedded the minimum Network Operator’s System
impedance to the Supergrid HV connection point shall be used which may be
calculated from the maximum fault level at the User System Entry Point.

([-i-iM) time series ssimulation studies of balanced Supergrid voltage dips [ c ted [H(M11]: Correction to numbering

appliedonthe nearest point ofthe National Electricity Transmission
System operating at Supergrid voltage to the HYDC Equipment or
Pow er Park Module. The simulation studies should include:

1. 30% retained voltage lasting 0.384 seconds
2. 50% retained voltage lasting 0.71 seconds
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3. 80% retained voltage lasting 2.5 seconds
4. 85% retained voltage lasting 180 seconds.

For } Power Park Modules the simulation study should

be completed with the HYDC Equipment or Power Park Module operating at
full Active Power and zero Reactive Power output and the faultlevel at the
Supergrid HV connection point at minimum or asotherwise agreed with The
Company. Where the BVDC Egquipmentor-Power Park Module is
Embedded the minimum Network Operator’s System impedance to the
Supergrid HV connection point shall be used which may be calculated from
the maximum fault level at the User System Entry Point.

(v) time series simulation studies of balanced Superarid voltage dips
applied onthe nearest point ofthe National Electricity Transmission
System operating at Supergrid voltage tothe HYDC Equipment. The
simulation studies should include:

1. 30% retained voltage
2. 50% retained voltage

3. 80% retained voltage
4. 85% retained voltage

For HVYDC Equipment the simulation study should be completed with the

HVDC Equipment operating at full Active Power transfer and zero Reactive
Pow er output and the fault level at the Supergrid HV connection point at
minimum or as otherwise agreed with The Company. Where the HVDC
Equipment is Embedded the minimum Network Operator’s System

impedance to the Supergrid HV connection point shall be used which may be
calculated from the maximum fault level at the User System Entry Point.

For HVYDC Equipment the-simulations-should-include-the duration of each
voltage dip 1 to 4 above i } i }
connectedshould demonstrate the requirements of the Bilateral Agreement.

ECP.A.35.2

ECP.A.35.3

ECP.A.3.6 Limited Frequency Sensitive Mode — Over Frequency (LEFSM-O)

ECP.A.3.6.1 This section appliesto Type B, Type C and Type D Power Generating
Modules, HVYDC Equipment to demonstrate the capability to modulate Active
Power at high frequency asrequired by ECC6.3.7.3.5(ii).
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ECP.A.3.6.2

ECP.A.3.6.3

ECP.A.3.6.4

The simulation study should comprise of a Power Generating Module or
HVDC Equipment connected to the total System with a local load shown as
“X”in figure ECP.A.3.6.1. The load “X” isin addition to any auxiliary load of the
Pow er Station connected directly to the Power Generating Module or HYDC
Equipment and representsa small portion of the System to which the Power
Generating Module or HVDC Equipment isattached. The value of “X’ should
be the minimum for which the Power Generating Module or HVDC
Equipment can control the power island frequency to less than 52Hz
consistent with ECC.6.3.7.3.5(ii). Where transient excursions above 52Hz
occur the Generator or HVDC Equipment Owner should ensure that the
duration above 52Hz islessthan any high frequency protection sysem applied
to the Power Generating Module or HYDC Equipment.

For HVDC Equipment and Power Park Modules consisting of units
connected wholly by power electronic devicesthe smulation methodology may
be modified by the addition of a Synchronous Power Generating Module
(G2) connected as indicated in Figure ECP.A.3.6.2. This additional
Synchronous Power Generating Module should have an inertia congant of
3.5MWS/MVA, be initially operating at rated power output and unity power
factor. The mechanical power of the Synchronous Pow er Generating
Module (G2) should remain constant throughout the simulation.

Atthe start of the simulation study the Power Generating Module or HVDC
Equipment will be operating maximum Active Power output. The Power
Generating Module or HYDC Equipment will then be islanded from the Total
System butstill supplying load “X” by the opening of a breaker, which isnot
the Power Generating Module or HVYDC Equipment connection circuit
breaker (the governorshould therefore, not receive any signalsthat the breaker
has opened other than the reduction in load and subsequent increase in
speed). A schematic arrangement of the simulation study is illustrated by
Figure ECP.A.3.6.1.

Generator Under Test

Maximum MC = Load X
Capacity (MC)
O"‘ 77 =
\l/ Breaker Closed \l/

Auxiliary Local (see note 1)

Load Load X Aggregated UK System
25GW (or Infinite Bus)

Generator Under Test Load

XMw OMW RC
>
Breaker Open
Auxiliary Local (see note 2) S —
Load Load X

Notes

1. The simulation begins with the generator connected
to the total system.
2. The generator is islanded by onshore system breakers
3. The frequency may transiently above 52Hz
in responding to the disconnection of demand
provided the duration of any excursion beyond
52Hz is less than the high frequency protection trip
time for the generator.

Figure ECP.A.3.6.1 — Diagram of Load Rejection Study
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Non-Synchronous

Load 1 = Non-Synchronous Generator Output

0
Generator @ ‘ , e - Non-Synchronous Generator DMOL

Synchronous @ (Q)
Generator

ECP.A.3.6.5

ECP.A.3.6.6

ECP.A.3.6.7

ECP.A.3.6.8

Load 2 = Synch Generator Output +
Non-Synchronous Generator DMOL

Figure ECP.A.3.6.2 — Addition of Generator G2 if applicable

Simulation study shall be performed for type B, C & D in Limited Frequency
Sensitive Mode (LFSM) and Frequency Sensitive Mode (FSM) for type C &
D. The simulation study results should indicate Active Power and Frequency.

To allow validation of the model used to simulate load rejection in accordance
with ECC.6.3.7.3.5 as described a further simulation study is required to
represent the largest positive Frequency injection step or fast ramp (BC1 and
BC3 of Figure 2) that will be applied asa test as described in ECP.A5.8 and
ECP.A.6.6.

Limited Frequency Sensitive Mode — Under Frequency (L FSM-U)

Thissection appliesto:

Synchronous Power Generating Modules, Type C & D; or,

HVDC Equipment; or,

Pow er Park Modules, Type C & D to demonstrate the modules capability to
modulate Active Power at low frequency.

To demonstrate the LFSM-U low Frequency control when operating in Limited
Frequency Sensitive Mode the Generator or HVDC System Owner shall
submit a simulation study re presenting the response of the Power Generating
Module or HVDC Equipment operating at 80% of Maximum Capacity. The
simulation study event shall be equivalent to:

@) a sufficiently large reduction in the measured System Frequency
ramped over 10 secondsto cause anincrease in Active Power output
to the Maximum Capacity followed by

(i) 60 seconds of steady state with the measured System Frequency
depressed to the samelevel asin ECP.A.3.6.8.1 (i) as illustrated in
Figure ECP.A.3.6.1 below.

(iii) thenincrease of the measured System Frequency ramped over 10
seconds to cause a reduction in Active Power output back to the
original Active Power level followed by atleast 60 secondsof steady
output.

Frequency (Hz)

7
v

60 60

Time (seconds)

Figure ECP.A.36.1
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ECP.A.3.7

ECP.A.3.7.1

ECP.A.3.7.2

ECP.A.3.7.3

Voltage and Freguency Controller Model Verification and Validation

For Type C and Type D Synchronous Power Generating Modules, HYDC
Equipment or Power Park Modules the Generator or HYDC System Owner
shall provide simulation studiesto verify thatthe proposed controller models
suppliedto The Company underthe Planning Code arefitfor purpose. These
simulation study results shall be provided in the timescales stated in the
Planning Code.

To demonstrate the Frequency control or governor/load controller/plant model
the Generator or HVYDC System Ow ner shall submita simulation study
representingthe response ofthe Synchronous Power Generating Module,
HVDC Equipment or Power Park Module operating at 80% of Maximum
Capacity. The simulation study event shall be equivalent to:

(i)  aramped reduction in the measured System Frequency of 0.5Hz in 10
secondsfollowed by

(iil) 20 secondsof steady state with the measured System Frequency
depressed by 0.5Hz followed by

(iiiy arampedincrease in measured System Frequency of 0.3Hz over 30
secondsfollowed by

(iv) 60 secondsof steady state with the measured System Frequency
depressed by 0.2Hz asillustrated in Figure ECP.A.3.7.2 below.

Frequency (Hz)

Time (seconds)
Figure ECP.A.3.7.2

The simulation study shall show Active Pow er output (MW) and the equivalent
of Frequency injected.

To demonstrate the Excitation System model the Generator shall submit
simulation studies representing the response of the Synchronous Power
Generating Module asfollows:

(i)  operating open circuit at rated terminal voltage and subjectedto a 10%
step increase in terminal voltage reference from 90% to 100%.

(ii) operating at Rated MW, nominal teminal voltage and unity power factor
subjected to a 2% step increase in the voltage reference. Where a
Pow er System Stabiliser isincluded within the Excitation System this
shall be in service.

The simulationstudy shallshowthe Synchronous Power Generating Module
terminal voltage, field voltage, Active Power, Reactive Power and Power
System Stabiliser output signal asappropriate.
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ECP.A.3.7.4

ECP.A.3.7.5

ECP.A.3.7.6

ECP.A.3.8

ECP.A.38.1

ECP.A.3.8.2

ECP.A.3.8.3

To demonstrate the Voltage Controller model the Generator or HYDC System
Ow ner shall submit a smulation study representing the response of the HVDC
Equipment or Power Park Module operating at Rated MW and unity power
factor at the connection pointto a 2% step increase in the voltage reference.
The simulation study shall show the terminal voltage, Active Power, Reactive
Pow er and Power System Stabiliser output signal asappropriate.

To validate that the excitation and voltage control models submitted under the
Planning Code are a reasonable representation of the dynamic behaviour of
the Synchronous Power Generating Module, HYDC Equipment or Power
Park Module asbuilt, the Generator or HVDC System Ow ner shall repeat the
simulation studies outlined above but using the operating conditions of the
equivalenttests. The simulation studyresultsshall be displayed overaid onthe
actualtest results.

For Type C and Type D Synchronous Power Generating Modules or HYDC
Equipment to validate that the governor/load controller/plant or Frequency
control models submitted under the Planning Code is a reasonable
representation of the dynamic behaviour of the Synchronous Power
Generating Module or HYDC Equipment Station asbuilt, the Generator or
HVDC System Owner shall repeat the simulation studies outlined above but
using the operating conditions of the equivalent tests. The simulation study
resultsshall be displayed overlaid on the actual test results.

Sub-synchronous Resonance control and Power Oscillation Damping control
for HYDC System.

To demonstrate the compliance of the sub-synchronous control capability with
ECC.6.3.17.1) and the termsof the Bilateral Agreement the HVDC System
Ow ner shall submita simulation study report

Where power oscillation damping control function is specified on a HYDC
Equipment the HVDC System Ow ner shall submita simulation study report
to demonstrate the compliance with ECC.6.3.17.2 and the terms of the
Bilateral Agreement.

The simulation studies should utilise the HYDC Equipment control sysem
models including the settings as required under the Planning Code
(PC.A.5.3.2). The network conditionsfor the above simulation studies should
be discussed with The Company prior to commencing any simulation studies

Issue 5 Revision 33 ECP 5 April 2019
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ECP.A.4.2

Issue 5 Revision 33

APPENDIX 4

ONSITE SIGNAL PROVISION FOR WITNESSING TESTS

During any tests witnessed on-site by The Company, the following signals
shall be provided to The Company by the Generator undertaking OTSDUW
or HVDC System Owner in accordance with ECC.6.6.3.

Synchronous Power Generating Modules

Governor Sysem
& Frequency
Response

ECP.A.4.2(a) e MW - Active Power at Synchronous
All Tests Generating Unit teminals
ECP.A.4.2(b) e MVAr - Reactive Power at teminals
Reactive & | e Vt- Synchronous Generating Unit teminal
Excitation voltage
System e Efd- Synchronous Generating Unit field
voltage and/or main exciter field voltage
e Ifd — Synchronous Generating Unit Field
current (where possible)
e Power System Stabiliser output, where
applicable.
e Noise — Injected noise signal (where applicable
and possible)
ECP.A.4.2(c) e Fsys-System Frequency

e Finj-Injected Speed Setpoint
e Logic- Stop/ Start Logic Signal

For GasTurbines:
e GT Fuel Demand
e GT Fuel Valve Position
e GT Inlet Guide Vane Position
o GT Exhaust Gas Temperature

For Steam Turbinesat >= 1Hz:
e Pressure before Turbine Governor Valves
Turbine Governor Valve Positions
Governor Oil Pressure*
Boiler Pressure Set Point *
Superheater Outlet Pressure *
Pressure after Turbine Governor Valves*
Boiler Firing Demand*
*Where applicable (typically notin CCGT module)

For Hydro Plant:

e Speed Governor Demand Signal
Actuator Output Signal
Guide Vane / Needle Valve Position

ECP.A.4.2(d)
Compliance with
ECC.6.3.3

Fsys - System Frequency

Finj - Injected Speed Setpoint

Appropriate control system parameters as
agreed with The Company (See ECP.A.5.9)

ECP.A.4.2(e)
Real Time on ste
or Down-
loadable

e MW - Synchronous Power Generating
Module Active Power at the Grid Entry
Point or (User System Entry Point if
Embedded).

e MVAr - Synchronous Power Generating
Module Reactive Power at the Grid Entry
Point or (User System Entry Point if
Embedded).

ECP 5 April 2019
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ECP.A.4.3

ECP.A.43.2

ECP.A.43.3

Issue 5 Revision 33

e Line-line Voltage (k) at the Grid Entry
Point or (User System Entry Point if
Embedded).

Pow er Park Modules, OTSDUA and HVDC Equipment

Each Power Park Module and HVDC Equipment
at Grid Entry Point or User System Entry Point

ECP.A.4.3.1(a)
Real Time on site.

Total Active Power (MW)
Total Reactive Power (MVAr)
Line-line Voltage (KV)
System Frequency (Hz)

ECP.A.4.3.1(b)
Real Time on ste or
Down-

loadable

Injected frequency signal (Hz) or test logic signal
(Boolean) when appropriate

Injected voltage signal (per unit voltage) or tes logic
signal (Boolean) when appropriate

In the case of an Onshore Power Park Module the
Onshore Power Park Module site voltage (MV) (kV)
Pow er System Stabiliser output, where appropriate
In the case of a Power Park Module or HVDC
Equipment where the Reactive Power isprovided by
from more than one Reactive Pow er source, the
individual Reactive Pow er contributions from each
source, asagreed with The Company.

In the case of HVYDC Equipment appropriate control
system parametersasagreedwith The Company (See
ECP.A.7)

In the case of an Offshore Power Park Module the
Total Active Power (MW) and the Total Reactive
Pow er (MVAr) atthe offshore Grid Entry Point

ECP.A.4.3.1(c)
Real Time on ste or
Down-

loadable

Available power for Power Park Module (MW)
Power source speed for Power Park Module (e.g.
wind speed) (m/s) when appropriate

Power source direction for Power Park Module
(degrees) when appropriate

See ECP.A4.3.2

The Company accept that the signals specified in ECP.A.4.3.1(c) may have
lower effective sampleratesthan those required in ECC.6.6.3 although any
signalssupplied forconnectionto The Company’s recording equipment which
do not meet atleast the sample ratesdetailed in ECC.6.6.3 should have the
actual sample ratesindicated to The Company before testing commences.

Forall The Company witnessed testing either;

(0] the Generator or HVDC System Ow ner shall provide to The
Company all signalsoutlined in ECP.A.4.3.1 direct from the Power
Park Module control system without any attenuation, delay or filtering
which would result inthe inability to fully demonstrate the objectives of
the test, oridentify any potential safety or plant instability issues and
with a signal update rate corresponding to ECC.6.6.3.2; or

S

in the case of Onshore Power Park Modules the Generator HYDC

System Owner shall provide signalsECP.A.4.3.1(a) direct from one
or more transducer(s) connected to current and voltage transformers
for monitoring in real time on site; or,

ECP 5 April 2019
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ECP.A.43.4 Op

@

E

)]

ECP.A.435 In

In the case of Offshore Power Park Modules and OTSDUA signals
ECP.A.4.3.1(a)willbe providedat the Interface Point by the Offshore
Transmission Licensee pursuant to the STC or by the Generator
when OTSDUW Arrangements apply.

tionsECP.A.4.3.3 (ii) and (iii) will only be available on condition that;

all signalsoutlined in ECP.A.4.3.1 are recorded and made available to
The Company by the Generator or HYDC System Owner from the
Power Park Module or OTSDUA or HVDC Equipment control
systemsas a download once the testing hasbeen completed; and

the full test results are provided by the Generator HYDC System
Ow ner within 2 working days of the test date to The Company unless
The Company agreesotherwise; and

all data is provided with a sample rate in accordance with ECC.6.6.3.3
unlessThe Company agreesotherwise; and

in The Company’s reasonable opinion the solution does not
unreasonably add a significant delay between tests or impede the
volume of testing which can take place on the day.

the case of where transducers connected to current and voltage

transformersare installed (ECP.A.4.3.3(ii) and (iii)), the transducersshall meet
the following specification

@

e

e

ECP.A.43.6

The transducer(s) shall be pemanently installed to easily allow safe
testing at any pointin the future, and to avoid a requirement for
recalibration of the current transformersand voltage transformers.

The transducer(s) should be directly connected to the metering quality
current transformersand voltage transformersor similar.

The transducers shall either have a response time no greater than

50msto reach 90% of output, or no greater than 300msto reach
99.5%.

Testing not witnessed by The Company on-site

ECP.A.43.6.1.1

fWhere The Company hasdecidednot to witnesstesting on-site, the results

ECP.A.4.6.3.1.2

shall be submitted to The Company in spreadsheet format with the sgnal

data in columns arranged as follows. Signal data denoted by “#” is not

essential but if not provided the column should remain in place but without
valuesentered. Where two signal namesare givenin a column these are

alternativesrelated to the type of plant under test.)

Where The Company hasrequested addition signalsto be recorded prior

ECP.A.43.6.2.1

to the testing these signalsshall be placed in columnsto the right of the
spreadsheet.

Onshore Synchronous Generator Excitation System and Reactive

Issue 5 Revision 33
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The tables are intended to give a standard layout to test result
data being submitted for each plant type so a wind farmwill
provide the same data layout for all tests. However, as some
data is not essential for particular types of test (eg frequency
injection sig nal for reactive capability testing) the column must
be present in layout but may be empty.




Col 1l Col 2 Col 3 Col 4 Col 5 Col 6 Col 7 Col 8

1| Time Active | Reactive [ Teminal Speed Freq Logic/ Field
Power Power | Voltage | /Frequency | Injection | Test Voltage
# # Start
#

Col9 | Coll0 | Col11 Col 12 Col 13 Col 14 | Col15| Col16
1| Field | PSS Noise

Current | Output | Injection

# #

# Columnsmay b_e left blank_but the column must still be included in the files

ECP.A.43.6.2.2 Onshore Synchronous Generator Frequency Response and
ECC.6.3.3
Coll Col 2 Col 3 Col 4 Col 5 Col 6 Col 7 Col 8
1 Fuel
- . Reactive | Teminal Logic/ | Demand
2 e % Fower | Yoliage /Fr%%c In%lon led | Cuide
— # # = Y I Start | Vane
Setpoint
Col 9 Col10 | Col11 Col 12 Col 13 Col14 | Col 15| Col 16
1 Inlet | Exhaust
| Guide | cas 1P Lp
Guide Gas SL puel HP Steam | Steam | Steam
Vane Temp Valve Valve
- Valve Pos Valve Valve
2| Guide Head Pos Pos
Pos Pos
Vane
Position

# Columns may be left blankbut must still be included in the files

ECP.A.43.6.3.1 Onshore Power Park Modules Voltage Control & Reactive Capability
Col 1l Col 2 Col 3 Col 4 Col 5 Col6 | Coal7 Col 8
1| Time Active | Reactive | Connectio Speed Freq Logi | Statcom
Power| Power n Point [Frequenc | Injectio cl or
Voltage \i n Test | Windfar
# # # Start | m Output
# #
Col 9 Col Col 11 Col 12 Col 13 Col 14 | Col Col 16
10 15
1| Power
Availabl | Wind Wind Voltage
e Spee | Directio S—g_et oint
2| State of d n =elpont
Charge

# Columnsmay be left blankbut

he column must still be included in the files

ECP.A.4.3.6.3.2 Offshore Power Park M odules Voltage Control & Reactive Capability
Coll Col 2 Col 3 Col 4 Col 5 Col 6 Col 7 Col 8
1| Time [ Onshore | Onshore | Onshore Speed Freq Logic [ Statcom
Interface | Interface | Interface | /Frequency | Injection / or
Issue 5 Revision 33 ECP 5 April 2019
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Point Point Point # # Test | Windfam
Active | Reactive | Voltage Start | Qutput
Power Power #
Col 9 Col10 | Col11 Col 12 Col 13 Col 14 | Col Col 16
15
1| Power .
Available SWI(:edd Wind Voltage
2 | State of _p? Direction | Setpoint
Charge -
# Columns may be left blankbut the column must still be included in the files
ECP.A.4.3.6.3.3 Power Park M odules Frequency Control
Coll Col 2 Col 3 Col 4 Col 5 Col 6 Col 7 Col 8
1| Time GEP GEP GEP Speed Ereq Logi | Statcom
Active | Reactive | Connectio | /Frequenc | Injectio cl or
Power| Power n \i n Test | Windfar
# Voltage Start | m Output
# #
Col9 Col Col 11 Col 12 Col 13 Col 14 | Col Col 16
10 15
1| Power )
Availabl g"g Wind
e d Directio
2 | State of = n
m/s
Charge
# Columns may be left blankbut must still be included in the files

ECP.A.4.3.7.1 Where test resultsare completed without the presence of The Company but

ECP.A.43.7.2

are relied upon as evidence of the compliance they should be accompanied by
a logsheet. This sheet should be legible, in English and detail the items as
indicated below:

Time and Date of test

Name of Power Station and Power Generating Module if applicable.

Name of Test engineer(s) and company name.

Name of Users representative(s) and company name.

Type of testing being undertake eg Voltage Control.

Ambient conditions eq. temperature, pressure, wind speed, wind direction.

Controller settings, eq voltage slope, frequency droop, voltage setpoint, UEL
& OEL settings

For each test the following items should be recorded asrelevant to the type of

ECP.A.43.7.2

test being undertaken. Where there is uncertainty on the information to be
recorded thisshould be discussed with The Company in advance of the test.

.1 Voltage Control Tests

Issue 5 Revision 33

Start time of each test step.

ECP 5 April 2019
17 of 67



Activ e Power.

Reactive Power.

Connection voltage.

Voltage Control Setpoint, if applicable or changed.
Voltage Control Slope, if applicable or changed.
Terminal Voltage if applicable.

Generator tap position or Grid Transformer tap position, asapplicable.

Number of Power Park Units in service in each Power Park Module, if
applicable.

For Offshore Connections

Offshore Grid Entry Point Voltage.

ECP.A.4.3.7.2.2 Reactive Power Capability Tests
Start time of test.

Activ e Power.

Reactive Power.

Connection Voltage.
Terminal Voltage if applicable.

Generator tap position or Grid Transformer tap position asapplicable.

Number of Power Park Units in service in each Power Park Module, if
applicable.

For Offshore Connections
Offshore Grid Entry Point Voltage.

ECP.A.4.3.7.2.3 Frequency Response Capability Tests
Start time of test.
Active Power.
System Frequency.
For CCGT Modules, Active Power for the individual units (GT &ST).

For Boiler plant, HP steam pressure.

Droop setting of controller if applicable
Number of Power Park Units in service in each Power Park Module, if
applicable.

For Offshore Connections

Offshore Grid Entry Point Active Power for each Power Park Module.

ECP.A.4.3.7.3 Material changesduring the test period should be recorded e.g. Unitstripping
[ starting, changesto tapchange positions.

Issue 5 Revision 33 ECP 5 April 2019
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APPENDIX 5

COMPLIANCE TESTING OF SYNCHRONOUS POWER GENERATING MODULES

ECP.A5.1

ECP.A51.1

ECP.A5.1.2

ECP.A5.1.3

ECP.A.5.1.6

ECP.A5.1.7

Issue 5 Revision 33

SCOPE

This Appendix setsout the tests contained therein to demonstrate compliance
with the relevant clausesof the European Connection Conditions of the Grid
Code. ThisAppendix shall be read in conjunction with the ECP with regard to
the submission of the reportsto The Company.

The testsspecified in this Appendix will normally be sufficient to demonstrate
compliance however The Company may:

@) agree an alternative set of tests provided The Company deem the
alternative set of tests sufficientto demonstrate compliance with the
Grid Code and Bilateral Agreement; and/or

(i) require additional or alternative tests if information supplied to The
Company during the compliance process suggests that the testsin
thisAppendix will not fully demonstrate compliance with the relevant
section of the Grid Code or Bilateral Agreement.

(iii) Agree a reduced set of tests for subsequent Synchronous Power
Generating Module following successful completion of the firg
Synchronous Power Generating Module tests in the case of a
Pow er Station comprised of two or more Synchronous Power
Generating Module which The Company reasonably considersto be
identical.

@) the tests performed pursuant to ECP.A.5.1.2(jii) in respect of
subsequent Synchronous Power Generating Modules do not
replicate the full tests for the first Synchronous Power Generating
Module, or

(b) any of the tests performed pursuant to ECP.A.5.1.2(iii) do not fully
demongtrate compliance with the relevant aspectsof the Grid Code,
Ancillary Services Agreement and / or Bilateral Agreement,

then notwithstanding the provisions above, the full testing requirements st out
in this Appendix will be applied.

The Generator is responsible for carrying out the tests set out in and in
accordance with this Appendix and the Generator retains the re sponsibility for
the safety of personnel and plant during the test. The Company will witness
all of the tests outlined or agreed in relation to this Appendix unless The
Company decidesand notifiesthe Generator otherwise. Reactive Capability
tests may be witnessed by The Company remotely from the The Company
control centre. For all on site The Company witnessed tests the Generator
should ensure suitable representatives from the Generator and manufacturer
(if appropriate) are available on site for the entire testing period. In allcases
the Generator shall provide suitable monitoring equipment to record all
relevanttest signalsasoutlined below in ECP.A.6.1.5.

The Generator shall submita schedule of tests to The Company in
accordance with CP.4.3.1.

Prior to the testing of a Synchronous Power Generating Module the

ECP 5 April 2019
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ECP.A.5.1.8

ECP.A.5.1.9

ECP.A5.2

ECP.A5.2.1

ECP.A52.1

ECP.A5.2.3

ECP.A.5.3

ECP.A53.1

ECP.A.53.2

ECP.A.53.3

ECP.A54

ECP.A54.1

ECP.A.54.2

Generator shall complete the Integral Equipment Test procedure in
accordance with OC.7.5.

Full Synchronous Power Generating Module testingasrequired by CP.7.2
isto be completed asdefined in ECP.A.5.2 through to ECP.A.5.9.

The Company will permit relaxation from the requirement ECP.A5.2 to
ECP.A.5.9 where an Equipment Certificate for the Synchronous Power
Generating Module hasbeen provided which detailsthe characteristics from
tests on a representative machine with the same equipment and settings and
the performance of the Synchronous Power Generating Module can, in The
Company’s opinion, reasonably represent that of the installed Synchronous
Pow er Generating Module at that site. For Type B, Type C and Type D
Pow er Generating Modules the relevant Equipment Certificate mug be
supplied in the Power Generating Module Document or Users Data File
structure asapplicable.

Excitation System Open Circuit Step Response Tests

The open circuit step response of the Excitation System will be teged by
applying a voltage step change from 90% to 100% of the nominal
Synchronous Power Generating Module terminal voltage, with the
Synchronous Power Generating Module on open circuit and at rated gpeed.

The test shall be carried outprior to synchronisationin accordance with CP.6.4.
Thisis not witnessed by The Company unless specifically requested by The
Company. Where The Company isnot witnessing the tests, the Generator
shall supply the recordings of the following signalsto The Company in an
electronic spreadsheet format:

Vt - Synchronous Generating Unit teminal voltage

Efd - Synchronous Generating Unit field voltage or main exciter field voltage
Ifd- Synchronous Generating Unit field current (where possible)

Step injection signal

Results shall be legible, identifiable by labelling, and shall have appropriate
scaling.

Open & Short Circuit Saturation Characteristics

The test shall nomally be carried out prior to synchronisation in accordance
with ECP.6.2.4 or ECP.6.3.4 Equipment Certificates or Manufacturer's Teg
Certificates may be used where appropriate may be used if agreed by The
Company.

Thisisnotwitnessed by The Company. Graphical and tabular re presentations
of the resultsin an electronic spreadsheet format showing per unit open circuit
terminal voltage and short circuit current versusper unit field current shall be
submitted to The Company.

Results shall be legible, identifiable by labelling, and shall have appropriate
scaling.

Excitation System On-Load Tests

The time domain performance of the Excitation System shall be tested by
application of voltage ste p changescorresponding to 1% and 2% of thenominal
terminal voltage.

Where a Power System Stabiliser ispresent:
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(i) The PSS must only be commissioned in accordance with BC2.11.2.
When a PSS is switched on for the first time as part of ondoad
commissioning or if parameters have been adjusted the Generator
should consider reducing the PSS output gain by at least 50% and
should consider reducing the limitson PSS output by at least a factor of
5 to prevent unexpected PSS action affecting the stability of the
Synchronous Generating Unit or the National Electricity
Transmission System.

(i)  The time domain performance of the Excitation System shall be tesed
by application of voltage step changes corresponding to 1% and 2% of
the nominal terminal voltage, repeating with and without the PSS in
service.

(iii) The frequency domain tuning of the PSS shall also be demonstrated by
injecting a 0.2Hz-3Hz band limited random noise signal into the
Automatic Voltage Regulator Setpoint with the Synchronous
Generating Unit operating at points specified by The Company (up to
rated MVA output).

(iv) The PSS gain margin shall be tested by increasing the PSS gain
gradually tothreefold and observingthe Synchronous Generating Unit
steady state Active Power output.

(v) Theinteraction of the PSSwithchangesin Active Power shall be teged
by application of a +0.5Hz frequency injection to the governor while the
Synchronous Generating Unit is selected to Frequency Sensitive
Mode.

(vi) If the Synchronous Power Generating Module is of the Pumped
Storage type then the step testsshall be carried out, with and without
the PSS, in the pumping mode in addition to the generating mode.

(vii) Where the Bilateral Agreement requiresthat the PSSisin service at a
specifiedloading level additional testing withessed by The Company will
be required during the commissioning process before the Synchronous
Pow er Generating Module may exceed thisoutput level.

(viii) Where the Excitation System includes a PSS, the Generator shall
provide a suitable noise source to facilitate noise injection testing.

ECP.A.5.4.3 The following typical procedure isprovided to assist Generators in drawing up
their own site specific procedures for the The Company witnessed PSS Tests.

Test Injection

Notes

Synchronous Generating Unit running at Maximum
Capacity, unity pf, PSS Switched Off

1 * Record steady state for 10 seconds

* Inject +1% step to AVR Voltage Setpoint and hold for at least
10 secondsuntil stabilised

» Remove step returning AVR Voltage Setpoint to nominal and
hold for at least 10 seconds

2 * Record steady state for 10 seconds

* Inject +2% step to AVR Voltage Setpoint and hold for atleas
10 secondsuntil stabilised

* Remove step returning AVR Voltage Setpoint to nominal and
hold for at least 10 seconds

3 * Injectband limited (0.2-3Hz) random noise signal into voltage
Setpoint and measure frequency spectrum of Real Power.
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ECP.A55.1

ECP.A55.2

ECP.A55.3

ECP.A55.4

ECP.A.55.5
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* Remove noise injection.

» Switch On Power System Stabiliser

4 * Record steady state for 10 seconds

* Inject +1% step to AVR Voltage Setpoint and hold for at least
10 secondsuntil stabilised

* Remove step returning AVR Voltage Setpoint to nominal and
hold for at least 10 seconds

5 » Record steady state for 10 seconds

* Inject +2% step to AVR Voltage Setpoint and hold for at least
10 secondsuntil stabilised

* Remove step returning AVR Voltage Setpoint to nominal and
hold for at least 10 seconds

6 * Increase PSS gain at 30second intervals. i.e.
x1 —-x1.5-x2-x25-x3
* Return PSS gain to initial setting

7 * Injectband limited (0.2-3Hz) random noise signal into voltage
Setpoint and measure frequency spectrum of Real Power.
* Remove noise injection.

8 + Select the governor to FSM

* Inject +0.5 Hz step into governor.

* Hold until generator MW output is stabilised
* Remove step

Under-excitation Limiter Performance Test

Initially the performance of the Under-excitation Limiter should be checked
by moving the limit line close to the operating point of the Synchronous
Generating Unit when operating close to unity power factor. The operating
pointof the Synchronous Generating Unit isthen stepped into the limit by
applying a 2% decrease in Automatic Voltage Regulator Setpoint voltage.

The final performance of the Under-excitation Limiter shall be demonstrated
by testing itsresponse to a step change corresponding to a 2% decrease in
Automatic Voltage Regulator Setpoint voltage when the Synchronous
Generating Unit isoperating just offthe limit line, at the designed setting as
indicated on the Performance Chart [P-Q Capability Diagram] submitted to
The Company under OC2.

Where possible the Under-excitation Limiter should also be tested by
operating the tap- changer when the Synchronous Generating Unit is
operating just off the limit line, asset up.

The Under-excitation Limiter will nomally be tested at low active power
output and at maximum Active Pow er output.

The following typical procedure isprovided to assist Generators in drawing up
their own site specific procedures for the The Company witnessed Under-
excitation Limiter Tests.

Test Injection Notes
Synchronous Generating Unit running at
Maximum Capacity and unity power factor. Under-
excitation limit temporarily moved close to the
operating point of the Synchronous Generating
Unit.

1 * PSS on.

«Inject-2%voltage stepinto AVR voltage Setpointand

hold at least for 10 seconds until stabilised

+ Remove step returning AVR Voltage Setpoint to
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ECP.A.5.6

ECP.A56.1

ECP.A.5.6.2

ECP.A.5.6.3

ECP.A5.7

ECP.A5.7.1

nominal and hold for atleast 10 seconds
Under-excitation limit moved to normal postion.
Synchronous Generating Unit running at Maximum
Capacity and at leading Reactive Power clos to
Under-excitation limit.
2 *PSSon.
* Inject-2% voltage stepinto AVR voltage Setpointand
hold at least for 10 seconds until stabilised
* Remove step returning AVR Voltage Setpoint to
nominal and hold for atleast 10 seconds

Over-excitation Limiter Performance Test

The performance of the Ov er-excitation Limiter, where it exists, shall be
demonsgtrated by testing its response to a step increase in the Automatic
Voltage Regulator Setpoint voltage that results in operation of the Over-
excitation Limiter. Prior to application of the step the Synchronous
Generating Unit shall be generatingM aximum Capacity and operating within
its continuous Reactive Power capability. The size of the step will be
determined by the minimum value necessary to operate the Over-excitation
Limiter and will be agreed by The Company and the Generator. The reaulting
operation beyond the Over-excitation Limit shall be controlled by the Over-
excitation Limiter without the operation of any protection that could trip the
Synchronous Power Generating Module. The step shall be removed
immediately on completion of the test.

If the Ov er-excitation Limiter has multiple levels to account for heating
effects, an explanation of thisfunctionality will be necessary and if appropriate,
a description of how thiscan be tested.

The following typical procedure is provided to assist Generators in drawing up
their own site specific procedures for the The Company witnessed Under-
excitation Limiter Tests.

Test Injection Notes

Synchronous Generating Unit running at Maximum
Capacity and maximum lagging Reactive Power.

Over-excitation Limit temporarily set close to thisoperating
point. PSS on.

1 * Inject positive voltage step into AVR voltage Setpoint and
hold

+ Wait till Ov er-excitation Limiter operates after sufficient
time delay to bring backthe excitation backto the limit.

* Remove step returning AVR Voltage Setpoint to nominal.

Over-excitation Limit restored to itsnormal operating value.
PSS on.

Reactive Capability

The Reactive Power capability on each Synchronous Power Generating
Module will normally be demonstrated by :

(a) operation of the Synchronous Power Generating Module at maximum
lagging Reactive Power and Maximum Capacity for 1 hour

(b) operation of the Synchronous Power Generating Module at maximum
leading Reactive Power and Maximum Capacity for 1 hour.
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ECP.A5.7.2

ECP.A5.7.3

ECP.A5.7.4

ECP.A.5.8

ECP.A58.1

ECP.A.58.2

ECP.A.5.8.3

ECP.A.5.8.4
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(c) operation of the Synchronous Power Generating Module at maximum
lagging Reactive Power and Minimum Stable Operating Level for 1 hour

(d) operation of the Synchronous Power Generating Module at maximum
leading Reactive Power and Minimum Stable Operating Level for 1 hour.

(e) operation of the Synchronous Power Generating Module at maximum
lagging Reactive Power and a power output between Maximum Capacity
and Minimum Stable Operating Level.

(f) operation of the Synchronous Power Generating Module at maximum
leading Reactive Power and a power output between Maximum Capacity
and Minimum Stable Operating Level.

In the case of an Embedded Synchronous Pow er Generating Module
where distribution network considerations restrict the Synchronous Power
Generating Module Reactive Power Output The Company will only require
demonstration withinthe acceptable limitsof the Network Operator's System.

The test procedure, time and date will be agreed with The Company and will
be to the instruction of The Company control centre and shall be monitored
and recorded at both The Company control centre and by the Generator.

Where the Generator isrecording the voltage, Active Power and Reactive
Pow er at the HV connection point the voltage for these tests Active Power
and Reactive Power at the Synchronous Power Generating Module
terminalsmay also be included. The resultsshall be supplied in an electronic
spreadsheet format. Where applicable the Synchronous Power Generating
Module transformer tapchanger position should be noted throughout the tes
period.

Governor and Load Controller Response Performance

The governor and load controller response performance will be tested by
injecting simulated frequency deviationsinto the governor and load controller
systems. Such simulated frequency deviation signals must be injected
simultaneously at both speed governor and load controller setpoints. For
CCGT modules, simultaneous injection into all gas turbines, steam turbine
governorsand module controllersisrequired.

Prior to witnessing the governor testsset out in ECP.A.5.8.6, The Company
requires the Generator to conduct the preliminary tests detailed in
ECP.A.5.8.4 and send the resultsto The Company for assessment unless
agreed otherwise by The Company. The results should be supplied in an
electronic spreadsheet format. These tests shall be completed at least two
weeks prior to the witnessed governor response tests.

Where a CCGT module or Synchronous Power Generating Module is
capable of operating on alternative fuels, testswill be required to demonstrate
performance when operating on each fuel. The Company may agree a
reduction from the testslisted in ECP.A.5.8.6 for demonstrating performance
on the alternative fuel. This includes the case where a main fuel is
supplemented by bio-fuel.

Preliminary Governor Frequency Response Testing

Prior to conducting the full set of tests as per ECP.A.5.8.6, Generators are
required to conduct a preliminary set of tests below to confirm the frequency
injection method is correct and the plant control performance is within

ECP 5 April 2019
24 of 67



ECP.A.5.8.5

ECP.A.5.8.6

ECP.A.5.8.7

Issue 5 Revision 33

expectation. The test numbersrefer to Figure 1 below. With the plant running
at 80% of full load, the following frequency injections shall be applied.

Test No
(Figurel)

Frequency Injection

Notes

8

* Inject -0.5Hz frequency fall over 10 sec

* Hold for a further 20 sec

+ At 30 sec from the start of the test, Inject a +0.3Hz frequency
rise over 30 sec.

* Hold until conditions stabilise

* Remove the injected signal asa ramp over 10 seconds

13

* Inject - 0.5Hz frequency fall over 10 sec
* Hold until conditions stabilise
* Remove the injected signal asa ramp over 10 seconds

14

* Inject +0.5Hz frequency rise over 10 sec
* Hold until conditions stabilise
* Remove the injected signal asa ramp over 10 seconds

* Inject - 0.5Hz frequency fallasa stepchange
* Hold until conditions stabilise
» Remove the injected signal asa stepchange

* Inject +0.5Hz frequency rise asa stepchange
* Hold until conditions stabilise

* Remove the injected signal asa stepchange

The recorded results (e.g. Finj, MW and control signals) should be sampled at
a minimum rate of 1 Hz to allow The Company to assess the plant
performance from the initial transients (seconds) to the final steady state
conditions (5-15 minutes depending on the plant design). Thisisnot witnessed
by The Company. The Generator shall supply the recordingsincluding data
to The Company in an electronic spreadsheet format. Results shall be legible,
identifiable by labelling, and shall have appropriate scaling.

Full Frequency Response Testing Schedule Witnessed by The Company

The tests are to be conducted at a number of different Module Load Points

(MLP). The load points are conducted as shown below unless agreed
otherwise by The Company.

Module Load Point 6
(Maximum Export Limit)

100% MEL

Module Load Point 5

95% MEL

Module Load Point 4
(Mid-point of Operating Range)

80% MEL

Module Load Point 3

70% MEL

Module Load Point 2
(Lower of MRL+10% or Minimum Stable Operating Level MSOL

MRL+10%

ol

Module Load Point 1 MRL
(Minimum regulating level)

The testsare divided into the following three types;

@) Frequency response compliance and volume testsas per ECP.A5.8.
Figure 1. These testsconsist of frequency profile and ramp testsand
adjustmentsto the target frequency setpoint asper ECP.5.8 Figure 3.

(i) System idanding and step response tests as shown by ECP.A5.8.
Figure 2.

(iii) Frequency response tests in Limited Frequency Sensitive Mode
(LFSM) to demonstrate LFSM-O and LFSM-U capability as shown by
ECP.A.5.8 Figure 2.
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ECP.A.5.8.8 There should be sufficienttime allowed between tests for control syssemsto
reach steady state. Where the diagram states ‘HOLD’ the current injection
should be maintaineduntil the Active Power (MW) output ofthe Synchronous
Pow er Generating Module or CCGT Module has stabilised_or 90s whichever
is the longer. The frequency response capability test (see Figure 1) injection
signal shallbe returned to zero atthe same rate at which it wasapplied. The
Company may require repeat testsshould the testsgive unexpected results
When witnessed by the Company each test should be carried out as a
separate injection, when not witnessed by the Company there mug be
sufficienttime allowed between testsfor the Plant to have reached a stable
steady state operating condition or 90s, whichever isthe longer.

0.6 —
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Figure 1: Frequency Response Capability FSM Ramp Response Tests
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Figure 2: Frequency Response Capability LFSM-O, LFSM-U and FSM Step Response Tests

ECP.A.58.9

* This will generally be +2.0Hz unless an injection of this size causes a
reduction in plant output that take s the operating point below Minimum Stable
i equlating )_evel in which case an appropriate injection should be

calculated in accordance with the following:

For example 0.9Hz isneeded to take an initial output 65% to a final output of
20%. If the initial output was not 65% and the Minimum Stable
OperatingReqgulating Level is not 20% then the injected step should be
adjusted accordingly asshown in the example given below

Initial Output 65%
Minimum Stable-OperatingRequlating Level 20%
Frequency Controller Droop 4%
Frequency to be injected = (0.65-0.20)x0.04x50 = 0.9Hz

** Tests L and M in Figure 2 shall be conducted if in thisrange of tests the
system frequency feedback signal is replaced by the injection signal rather
than the injection signal being added to the system frequency signal. The tests
will consist of monitoring the Synchronous Power Generating Module and
CCGT Module in Frequency Sensitive Mode during normal system
frequency variations without applying any injection. Test N in figure 2 shall be
conducted in all cases. All three testsshould be conducted for a period of at
least 10 minutes.

The target frequency adjustment facility should be demonstrated from the
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ECP.A.5.9

ECP.A59.1

ECP.A.5.9.2

ECP.A.5.9.3

normal control point within the range of 49.9Hz to 50.1Hz by step changesto
the target frequency setpoint asindicated in ECP.A.5.8 Figure 3

L L e R s D ST S —

+0.05|

! Hz

50.05 , p—— 0.1
m.nsI Hz

He 120° 150° 180 210°

50.00 T +
30 60 90" -0.05 .
time (s)
Im.l

49.95 +

E i -0.05
i Hz
4990 4 o Y ]

* Timing can be altered with hold needed until output stabilises.

Target Frequency Change (Hz)

ECP.A.5.8 Figure 3 — Target Frequency setting changes

Compliance with ECC.6.3.3 Functionality Test

Where the plant design includes active control function or functionsto deliver
ECC.6.3.3 compliance, the Generator will propose and agree a test procedure
with The Company, which will demonstrate how the Synchronous Power
Generating Module Active Power output respondsto changesin System
Frequency and ambient conditions (e.g. by Frequency and temperature
injection methods).

The Generator shall infoom The Company if any load limiter control is
additionally employed.

With Setpoint to the signalsspecified in ECP.A.4, The Company will agree
with the Generator which additional control system parameters shall be
monitored to demonstrate the functionality of ECC.6.3.3 compliance systems
Where The Company recording equipment is not used results shall be
supplied to The Company in an electronic spreadsheet format
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APPENDIX 6

COMPLIANCE TESTING OF POWER PARK MODULES

ECP.A.6.1 SCOPE

ECP.A.6.1.1 This Appendix outlines the general testing requirements for Pow er Park
Modules and OTSDUA to demonstrate compliance with the relevant aspects
of the Grid Code, Ancillary Services Agreement and Bilateral Agreement.
The testsspecified in this Appendix will normally be sufficient to demonstrate
compliance however The Company may:

i) agree an alternative set of tests provided The Company deem the
alternative set oftestssufficientto demonstrate compliance with the Grid
Code, Ancillary Services Agreement and Bilateral Agreement;
and/or

i) require additional or alternative tests if information supplied to The
Company during the compliance process suggeststhatthe testsin this
Appendix will not fully demonstrate compliance with the relevant section
of the Grid Code, Ancillary Services Agreement or Bilateral
Agreement; and/or

iii) require additional testsif a Power System Stabiliser isfitted; and/or

iv) agree a reduced set of tests if a relevant Manufacturer's Data &

Performance Report has been submitted to and deemed to be
appropriate by The Company; and/or

v) agree areduced set of tests for subsequent Power Park Modules or
OTSDUA following successful completion of the first Pow er Park
Module or OTSDUA testsin the case of a Power Station comprised of
two or more Power Park Modules or OTSDUA which The Company
reasonably considersto be identical.

If:

@) the tests performed pursuant to ECP.A.6.1.1(iv) do notreplicate the
resultscontained in the Manufacturer’s Data & Performance Report
or

(b) the tests performed pursuant to ECP.A.6.1.1(v) in respect of
subsequent Power Park Modules or OTSDUA do notreplicate the full
tests for the first Power Park Module or OTSDUA, or

(c) any of the tests performed pursuant to ECP.A.6.1.1(iv) or
ECP.A.6.1.1(v) do not fully demonstrate compliance with the relevant
aspectsof the Grid Code, Ancillary Services Agreement and / or
Bilateral Agreement,

then notwithstanding the provisions above, the full testing requirements st out

in this Appendix will be applied.

ECP.A.6.1.2 The Generator is responsible for carrying out the tests set out in and in
accordance with this Appendix and the Generator retains the re sponsibility for
the safety of personnel and plant during the test. The Company will withess
all of the tests outlined or agreed in relation to this Appendix unless The
Company decidesand notifiesthe Generator otherwise. Reactive Capability
tests may be witnessed by The Company remotely from The Company
control centre. For all on site The Company witnessed tests the Generator
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ECP.A.6.1.3

ECP.A.6.1.4

ECP.A.6.1.5

ECP.A.6.1.6

ECP.A.6.1.7

ECP.A.6.1.8

ECP.A.6.1.9

ECP.A.6.2

ECP.A.6.2.1

ECP.A.6.2.2

must ensure suitable re presentatives from the Generator and / or Power Park
Module manufacturer (if appropriate) and/or OTSDUA manufacturer (if
appropriate) are available on site for the entire testing period. In allcasesand
in additionto any recording of signals conducted by The Company the
Generator shall record all relevant test signalsasoutlined in ECP.A4.

In addition to the dynamic signals supplied in ECP.A.4 the Generator shall
inform The Company of the following information prior to the commencement
of the testsand any changesto the following, if any values change during the
tests:

(@) All relevant transformer tap numbers; and
(i) Number of Power Park Units in operation

The Generator shall submita detailed schedule of teststo The Company in
accordance with CP.6.3.1, and this Appendix.

Prior to the testing of a Power Park Module or OTSDUA the Generator shall
completethe Integral Equipment Tests procedure inaccordance with OC.7.5

Partial Power Park Module or OTSDUA testing asdefined in ECP.A.6.2 and
ECP.A.6.3 isto be completed at the appropriate stage in accordance with
ECP.6, ECP6.4A, ECP6.4B.

Full Power Park Module or OTSDUA testing asrequired by CP.7.2 isto be
completed asdefined in ECP.A.6.4 through to ECP.A.6.7

Where OTSDUW Arrangements apply and prior to the OTSUA Transfer
Time any relevant OTSDUW Plant and Apparatus shall be considered within
the scope of testing described in this Appendix. Performance shall be
assessed against the relevant Grid Code requirements for OTSDUW Plant
and Apparatus at the Interface Point and other Generator Plant and
Apparatus atthe Offshore Grid Entry Point. This Appendix should be read
accordingly.

The Company will permit relaxation from the requirement ECP.A.6.2 to
ECP.A.6.8 where an Equipment Certificate for the Power Park Module has
been provided which detailsthe characteristics from testson a representative
installation with the same equipment and settingsand the performance of the
Pow er Park Module can, in The Company’s opinion, reasonably represent
that of the installed Power Park Module atthat site. For Type B, Type C and
Type D Power Park Modules the relevant Equipment Certificate mug be
supplied in the Power Generating Module Document or Users Data File
structure asapplicable.

Pre 20% (or <50MW) Synchronised Power Park Module Basic Voltage
Control Tests

Before 20% of the Power Park Module (or 50MW if less) has commissoned,
either voltage control test ECP.A.6.5.6(i) or (ii)) must be completed in
accordance with ECP.6, ECP.6A or ECP.6B. In the case of an Offshore
Pow er Park Module the test must be completed by the Generator undertaking
OTSDUW or the Offshore Transmission Licencee under STCP19-5.

In the case of an Offshore Power Park Module which providesall or a portion
of the Reactive Power capability as described in ECC.6.3.2.5.2 or
ECP.6.3.26.3 and / or voltage control requirements as described in
ECC.6.3.8.5 to enable an Offshore Transmission Licensee to meet the
requirementsof STC Section K, the Generator isrequired to cooperate with
the Offshore Transmission Licensee to conductthe 20% voltage control tes.
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The resultsin relation to the Offshore Power Park Module will be assessed
against the requirementsin the Bilateral Agreement.

ECP.A.6.3 Pow er Park Modules with Maximum Capacity 2100MW Pre 70% Power
Park Module Tests

ECP.A.6.3.1 Before 70% but with at least 50% of the Power Park Module commissioned the
following Limited Frequency Sensitive testsasdetailed in ECP.A.6.6.2 mus
be completed.

(a) BC3
(b) BC4

ECP.A.6.4 Reactive Capability Test

ECP.A.6.4.1 Thissection detailsthe procedure for demonstrating the reactive capability of an
Onshore Power Park Module or an Offshore Power Park Module or
OTSDUA which providesall or a portion of the Reactive Power capability as
described in ECC.6.3.2.5.2 or ECP.6.3.2.6.3 asapplicable (for the avoidance
of doubt, an Offshore Power Park Module which doesnot provide part of the
Offshore Transmission Licensee Reactive Power capability asdescribed in
ECC.6.3.25.1 and ECP.6.3.2.6.1 should complete the Reactive Power
transfer/ voltage control testsas per section ECP.A.6.8). These tests should
be scheduled at a time where there are atleast 95% of the Power Park Units
within the Power Park Module in service. There should be sufficient MW
resource forecasted in order to generate at least 85% of Maximum Capacity
of the Power Park Module.

ECP.A.6.4.2 Thetestsshall be performed by modifying the voltage set-point of the voltage
control scheme of the Power Park Module or OTSDUA by the amount
necessary to demonstrate the required reactive range. Thisisto be conducted
for the operating pointsand durations specified in ECP.A.6.4.5.

ECP.A.6.4.3 An Embedded Generator or Embedded Generator undertaking OTSDUW
should liaise with the relevant Netw ork Operator to ensure the following tests
will not have an adverse impact upon the Network Operator’s System as per
OC.7.5. In situations where the tests have an adverse impact upon the
Netw ork Operator's System The Company will only require demonstration
within the acceptable limits of the Netw ork Operator. For the avoidance of
doubt, these testsdo notnegate the requirement to produce a complete Pow er
Park Module or OTSDUA performance chart as specified in 0C2.4.2.1

ECP.A.6.4.4 Inthe case where the Reactive Power metering point isnot at the same location
as the Reactive Power capability requirement, thenan equivalent Reactive
Pow er capability for the metering point shall be agreed between the Generator
and The Company.

ECP.A.6.4.5 The following testsshall be completed:

() Operation in excess of 60% Maximum Capacity and maximum
continuouslagging Reactive Pow er for 30 minutes. Forthe avoidance
of doubt thistest must start with power output in excess of 85% of
Maximum Capacity of the Power Park Module asECP.A.6.4.1 and
must not fall below 60% of Maximum Capacity of the Power Park

Module during the 30 minutes)

(i) Operation in excess of 60% Maximum Capacity and maximum
continuousleading Reactive Power for 30 minutes. [For the avoidance

of doubt thistest must start with power output in excess of 85% of
Maximum Capacity ofthe Power Park Module asECP.A.6.4.1 and
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must not fall below 60% of Maximum Capacity of the Power Park

Module during the 30 minutes)] .| Commented [H(M18]: Responding to SPR comments the
wording of the clarification on requirement has been altered to
(i) Operation at 50% Maximum Capacity and maximum continuous g e st S imere HiEw E52 et

leading Reactive Power for 30 minutes.

(iiv) [Operation at 50% Maximum Capacity and maximum continuous

lagging Reactive Power for 30 minutes) [ Commented [H(M19]: Correctionto alignwith EU ]
" Regulations

{r(v) Operation at 20% Maximum Capacity and maximum continuous
leading Reactive Power for 60 minutes.

{n(vi) Operation at 20% Maximum Capacity and maximum continuous
lagging Reactive Power for 60 minutes.

{d(vii) Operation at less than 20% Maximum Capacity and unity Power
Factor for 5 minutes. Thistest only appliesto systems which do not
offer voltage control below 20% of Maximum Capacity.

{Lab(viii)Operation at the lower of the Minimum S&able-ppgtaa-ngReg ulating [ Commented [H(M20]: Terminologyqueried by SIB and ]
Level or 0% Maximum Capacity and maximum continuous leading correction suggestedby SPR
Reactive Power for5 minutes. Thistest only appliesto systemswhich
offer voltage control below 20% and hence establishes actual
capability rather than required capability.

{vii)(ix) Operation at the lower of the Minimum S&ablePp@La&i—ngReg ulating [ Commented [H(M21]: Terminologyqueried by SIB and ]
Level or 0% Maximum Capacity and maximum continuous lagging correction sug gestedby SPR
Reactive Power for5 minutes. Thistest only appliesto systemswhich
offer voltage control below 20% and hence establishes actual
capability rather than required capability.

ECP.A.6.4.6 Within thisECP lagging Reactive Power isthe export of Reactive Power from
the Power Park Module to the Total System and leading Reactive Power is
the import of Reactive Power from the Total System to the Power Park
Module or OTSDUA.

ECP.A.6.5 Voltage Control Tests

ECP.A.6.5.1 This section details the procedure for conducting voltage control tests on
Onshore Power Park Modules or OTSDUA or an Offshore Power Park
Module which provides all or a portion of the voltage control capability as
described in ECC.6.3.8.5 (for the avoidance of doubt, Offshore Power Park
Modules which do not provide part of the Offshore Transmission Licensee
voltage control capability as described in CC6.3.8.5 should complete the
Reactive Power transfer / voltage control tests as per section ECP.A.6.8).
These testsshould be scheduled ata time when there are atleas 95% of the
Pow er Park Units within the Power Park Module in service. There should be
sufficient MW resource forecasted in order to generate at least 65% of
Maximum Capacity of the Onshore Power Park Module. An Embedded
Generator or Embedded Generators undertaking OTSDUW should alo
liaise with the relevant Network Operator to ensure all requirements covered
in thissection will nothave a detrimental effect on the Network Operator's
System.

ECP.A.6.5.2 The voltage control system shall be perturbed with a seriesof step injectionsto
the Power Park Module voltage Setpoint, and where possible, multiple up-
stream transformer taps. In the case of an Offshore Power Park Module
providing part of the Offshore Transmission Licensee voltage control
capability thismay require a seriesof step injectionsto the voltage Setpoint of
the Offshore Transmission Licensee control system.
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ECP.A.6.5.3 For steps initiated using network tap changers the Generator will need to
coordinate with The Company or the relevant Network Operator as
appropriate. The time between transformer tapsshall be atleast 10 seconds
asper ECP.A.6.5 Figure 1.

ECP.A.6.5.4 Forstep injectionintothe Power Park Module or OTSDUA voltage Setpoint,

stepsof 1%, +2% and +24P% (or larger if required by The Company) shall be ...

applied to the voltage control system Setpoint umming junction. The injection

shall be maintained for aminimumof 10 secondsasper ECP.A.6.5 Figure 2. A

ECP.A.6.5.5 Where the voltage control system comprises of discretely switched plant and
apparatus (eg) Mechanically Switched Shunt Reactors or_Capacitors)

Commented [H(M22]: 4% step test added as the 2% step
test was found not to givea largeenough change in reactive
power output to adequately demonstrate speed of
performance. Actual system voltage responds to the reactive
power change reducing the effective size of the voltage
setpoint chang e.

additional testswill be required to demonstrate that is-overall performance_of
the voltage control system when switching these devices as part of the
response is in accordance with Grid Code and Bilateral Agreement
requirements.

ECP.A.6.5.6 Teststo be completed:

Time

10s
minimum

ECP.A.6.5 Figure 1 — Transformer tap sequence for voltage control tests
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Applied
Voltage

Step

4%

————
| L] |_|

>
10s

minimiim

ECP.A.6.5.7

ECP.A.6.5.8

ECP.A.6.5 Figure 2 — Step injection sequence for voltage control tests

In the case of OTSDUA where the Bilateral Agreement specifies additional
damping facilities additional testing to demonstrate these damping facilities
may be required.

fn the case of Power Park Modules that do not provide voltage control down

ECP.A.6.6

ECP.A.6.6.1

ECP.A.6.6.2

ECP.A.6.6.3

ECP.A.6.6.4

to zero Active Power a test to demonstrate the smooth transition from voltage
control mode to unity Power Factor shall be carried out. The Power Park
Module voltage setpoint should be altered to produce lagging Reactive Pow er
or absorbing leading Reactive Power at a low Active Power level where
voltage control is provided. The Power Park Module Active Power should
then be reduced to zero Active Power asa ramp over a short period (60
secondsissuqqested).]

Frequency Response Tests

This section describes the procedure for performing frequency response
testing on a Power Park Module. These testsshould be scheduled ata time
where there are at least 95% of the Power Park Units within the Power Park
Moduleinservice. There should be sufficient MW re source forecasted in order
to generate at least 65% of Maximum Capacity of the Power Park Module.

The frequency controller shall be in Frequency Sensitive Mode or Limited
Frequency Sensitive Mode asappropriate for each test. Simulated frequency
deviation signals shall be injected into the frequency contmoller
setpoint/feedback summing junction. If the injected frequency signal replaces
ratherthan sumswiththereal system frequency signal thenthe additionalte sts
outlined in ECP.A.6.6.6 shall be performed with the Power Park Module or
Pow er Park Unit in nomal Frequency Sensitive Mode monitoring actual
system frequency, over a period of at least 10 minutes. The aim of this
additional test isto verify thatthe control system correctly measuresthe real
system frequency for normal variations over a period of time.

In addition to the frequency response requirements it is necessary to
demonstrate the Power Park Module ability to deliver a requested steady
state power output which is not impacted by power source variation as per
ECC.6.3.9. Thistest shall be conducted in Limited Frequency Sensitive
Mode at a part-loaded output for a period of 10 minutesasper ECP.A.6.6.6.

Preliminary Frequency Response Testing

Prior to conducting the full set of tests as per ECP.A.6.6.6, Generators are
required to conduct the preliminary set of testsbelow to confirm the frequency
injection method is correct and the plant control performance is within

Issue 5 Revision 33 ECP 5 April 2019

34 of 67

__( Field Code Changed

Commented [H(M25]: Added to demonstrate the smooth
transition between operating modes detailed in ECC.6.3.8.4.1.

)




expectation. The test numbers refer to Figure 1 below. The test should be
conducted when sufficient MW resource isforecasted in order to generate at
least 65% of Maximum Capacity of the Power Park Module. The following
frequency injections shall be applied when operating at module load point 4.

Test No | Frequency Injection Notes
(Figurel)
8

* Inject -0.5Hz frequency fall over 10 sec

* Hold for a further 20 sec

» At 30 sec fromthe start of the test, Injecta +0.3Hz
frequency rise over 30 sec.

* Hold until conditions stabilise

» Remove the injected signal asa ramp over 10 seconds

13 * Inject - 0.5Hz frequency fall over 10 sec
* Hold until conditions stabilise
* Remove the injected signal asa ramp over 10 seconds

14 * Inject +0.5Hz frequency rise over 10 sec
* Hold until conditions stabilise
* Remove the injected signal asa ramp over 10 seconds

H * Inject - 0.5Hz frequency fallasa stepchange
* Hold until conditions stabilise
» Remove the injected signal asa stepchange

| * Inject +0.5Hz frequency rise asa stepchange
* Hold until conditions stabilise
* Remove the injected signal asa stepchange

ECP.A.6.6.5 The recorded results(e.g. Finj, MW and control signals) should be sampled at
a minimum rate of 1 Hz to allow The Company to assess the plant
performance from the initial transients (seconds) to the final steady state
conditions (5-15 minutes depending on the plant design). Thisis not witnessed
by The Company. The Generator shall supply the recordingsincluding data
to The Company in an electronic spreadsheet format. Results shall be legible,
identifiable by labelling, and shall have appropriate scaling.

Full Frequency Response Testing Schedule Witnessed by The Company.
ECP.A.6.6.6 Thetestsare to be conducted at anumber of different Module Load Points(MLP).

In the case of a Power Park Module the module load pointsare conducted as
shown below unlessagreed otherwise by The Company.

Module Load Point 6 100% MEL

(Maximum Export Limit)

Module Load Point 5 90% MEL

Module Load Point 4 80% MEL

Module Load Point 3 MRL+20% 0.6 x (MEL — MRL
Module Load Point 2 MRL+0.3x (MEL — MRL)}10%
Lower of MRL + 0.3 X (MEL — MRL }10%-oilor MSOL

Minimum Stable Operating Level

Module Load Point 1 MRL

(Minimum regulating level)

ECP.A.6.6.7 The testsare divided into the following two types;

(@) Frequency response compliance and volume testsas per ECP.A.6.6.
Figure 1. These testsconsist of frequency profile and ramp testsand
adjustmentsto target frequency setpoint asper ECP.A.6.6 Figure 3.

(i) System islanding and step response tests as shown by ECP.A6.6.
Figure 2.
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(iii) Frequency response tests in Limited Frequency Sensitive Mode
(LFSM) to demonstrate LFSM-O and LFSM-U capability as shown by
ECP.A.6.6 Figure 2.

ECP.A.6.6.8 There should be sufficienttime allowed between tests for control systemsto
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diagram states ‘HOLD’ the current injection should be maintained until the
Activ e Power (MW) output of the Power Park Module has stabilised br 90s
whichever isthe longen All frequency response testsshould be removed over
the same timescale for which they were applied. The Company may require
repeat testsshould the response volume be affected by the available power,
or if tests give unexpected results. When witnessed by The Company each
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ECP.A.6.6. Figure 1 — Frequency Response Capability FSM Ramp Response tests
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ECP.A.6.6. Figure 2 — Frequency Response Capability LFSM-O, LFSM-U,

FSM Step Response tests
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* Thiswill generally be +2.0Hz unless an injection of this size causes a
reduction in plant output that take s the operating point below Minimum Stable

ingRequlating]Level in which case an appropriate injection should be ..

&

ted [H(M28]: Correctionadvised by SPR

calculated in accordance with the following:

For example 0.9Hz isneeded to take an initial output 65% to a final output of
20%. If the initial output was not 65% and the Minimum Stable
OperatingReqgulating Level is not 20% then the injected step should be
adjusted accordingly asshown in the example given below

Initial Output 65%
Minimum Stable OperatingReqgulating Level 20%
Frequency Controller Droop 4%

Frequency to be injected = (0.65-0.20)x0.04x50 = 0.9Hz

** Tests L and M in Figure 2 shall be conducted if in thisrange of tests the
system frequency feedback signal is replaced by the injection signal rather
than the injection signal being added to the system frequency signal. The tests
will consist of monitoring the Power Park Module in Frequency Sensitive
Mode during normal system frequency variations without applying any
injection. Test N in Figure 2 shall be conducted in all cases. All three tests
should be conducted for a period of at least 10 minutes.

The target frequency adjustment facility should be demonstrated from the
normal control point within the range of 49.9Hz to 50.1Hz by step changesto
the target frequency setpoint asindicated in ECP.A.6.6 Figure 3.
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* Timing can be altered with hold needed until output stabilises.
ECP.A.6.6. Figure 3 — Target Frequency setting changes

Fault Ride Through Testing

This section describesthe procedure for conducting fault ride through tests on
a single Power Park Unit asrequired by ECP.7.2.2(d).

The test circuit will utilise the full Power Park Unit [vith-noexclusions(e.g. in
the case ofa wind turbine itwould include the fullwind turbine nacelle structure,
all inverters and converters along with step up transformer to medium voltage,

all control systemsincluding pitch control emulation) and shall be conducted
with sufficient ﬁower inﬁuﬂ resource available to produce atleast 95% of the

Maximum Capacity of the Power Park Unit. The test will comprise of a
number of controlled shortcircuitsapplied to a test networkto which the Pow er
Park Unit is connected, typically comprising of the Power Park Unit
transformer and a test impedance or other decoupling equipment to shield the
connected network from voltage dips at the Power Park Unit teminals.

In each case the testsshould demonstrate the minimum voltage at the Power

Park Unit terminalsor High Voltage side of the Power Park Unit transformer
which the Power Park Unit can withstand for the length of time specified in
ECP.A.6.7.5. Any test results provided to The Company should contain
sufficient data pre and post fault in order to determine steady state values of
all signals, and the power recovery timescales.

In addition to the signalsoutlined in ECP.A.4.2. the following signals from either
the Power Park Unit terminalsor High Voltage side of the Power Park Unit
transformer should be provided for thistest only:

@) Phase voltages

(i) Positive phase sequence and negative phase sequence voltages

(iii) Phase currents

(iv) Positive phase sequence and negative phase sequence currents

(v) Estimate of Power Park Unit negative phase sequence impedance

(Vi) MW — Active Power at the power generating module.

(vii) MVAr — Reactive Power at the power generating module.

(viii)  Mechanical Rotor Speed

(ix) Real / reactive, current / power Setpoint asappropriate

(x) Fault ride through protection operation (e.g. a crowbar in the case of a
doubly fed induction generator)

(xi) Any other signalsrelevant to the control action of the fault ride through
control deemed applicable for model validation.
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ECP.A.6.7.5

ECP.A.6.8

At a suitable frequency rate for fault ride through tests as agreed with The
Company.

The tests should be conducted for the times and fault types indicated in
ECC.6.3.15 asapplicable.

Reactive Power Transfer / Voltage Control Tests for Offshore Power Park
Modules

ECP.A.6.8.1 Inthe case of an Offshore Power Park Module which providesall or a portion

ECP.A.6.8.2 In

ofthe Reactive Power capability asdescribedin ECP.6.3.2.5.2or ECP.6.3.6.3
and / or voltage control requirementsasdescribed in ECC.6.3.8.5 to enable an
Offshore Transmission Licensee to meet the requirements of STC Section
K, the testing, will comprise of the entire control system responding to changes
at the onshore Interface Point. Therefore the testsin thissection ECP.A.6.8
will not apply. The Generator shall cooperate with the relevant Offshore
TransmissionLicenseeto facilitate these testsasrequired by The Company.
The testing may be combined with testing of the corresponding Offshore
Transmission Licensee requirementsunder the STC. The resultsin relation
to the Offshore Power Park Module will be assessed against the
requirementsin the Bilateral Agreement.

the case of an Offshore Power Park Module which doesnot provide part of
the Offshore Transmission Licensee Reactive Power capability the
following procedure for conducting Reactive Power transfer control tests on
Offshore Power Park Modules and / or voltage control system as per
CC6.3.2(e)(i) and CC6.3.2(e)(ii) apply. These testsshould be cariied out prior
to 20% of the Power Park Units within the Offshore Power Park Module
being synchronised, and again when at least 95% of the Power Park Units
within the Offshore Power Park Module in service. There should be sufficient
power resource forecast to generate at least 85% of the Maximum Capacity
of the Offshore Power Park Module.

ECP.A.6.8.3 The Reactive Power control system shall be perturbed by a seriesof system

voltage changes and changesto the Active Power output of the Offshore
Pow er Park Module.

ECP.A.6.8.4 System voltage changes should be created by a series of multiple upstream

transformer taps. The Generator should coordinate with The Company or the
relevant Network Operator in order to conduct the required tests. The time
between transformer taps should be at least 10 seconds as per ECP.A.6.8
Figure 1.

ECP.A.6.8.5 The active power output of the Offshore Power Park Module should be varied

by applying a sufficiently large step to the frequency controller
Setpoint/feedback summing junction to cause a 10% change in output of the
Maximum Capacity of the Offshore Pow er Park Module in a time not
exceeding 10 seconds. Thistest doesnot need to be conducted provided that
the frequency response testsasoutlined in ECP.A.6.6 are completed.

ECP.A.6.8.6 The following diagramsillustrate the teststo be completed:
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Voltage
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|_| '_, Time
1 tap i =

>10s

ECP.A.6.8 Figure 1 — Transformer tap sequence for reactive transfer tests

<=10s

Active
Power
Change

Time
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ECP.A.6.8 Figure 2 — Active Power ramp for reactive transfer tests
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ECP.A.7.1

ECP.A.7.1.1

ECP.A.7.1.2

S

APPENDIX 7

COMPLIANCE TESTING FOR HVDC EQUIPMENT

SCOPE

This Appendix outlines the general testing requirements for HVDC System
Ow nersto demonstrate compliance with the relevant aspects of the Grid
Code, Ancillary Services Agreement and Bilateral Agreement. The tests
specifiedinthisAppendixwill nomally be sufficient to demonstrate compliance
however The Company may:

i) agree an alternative set of tests provided The Company deem the
alternative set of tests sufficientto demonstrate compliance with the Grid
Code, Ancillary Services Agreement and Bilateral Agreement; and/or

ii) require additional or alternative tests if information supplied to The
Company during the compliance process suggests that the tests in this
Appendix will not fully demonstrate compliance with the relevant section of
the Grid Code, Ancillary Services Agreement or Bilateral Agreement;
and/or

iii) require additional testsif control functions to improve damping of power

system oscillations and/or subsynchronous re sonance torsional oscillations
required by the Bilateral Agreement or included in the control scheme and
active; and/or

agree a reduced set of tests for subsequent HYDC Equipment following
successful completion of the first HVDC Equipment testsin the case of an
installation comprising of two or more HVDC Systems or DC Connected
Pow er Park Modules which The Company reasonably considersto be
identical.

@) the tests performed pursuant to ECP.A.7.1.1(iv) in respect of
subsequent HVDC Systems or DC Connected Power Park Modules
do not replicate the full testsfor the first HYDC Equipment, or

(b) any of the tests performed pursuant to ECP.A.7.1.1(iv) do not fully
demonstrate compliance with the relevant aspectsof the Grid Code,
Ancillary Services Agreement and / or Bilateral

The HVDC System Owner isresponsible for carrying out the testsset out in
and in accordance with this Appendix and the HVDC System Owner retains
the responsibility for the safety of personnel and plant during the test. The
HVDC System Owner isresponsible for ensuring that suitable arrangements
are in place with the Externally Interconnected System Operator to facilitate
testing. The Company will witnessall of the testsoutlined or agreed in relation
to thisAppendix unless The Company decidesand notifiesthe HVDC System
Ow ner otherwise. Reactive Capability testsif required, may be witnesed by
The Company remotely from The Company control centre. Forallonsite The
Company witnessed teststhe HVDC System Owner must ensure suitable
representativesfrom the HYDC System Owner and/ or HYDC Equipment
manufacturer (if appropriate) are available on site for the entire testing period.
In all casesand in addition to any recording of signals conducted by The
Company the HVDC System Owner shall record all relevant test signalsas
outlined in ECP.A4.
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ECP.A.7.1.3 In addition to the dynamic signals supplied in ECP.A.4 the HVDC System
Ow ner shall infom The Company of the following information prior to the
commencement of the tests and any changesto the following, if any values
change during the tests:

(i) All relevant transformer tap numbers.

ECP.A.7.1.4 The HVDC System Owner shall submita detailed schedule of teststo The
Company in accordance with CP.6.3.1, and this Appendix.

ECP.A.7.1.5 Priorto the testing of HYDC Equipment the HVDC System Owner shall
completethe Integral Equipment Tests procedure inaccordance with OC.7.5

ECP.A.7.1.6  Full HYDC Equipment testing asrequired by ECP.7.2 isto be completed as
defined in ECP.A.7.2 through to ECP.A.7.5

ECP.A.7.1.7 The Company will permit relaxation from the requirement ECP.A.7.2 to
ECP.A.7.5 where an Equipment Certificate for HYDC Equipment hasbeen
provided which details the characteristics from tests on a representative
installation with the same equipment and settingsand the performance of the
HVDC Equipment can, in The Company’s opinion, reasonably represent that
of the installed HYDC Equipment at that site. The relevant Equipment
Certificate must be supplied in the Users Data File structure.

ECP.A.7.1.8 he| Company may agree a reduction from the requirement ECP.A.7.2 to

ECP.A.7.5foron site testing where suitable factory acceptance testing on a
representative installation with the same eguipment and settings of the HYDC
Equipment that can, in The Company’s opinion, reasonably represent the
performance of the installed HYDC Equipment at that site. This is al
conditional on The Company and the DC Converter Station owner agreeing
sufficienton site testing of the fully commissioned DC Conv erter Station to
demonstrate that the factory acceptance testsare valid. if in the reasonable
opinion of The Company, the on site testing does not demonstrate the factory
acceptance testsare valid then the full set of on-site tests should be canied
out)

ECP.A.7.2 Reactive Capability Test

ECP.A.7.2.1 This section details the procedure for demonstrating the reactive capability of
HVDC Equipment. These testsshould be scheduled at atime where there are
sufficient MW resource forecasted in order to import and export full Maximum
Capacity ofthe HVDC Equipment.

ECP.A.7.2.2 The tests shall be performed by modifying the voltage set-point of the voltage
control scheme of the HYDC Equipment by the amount necessary to
demonstrate the required reactive range. Thisis to be conducted for the
operating pointsand durations specified in ECP.A.7.2.5.

ECP.A.7.2.3 Embedded HVDC System Owners should liaise with the relevant Netw ork
Operator to ensure the following testswill nothave an adverse impact upon
the Network Operator’s System asper OC.7.5. In situationswhere the tests
have an adverse impact upon the Network Operator’s System The
Company will only require demonstration within the acceptable limits of the
Netw ork Operator. For the avoidance of doubt, these testsdo not negate the
requirement to produce a complete HYDC Equipment performance chart as
specifiedin 0C2.4.2.1

ECP.A.7.2.4 Inthe case where the Reactive Power metering point isnot at the same location
as the Reactive Power capability requirement, thenan equivalent Reactive
Pow er capability for the metering point shall be agreed between the HVDC
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System Owner and The Company.

ECP.A.7.2.5 The following tests shall be completed for both importing and exporting of Active
Power for a DC Converter:

0]

(in)

(iii)

(iv)

(v)

(Vi)

Operation at Maximum Capacity and maximum continuous lagging
Reactive Power for 60 minutes.

Operation at Maximum Capacity and maximum continuous leading
Reactive Power for 60 minutes.

Operation at 50% Maximum Capacity and maximum continuous
leading Reactive Power for 60 minutes.

Operation at 50% Maximum Capacity and maximum continuous
lagging Reactive Power for 60 minutes.

Operation at Minimum Capacity and maximum continuous leading
Reactive Power for 60 minutes.

Operation at Minimum Capacity and maximum continuous lagging
Reactive Power for 60 minutes.

ECP.A.7.2.6 Forthe avoidance of doubt, lagging Reactive Power isthe export of Reactive
Pow er from the HYDC Equipment to the Total System and leading Reactive
Pow er isthe import of Reactive Power from the Total System to the HYDC
Equipment.

ECP.A.7.3
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ECP.A.74 Voltage Control Tests

ECP.A.7.4.1 Thissection detailsthe procedure for conducting voltage control testson HVDC
Equipment. These tests should be scheduled at a time where there are
sufficient MW resource in order to import and export Maximum Capacity of
the HVDC Equipment . An Embedded HVDC System Owner should alo
liaise with the relevant Network Operator to ensure all requirements covered
in thissection will nothave a detrimental effect on the Network Operator's
System.

ECP.A.7.4.2 The voltage control system shall be perturbed with a seriesof step injectionsto
the HVDC Equipment voltage Setpoint, and where possible, multiple up-
stream transformer taps.

ECP.A.7.4.3 For stepsinitiated using networktap changers the HVDC System Ow ner will
need to coordinate with The Company or the relevant Network Operator as
appropriate. The time between transformer tapsshall be atleast 10 seconds
asper ECP.A.7.4 Figure 1.

ECP.A.7.4.4 For step injection into the HYDC Equipment voltage Setpoint, stepsof +1%,
+2% and +24% shall be applied to the voltage control system Setpoint
summing junction. The injection shall be maintained for 10 seconds as per
ECP.A.7.4 Figure 2.

ECP.A.7.4.5 Where the voltage control system comprises of discretely switched plant and
apparatus additional testswill be required to demonstrate that its performance
isin accordance with Grid Code and Bilateral Agreement requirements.

ECP.A.7.4.6 Teststo be completed:

Voltage I_l
5 ‘—‘ ‘—, Time
1ltap | |
10s
minimum
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ECP.A.7.4 Figure 1 — Transformer tap sequence for voltage control tests

(in)

Applied

Voltage 0
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Voltage
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1% 1% |_|_I 2% Time
! L] |_|

>
10s

minimiim

ECP.A.7.5

ECP.A.75.1

ECP.A.7.4 Figure 2 — Step injection sequence for voltage control tests

Frequency Response Tests

This section describes the procedure for performing frequency response
testingon HYDC Equipment. These testsshould be scheduled ata time where
there are sufficient MW resource in order to import and export full Maximum
Capacity of the HYDC Equipment. The HVDC System Ow ner isrespongble
for ensuring that suitable arrangements are in place with the Externally
Interconnected System Operator to facilitate the active power changes
required by these tests

ECP.A.7.5.2 The frequency controller shall be in Frequency Sensitive Mode or Limited

ECP.A.75.3

ECP.A.75.4

Issue 5 Revision 33

Frequency Sensitive Mode asappropriate foreach test. Simulated frequency
deviation signals shall be injected into the frequency contmoller
Setpoint/feedback summing junction. If the injected frequency signal replaces
ratherthan sumswiththe real system frequency signal thenthe additionalte sts
outlined in ECP.A.7.5.6 shall be performed with the HYDC Equipment in
normal Frequency Sensitive Mode monitoring actual system frequency, over
a period of at least 10 minutes. The aim of thisadditional test isto verify that
the control system correctly measuresthe real system frequency for nomal
variationsover a period of time.

In addition to the frequency response requirements it is necessary to
demonstrate the HVYDC Equipment ability to deliver a requested steady state
power output which is not impacted by power source variation as per
ECC.6.3.9. Thistest shall be conducted in Limited Frequency Sensitive
Mode at a part-loaded output for a period of 10 minutesasper ECP.A.7.5.6.

Preliminary Frequency Response Testing

Prior to conducting the full set of testsas per ECP.A.7.5.6, HVDC System
Ow ners are required to conduct a preliminary set of testsbelow to confim the
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frequency injection method is correct and the plant control performance is
within expectation. The test numbers refer to Figure 1 below. These tests
should be scheduled at a time where there are sufficient MW resource in order
to export full Maximum Capacity from the HYDC Equipment. The following
frequency injections shall be applied when operating at module load point 4.
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Test No | Frequency Injection Notes

(Figurel)

8 * Inject -0.5Hz frequency fall over 10 sec

* Hold for a further 20 sec

» At 30 sec from the start of the test, Injecta +0.3Hz
frequency rise over 30 sec.

* Hold until conditions stabilise

* Remove the injected signal as a ramp over 10

seconds

13 * Inject - 0.5Hz frequency fall over 10 sec
* Hold until conditions stabilise
* Remove the injected signal as a ramp over 10

seconds

14 * Inject +0.5Hz frequency rise over 10 sec
* Hold until conditions stabilise
* Remove the injected signal as a ramp over 10

seconds

* Inject - 0.5Hz frequency fallasa stepchange
* Hold until conditions stabilise
* Remove the injected signal asa stepchange

* Inject +0.5Hz frequency rise asa stepchange
* Hold until conditions stabilise
* Remove the injected signal asa stepchange

The recorded results (e.g. Finj, MW and control signals) should be sampled at
a minimum rate of 1 Hz to allow The Company to assess the plant
performance from the initial transients (seconds) to the final steady state
conditions (5-15 minutes depending on the plant design). Thisis not witnessed
by The Company. The HVDC System Owner shall supply the recordings
including data to The Company in an electronic spreadsheet format. Results
shall be legible, identifiable by labelling, and shall have appropriate scaling.

Full Frequency Response Testing Schedule Witnessed by The Company

he testsare to be conducted !‘or importing and exporting power conditionslat a
number of different Module Load Points (MLP). In the case of HVDC
Equipment the load points are conducted as shown below unless agreed
otherwise by The Company. Maximum and Minimum HVDC Active Power
Transmission Capacity should be applied for both importing and exporting
conditions.

.| Commented [H(M32]: Responding to MG comment. This
applies importing and exporting . Terminologybased on
ECC.6.3.8.4.

Module Load Point 6 100% MELMaxHAPTC
(Maximum HVDC  Active Power
Transmission _ CapacityExport
Limit)
Module Load Point 5 90% MaxHAPTCMEL
Module Load Point 4 80% MaxHAPTCMEL
Module Load Point 3 IMRLMINHAPTC+0.6 X (80%
MaxHAPTC—MIinHAPTC) 20%
Module Load Point 2 IMRLMINHAPTC+0.3 x  (80%
MaxHAPTC-MinHAPTC)10%
Module Load Point 1 IMRLMINnHAPTC
(Minimum HVDC Active  Powe
Trans mission Capacityregulatinglevel)
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ECP.A.75.7 The testsare divided into the following two types;

(i) Frequency response compliance and volume tests as per ECP.A.7.5.
Figure 1. These tests consist of frequency profile and ramp tests and
adjustmentsto target frequency setpointasper ECP.A.7.5 Figure 3

(i) System islanding and step response testsasshown by ECP.A.7.5 Figure
2

ECP.A.7.5. Fig 1 and 2 are shown for the Importing of Active Power, simulated frequency
polarity should be reversed when exporting Active Power.

ECP.A.75.8 There should be sufficienttime allowed between tests for control systemsto
reach steady state (depending on available power resource). Where the

Commented [H(M33]: This s to ensure that “Secondary

diagram states ‘HOLD’ the current injection should be maintained until the
[Response" performance is demonstrated

Active Power (MW) output of the HYDC Equipment has stabilised br 9051

whichever isthe longer. All frequency response tests should be removed over
the same timescale for which they were applied. The Company may require
repeat testsshould the response volume be affected by the available power,
or if tests give unexpected results. When witnessed by The Company each
test should be carried out asa separate injection, when not witnessed by The
Company there must be sufficient time allowed between testsfor the Active
Pow er (MW) output of the HYDC Equipment to have stabilised or 90s

whicheveristhe longer.
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ECP.A.7.5. Figure 1 — Frequency Response Capability FSM Ramp Response tests
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ECP.A.7.5. Figure 2 — Frequency Response Capability LFSM-O, LFSM-U,
FSM Step Response tests
* Thiswill generally be +2.0Hz unless an injection of this size causes a
reduction in plant output that takes the operating point below Minimum
Capacity in which case an appropriate injection should be calculated in
accordance with the following:
For example 0.9Hz isneeded to take an initial output 65% to a final output of
20%. If the initial output wasnot 65% and the Minimum Capacity isnot 20%
then the injected step should be adjusted accordingly as shown in the example
given below
Initial Output 65%
Minimum Capacity 20%
Frequency Controller Droop 4%
Frequency to be injected = (0.65-0.20)x0.04x50 = 0.9Hz
** Tests L and M in Figure 2 shall be conducted if in thisrange of tests the
system frequency feedback signal is replaced by the injection signal rather
than the injection signal being added to the system frequency signal. The tests
will consist of monitoring the HYDC Equipment in Frequency Sensitive Mode
during nomal system frequency variations without applying any injection. Tes
N in Figure 2 shall be conducted in all cases. All three tests should be
conducted for a period of atleast 10 minutes.
ECP.A.75.9 The target frequency adjustment facility should be demonstrated from the
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normal control point within the range of 49.9Hz to 50.1Hz by step changesto
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the target frequency setpoint asindicated in ECP.A.7.5 Figure 3.
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* Timing can be altered with hold needed until output stabilises.
ECP.A.7.5. Figure 3 — Target Frequency setting changes
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APPENDIX 8
SIMULATION STUDIES AND COMPLIANCE TESTING FOR NETWORK
OPERATORS AND NON-EMBEDDED CUSTOMERS PLANT AND APPARATUS

ECP.A.8.1 Compliance testing for disconnection and reconnection of Netw ork
Operator’s Plant and Apparatus

ECP.A.8.1.1 Network Operators shall comply with the following applicable
requirements in respect of EU Grid Supply Points:
(i) Demand disconnection schemes;
(ii) Synchronising; and/or
(iii) low frequency demand disconnection;

ECP.A.8.1.2 The requirements for demand disconnection, other thanlow frequency
demand disconnection, are pursuant to the requirements of the
Bilateral Agreement. Any requirements for testing shall be agreed with
the User where such requirements are applicable.

ECP.A.8.1.3 The requirements for synchronising (where applicable) shall be
pursuant to the requirements of the Bilateral Agreement and
ECC.6.2.3.10. Any requirements for testing (as applicable) shall be
agreed with the User and carried out during the commissioning
process.

ECP.A.8.1.4 Network Operators who are EU Code Users must demonstrate
compliance with the low frequency demand disconnectionrequirements
of ECC.6.4.3, ECC.A.5 and OC.6.6 for their entire distribution System.

ECP.A.8.1.5 An equipment certificate may be submitted to The Company instead of
part of the tests provided forin ECP.A.8.1.1.

ECP.A.8.2 Compliance testing for operational metering at EU Grid Supply Points

ECP.A.8.2.1 The requirements for operational metering (w here required) shall be
pursuant to the requirements of the Bilateral Agreement and
ECC.6.5.6. Any applicable requirements for testing shall be agreed with
the User and carried out during the commissioning process. An
Equipment Certificate may be used for this purpose where agreed
withThe Company.

ECP.A.8.3 Compliance testing for disconnection and reconnection of Non-
Embedded Customers Plant and Apparatus

ECP.A.8.3.1 Non-Embedded Customers shall comply with the following
requirements where applicable:
(i) Demand disconnection schemes;
(i) Synchronising; and/or
(iii) low frequency demand disconnection;

ECP.A.8.3.2 The requirements for demand disconnection, other than low frequency
demand disconnection, are pursuant to the requirements of the
Bilateral Agreement. Anyrequirements for testing shallbe agreed with
the User.
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ECP.A.8.3.3

ECP.A.8.3.4

ECP.A.8.3.5

ECP.A.8.4

ECP.A.8.4.1

ECP.A.8.5

ECP.A.8.5.1

ECP.A.8.5.2

The requirements for synchronising (where applicable) shall be
pursuant to the requirements of the Bilateral Agreement and
ECC.6.2.3.10. Any requirements for testing (as applicable) shall be
agreed with the User and carried out during the commissioning
process.

Non-Embedded Customers who are EU Code Users must
demonstrate compliance with the low frequency demand disconnection
requirements of ECC.6.4.3, ECC.A.5 and OC.6.6 of their System.

An equipment certificate may be submitted to The Company instead of
part of the tests provided forin ECP.A.8.3.1.

Compliance testing for operational metering on Non-Embedded
Customers Plant and Apparatus

The requirements for operational metering (w here required)) shall be
pursuant to the requirements of the Bilateral Agreement and
ECC.6.5.6. Any applicable requirements for testing shallbe agreed with
the User and carried out during the commissioning process. An
Equipment Certificate may be used for this purpose where agreed
with The Company.

Common_Provisions on Compliance Simulations

Users are required to provide simulation studies or equivalent
information to the satisfaction of The Company in the following
circumstances.

(i) a new connection to the Transmission System is required
forming part of an EU Grid Supply Point;

(i) a Substantial Modification takes place at an EU Grid Supply
Paoint

(iii) The Company becomes aware of a potential non-compliance by
the Netw ork Operator or Non-Embedded Customer at an EU
Grid Supply Point.

Notw ithstanding the requirements of ECP.A.8.5.1, The Company shall
be entitled to:-

(a) Allow the Network Operator or Non-Em bedded Customer to carry
out an alternative set of simulations (or equivalent information)
provided that they demonstrate that the Network Operators or Non-
Embedded Customers Plant and Apparatus is capable of
satisfying the applicable requirements of the Data Registration
Code.

(b) Require the Netw ork Operator or Non-Embedded Customer to
carry out additional or alternative simulations (or equivalent
information) to those specified in ECP.A.8.5.1 w here they would
otherwise be insufficient to demonstrate compliance.
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ECP.A.8.5.3

ECP.A.8.6

ECP.A.8.6.1

ECP.A.8.7

ECP.A.8.7.1

ECP.A.8.8

ECP.A.8.8.1

(c) The Company may check that the Network Operator or Non-
Embedded Customer complies with the requirements of the Grid
Code by carrying out its own compliance simulations based on the
simulation reports, models and test measurements submitted under
the Data Registration Code.

The Company will supply (under PC.A.8) upon request to the Network
Operator or Non-Em bedded Customer, data to enable the Network
Operator or Non-Embedded Customer to carry out the required
simulations or supply the equivalent information required under the
Data Registration Code.

Compliance simulations for EU Grid Supply Points

Netw orks Operators who are also EU Code Users, are required to
provide simulation studies (or make available equivalent information) at
each EU Grid Supply Point to demonstrate compliance with the
Reactive Pow er capability requirements set out in ECC.6.4.5. The
study or equivalentinformation provided shall include a steady state
simulation model under both maximum and minimum demand
conditions. In addition, the model or equivalent information provided
shallinclude the conditions when the Reactive Power exportis at an
Active Power flow of less than 25% of the Maximum Import
Capability as detailed under ECC.6.4.5.2. In all casesthe models or
equivalent information submitted shall be agreed and approved with
The Company.

Compliance simulations for Non-Embedded Customers Plant and
Apparatus

None Embedded Customers who are also EU Code Users are
required at each EU Grid Supply Point to provide simulation
studies (or equivalentinformation) to demonstrate compliance with the
Reactive Pow er capability requirements set out in ECC.6.4.5. The
study or equivalentinformation provided shall include a steady state
simulation model under both maximum and minimum demand
conditions and w ith and w ithout on-site generation. In all cases the
models or equivalent information submitted shall be agreed and
approvedwith The Company.

Compliance monitoring at EU Grid Supply Points

To satisfy the requirements of ECC.6.4.5, EU Code Users who are
either Network Operatorsor Non-Embedded Customers shall ensure
their Plant and Apparatus isequipped (where applicable) with the
necessary equipment to measure the Active Power and Reactive
Pow er, ateachEU Grid Supply Point. The requirement for and time
frame for compliance monitoring shall be agreed between The
Company andthe EU Code User for each EU Grid Supply Point.
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APPENDIX 8

SIMULATION STUDIES AND COMPLIANCE TESTING FOR NETWORK OPERATORS AND

ECP.A.8.1

ECP.A.81.1

ECP.A.8.1.2

ECP.A.8.1.3

ECP.A.81.4

ECP.A.8.1.5

ECP.A.8.2

ECP.A.8.2.1

ECP.A.8.3

ECP.A.83.1

ECP.A.8.3.2

ECP.A.83.3

Issue 5 Revision 33

NON-EMBEDDED CUSTOMERS PLANT AND APPARATUS

Compliance testing for disconnection and reconnection of Network Operator's
Plant and Apparatus

Netw ork Operators shall comply with the following applicable requirementsin
respect of EU Grid Supply Points:

(iv) Demand disconnection schemes;

v) Synchronising; and/or

(vi) low frequency demand disconnection;

The requirementsfordemand disconnection, other than low frequency demand
disconnection, are pursuant to the requirements of the Bilateral Agreement.
Any requirements for testing shall be agreed with the User where such
requirementsare applicable.

The requirementsfor synchronising (where applicable) shallbe pursuant tothe
requirements of the Bilateral Agreement and ECC.6.2.3.10. Any
requirements for testing (as applicable) shall be agreed with the User and
carried out during the commissioning process.

Netw ork Operators who are EU Code Users must demonstrate compliance
with the low frequency demand disconnection requirements of ECC.6.4.3,
ECC.A.5 and OC.6.6 for their entire distribution System.

An equipment certificate may be submitted to The Company instead of part of
the testsprovided forin ECP.A.8.1.1.

Compliance testing for operational metering at EU Grid Supply Points

The requirementsfor operational metering (where required) shall be puruant
to therequirementsof the Bilateral Agreement and ECC.6.5.6. Any applicable
requirementsfor testing shall be agreed with the User and carried out during
the commissioning process. An Equipment Certificate may be used for this
purpose where agreed with The Company.

Compliance testing for disconnection and reconnection of Non-Embedded
CustomersPlant and Apparatus

Non-Embedded Customers shall comply with the following requirements
where applicable:

(iv) Demand disconnection schemes;

v) Synchronising; and/or

(vi) low frequency demand disconnection;

The requirementsfordemand disconnection, other than low frequency demand
disconnection, are pursuant to the requirements of the Bilateral Agreement.
Any requirementsfor testing shall be agreed with the User.

The requirementsfor synchronising (where applicable) shallbe pursuant tothe
requirements of the Bilateral Agreement and ECC.6.2.3.10. Any
requirements for testing (as applicable) shall be agreed with the User and
carried out during the commissioning process.
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ECP.A.83.4

ECP.A.8.3.5

ECP.A.84

ECP.A.84.1

ECP.A.85

ECP.A.85.1

ECP.A.85.2

ECP.A.85.3

ECP.A.8.6

Non-Embedded Customers who are EU Code Users must demonstrate
compliance with the low frequency demand disconnection requirements of
ECC.6.4.3,ECC.A.5 and OC.6.6 of their System.

An equipment certificate may be submitted to The Company instead of part of
the testsprovided forin ECP.A.8.3.1.

Compliance testing for operational metering on Non-Embedded Customers
Plant and Apparatus

The requirementsfor operational metering (where required)) shall be puruant
to therequirementsofthe Bilateral Agreement and ECC.6.5.6. Any applicable
requirementsfor testing shall be agreed with the User and carried out during
the commissioning process. An Equipment Certificate may be used for this
purpose where agreed with The Company.

Common Provisions on Compliance Simulations

Users are required to provide smulation studies or equivalent information to the
satisfaction of The Company in the following circumstances.

(iv) a new connection to the Transmission System isrequired forming part
of an EU Grid Supply Point;

v) a Substantial Modification takesplace atan EU Grid Supply Point

(vi) The Com pany becomesaware of a potential non-compliance by the
Netw ork Operator or Non-Embedded Customer at an EU Grid
Supply Point.

Notwithstanding the requirements of ECP.A.8.5.1, The Company shall be
entitled to:-

(d) Allow the Network Operator or Non-Embedded Customer to cany out an
alternative set of simulations (or equivalent information) provided that they
demonstrate that the Network Operators or Non-Embedded Customers
Plant and Apparatus is capable of satisfying the applicable requirements of
the Data Registration Code.

(e

~

Require the Network Operator or Non-Embedded Customer to carry out
additional or alternative smulations (or equivalent information) to those
specified in ECP.A.8.5.1 where they would otherwise be insufficient to
demonstrate compliance.

(f) The Company may checkthat the Network Operator or Non-Embedded
Customer complieswith the requirements of the Grid Code by carrying out
itsown compliance simulations based on the simulation reports, models and
test measurements submitted under the Data Registration Code.

The Company will supply (under PC.A.8) upon request to the Network
Operator or Non-Embedded Customer, data to enable the Network
Operator or Non-Embedded Customer to carry out the required simulations
or supply the equivalent information required under the Data Registration
Code.

Compliance smulationsfor EU Grid Supply Points
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ECP.A.86.1

ECP.A.8.7
ECP.A.8.7.1

ECP.A.8.8

ECP.A.88.1

Netw orks Operators who are also EU Code Users, are required to provide
simulation studies (or make available equivalent information) at each EU Grid
Supply Point to demonstrate compliance with the Reactive Power capability
requirements set out in ECC.6.4.5. The study or equivalent information
provided shall include a steady state simulation model under both maximum
and minimum demand conditions. In addition, the model or equivalent
information provided shall include the conditions when the Reactive Power
exportisat an Active Power flow of less than 25% of the Maximum Import
Capability asdetailed under ECC.6.4.5.2. Inall case sthe modelsor equivalent
information submitted shall be agreed and approved with The Company

Compliance simulations for Non-Embedded Customers Plant and Apparatus
None Embedded Customers who are also EU Code Users are required at
each EU Grid Supply Point to provide simulation studies (or
equivalent information) to demonstrate compliance with the Reactive
Pow er capability requirementsset out in ECC.6.4.5. The study or equivalent
information provided shall include a steady state simulation model under both
maximum and minimum demand conditions and with and without on-ste
generation. In all casesthe modelsor equivalent information submitted shall
be agreed and approved with The Company.

Compliance monitoring at EU Grid Supply Points

To satisfy the requirements of ECC.6.4.5, EU Code Users who are either
Netw ork Operators or Non-Embedded Customers shall ensure their Plant
and Apparatus is equipped (where applicable) with the necessary
equipment to measure the Active Power and Reactive Pow er, at each EU
Grid Supply Point. The requirement for and time frame for compliance
monitoring shall be agreed between The Company and the EU Code User for
each EU Grid Supply Point.

< End of ECP >
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